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USE IN LIFE SUPPORT MUST BE EXPRESSLY AUTHORIZED 

SGS-THOMSON' PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT 
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF SGS-THOMSON 
Microelectronics. As used herein: 

1. Life support devices to systems are devices or systems 
which, are intended for surgical implant into the body 
to support or sustain life, and whose failure to perform, 
when properly used in accordance with instructions for 
use provided in the labeling, can be reasonably expec­
ted to result in a significant injury to the user. 

2. A critical component is any component of a life sup­
port device or system whose failure to perform can be 
reasonably expected to cause the failure of the life sup­
port device or system, or to affect its safety or effecti­
veness. 



TABLE OF CONTENTS 

ALPHANUMERICAL INDEX Page 4 

SELECTION GUIDE 5 
EF6801 FAMILY 7 
EF6804 FAMILY 8 
EF6805 FAMILY 9 

EF6801 FAMILY DATASHEETS 11 

EF6804 FAMILY DATASHEETS 119 

EF6805 FAMILY DATASHEETS 235 

DEVELOPMENT TOOLS 441 

3 



ALPHANUMERICAL INDEX 

Type Function Page 
Number Number 

EF6801-EF6803 Microcomputer/Microprocessor (MCU/MPU) 13 

EF6801 U4-EF6803U4 Microcomputer/Microprocessor 63 

EF6804J2 8-Bit Microcomputer . .. .. . . . . . 121 

EF6804P2 8-Bit Microcomputer ... ... "" .... ........ ... . . ... 157 

EF68HC04P3 HCMOS 8-Bit Microcomputer .. 193 

EF6805P2 8-Bit Microcomputer Unit 237 

EF6805P6 8-Bit Microcomputer Unit 267 

EF6805R2 8-Bit Microcomputer with A/D .... . . 301 

EF6805R3 8-Bit Microcomputer with A/D 337 

EF6805U2 8-Bit Microcomputer 373 

EF6805U3 8-Bit Microcomputer Unit 407 

TSTIN48 Development and Emulation Tool 443 

TSTEV04 Piggy-Back Emulation Tool ....... ...... ... ..... . . 445 

4 



SELECTION GUIDE 

5 



I 
I 
I 
I 
I 
I 
I 
I 
I 
II 
I 
II 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
II 
I 
II 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
II 
I 
II 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
II 
I 
II 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
II 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



SELECTION GUIDE 

EF6801 FAMILY 

8 BIT MICROCONTROLLER PRODUCTS FOR HIGH END MARKET. 

• EF6801 MCU with enhanced capabilities of 6800 family: 
faster cycle times, new instructions such as multiplication. 

~ EF6801 U4 4K ROM version of 6801 with enhanced 16 bit timer. 

HMOS TECHNOLOGY 6801 6801U4 

CLOCK 1 & 2 MHZ 1 & 2 MHZ 

I RAM 128x8 192x8 
MEMORY I ROM 2048x8 4096x8 

1/0 LINES 32 32 

TIMER • 16 bit free running counter • 16 bit free running counter 
• 1 input capture • 2 input captures 
• 1 output compare • 3 output compares 

SERIAL COMMUNICATION • Full duplex transmitter/receiver independent 
INTERFACE • Data format: NR2 or biphase 

• Clock: ext. or int. bit rate 
• Wake up feature 

PACKAGE DILP 40 I PLCC 44 I CERDIP 40 

OPERATING TEMP. RANGE - 40°C to + 85°C 

COMPATIBILITY MC6801 MC6801U4 
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SELECTION GUIDE 

EF6804 FAMILY 

8 BIT MICROCONTROLLER PRODUCTS FOR LOW END APPLICATION. 

• EF6804J2 the highest improvement in cost reduction, a microcontroller at a TTLILS price level. 

* EF6804P2 : High on-chip feature integration well suited for additional 4 bit application extensions. 

* EF68HC04P3 :Dedicated to power and data saving applications or requiring protection against mains 
failures (pin compatible with 6804P2) 

* EF68HC04J3 :68HC04P3 with 12 1/0 lines 

HMOS TECHNOLOGY 

HMOS TECHNOLOGY 6804J2 6804P2 

T RAM 32x8 32x8 
MEMORY r ROM 1Kx8 1Kx8 

1/0 PORT 12 20 

B·bit timer With 7·blt 
software programmable yes yes 
prescaler 

PACKAGE DIL20/S020 DIL28/PLCC28 
PLCC28 

OPERATING TEMP. RANGE - 40°C to + 85°C - 40°C to + 85°C 

COMPATIBILITY MC6804J2 MC6804P2 

• Development tool : Hardware development station INICE 
+ Emulator probe EFTMUP4 

8 

+ Cross Assembler MSDOS compatible TSR6804 

5i SCS·THOMSON 
~I ilJO©Uii@~~~©1FUiJ@~l0©10 

68HC04J3 68HC04P3 

124x 8 124x8 

2Kx8 2Kx8 

12 20 

yes yes 

DIL20/S020 DIL28/PLCC28 

- 40°C to + 85°C - 40°C to + 85°C 

MC68HC04J3 MC68HC04P3 



SELECTION GUIDE 

EF6805 FAMILY 

8 BIT MICROCONTROLLER PRODUCTS FOR MID-RANGE APPLICATION. 

* EF6805P2/P6 Low cost single chip MCU well suited for economical design with proven capabili­
ties of 6805 based instruction set. Pin compatible with 6804P2 and 68HC04P3. 

* EF6805U2/U3 With 32 1/0 lines and 4K ROM, it is a super general purpose MCU covering a wide 
range of applications such as: answering machine, PC keyboard decoder ... 

* EF6805R2/R3 Same as U2/U3 but with A/D converter on board. 

HMOS TECHNOLOGY 6805P2/P6 6805U2/U3 

RAM 64x8 64x 8 I 112 x 8 
MEMORY 

ROM 1Kx8/1.8Kx8 2Kx8/4Kx8 

BIDIRECTION 20 24 
1/0 PORT 

INPUT ONLY - 8 

T1mer with HARD. PROG yes yes/-
7-bit 
prescaler SOFT. PROG - -I yes 

SPECIAL FEATURES - -

PACKAGE DIL28 DILP40 
PLCC28 PLCC44 

OPERATING TEMP. RANGE - 40°C to + 105°C - 40°C to + 1 05°C 

COMPATIBILITY MC6805P2/P6 MC6805U2/U3 

• Development tool : Hardware development station INICE 4-8: TSTIN48 
+ Emulator probe TSTMUPS 
+ Cross Assembler MSDOS compatible TSR6805 

6805R2/R3 

64x8/112x8 

2Kx8/4Kx8 

24 

8 

yes/-

-I yes 

AID 

DILP40 
PLCC44 

- 40°C to + 1 05°C 

MC6805R2/R3 
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EF6801 
EF6803 

MICROCOMPUTER/MICROPROCESSOR (MCU/MPU) 

• ENHANCED EF6800 INSTRUCTION SET 
• 8 X 8 MULTIPLY INSTRUCTION 
• SERIAL COMMUNICATIONS INTERFACE 

(SCI) 
• UPWARD SOURCE AND OBJECT CODE 

COMPATIBILITY WITH THE 6800 
• 16-BIT THREE-FUNCTION PROGRAMMABLE 

TIMER 
• SINGLE-CHIP OR EXPANDED OPERATION 

TO 64K BYTE ADDRESS SPACE 
• BUS COMPATIBILITY WITH THE 6800 FAMILY 
• 2048 BYTES OF ROM (EF6801) 
• 128 BYTES OF RAM 
• 64 BYTES OF RAM RETAINABLE DURING 

POWER DOWN 
• 29 PARALLEL 1/0 AND TWO HANDSHAKE 

CONTROL LINES 
• INTERNAL CLOCK GENERATOR WITH 

DIVIDE-BY-FOUR OUTPUT 
• - 40'C TO+ 85'C TEMPERATURE RANGE 
• -40'C TO+ 105'C TEMPERATURE RANGE 

PIN CONNECTIONS 

May 1989 

Vss 

XTALl 

Nm 4 

11iQi 5 

RESt! 6 

vee 7 

P20 8 

P21 9 

P22 10 

P23 11 

P24 12 

P10 13 

P11 14 

P12 15 

P13 16 

P14 17 

P15 18 

37 

36 

JS 

34 

33 

32 

31 

30 

29 

28 

27 

26 

P30 

P31 

P32 

P33 

P34 

P35 

P36 

P37 

P40 

P41 

P42 

P43 

P16 19 22 P47 

P17 20 21 vee 
L------' Standbv 

'" 12 

P24 13 

NC 14 

PIO 15 

'" \6 

P\2 17 

PSUFFIX 
(Plastic Package) 

FN SUFFIX 
(PLCC44) 

~ < ~ ~u~ta U3~r; 
i:wzX>WVJVJII.II. 

r:t ID "" 1"1 C\1 - ::J: ~ t::; i 
0 

~~~~Efii!i: 

~ 

"' P32 

"' P33 

37 P34 
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EF6801-EF6803 

DESCRIPTION 

The EF6801 is an 8-bit single-chip microcomputer 
unit (MCU) which significantly enhances the capa­
bilities of the 6800 family of parts. It includes an up­
graded 6800 microprocessor unit (MPU) with 
upward-source and object-code compatibility. Ex­
ecution times of key instructions have been im­
proved and several new instructions have been 
added including an unsigned multiply. The MCU can 

Figure 1 : 6801/6803 Bock Diagram. 

Expanded Multiplexed 
~~ Expanded Non-Multiplexed 
~ Smgle Chip 

P37 A7/07 07 1/0 
P36 A6/D6 06 1/0 
P35 A5/D5 05 1/0 
P34 A4/D4 D4 1/0 
P33 A3/D3 03 1/0 
P32 A2/02 02 1/0 
P31 Al/01 01 1/0 
P30 A0/00 DO 1/0 
SC2 R/W R/W OS3 
SCl AS lOS IS3 

P47 A15 A7 1/0 
P46 A14 A6 1/0 Addre!l.:;, 

P45 A13 A5 1/0 
P44 A12 A4 1/0 
P43 All A3 1/0 
P42 AlO A2 1/0 
P41 A9 Al 1/0 
P40 AB AO 1/0 

RAM 

(1) No functioning ROM in EF6803 
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function as a monolithic microcomputer or can be 
expanded to a 64K byte address space. It is TTL 
compatible and requires one + 5V power supply. 
On-chip resources include 2048 bytes of ROM, 128 
bytes of RAM, a Serial Communications Interface 
(SCI), parallel I/O, and a three function Programm­
able Timer. The EF6803 can be considered as an 
EF6801 operating in Modes 2 or 3. EF6801 MCU 
Family features include : 

MPU 

P20 
P21 
P22 
P23 
P24 

PlO 
Pll 
P12 
P13 
P14 
P15 
P15 
P17 

-----



POWER CONSIDERATIONS 
The average chip-junction temperature, TJ, in ·c 
can be obtained from : 

TJ=TA+(Po •6JA) (1) 

Where: 

TA =Ambient Temperature, ·c 
6JA= Package Thermal Resistance, Junction 
-to-Ambient, "CIW 

Po = PiNT + PPORT 
PiNT= Icc x Vee. Watts· Chip Internal Power 

PPoRT= Port Power Dissipation, Watts· User 
Determined 

For most applications PPoRT« PiNT and can be ne­
glected. PPORT may become significant if the device 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vee Supply Voltage 

Vm Input Voltage 

TA Operating Temperature Range 

EF6801-EF6803 

is configured to drive Darlington bases or sink LED 
loads. 

An approximate relationship between Po and TJ (if 
PPoRT is neglected) is : 

Po = K + (TJ + 273"C) (2) 

Solving equations 1 and 2 for K gives : 

K = PD • (TA+ 273"C) + 6JA • Po2 (3) 

Where K is a constant pertaining to the particular 
part. K can be determined from equation 3 by 
measuring Po (at equilibrium) for a known T A. Using 
this value of K the values of Po and TJ can be ob­
tained by solving equations (1) and (2) iteratively for 
any value of T A. 

Value Unit 

-0.3 to+ 7.0 v 
-0.3 to+ 7.0 v 

Tt to TH oc 
EF6801/03, EF6801/03·1, EF6BA01/03, EF68801/03 0 to 70 
EF6801/03, EF6B01/03-1 : V Suffix -40 to 85 
EF6801/03, EF6801/03-1 :A Suffix -40to105 

Tstg Storage Temperature Range -55t0+150 oc 
This device contains c~rcuitry to protect the mputs against damage due to h1gh static voltages or electric fields ; however, it is advised 
that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high-impedance circuit. 
For proper operation it is recommended that v,N and Vour be constrained to the range Vss,; (Vm or v,,) ,; Vee. Input protection is en­
hanced by connecting unused inputs to either Voo or Vss. 

THERMAL DATA 

Thermal Resistance Plastic 
PLCC 

CONTROL TIMING (Vee= 5.0V ± 5%, Vss = 0, TA = 0 to 70°C) 

Symbol Parameter 

fo Frequency of Operation 

fxTAL Crystal Frequency 

4to External Oscillator Frequency 

Ire Crystal Oscillator Start Up Time 

I pes Processor Control Setup Time 

EF6801 EF6801-1 

Min. Max. Min. Max. 

0.5 1.0 0.5 1.25 

2.0 4.0 2.0 5.0 

2.0 4.0 2.0 5.0 

100 100 

200 170 

~ SGS-1110MSON A."'T/ liliD!CIIIl@lll!.rn«:li"llll@llJO©ill 

EF68A01 

Min. Max. 

0.5 1.5 

2.0 6.0 

2.0 6.0 

100 

140 

50 
100 

EF68801 

Min. Max. 

0.5 2.0 

2.0 8.0 

2.0 8.0 

100 

110 

Unit 

MHZ 

MHz 

MHz 

ms 

ns 
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EF6801-EF6803 

DC ELECTRICAL CHARACTERISTICS 
(V cc = 5.0Vdc ± 5%, V s s = 0, T A = T L to T H unless otherwise noted) 

EF6801/03 
EF680 1/03 

Symbol Parameter oac to+ 70°C - 40°C to 
Unit + asoc I+ 105°C 

Min. Max. Min. Max. 

VtH Input High Voltage RESET Vss + 4.0 Vee Vss + 4.0 Vee v 
Other Inputs Vss + 2.0 Vee Vss + 2.2 Vee 

VtL Input Low Voltage All Inputs Vss - 0.3 Vss + 0.8 Vss - 0.3 Vss + 0.8 v 
l,n Input Load Current (V 10 = 0 to 2.4V) Port 4 0.5 0.8 mA 

SCI 0.8 1.0 

l,n Input Leakage Current ------ !lA 
(V 1n = 0 to 5.25V) NMI, IRQ1, RESET 2.5 5.0 

ITs I Hi-Z (off-state) Input Current !lA 
(Vm = 0.5 to 2.4V) Ports 1, 2, and 3 10 20 

VoH Output High Voltage v 
(iLoad =-65!-!A, Vee =Min)' E, Port4, SC1, SC2 Vss + 2.4 Vss + 2.4 

(I Load=- 100!-!A, Vee= Min) Other Outputs Vss + 2.4 Vss + 2.4 

VoL Output Low Voltage v 
(I Load = 2.0mA, Vee =Min) All Outputs Vss + 0.5 Vss + 0.6 

loH Darlington Drive Current (Vo = 1.5V) Port 1 1.0 4.0 1.0 5.0 mA 

PINT Internal Power Dissipation 1200 1500 mW 
(measured at T A = T L in steady-state 
operation) 

C,n Input Capacitance Port 3, Port 4, SC1 12.5 12.5 pF 
(V,n = 0, T A = 25°C, Other Inputs 10 10 
f 0 = 1.0MHz) 

Vsss Vee Standby Powerdown 4.0 5.25 4.0 5.25 v 
Vss Powerup 4.75 5.25 4.75 5.25 

lsBB Standby Current Powerdown 6.0 8.0 mA 

• Negociable to -100J.lA (for further information contact the factory) 

4/49 
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PERIPHERAL PORT TIMING (refer to figures 2-5) 

Symbol Parameter 

lposu Peripheral Data Setup Time 

lpoH Peripheral Data Hold Time 

loso1 Delay Time, Enable Positive Transition to OS3 
Negative Transition 

toso2 Delay Time, Enable Positive Transition to OS3 
Positive Transition 

tpwo Delay Time, Enable Negative Transition to 
Peripheral Data Valid 

IeMos Delay Time, Enable Negative Transition to 
Peripheral CMOS Data Valid 

IPWIS Input Strobe Pulse Width 

ltH Input Data Hold Time 

Its Input Data Setup Time 

Figure 2 : Data Setup and Hold Times (MPU read). 

P10-P17 
P20-P24 
P40-P47 

Inputs 

P30-P37 
Inputs• 

• Port 3 non-latched operation (latch enable- 0) 

Figure 4 : Port 3 Output Strobe Timing 
(EF6801 single-chip Mode). 

Address 

Bus 

r MPU access of Pori J• 

• Access matches Output Strobe Select (OSS = 0, a read. OSS = 1, 
a wrtte). 

EF6801-EF6803 

EF6801 EF6801-1 EF68A01 EF68801 
EF6803 EF6803-1 EF68A03 EF68B03 Unit 

Min. Max. Min. Max. Min. Max. Min. Max. 

200 200 150 100 ns 

200 200 150 100 ns 

350 350 300 250 ns 

350 350 300 250 ns 

350 350 300 250 ns 

2.0 2.0 2.0 2.0 f1S 

200 200 150 100 ns 

50 50 40 30 ns 

20 20 20 20 ns 

Figure 3 : Data Setup and Hold Times (MPU write). 

r MPUWt;te 

\_ I 
t'CMOS~ 

All Dato ______ 'P_w_o_•t --,:,',:: 
Pori Outputs _______ )t 

Notes: 1. 10 k Pull up resistorrequired for Port 2 to reach 0.7 Vee. 
2. Not applicable to P21. 
3. Port 4 cannot be pulled above Vee. 

Figure 5 : Port 3 Latch Timing 
(EF6801 single-chip mode). 

P30-P37 
Inputs 

Note : Ttming measurements are referenced to and from a low voltage of O.BV and a htgh voltage of 2.0V, unless otherwtse noted. 

5/49 
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EF6801-EF6803 

BUS TIMING (see notes 1 and 2) 

EF6801 EF6801-1 EF68A01 EF68801 
I dent. Symbol Parameter EF6803 EF6803-1 EF68A03 EF68803 Unit 

Number 
Min. Max. Min. Max. Min. Max. Min. Max. 

1 I eye Cycle Time 1.0 2.0 0.8 2.0 0.667 2.0 0.5 2.0 jlS 

2 PWEL Pulse Width, E Low 430 1000 360 1000 300 1000 210 1000 ns 

3 PWEH Pulse Width, E High 450 1000 360 1000 300 1000 220 1000 ns 

4 !,, t, Clock Rise and Fall Time 25 25 25 20 ns 

9 IAH Address Hold Time 20 20 20 10 ns 

12 IAv Non-muxed Address Valid 200 150 115 70 ns 
Time toE' 

17 losR Read Data Setup Time 80 70 60 40 ns 

18 loHR Read Data Hold Time 10 10 10 10 ns 

19 loow Write Data Delay Time 225 200 170 120 ns 

21 loHW Write Data Hold Time 20 20 20 10 ns 

22 IAVM Muxed Address Valid 200 150 115 80 ns 
Time to E Rise' 

24 IASL Muxed Address Valid 60 50 40 20 ns 
Time to AS Fall' 

25 IAHL Muxed Address Hold Time 20 20 20 10 ns 

26 IASD Delay Time, E to AS Rise' 90** 70" 60" 45" ns 

27 PWASH Pulse Width, AS High' 220 170 140 110 ns 

28 lASED Delay Time, AS to E Rise' 90 70 60 45 ns 

29 lAce Usable Access Time* 595 465 380 270 ns 

• At spec1fled cycle time. 
• • tAso parameters listed assume external TIL clock drive with 50%± 5% duty cycle. Devices driven by an external TTL clock with 

50%± 1% duty cycle or which use a crystal have the following t•so specifications: 1 OOns min. (t.OMHz devices), SOns min. (1.25MHz 
devices), 65ns min. (1.5MHz devices), 50ns min. (2.0MHz devices). 

Figure 6 : Bus Timing. 

Notes: 1. 
2 
3. 
4. 

6/49 
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Addr!Data 
Mu~ed 

Add•/D"' ~~~~~~~;t__'!!::~~i=======:) Mu:ted 

Addr~ 

Strobe IASJ ___ ---f 

Voltage levels shown are v,,; 0.5V, V";, 2.4V, unless otherwise spec1fled. 
Measurement points shown are O.SV and 2.0V, unless otherwise specified. 
Usable access t1me is computed by 12 + 3 -17 + 4. 
Memory dev1ces should be enabled only dunng E high to avoid Port 3 bus contention. 



Figure 7: CMOS Load. 

Test Pomt 

INTRODUCTION 
The EF6801 is an 8-bit monolithic microcomputer 
which can be configured to function in a wide var­
iety of applications. The facility which provides this 
extraordinary flexibility is its ability to be hardware 
programmed into eight different operating modes. 
The operating mode controls the configuration of 18 
of the 40 MCU pins, available on-chip resources, 
memory map, location (internal or external) of inter­
rupt vectors, and type of external bus. The configu­
ration of the remaining 22 pins is not dependent on 
the operating mode. 

Twenty-nine pins are organized as three 8-bit ports 
and one 5-bit port. Each port consists of at least a 
Data Register and a write-only Data Direction Reg­
ister. The Data Direction Register is used to define 
whether corresponding bits in the Data Register are 
configured as an input (clear) or output (set). 

Figure 9 : Programming Model. 

EF6601-EF6603 

Figure 8 :Timing Test Load Ports 1, 2, 3, 4. 

Vee 

Test Po•nt 1rl ~~:~6~0 
or EQurv 

c 
IN4148 

or Equrv. 
'::' -:-

C = 90pF for P30-P37, P40-P47, E, SC1, SC2 
= 30 pF for P10-P17, P20-P24 

R = 37kn for P40-P47, E, SC1, SC2 
= 24kQ for P1 O-P17. P20-P24 
= 24kQ for P30-P37 

The term "port", by itself, refers to all of the hardware 
associated with the port. When the port is used as a 
"data port" or "I/O port", it is controlled by the port 
Data Direction Register and the programmer has di­
rect access to the port pins using the port Data Reg­
ister. Port pins are labled as Pij where i identifies one 
of four ports and j indicates the particular bit. 

The Microprocessor Unit (MPU) is an enhanced 
EF6800 MPU with additional capabilities and 
greater throughput. It is upward source and object 
code compatible with the EF6800. The programm­
ing model is depicted in figure 9, where Accumula­
tor D is a concatenation of Accumulators A and B. 
A list of new operations added to the 6800 instruc­
tion set are shown in table 1. 

The EF6803 can be considered an EF6801 that 
operates in Modes 2 and 3 only. 

~ A au 7 B ~ B-B•t Accumulatms A and B 
15--------- 0 ---------~Or 16-Brt Ooub!a Accumulator 0 

1'5 

1'5 

1'5 

oJ Index Register lXI 

~p 01 Stack. Pmnter !SPI 

PC of Program Counter IPCI 

7 0 

Condnron Code Regrster !CCRI 

Carry/Borrow from MSB 
Overflow 

Zero 
Negafrv~ 

Interrupt 

Half Carry !From Brt 31 
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EF6801-EF6803 

OPERATING MODES 

The EF6801 provides eight different operating 
modes (modes 0 through 7), the EF6803 provides 
two operating modes (modes 2 and 3). The opera­
ting modes are hardware selectable and determine 
the device memory map, the configuration of Port 3, 
Port 4, SC1, SC2, and the physical location of the 
interrupt vectors. 

FUNDAMENTAL MODES 

The eight operating modes can be grouped into 
three fundamental modes which refer to the type of 
bus it supports : Single Chip, Expanded Non-Multi­
plexed, and Expanded Multiplexed. Single-Chip 
modes include 4 and 7, Expanded Non-Multiplexed 

Table 1 : New Instructions. 

Instruction 

is Mode 5 and the remaining five are Expanded 
Multiplexed modes. Table 2 summarizes the char­
acteristics of the operating modes. 

EF6801 SINGLE-CHIP MODES (4, 7). In the Single­
Chip Mode, the four MCU ports are configured as 
parallel input/output data ports, as shown in 
figure 10. The MCU functions as a monolithic micro­
computer in these two modes without external ad­
dress or data buses. A maximum of 29 1/0 lines and 
two Port 3 control lines are provided. Peripherals or 
another MCU can be interfaced to Port 3 in a loose­
ly coupled dual processor configuration, as shown 
in figure 11. 

Description 

ABX Unsigned addition of accumulator B to mdex register. 
ADDD Adds (without carry) the double accumulator to memory and leaves the sum in the double 

accumulator. 
ASLD or LSLD Shifts the double accumulator left (towards MSB) one bit ; the LSB is cleared and the MSB is 

shifted into the C-bit. 
BHS Branch if higher or same ; unsigned conditional branch (same as BCC). 
BLO Branch if lower ; unsigned conditional branch (same as BCS). 
BRN Branch never. 
JSR Additional addressing mode direct. 
LDD Loads double accumulator from memory. 
LSL Shifts memory or accumulator left (towards MSB) one bit ; the LSB is cleared and the MSB is 

shifted into the C-bit (same as ASL). 
LSRD Shifts the double accumulator right (towards LSB) one bit ; the MSB is cleared and the LSB is 

shifted into the C-bit. 
MUL Unsigned multiply ; multiplies the two accumulators and leaves the product in the double 

accumulator. 
PSHX Pushes the index register to stack. 
PULX Pulls the index register from stack. 
STD Stores the double accumulator to memory. 

SUBD Substracts memory from the double acccumulator and leaves the difference in the double 
accumulator. 

CPX Internal processing modified to permit its use with any conditional branch instruction. 

In Single-Chip Test Mode (4), the RAM responds to 
$XX80 through $XXFF and the ROM is removed 
from the internal address map. A test program must 
first be loaded into the RAM using modes 0, 1, 2, or 
6. If the MCU is Reset and then programmed into 
Mode 4, execution will begin at $XXFE : XXFF. 
Mode 5 can be irreversibly entered from Mode 4 
without asserting RESET by setting bit 5 of the Port 
2 Data Register. This mode is used primarily to test 
Ports 3 and 4 in the Single-Chip and Non-Multi­
plexed Modes. 

EF6801 EXPANDED NON-MULTIPLEXED MODE 
(5). A modest amount of external memory space is 

8/49 
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provided in the Expanded Non-Multiplexed Mode 
while significant on-chip resources are retained. 
Port 3 functions as an 8-bit bidirectional data bus 
and Port 4 is configured initially as an input data port. 
Any combination of the eight least-significant ad­
dress lines may be obtained by writing to the Port 4 
Data Direction Register. Stated alternatively, any 
combination of AO to A? may be provided while re­
taining the remainder as input data lines. Internal 
pullup resistors pull the Port 41ines high until the port 
is configured. 

Figure 12 illustrates a typical system configuration 
in the Expanded Non-Multiplexed Mode. The MCU 
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interfaces directly with 6800 family parts and can ac­
cess 256 bytes of external address space at $1 00 
through $1 FF. lOS provides an address decode of 

external memory ($1 00-$1 FF) and can be used as 
a memory page select or chip select line. 

Table 2 :Summary of EF6801/03 Operating Modes. 

Common to all Modes : 
Reserved Register Area 
Port 1 
Port 2 
Programmable Timer 
Serial Communications Interface 

Single-chip Mode 7 : 
128 Bytes of RAM, 2048 Bytes of ROM 
Port 3 is a parallel 1/0 port with two control lines. 
Port 4 1s a parallel 1/0 QQ_[l. 
SC1 is input strobe 3 l.llim-
SC2 is output strobe (OS3). 

Expanded Non-multiplexed Mode 5 : 
128 Bytes of RAM, 2048 Bytes of ROM 
256 Bytes of External Memory Space 
Port 3 is an 8-bit data bus. 
Port 4 is an input port/address bus. 
SC1 1s input/output s!!!_ect (lOS). 
SC2 is read/wnte (RIW). 

Expanded Multiplexed Modes 1, 2, 3, 6* : 
Four memory space options (64K address space). 

(1) No Internal RAM or ROM (mode 3) 
(2) Internal RAM, no ROM (mode 2) 
(3) Internal RAM and ROM (mode 1) 
(4) Internal RAM, ROM with Partial Address Bus (mode 6) 

Port 3 is multiplexed address/data bus. 
Port 4 is an address bus (inputs/address in mode 6). 
SC1 is address strob~_(AS). 
SC2 IS read/write (RIW). 

Test Modes 0 and 4 : 
Expanded multiplexed test mode o. 

May be used to test RAM and ROM. 
Single chip and non-multiplexed test mode 4. 

(1) May be changed to mode 5 without going through reset. 
(2) May be used to test ports 3 and 4 as 1/0 ports. 

• The EF6803 operates only 1n modes 2 and 3 

~ SCiS-niDMSDN a.""! I lliilD©OO©Ill!.rn©li'L'il©lllD©i! 
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Figure 10 :Single-chip Mode. 
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Figure 11 :Single-chip Dual Processor Configuration. 
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Figure 12: Expanded Non-multiplexed Configuration. 
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EXPANDED-MULTIPLEXED MODES (0, 1, 2, 3, 6). 
A 64K byte memory space is provided in the ex­
panded multiplexed modes. In each of the ex­
panded multiplexed modes Port 3 functions as a 
time multiplexed address/data bus with address 
valid on the negative edge of Address Strobe (AS), 
and data valid while E is high. In Modes 0 to 3, Port 
4 provides address lines AS to A 15. In Mode 6, how­
ever, Port 4 initially is configured at RESET as an 
input data port. The port 4 Data Direction Register 
can then be changed to provide any combination of 
address lines, AS to A15. Stated alternatively, any 
subset of AS to A 15 can be provided while retaining 
the remaining port 4 lines as input data lines. Inter­
nal pullup resistors pull the Port 4 lines high until 
software configures the port. 

In Mode 0, the Reset vector is external for the first 
two E-cycles after the positive edge of RESET, and 
internal thereafter. In addition, the internal and ex­
ternal data buses are connected so there must be 
no memory map overlap in order to avoid potential 
bus conflicts. Mode 0 is used primarily to verify the 
ROM pattern and monitor the internal data bus with 
the automated test equipment. 

Only the EF6S01 can operate in each of the ex­
panded multiplexed modes. The EF6S03 operates 
only in Modes 2 and 3. 

Table 3 : Mode Selection Summary. 

EF6801·EF6803 

Figure 13 depicts a typical configuration for the Ex­
panded-Multiplexed Modes. Address Strobe can be 
used to control a transparent D-type latch to capture 
addresses AO-A7, as shown in figure 14. This allows 
Port 3 to function as a Data Bus when E is high. 

PROGRAMMING THE MODE 

The operating mode is determined at RESET by the 
levels asserted on P22, P21, and P20. These levels 
are latched into PC2, PC1, and PCO of the program 
control register on the positive edge of RESET. The 
operating mode may be read from the Port 2 Data 
Register as shown below, and programming levels 
and timing must be met as shown in figure 15. A 
brief outline of the operating modes is shown in 
table 3. 

PORT 2 DATA REGISTER 
7 6 5 4 3 2 1 0 

I PC21 PC1 I PCO I P241 P231 P221 P21 I P20 1$0003 

Circuitry to provide the programming levels is de­
pendent primarily on the normal system usage of 
the three pins. If configured as outputs, the circuit 
shown in figure 16 may be used; otherwise, three­
state buffers can be used to provide isolation while 
programming the mode. 

Mode* P22 P21 P20 ROM RAM Interrupt Bus Mode Operating Mode PC2 PC1 PCO Vectors 
7 H H H I I I I Single Chip 
6 H H L I I I MUX (5. 61 Multiplexed/partial Decode 
5 H L H I I I NMUX (5, 61 Non-multiplexed/partial Decode 
4 H L L I (21 I (11 I I Single Chip Test 
3 L H H E E E MUX !41 Multiplexed/no RAM or ROM 
2 L H L E I E MUX (41 Multiplexed/RAM 
1 L L H I I E MUX !41 Multiplexed/RAM & ROM 
0 L L L I I I (31 MUX !•I Multiplexed Test 

Legend : Notes : (1) Internal RAM is addressed at $XX80 
I • Internal (2) Internal ROM is disabled __ 
E. External (3) RESET vector is external for 2 cycles after RESET goes high 
MUX. Multiplexed (4) Addresses associated with Ports 3 and 4 are considered external in Modes 0, 1, 2, and 3 
NMUX • Non-Multiplexed (5) Addresses associated with Port 3 are considered external in Modes 5 and 6 
L • Logic "0" (6) Port 4 default is user data input, address output is optional by writing to Port 4 Data Direc· 
H. Logic "1" t1on Register 
• The EF6803 operates only in Modes 2 and 3 
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Figure 13: Expanded Multiplexed Configuration. 
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Note :To avoid data bus (Port 3) contention in the expanded multiplexed modes, memory devices should be enabled only during E high 
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Figure 14: Typical Latch Arrangement. 

GND 

AS 

Figure 15 :Mode Programming Timing. 

Mode Inputs 
\P20. P21. P221 

MODE PROGRAMMING (refer to figure 15) 

Symbol Parameter 

VMPL Mode Programming Input Voltage Low' 

VMPH Mode Programmtng Input Voltage High 

EF6801-EF6803 

I l 
G DC 

o, a, 

74LS373 
fTypJcal) 

Da Oa 

Data Do D7 

See F1gure 16 

far 01ode Arrangement 

,..,.-- c.VMPDD 

IP20. P21. 1'221 #= MPL ____ ....,""' -r Mode latch 
~ _ T Level 

Min. Max. Unit 

1.8 v 
4.0 v 

VMPDD Mode Programming Diode Differential (if diodes are used) 0.6 v 
PWRSTL RESET Low Pulse Width 3.0 E-Cycles 

IMPS Mode Programming Setup Time 2.0 E-Cycles 

I MPH Mode Programming Hold Time 0 ns 
RESET Rise Time~ 111s 100 
RESET Rise Time < 1 !lS 

• ForT.=- 40'C to+ 105'C, VMPL = 1.7V. 

13/49 

25 



EF6801-EF6803 

Figure 16 :Typical Mode Programming Circuit. 

Notes : 1. Mode 7 as shown 

REID 
P20 

P2 

P22 

1 

2. R2.C = Resett1me constant 
3. Rr = 1 Ok (typical} 
4. D = 1 N914, 1 N4001 (typical} 
5. Diode Vr should not exceed VMPDD min 

MEMORY MAPS 

R2 R1 

D 

c~ 

Vee 

1 

R1 

~ ... 

D 

The 6801 Family can provide up to 64K byte ad­
dress space depending on the operating mode. A 
memory map for each operating mode is shown in 
figure 17. 
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R1 

D 

6 
RESET 

8 
P20 tPCOJ 

9 
P211PC11 

10 
P221PC21 

,Mode 
EF6801 Control 

SWitches EF6803 

The first 32 locations of each map are reserved for 
the intemal register area, as shown in table 4, with 
exceptions as indicated. 



Figure 17: EF6801/03 Memory Maps (sheet 1 of 3). 

Multiplexed-Test Mode 

$00001 1, .,.,.,'77l'77>7771 

$001 F f"'U.G<LLI.:.lL<j 

. NOTES: 

EF6801 
Mode 0 
Internal Registers 

External Memory Space 

Internal RAM 

External Memory Space 

Internal ROM 

Internal Interrupt Vectors121 

11 Excludes the following aiiresses wh1ch may be 
used externally· $04. S05. $06, $07. and SOF. 

21 Addresses SFFFE and $FFFF are considered 
external if accessed within two cycles after a 
positive edge of RESET and internal at all other 
times. 

31 After two MPU cycles. there must be no over­
lapping of internal and external memory spaces 
to avOid driving the data bus with more than one 
device. 

4) This mode is the only mode which may be used 
to examine the mterrupt vectors in internal ROM 
using an external RESET vector. 

EF6801·EF6803 

EF6801 
Mode 1 

Multiplexed/RAM and ROM 

$0000111 <77777>77>7771 

Internal Reg•ste1s 

External Memory Space 

Internal RAM 

External Memory Space 

Internal ROM 

External Interrupt Vectors 
SFFFF L_ __ ____, 

NOTES: 
11 Excludes the following addresses which may be 

used externally $04, $05, $06, $07, and $OF. 

21 Internal ROM addresses $FFFO to $FFFF are not 
usable. 
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Mode 2 

11 Excludes the following addresses which may be 
used externally: $04, $05, $06, $07, and $OF. 

EF6801 
EF6803 
Mode 3 

Multiplexed/ No RAM or ROM 

socoo(, l o»,,,,.,,,,,l 
Internal Reg1sters 

External Memory Space 

External Interrupt Vectors 

NOTES: 
11 Excludes the followmg addresses which may be 

used externally: $04, $05, $06, $07, and $OF. 

S1ngle-Chip Test 

EF6801 
Mode 4 

$0000 ~} Internal Registers 
$001F 

Unusable Ill 141 

$XXBO ~}Internal RAM 
$XXFF Internal Interrupt Vectors 

NOTES: 
11 The Internal ROM IS disabled. 

21 Mode 4 may be changed to Mode 5 Without hav­
ing to assert RESET by wntmg a one 1nto the 
PCO bit of the port 2 data reg1ster. 

31 Addresses AS to A 15 are treated as "don't cares" 
to decode internal RAM. 

41 Internal RAM w1ll appear at $XX80 to $XXFF 
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EF6801 
Mode 5 

Non-Multiplexed/Partial Decode 

sooFFD 
$0100 

$01FF 

SFSOO 

} 
Internal ROM 

$FFFF vz.uzc&'l//a Internal Interrupt Vectors 

NOTES: 
11 Excludes the following addresses which may not 

be used externally: $04, $06, and SOF Ina IOSI. 

21 This mode may be entered Wtthout going 
through RESET by using mode 4 and subse­
quently writtng a one tnto the PCO btt of the port 
2 data register 

31 Address lines AO to A7 wtll not contain addresses 
until the data direction regtster for pD<t 4 has 
been written wtth ones in the appropnate btts. 
These address lines wtll assert ones unttl made 
outputs by wnting the data direction regtster. 

$00FF~c~ 

SFSOO 

$FFFF V///U///CCIJ 

NOTES. 

EF6801 
Mode 6 

Internal Regtsters 

External Memory Space 

Internal RAM 

External Memory Space 

Internal ROM 

Internal Interrupt Vectors 

11 Excludes the followtng addresses whtch may be 
used externally. $04, $06, and $OF. 

21 Address lines AB-A 15 will not con tam addresses 
unttl the data direCtion register for port 4 has 
been wntten with ones rn the appropnate brts 
These address lrnes will assert ones untrl made 
outputs by writing the data drrectton regrster 
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EF6801ffi31NTERRUPTS 
The 6801 Family supports two types of interrupt re­
quests: maskable and non-maskable. A Non-Mask­
able Interrupt (NMI) is always recognized and acted 
upon at the completion of the current instruction. 
Maskable interrupts are controlled by the Condition 
Code Register 1-bit and by individual enable bits. 
The 1-bit controls all maskable interrupts. Of the 
maskable interrupts, there are two types : IR01 and 
IRQ2. The Programmable Timer and Serial Com­
munications Interface use an internaiiRQ2 interrupt 
line, as shown in figure 1. External devices (and IS3l 
use IRQ1. An IRQ1 interrupt is serviced before IR02 
if both are pending. 

Alii RQ2 interrupts use hardware prioritized vectors. 
The single SCI interrupt and three timer interrupts 

FUNCTIONAL PIN DESCRIPTIONS 

Vee AND Vss 

Vee and Vss provide power to a large portion of the 
MCU. The power supply should provide + 5 volts 
(± 5%) to Vee, and Vss should be tied to groun~. 
Total power dissipation (including Vee Standby), will 
not exceed Po milliwatts. 

Vee STANDBY 

Vee Standby provides power to the standby portion 
($80 through $BF) of the RAM and the STBY PWR 
and RAME bits of the RAM Control Register. Volt­
age requirements depend on whether the device is 
in a powerup or powerdown state. In the powerup 
state, the power supply should provide + 5 volts 
(± 5%) and must reach Vss volts before RESET 
reaches 4.0 volts. During powerdown, Vee Standby 
must remain above Vsss (min) to sustain the stand­
by RAM and STBY PWR bit. While in powerdown 
operation, the standby current will not exceed lsss. 

It is typical to power both Vee and Vee Standby from 
the same source during normal operation. A diode 
must be used between them to prevent supplying 
power to Vee during powerdown operation. Vee 
Standby should be tied to ground in Mode 3. 
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are serviced in a prioritized order and each is vec­
tored to a separate location. All interrupt vector lo­
cations are shown in table 5. 

The Interrupt flowchart is depicted in figure 18 and 
is common to every interrupt excluding reset. Dur­
ing interrupt servicing the Program Counter, Index 
Register, A Accumulator, B Accumulator, and Con­
dition Code Register are pushed to the stack. The 
1-bit is set to inhibit maskable interrupts and a vec­
tor is fetched corresponding to the current highest 
priority interrupt. The vector is transferred to the Pro­
gram Counter and instruction execution is resumed. 
Interrupt and RESET timing are illustrated in 
figures 19 and 20. 

Table 4 : Internal Register Area. 

Register Address 

Port 1 Data Direction Register ... 00 
Port 2 Data Direction Register' .. 01 
Port 1 Data Register 02 
Port 2 Data Register 03 

Port 3 Data Direction Register' .. D4' 
Port 4 Data Direction Register' .. 05" 
Port 3 Data Register 06' 
Port 4 Data Register D7" 

Timer Control and Status Register 08 
Counter (high byte) 09 
Counter (low byte) OA 
Output Compare Register (high byte) OB 

Output Compare Register (low byte) DC 
Input Capture Register (high byte) DD 
Input Capture Register (low byte) DE 
Port 3 Control and Status Register OF' 

Rate and Mode Control Register 10 
Transmit/receive Control and Status Register 11 
Receive Data Register 12 
Transmit Data Register 13 

RAM Control Register 14 
Reserved 15-1F 

• External addresses in Modes 0, t, 2, 3, 5, 6; cannot be accessed 
m Mode 5 (No lOS) 
•• External addresses in Modes 0, 1, 2, 3 
••• 1 =Output, 0 = Input 



Table 5 : MCU Interrupt Vector Locations. 

MSB LSB 

FFFE FFFF 

FFFC FFFD 

FFFA FFFB 

FFFS FFF9 

FFF6 FFF7 

FFF4 FFF5 

FFF2 FFF3 

FFFO FFF1 

• IR02 Interrupt 

Figure 18 : Interrupt Flowchart. 

ITMP 

EF6801-EF6803 

Interrupt 

RESET 

NMI 

Software Interrupt (SWI) 

IRQ1 (or IS3) 

ICF (input capture)* 

OCF (output compare)* 

TOF (timer overflow)* 

SCI (RDRF + ORFE + TORE)* 

Vecto• .. PC 

NMI FFFC FFFO 

SWI FFFAFFFB 

lR01 FFF8 FFF9 
ICF FFF6 FFF7 

OCF Fff4FFF5 

TOF FFF2 FFF3 

SCI FFFO FFF1 

0 

Non-Maskable Interrupt 

Software Interrupt 

Maskable lntPrrupt Request 1 

Input Capture Interrupt 

Output Compare Interrupt 
Trmer OvPrflow Interrupt 

SCI Interrupt (TORE • RDRF • ORFEt 
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XTAL 1 AND EXTAL2 

These two input pins interface either a crystal or TTL 
compatible clock to the MCU internal clock gener­
ator. Divide-by-four circuitry is included which allows 
use of the inexpensive 3.58MHz or 4.4336MHz 
Color Burst TV crystals. A 20pF capacitor should be 
tied from each crystal pin to ground to ensure re­
liable startup and operation. Alternatively, EXTAL2 
may be driven by an external TTL compatible clock 
at 4fo with a duty cycle of 50% (± 5%) with XTAL 1 
connected to ground. 

The internal oscillator is designed to interface with 
an AT-cut quartz crystal resonator oper;:tted in par­
allel resonance mode in the frequency range speci­
fied for fxTAL. The crystal should be mounted as 
close as possible to the input pins to minimize out­
put distortion and startup stabilization time.* The 
MCU is compatible with most commercially avail­
able crystals. Nominal crystal parameters are 
shown in figure 21. 

RESET 

This input is used to reset the internal state of the 
device and provide an orderly startup procedure. 
During powerup, RESET must be held below 
0.8 volts: (1) atleast!Rc after Vee reaches 4.75 volts 
in order to provide sufficient time for the clock gen­
erator to stabilize, and (2) until Vee Standby reaches 
4.75 volts. RESET must be held low at least three 
E-cycles if asserted during powerup operation. 

E (ENABLE) 

This is an output clock used primarily for bus syn­
chronization. It is TTL compatible and is the slightly 
skewed divide-by-four result of the device input 
clock frequency. It will drive one Schottky TTL load 
and 90pF, and all data given in cycles is referenced 
to this clock unless otherwise noted. 

NMI (NON-MASKABLE INTERRUPT) 

An NMI negative edge requests an MCU interrupt 
sequence, but the current instruction will be com­
pleted before it responds to the request. The MCU 
will then begin an interrupt sequence. Finally, avec­
tor is fetched from $FFFC and $FFFD, transferred 
to the Program Counter and instruction execution is 
resumed. NMI typically requires a 3.3kr.! (nominal) 
resistol..!Q_ Vee. There is no internal NMI pullup re­
sistor. NM I must be held low for at least one E-cycle 
to be recognized under all conditions. 

IRQ1 (MASKABLE INTERRUPT REQUEST 1) 

IRQ1 is a level-sensitive input which can be used to 
request an interrupt sequence. The MPU will com-

EF6801-EF6803 

plete the current instruction before it responds to the 
request. If the interrupt mask bit (1-bit) in the Condi­
tion Code Register is clear, the MCU will begin an 
interrupt sequence. A vector is fetched from $FFF8 
and $FFF9, transferred to the Program Counter, 
and instruction execution is resumed. 

IR01 typically requires an external 3.3kQ (nominal) 
resistor to Vee for wire-OR applications. IRQ1 has 
no internal_pullup resistor. 

SC1 AND SC2 (STROBE CONTROL 1 AND 2) 

The function of SC1 and SC2 depends on the oper­
ating mode. SC1 is configured as an output in all 
modes except single chip mode, whereas SC2 is al­
ways an output. SC1 and SC2 can drive one Schott­
ky load and 90pF. 

SC1 AND SC2 IN SINGLE-CHIP MODE. In Single­
Chip Mode, SC1 and SC2are configured as an input 
and output, respectively, and both function as Port 
3 control lines. SC1 functions as IS3 and can be 
used to indicate that Port 3 input data is ready or 
output data has been accepted. Three options as­
sociated with IS3 are controlled by Port 3 Control 
and Status Register and are discussed in the Port 3 
description. If unused, IS3 can remain unconnected. 

SC2 is configured as OS3 and can be used to strobe 
output data or acknowledge input data. It is control­
led by Output Strobe Select (OSS) in the Port3 Con­
trol and Status Register. The strobe is generated by 
a read (OSS = _Q}_Qr write (OSS = 1) to the Port 3 
Data Register. OS3 timing is shown in figure 4. 

SC1 AND SC2 IN EXPANDED NON-MULTI­
PLEXED MODE. In the Expanded Non-Multiplexed 
Mode, both SC1 and SC2 are configured as outputs. 
SC1 functions as Input/Output Select (lOS) and is 
asserted only when $0100 through $01 FF is sensed 
on the internal address bus. 

SC2 is configured as Read/Write and is used to con­
trol the direction of data bus transfers. An MPU read 
is enabled when Read/Write and E are high. 

SC1 AND SC2 IN EXPANDED MULTIPLEXED 
MODE. In the Expanded Multiplexed Modes, both 
SC1 and SC2 are configured as outputs. SC1 func­
tions as Address Strobe and can be used to demulti­
plex the eight least significant addresses and the 
data bus. A latch controlled by Address Strobe cap­
tures address on the negative edge, as shown in 
figure 14. 

SC2 is configured as Read/Write and is used to con­
trol the direction of data bus transfers. An MPU read 
is enabled when Read/Write and E are high. 
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P10-P17 (PORT 1) 

Port 1 is a mode independent 8-bit 1/0 port with each 
line an input or output as defined by the Port 1 Data 
Direction Register. The TIL compatible three-state 
output buffers can drive one Schottky TIL load and 
30pF, Darlington transistors, or CMOS devices 
using external pullup resistors. It is configured as a 
data input port by RESET. Unused lines can remain 
unconnected. 

P20-P24 (PORT 2) 

Port 2 is a mode-independent, 5-bit, multipurpose 
1/0 port. The voltage levels present on P20, P21, 
and P22 on the rising edge of RESET determine the 
operating mode of the MCU. The entire port is then 
configured as a data input port. The Port 2 lines can 
be selectively configured as data output lines by set­
ting the appropriate bits in the Port 2 Data Direction 

Figure 21 : 6801 Family Oscillator Characteristics. 

Nominal Crystal Parameters* 

3.58MHz 4.00MHz 

RS 60Q 50Q 
co 3.5pF 6.5pF 
C1 0.015pF 0.025pF 
Q > 40K > 30K 

Register. The Port 2 Data Register is used to move 
data through the port. However, if P21 is configured 
as an output, it will be tied to the timer Output Com­
pare function and cannot be used to provide output 
from the Port 2 Data Register. 

Port 2 can also be used to provide an interface for 
the Serial Communications Interface and the timer 
Input Edge function. These configurations are de­
scribed in the Programmable Timer and Serial Com­
munications Interface (SCI) section. 

The Port 2 three-state, TIL-compatible output buf­
fers are capable of driving one Schottky TIL load 
and 30pF, or CMOS devices using external pullup 
resistors. 

PORT2 DATA REGISTER 

7 6 5 4 3 2 1 0 

I PC21 PC1 I PCO I P241 P23 I P22 I P21 I P20 1$0003 

5.0MHz 6.0MHz 8.0MHz 

30-SOQ 30-SOQ 20-40Q 
4-6pF 4-6pF 4-6pF 

0.01-0.02pF 0.01-0.02pF 0.01-0.02pF 
> 20K > 20K > 20K 

Note: These are representative AT-cut crystal parameters only. Crystals of other types of cut may also be used. 

(a) Nominal Recommended Crystal Parameters 

I EF6801 I 2 • 3 

2 3 ,C:J-, r-;•t--

c, J J c, Co 

Equ•vaten! C•rcu11 

CL = 20 pF !typtcall 

(b) Oscillator Stabilization Time (IRe) 

vee / 
475V 

E JLIUl___J 
RESET L=~ '"e 

Oscollato• 
Stabthzatton 

Tome lflC 
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P30-P37 (PORT 3) 

Port 3 can be configured as an 1/0 port, a bidirec­
tional 8-bit data bus, or a multiplexed address/data 
bus depending on the operating mode. The TTL 
compatible three-state output buffers can drive one 
Schottky TTL load and 90pF. Unused lines can re­
main unconnected. 

PORT 3 IN SINGLE-CHIP MODE. Port 3 is an 8-bit 
1/0 port in the Single-Chip Mode, with each line con­
figured by the Port]...Qata Direction Register. There 
are also two lines, IS3 and OS3, which can be used 
to control Port 3 data transfers. 

Three Port 3 options are controlled by the Port 3 
Control and Status Register and are available only 
in Single-Chip...Mflde : (1) Port 3 input data can be 
latched using IS3 as a control signal, (2} OS3 can 
be generated by either an MPU read or write to the 
Port 3 Data Regist~nd (3) an IRQ1 interrupt can 
be enabled by an IS3 negative edge. Port 3 latch 
timing is shown in figure 5. 

PORT 3 CONTROL AND STATUS REGISTER 

7 6 

Bit 3 

Bit 4 

Bit 5 

Bit 6 

5 4 3 2 0 

$000F 

LATCH ENABLE. This bit con­
trols the input latch for Port 3. If 
~ input data is latched by an 
IS3 negative edge. The latch is 
transparent after a read of the 
Port 3 Data Register. LATCH 
ENABLE is cleared during reset. 

OSS (Output Strobe Select). 
This bit determines whether 
OS3 will be generated by a read 
or write of the Port 3 Data Reg­
ister. When clear, the strobe is 
generated by a read ; when set, 
it is generated by a write. OSS is 
cleared during reset. 

Not used. 

IS3 IRQ1 ENABLE. When set, 
an IRQ1 interrupt will be enabled 
whenever IS3 FLAG is set ; 
when clear, the interrupt is in­
hibited. This bit is cleared during 
reset. 

Bit 7 

EF6801-EF6803 

IS3 FLAG. This read-only status 
bit is set by an IS3 negative 
edge. It is cleared by a read of 
the Port 3 Control and Status 
Register (with IS3 FLAG set) fol­
lowed by a read or write to the 
Port 3 Data Register or during 
reset. 

PORT 3 IN EXPANDED NON-MULTIPLEXED 
MODE. Port 3 is configured as a bidirectional data 
bus (D7-DO) in the Expanded Non-Multiplexed 
Mode. The direction of data transfers is controlled 
by Read/Write (SC2). Data is clocked byE (Enable). 

PORT 3 IN EXPANDED MULTIPLEXED MODE. 
Port 3 is configured as a time multiplexed address 
(AO-A7) and data bus (D7-DO) in the Expanded 
Multiplexed Modes, where Address Strobe (AS) can 
be used to demultiplex the two buses. Port 3 is held 
in a high impedance state between valid address 
and data to prevent bus conflicts. 

P40-P47 (PORT 4) 

Port 4 is configured as an 8-bit 1/0 port, as address 
outputs, or as data inputs depending on the opera­
ting mode. Port 4 can drive one Schottky TTL load 
and 90pF and is the only port with internal pull up re­
sistors. Unused lines can remain unconnected. 

PORT 4 IN SINGLE-CHIP MODE. In Single-Chip 
Mode, Port 4 functions as an 8-bit 1/0 port with each 
line configured by the Port 4 Data Direction Regis­
ter. Internal pull up resistors allow the port to direct­
ly interface with CMOS at 5 volt levels. External 
pull up resistors to rnore than 5 volts, however, can­
not be used. 

PORT 4 IN EXPANDED NON-MULTIPLEXED 
MODE. Port 4 is configured from reset as an S-bit 
input port, where the Port 4 Data Direction Register 
can be written to provide any or all of eight address 
lines, AO to A?. Internal pull up resistors pull the lines 
high until the Port 4 Data Direction Register is con­
figured. 

PORT 4 IN EXPANDED MULTIPLEXED MODE. In 
all Expanded Multiplexed modes except Mode 6, 
Port 4 functions as half of the address bus and pro­
vides AS to A 15. In Mode 6, the port is configured 
from reset as an S-bit parallel input port, where the 
Port 4 Data Direction Register can be written to pro­
vide any or all of upper address lines AS to A 15. In­
ternal pullup resistors pull the lines high until the 
Port 4 Data Direction Register is configured, where 
bit 0 controls AS. 
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RESIDENT MEMORY 
The EF6801 provides 2048 bytes of on-board ROM 
and 128 bytes of on-board RAM. 

One half of the RAM is powered through the Vee 
standby pin and is maintainable during Vee power­
down. This standby portion of the RAM consists of 
64 bytes located from $80 through $BF. 

Power must be supplied to Vee standby if the inter­
nal RAM is to be used regardless of whether stand­
by power operation is anticipated. 

The RAM is controlled by the RAM Control Register. 

RAM CONTROL REGISTER ($14) 

The RAM Control Register includes two bits which 
can be used to control RAM accesses and deter­
mine the adequacy of the standby power source 
during powerdown operation. It is intended that 
RAME be cleared and STBY PWR be set as part of 
a powerdown procedure. 

RAM CONTROL REGISTER 

7 6 5 

Bit 0-5 

Bit 6 RAME 

4 3 2 0 

X 

Not used 

RAM Enable. This read/write bit 
can be used to remove the en-

Figure 22 : Block Diagram of Programmable Timer. 
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tire RAM from the internal mem­
ory map. RAME is set (enabled) 
during reset provided standby 
power is available on the positive 
edge of RESET. If RAME is 
clear, any access to a RAM ad­
dress is external. If RAME is set 
and not in mode 3, the RAM is 
included in the internal map. 

Bit 7 STBY PWR Standby Power. This bit is a 
read/write status bit which, when 
once set, remains set as long as 
Vee standby remains above 
Vsss (minimum). As long as this 
bit is set following a period of 
standby operation, the standby 
power supply has adequately 
preserved the data in the stand­
by RAM. If this bit is cleared dur­
ing a period of standby 
operation, it indicates that Vee 
standby had fallen to a level suf­
ficiently below Vsss (minimum) 
to suspect that data in the stand­
by RAM is not valid. This bit can 
be set only by software and is not 
affected during reset. 

Output lrctt 
Level (dye 
Btl l 81! G 

Port 2 Po'\ 2 



PROGRAMMABLE TIMER 
The programmable timer can be used to perform 
input waveform measurements while independently 
generating an output waveform. Pulse widths can 
vary from several microseconds to many seconds. 
A block diagram of the timer is shown in figure 22. 

COUNTER ($09:0A) 

The key timer element is a 16-bit free-running 
counter which is incremented by E (enable). It is 
cleared during reset and is read-only with one ex­
ception : a write to the counter ($09) will preset it to 
$FFF8. This feature, intended for testing, can dis­
turb serial operations because the counter provides 
the SCI internal bit rate clock. TOF is set whenever 
the counter contains all ones. 

OUTPUT COMPARE REGISTER ($0B:OC) 

The output compare register is a 16-bit read/write 
register used to control an output waveform or pro­
vide an arbitrary timeout flag. It is compared with the 
free-running counter on each E cycle. When a 
match occurs, OCF is set and OLVL is clocked to 
an output level register. If port 2, bit 1, is configured 
as an output, OL VL will appear at P21 and the out­
put compare register and OLVL can then be 
changed for the next and OL VL is clocked to an out­
put level register. If Port 2, bit 1, is configured as an 
output, OLVL will appear at P21 and the Output 
Compare Register and OLVL can then be changed 
for the next compare. The function is inhibited for 
one cycle after a write to its high byte ($0B) to en­
sure a valid compare. The Output Compare Regis­
ter is set to $FFFF at RESET. 

INPUT CAPTURE REGISTER ($0D:OE) 

The Input Capture Register is a 16-bit read-only reg­
ister used to store the free-running counter when a 
"proper" input transition occurs as defined by IEDG. 
Port 2, bit 0 should be configured as an input, but 
the edge detect circuit always senses P20 even 
when configured as an output. An input capture can 
occur independently of ICF: the register always con­
tains the most current value. Counter transfer is in­
hibited, however, between accesses of a double 
byte MPU read. The input pulse width must be at 
least two E-cycles to ensure an input capture under 
all conditions. 

TIMER CONTROL AND STATUS REGISTER ($08) 

The Timer Control and Status Register (TCSR) is 
an 8-bit register of which all bits are readable, while 
only bits 0-4 can be written. The three most signifi­
cant bits provide the timer status and indicate if : 
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• a proper level transition has been detected, 
• a match has occured between the free-running 

counter and the output compare register, and 
• the free-running counter has overflowed. 

Each of the three events can generate an IRQ2 in­
terrupt and is controlled by an individual enable bit 
in the TCSR. 

TIMER CONTROL AND STATUS REGISTER (TCSR} 
7 6 5 4 3 2 1 0 

l1cF I ocF I TOF I EICI I Eac1j ETaljiEDG joLvy $oos 

BitO 

Bit 1 

Bit2 

Bit3 EOCI 

Bit4 EICI 

Bit5 TOF 

OL VL Output level. OL VL is 
clocked to the output level regis­
ter by a successful output com­
pare and will appear at P21 if Bit 
1 of the Port 2 Data Direction 
Register is set. It is cleared dur­
ing reset. 

EIDG Input Edge. IEDG is 
cleared during reset and controls 
which level transition will trigger 
a counter transfer to the Input 
Capture Register : 

I EDG = 0 Transfer on a negative­
edge 

IEDG = 1 Transfer on a positive­
edge 

ETOI Enable Timer Overflow In­
terrupt. When set, an IRQ2 inter­
rupt is enabled for a timer 
overflow ; when clear, the inter­
rupt is inhibited. It is cleared dur­
ing reset. 

Enable Output Compare Inter­
rupt. When set, an IRQ2 inter­
rupt is enabled for an output 
compare ; when clear, the inter­
rupt is inhibited. It is cleared dur­
ing reset. 

Enable Input Capture Interrupt. 
When set, an IRQ2 interrupt is 
enabled for an input capture ; 
when clear, the interrupt is in­
hibited. It is cleared during reset. 

Timer Overflow Flag. TOF is set 
when the counter contains all 
1 's. It is cleared by reading the 
TCSR (with TOF set) then read­
ing the counter high byte ($09), 
or during reset. 
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Bit6 OCF Output Compare Flag. OCF is 
set when the Output Compare 
Register matches the free-run­
ning counter. It is cleared by 
reading the TCSR (with OCF 
set) and then writing to the Out­
put Compare Register ($0B or 
$0C), or during reset. 

SERIAL COMMUNICATIONS INTERFACE (SCI) 

Bit 71CF Input Capture Flag. ICF is set to 
indicate a proper level transition 
; it is cleared by reading the 
TCSR (with ICF set) and then 
the Input Capture Register High 
Byte ($0D), or during reset. 

A full-duplex asynchronous Serial Communications RATE AND MODE CONTROL REGISTER (RMCR) 
Interface (SCI) is provided with two data formats and ($1 0). The Rate and Mode Control Register controls 
a variety of rates. The SCI transmitter and receiver the SCI bit rate, format, clock source, and under cer-
are functionally independent, but use the same data tain conditions, the configuration of P22. The regis-
format and bit rate. Serial data formats include ter consists of four write-only bits which are cleared 
standard mark/space (NRZ) and Biphase and both during reset. The two least significant bits control the 
provide one start bit, eight data bits, and one stop bit rate of the internal clock and the remaining two 
bit. "Baud" and "bit rate" are used synonymously in bits control the format and clock source. 
the following description. 

WAKE-UP FEATURE 

In a typical serial loop multi-processor configuration, 
the software protocol will usually identify the ad­
dresse(s) at the beginning of the message. In order 
to permit uninterested MPU's to ignore the remain­
der of the message, a wake-up feature is included 
whereby all further SCI receiver flag (and interrupt) 
processing can be inhibited until its data line goes 
idle. An SCI receiver is re-enabled by an idle string 
of ten consecutive 1 's or during reset. Software must 
provide for the required idle string between conse­
cutive messages and prevent it within messages. 

PROGRAMMABLE OPTIONS 

The following features of the SCI are programm­
able: 
• format: standard mark/space (NRZ) or Bi-phase 
• clock : external or internal bit rate clock 
• Baud : one of 4 per E-clock frequency, or exter­

nal clock (x 8 desired baud) 
• wake-up feature : enabled or disabled 
• interrupt requests : enabled individually for trans­

mitter and receiver 
• clock output : internal bit rate clock enabled or 

disabled to P22 

SERIAL COMMUNICATIONS REGISTERS 

The Serial Communications Interface includes four 
addressable registers as depicted in figure 23. It is 
controlled by the Rate and Mode Control Register 
and the TransmiVReceive Control and Status Reg­
ister. Data is transmitted and received utilizing a 
write-only Transmit Register and a read-only Re­
ceive Register. The shift registers are not accessible 
to software. 
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RATE AND MODE CONTROL REGISTER (RMCR) 

7 6 54 3 2 0 

I x I x I x I x I cc1 I ceo I ss1 I sso l$oow 
Bit 1 : Bit 0 SS1: SSO Speed Select. 

Bit 3 :Bit 2 

These two-bits select the Baud 
rate when using the internal 
clock. Four rates may be se­
lected which are a function of the 
MCU input frequency. Table 6 
lists bit time and rates for three 
selected MCU frequencies. 

CC1 : CCO Clock Control and 
Format Select. These two bits 
control the format and select the 
serial clock source. If CC1 is set, 
the DDR value for P22 is forced 
to the complement of ceo and 
cannot be altered until CC1 is 
cleared. If CC1 is cleared after 
having been set, its DDR value 
is unchanged. Table 7 defines 
the formats, clock source, and 
use of P22. 

If both CC1 and ceo are set, an external TTL com­
patible clock must be connected to P22 at eight 
times (SX) the desired bit rate, but not greater than 
E, with a duty cycle of 50% (± 10%). If CC1 : 
ceo = 1 0, the internal bit rate clock is provided at 
P22 regardless of the values forTE or RE. 

NOTE :The source of SCI internal bit rate clock is 
the timer free running counter. An MPU 
write to the counter can disturb serial oper­
ations. 
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Figure 23 : SCI Registers. 

Bn 7 Rate and Mode Control Regtster Bn 0 

j I cc1 I ceo I ss1l ssol"o 

Transm•t/ReceiVe Control and Status Regtster 

Port2 .. ... 
3 

II 

TRANSMIT/RECEIVE CONTROL AND STATUS 
REGISTER (TRCSR) ($11 ). The TransmiVReceive 
Control and Status Register controls the transmit­
ter, receiver, wake-up feature, and two individual in­
terrupts and monitors the status of serial operations. 
All eight bits are readable while bits 0 to 4 are also 
writable. The register is initialized to $20 by RESET. 

TRANSMIT/RECEIVE CONTROL AND STATUS REGIS-
TER (TRCSR) 

7 6 5 4 3 2 1 0 

IRDRFIORFEITDREI RIE I RE I TIE I TE I wu I $001 

BitOWU 

Bit 1 TE 

Bit2TIE 

"Wake-up" on Idle Line. When 
set, WU enables the wake-up 
function ; it is cleared by ten con­
secutive 1's or during reset. WU 
will not set if the line is idle. 

Transmit Enable. When set, P24 
DDR bit is set, cannot be 
changed, and will remain set if 
TE is subsequently cleared. 
When TE is changed from clear 
to set, the transmitter is con­
nected to P24 and a preamble of 
nine consecutive 1's is trans­
mitted. TE is cleared during 
reset. 

Transmit Interrupt Enable. 
When set, an IRQ2 interrupt is 

Bit3 RE 

Bit4 RIE 

BitS TORE 

enabled when TORE is set ; 
when clear, the interrupt is in­
hibited. TE is cleared during 
reset. 

Receive Enable. When set, the 
P23 DDR bit is cleared, cannot 
be changed, and will remain 
clear if RE is subsequently 
cleared. While RE is set, the SCI 
receiver is enabled. RE is 
cleared during reset. 

Receiver Interrupt Enable. 
When set, an IRQ2 interrupt is 
enabled when RDRF and/or 
ORFE is set ; when clear, the in­
terrupt is inhibited. RIE is cleared 
during reset. 

Transmit Data Register Empty. 
TORE is set when the Transmit 
Data Register is transferred to 
the output serial shift register or 
during reset. It is cleared b.y 
reading the TRCSR (with TORE 
set) and then writing to the 
Transmit Data Register. Addi­
tional data will be transmitted 
only if TORE has been cleared. 
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Bit 6 ORFE Overrun Framing Error. If set, 
ORFE indicates either an over­
run or framing error. An overrun 
is a new byte ready to transfer to 
the Receiver Data Register with 
RDRF still set. A receiver fram­
ing error has occurred when the 
byte boundaries of the bit stream 
are not synchronized to the bit 
counter. An overrun can be dis­
tinguished from a framing error 
by the state of RDRF : if RDRF 
is set, then an overrun has oc­
curred ; otherwise a framing 
error has been detected. Data is 
not transferred to the Receive 
Data Register in an overrun con­
dition. Unframed data causing a 

Table 6 : SCI Bit Times and Rates. 

4 fa --> 2.4576MHz 
SS1 : sso 

614.4kHz E 

0 0 +16 261!si38.400 Baud 
0 1 + 128 208Jls/4.800 Baud 
1 0 + 1024 1 .67ms/600 Baud$ 
1 1 + 4096 6.67ms/150 Baud 

•External (P22) 13.0!!Si76.800 Baud 

* Us1ng max1mum clock rate 

Table 7 : SCI Format and Clock Source Control. 

cc1 :ceo Format 
Clock Port 2 

Source Bit 2 

00 Bi-phase Internal Not used 
01 NRZ Internal Not used 
10 NRZ Internal Output 
11 NRZ External Input 

SERIAL OPERATIONS 

The SCI is initialized by writing control bytes first to 
the Rate and Mode Control Register and then to the 
Transmit/Receive Control and Status Register. 
When TE is set, the output of the transmit serial shift 
register is connected to P24 and serial output is in­
itiated by transmitting a 9-bit preamble of 1 's. 

At this point one of two situations exist : 1) if the 
Transmit Data Register is empty (TORE= 1 ), a con­
tinuous string of 1 's will be sent indicating an idle 
line, or 2) if a byte has been written to the Transmit­
Data Register (TORE = 0), it will be transferred to 
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Bit 7 RDRF 

4.0MHz 

1.0MHz 

framing error is transferred to the 
Receive Data Register. How­
ever, subsequent data transfer 
is blocked until the framing error 
flag is cleared.* ORFE is cleared 
by reading the TRCSR (with 
ORFE set) then the Receive 
Data Register, or during reset. 

Receive Data Register Full. 
RDRF is set when the input ser­
ial shift register is transferred to 
the Receive Data Register. It is 
cleared by reading the TRCSR 
(with RDRF set), and then the 
Receive Data Register, or during 
reset. 

4.9152MHz 

1.2288MHz 

16!!Si62.500 Baud 13.01!si76.800 Baud 
128JlS/7812.5 Baud 1 04.21!si9.600 Baud 
1 .024ms/976.6 Baud 833.3Jlsi1 .200 Baud 
4.096ms/244.1 Baud 3.33ms/300 Baud 

B.O!!s/125.000 Baud 6.5Jlsi153.600 Baud 

the output serial shift register (synchronized with the 
bit rate clock), TORE will be set, and transmission 
will begin. 

The start bit {0), eight data bits (beginning with bit 0) 
and a stop bit (1 ), will be transmitted. If TORE is still 
set when the next byte transfer should occur, 1 'swill 
be sent until more data is provided. In Bi-phase for­
mat, the output toggles at the start of each bit and 
at half-bit time when a "1" is sent. Receive operation 
is controlled by RE which configures P23 as an input 
and enables the receiver. SCI data formats are illus­
trated in figure 24. 



INSTRUCTION SET 
The EF6801/03 is upward source and object code 
compatible with the EF6800. Execution times of key 
instructions have been reduced and several new in­
structions have been added, including a hardware 
multiply. A list of new operations added to the 
EF6800 instruction set is shown in table 1. 

In addition, two new special opcodes, 4E and 5E, 
are provided for test purposes. These opcodes force 
the Program Counter to increment like a 16-bit 
counter, causing address lines used in the ex­
panded modes to increment until the device is reset. 
These opcodes have no mnemonics. 

The coding of the first (or only) byte corresponding 
to an executable instruction is sufficient to identify 
the instruction and the addressing mode. The hex­
adecimal equivalents of the binary codes, which re­
sult from the translation of the 82 instructions in all 
valid modes of addressing, are shown in table 8. 
There are 220 valid machine codes, 34 unassigned 
codes, and 2 codes reserved for test purposes. 

PROGRAMMING MODEL 

A programming model for the EF6801/03 is shown 
in figure 10. Accumulator A can be concatenated 
with accumulator B and jointly referred to as accu­
mulator D where A is the most significant byte. Any 
operation which modifies the double accumulator 
will also modify accumulator A and/or B. Other reg­
isters are defined as follows : 

Figure 24 : SCI Data Formats. 

Output 
Clock 

NRZ 
Format 

Bu 
Idle Stan 0 

Data 01001101 (540) 
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PROGRAM COUNTER. The program counter is a 
16-bit register which always points to the next in­
struction. 

STACK POINTER. The stack pointer is a 16-bit reg­
ister which contains the address of the next avail­
able location in a pushdown/pullup (LIFO) queue. 
The stack resides in random access memory at a 
location defined by the programmer. 

INDEX REGISTER. The Index Register is a 16-bit 
register which can be used to store data or provide 
an address for the indexed mode of addressing. 

ACCUMULATORS. The MPU contains two 8-bit ac­
cumulators, A and B, which are used to store oper­
ands and results from the arithmetic logic unit (ALU). 
They can also be concatenated and referred to as 
the D (double) accumulator. 

CONDITION CODE REGISTERS. The condition 
code register indicates the results of an instruction 
and includes the following five condition bits: Nega­
tive (N), Zero (Z), Overflow (V), Carry/Borrow from 
MSB (C), and Half Carry from bit 3 (H). These bits 
are testable by the conditional branch instructions. 
Bit4 is the interrupt mask (1-bit) and inhibits all mask­
able interrupts when set. The two unused bits, B6 
and B7, are read as ones. 

Bu 
2 3 4 5 6 7 Stop 
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ADDRESSING MODES 

Six addressing modes can be used to reference 
memory. A summary of addressing modes for all in­
structions is presented in table 9, 10, 11, and 12, 
where execution times are provided in E-cycles. In­
struction execution times are summarized in 
table 13. With an input frequency of 4MHz, E-cycles 
are equivalent to microseconds. A cycle-by-cycle 
description of bus activity for each instruction is pro­
vided in table 14 and a description of selected in­
structions is shown in figure 25. 

IMMEDIATE ADDRESSING. The operand or "im­
mediate byte(s)" is contained in the following by1e(s) 
of the instruction where the number of by1es mat­
ches the size of the register. These are two or three 
byte instructions. 

DIRECT ADDRESSING. The least significant byte 
of the operand address is contained in the second 
byte of the instruction and the most significant byte 
is assumed to be $00. Direct addressing allows the 
user to access $00 through $FF using two by1e in­
structions and execution time is reduced by elimi-
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nating the additional memory access. In most appli­
cations, the 256-byte area is reserved for frequent­
ly referenced data. 

EXTENDED ADDRESSING. The second and third 
by1es of the instruction contain the absolute address 
of the operand. These are three by1e instructions. 

INDEXED ADDRESSING. The unsigned offset con­
tained in the second byte of the instruction is added 
with carry to the Index Register and used to ref­
erence memory without changing the Index Regis­
ter. These are two byte instructions. 

INHERENT ADDRESSING. The operand(s) are 
registers and no memory reference is required. 
These are single byte instructions. 

RELATIVE ADDRESSING. Relative addressing is 
used only for branch instructions. If the branch con­
dition is true, the Program Counter is overwritten 
with the sum of a signed single byte displacement 
in the second byte of the instruction and the current 
Program Counter. This provides a branch range of 
- 126 to 129 by1es from the first byte of the instruc­
tion. These are two by1e instructions. 



Table 8 :CPU Instruction Map. 

OP MNEM MODE - # OP MNEM MODE - # OP MNEM MODE. # OP MNEM MODE· # 

00 34 DES INHER 3 1 68 ASL INDXD 6 2 9C CPX DIR 5 2 
01 NOP IN HER 2 1 35 TXS ... 3 1 69 ROL 

I 
6 2 90 JSR t 5 2 

02 36 PSHA 3 1 6A DEC 6 2 9E LDS 4 2 
03 37 PSHB 3 1 68 9F STS DIR 4 2 
04 LSRD 3 1 38 PULX 5 1 6C INC 6 2 AO SUBA INDXD 4 2 
05 ASLD 3 1 39 RTS 5 1 60 TST 6 2 A1 CMPA 4 2 
06 TAP 2 1 3A ABX 3 1 6E JMP 3 2 A2 SBCA 4 2 
07 TPA 2 1 38 RTI 10 1 6F CLR INDXD 6 2 A3 SUBD 6 2 
08 INX 3 1 3C PSHX 4 1 70 NEG EXTND 6 3 A4 ANDA 4 2 
09 DEX 3 1 3D MUL 10 1 71 AS BIT A 4 2 
OA CLV 2 1 3E WAI 9 1 72 A6 LDAA 4 2 
OB SEV 2 1 3F SWI 12 1 73 COM 6 3 A? STAA 4 2 
oc CLC 2 1 40 NEGA 2 1 74 LSR 6 3 AB EORA 4 2 
OD SEC 2 1 41 75 A9 ADCA 4 2 
OE CLI 2 1 42 76 ROR 6 3 AA ORAA 4 2 
OF SEI 2 1 43 COMA 2 1 77 ASR 6 3 AB ADDA 4 2 
10 SBA 2 1 44 LSRA 2 1 78 ASL 6 3 AC CPX 6 2 
11 CBA 2 1 45 79 ROL 6 3 AD JSR 6 2 
12 46 RORA 2 1 7A DEC 6 3 AE LDS 5 2 
13 47 ASRA 2 1 78 AF STS INDXD 5 2 
14 48 ASLA 2 1 ?C INC 6 3 so SUBA EXTND 4 3 
15 49 ROLA 2 1 ?D TST 6 3 81 CMPA 4 3 
16 TAB 2 1 4A DECA 2 1 ?E JMP 3 3 82 SBCA 4 3 
17 TBA 2 1 48 ?F CLR EXTND 6 3 83 SUBD 6 3 
18 4C INCA 2 1 80 SUBA IMMED 2 2 84 ANDA 4 3 
19 DAA IN HER 2 1 40 TSTA 2 1 81 CMPA 2 2 85 BIT A 4 3 
lA 4E T 82 SBCA 2 2 86 LDAA 4 3 
18 ABA INHER 2 1 4F CLRA 2 1 83 SUBD 4 3 87 STAA 4 3 
IC 50 NEGB 2 1 84 ANDA 2 2 88 EORA 4 3 
1D 51 85 BIT A 2 2 89 ADCA 4 3 
1E 52 86 LDAA 2 2 BA ORAA 4 3 
IF 53 COMB 2 1 87 88 ADDA 4 3 
20 BRA REL 3 2 54 LSRB 2 1 88 EORA 2 2 BC CPX 6 3 
21 BRN ... 3 2 55 89 ADCA 2 2 BD JSR 6 3 
22 BHI 3 2 56 RORB 2 1 BA ORAA 2 2 BE LDS 5 3 
23 BLS 3 2 57 ASRB 2 1 88 ADDA 2 2 BF STS EXTND 5 3 
24 BCC 3 2 58 ASLB 2 1 ac CPX IMMED 4 3 co SUBS IMMED 2 2 
25 BCS 3 2 59 ROLB 2 1 BD BSR REL 6 2 Ct CMPB 2 2 
26 BNE 3 2 SA DECB 2 1 BE LDS IMMED 3 3 C2 SBCB 2 2 
27 SEQ 3 2 58 BF C3 ADDD 4 3 
28 BVC 3 2 5C I NCB 2 1 90 SUBA DIR 3 2 C4 ANDB 2 2 
29 BVS 3 2 50 TSTB 2 1 91 CMPA 3 2 C5 BITS 2 2 
2A BPL 3 2 5E T 92 SBCA 3 2 C6 LDAB 2 2 
28 BMI 3 2 SF CLRB INHER 2 1 93 SUBD 5 2 C7 
2C BGE 3 2 60 NEG INDXD 6 2 94 ANDA 3 2 ca EORB 2 2 
2D BLT 3 2 61 95 BIT A 3 2 C9 ADCB 2 2 
2E BGT 3 2 62 I 96 LDAA 3 2 CA ORAB 2 2 
2F BLE REL 3 2 63 COM 6 2 97 STAA 3 2 CB ADDS 2 
30 TSX INHER 3 1 64 LSR 6 2 98 EORA 3 2 cc LDD 3 
31 INS 3 1 65 99 ADCA 3 2 CD 
32 PULA l 4 1 66 ROR 6 2 9A ORAA 3 2 CE LDX IMMED 3 
33 PULB 4 1 67 

Notes : 1. Address1ng Modes 
IN HER = Inherent 
REL = Relalive 

ASR INDXD 6 2 98 ADDA 

INDXD =Indexed 
EXTND = Extended 

3 2 CF 

IMMED =Immediate 
DIR = Direcl 

2 Unass1gned opcodes are indicated by •• •• and should not be executed 
3 Codes marked by "T force the PC to function as a 16·bit counter. 

2 
3 

3 
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OP MNEM MODE - # 

DO SUBS DIR 3 2 
D1 CMPB 3 2 
D2 SBCB 3 2 
03 ADDD 5 2 
D4 ANDB 3 2 
05 BITS 3 2 
06 LDAB 3 2 
D? STAB 3 2 
DB EORB 3 2 
D9 ADCB 3 2 
DA ORAB 3 2 
DB ADDS 3 2 
DC LDD 4 2 
DD STD 4 2 
DE LDX 4 2 
DF STX DIR 4 2 
EO SUBS INDXD 4 2 
Et CMPB 4 2 
E2 SBCB 4 2 
E3 ADDD 6 2 
E4 ANDB 4 2 
E5 BITS 4 2 
E6 LDAB 4 2 
E7 STAB 4 2 
EB EORB 4 2 
E9 ADCB 4 2 
EA ORAB 4 2 
EB ADDS 4 2 
EC LDD 5 2 
ED STD 5 2 
EE LDX 5 2 
EF STX INDXD 5 2 
FO SUBS EXTND 4 3 
Ft CMPB 4 3 
F2 SBCB 4 3 
F3 ADDD 6 3 
F4 ANDB 4 3 
FS BITS 4 3 
F6 LDAB 4 3 
F? STAB 4 3 
FB EORB 4 3 
F9 ADCB 4 3 
FA ORAB 4 3 
FB ADDS 4 3 
FC LDD 5 3 
FD STD 5 3 
FE LDX 5 3 
FF STX EXTND 5 3 

. UNDEFINED OP CODE 
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Table 9 : Index Register and Stack Manipulation Instructions. 

tmmed Direct Index Extnd Inherent 

Pointer Operalions Mnem 
Boolean/ 

OP • # OP • # OP • # OP • # OP • # Arithmelic Operation 

Compare Index Register CPX BC 4 3 9C 5 2 AC 6 2 BC 6 3 X-M·M+1 

Decrement Index Reg1ster DEX 09 3 1 X -1--> X 

Decrement Stack Pointer DES 34 3 1 SP-1--> SP 

Increment Index Reg1ster INX 06 3 1 X+ 1 --> X 

Increment Stack P01nter INS 31 3 1 1SP+1-->SP 

Load Index Reg1ster LDX CE 3 3 DE 4 2 EE 5 2 FE 5 3 M--> XH,(M+1)--> XL 

Load Stack Pointer LDS BE 3 3 9E 4 2 AE 5 2 BE 5 3 M--> SPH,(M + 1)--> SPL 

Store Index Reg1ster STX DF 4 2 EF 5 2 FF 5 3 XH--> M, XL--> (M + 1) 

Store Stack Pointer STS 9F 4 2 AF 5 2 BF 5 3 SPH--> M,SPL--> (M+ 1) 

Index Reg --> Stack P01nter TXS 35 3 1 X -1--> SP 

Stack Pntr--. Index Reg1ster TSX 30 3 1 SP + 1 --> X 

Add ABX 3A 3 1 B +X--> X 

Push Data PSHX 3C 4 1 XL--> Msp,SP-1--> SP 
XH--> Msp,SP-1--> SP 

Pull Data PULX 36 5 1 SP + 1 --> SP, Msp--> XH 
S P + 1 --> SP, Msp--> XL 

Table 10: Accumulator and Memory Instructions. 

Accumulator and lmmed Direct Index Extend lnher Boolean 
Memory Operalions MNE 

Op • # Op • # Op • # Op - # Op • 

Add Acmltrs ABA 18 2 

Add B to X A8X 3A 3 

Add With Carry ADCA 89 2 2 99 3 2 A9 4 2 89 4 3 

ADCB C9 2 2 D9 3 2 E9 4 2 F9 4 3 

Add ADDA 88 2 2 98 3 2 A8 4 2 88 4 3 

ADDS CB 2 2 DB 3 2 EB 4 2 FB 4 3 

Add Double ADDD C3 4 3 D3 5 2 E3 6 2 F3 6 3 

And ANDA 84 2 2 94 3 2 A4 4 2 84 4 3 

ANDB C4 2 2 D4 3 2 E4 4 2 F4 4 3 

Sh1ft Left, Anthmet1c ASL 68 6 2 78 6 3 

ASLA 48 2 

ASLB 58 2 
.. 

The Cond1t1on Code Reg1ster notes are l1sted after Table 12 
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# Expression 

1 A+ 8 _.A 

1 00: B +X-> X 

A+M+C_.A 

B+M+c .... s 

A+ M _.A 

B + M _.A 

D+M:M+1_.D 

A-M_. A 

B- M _. B 

-
1 19--i I I II I I I I - o 

b7 bO 
1 

Condilion Codes 

5 4 3 2 1 0 

H I N z v c . . . . . . . . . . . . . . . . • . . . . . . . . . . • t R . . . . • R . . . t • R . . . t t R . . . . . . . . . . . . . . . . . . . . . . . . . 
. . . . . . 

Condition Codes 

H I N z v c 

l t t t t 

. • t t • . . . . • • • • . . ~ . • • • . • . . . t t • • • 
• t l . . . . 

R • • . ~ R • . . . 
~ . • • . • . . . . • • 

• t • t . 



EF6801-EF6803 

Table 10: Accumulator and Memory Instructions (continued). 

Accumulator and lmmed Direct Index Extend In her Boolean Condition Codes 

Memory Operations MNE Expression 
Op - # Op - # Op - # Op - # Op - # H I N z v c 

Shrft Left Obi ASLD 05 3 1 t . t t y 

Shift Right. ASR 67 6 2 77 6 3 
. . 

' 
. 

~ + y + 
Arithmetic C?l -

ASRA 47 2 1 I I I I I I I @] 7 . . . 
y ~ + y , ~ . . ASRB 57 2 1 ' y y y ~ 

Brt Test BIT A 85 2 2 95 3 2 A5 4 2 85 4 3 A-M 
. . 

R y + 

BITS cs 2 2 05 3 2 E5 4 2 FS 4 3 8-M . . R y y 

Compare Acmltrs CBA 11 2 1 A-8 . . . . 
y y y + 

Clear CLR 6F 6 2 7F 6 3 00-> M R s R R 

CLRA 4F 2 1 00-> A R s R R 

CLR8 5F 2 1 00 -7 8 R s R R 

Compare CMPA 81 2 2 91 3 2 A1 4 2 81 4 3 A-M . 
y y y 

CMPB C1 2 2 D1 3 2 E1 4 2 F1 4 3 8-M . . 
y y y y 

1 's Complement COM 63 6 2 73 6 3 M--.M 
. . 

R s y y 

COMA 43 2 1 A->A 
. . 

R s y y 

COMB 53 2 1 8--.8 . R s y y 

Decrmal AdJ., A DAA 19 2 1 AdJ brnary sum to BCD 
. . 
y y y y 

Decrement DEC 6A 6 2 7A 6 3 M- 1-> M . . 
y y 

DECA 4A 2 1 A- 1-> A 
. . . 
y y y 

DECB SA 2 1 8- 1-> 8 . . . 
y y y 

Exctusrve OR EORA 88 2 2 98 3 2 AS 4 2 88 4 3 A<llM->A 
. . 

R y y 

EORB CB 2 2 DB 3 2 EB 4 2 FB 4 3 B<llM--.8 . . R y y 

Increment INC 6C 6 2 7C 6 3 M+1->M 
. . . 
y y y 

INCA 4C 2 1 A+ 1 -.A . . . 
y y y 

INC8 5C 2 1 8 + 1 --.B . 
y y 

Load Acmltrs LDAA 86 2 2 96 3 2 A6 4 2 86 4 3 M--.A . . R y ~ 

LDAB C6 2 2 D6 3 2 E6 4 2 F6 4 3 M->8 
. . 

R y y 

Load Double LDD cc 3 3 DC 4 2 EC 5 2 FC 5 3 M M + 1 --.D . . R y y 

Logrcal Shrft, Left LSL 68 6 2 78 6 3 
. . . . 
y y y y 

-LSLA 48 2 1 . . . . 
[9-1 I 1111111 - o y y y . . 

LSLB 58 2 1 b7 bO y y y y 

LSLD 05 3 2 
. . . . 
y y y y 

Shift Rrght, Logical LSR 64 6 2 74 6 3 R . . . 
y y y 

- . . . 
LSRA 44 2 1 o-ITIIIIII.J-!9 R y y ~ . . . 
LSRB 54 2 1 b7 bO R y y y 

LSRD 04 3 1 R . 7 7 
y y 

The Condition Code Regrster notes are listed after Table 12 
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Table 10 :Accumulator and Memory Instructions (continued). 

Accumulator and lmmed Direct Index Extend In her Boolean Condition Codes 
Memory Operations 

MNE 
Expression Op • # Op • # Op - # Op • # Op - # H I N z v c 

Multiply MUL 3D 10 1 A X B--> D . . 
2's Complement NEG 60 6 2 70 6 3 00- M--> M . . . . . . . . 
(negate) NEGA 40 2 1 00- A--> A . . . . . . . ' 

NEGB 50 2 1 00- B--> B . . . 
' . . . . 

No Operation NOP 01 2 1 PC+ 1 -->PC 

lnclustve OR ORAA SA 2 2 9A 3 2 AA4 2 BA 4- 3 A+ M--> A . . 
R ' . 

ORAB CA 2 2 DA 3 2 EA 4 2 FA 4 3 B + M--> B . . R ' . 
Push Data PSHA 36 3 1 A--> Stack 

PSHB 37 3 1 B--> Stack 

Pull Data PULA 32 4 1 Stack--> A 

PULB 33 4 1 Stack--> B 

Rotate Left ROL 69 6 2 79 6 3 
. . . . . . ~ ' 

ROLA 49 2 1 ~ Ill II !Ill ~ 
. . . 

' ' ' . . .. - . . t ROLB 59 2 1 ' . t 
Rotate R1ght ROR 66 6 2 76 6 3 - ' 

. t . . . . ' 
RORA 46 2 1 

19--IJJJJIID--@ . . t " ~ . ~ ~ 

RORB 56 2 1 . . t . 
' . ' 

Subtract Acmltr SBA 10 2 1 A- B--> A . . 
' . ' ' 

Subtract w1th Carry SBCA 82 2 2 92 3 2 A2 4 2 82 4 3 A-M-C-->A . . t . 
' . ' 

SBCB C2 2 2 02 3 2 E2 4 2 F2 4 3 B-M-C-->B t . . t ' ' 
Store Acmltrs STAA 97 3 2 A? 4 2 87 4 3 A-->M . 

' R . . 
STAB D? 3 2 E? 4 2 F? 4 3 B-->M . . R ' ' 
STD DO 4 2 ED 5 2 FD 5 3 D--> M. M + 1 . . R . . 

Subtract SUBA 80 2 2 90 3 2 AD 4 2 BO 4 3 A-M--> A . t . . 
' . . ~ 

SUBB co 2 2 DO 3 2 EO 4 2 FO 4 3 B- M --7 B . . t ' . ' . . 
Subtract Double SUBD 83 4 3 93 5 2 A3 6 2 83 6 3 D-M·M+1-->D . . . 

' ' ' . . 
Trans1er Acmltr TAB 16 2 1 A--.B t t R 

TBA 17 2 1 B-->A . . R ' . 
Test, Zero or Mtnus TST 6D 6 2 ?D 6 3 M- 00 t t R R . 

TSTA 40 2 1 A- 00 ' 
. R R . ' 

TSTB 50 2 1 B- 00 . 
' R R . . 

The Cond1t1on Code Register notes are listed after table 12. 
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Table 11 : Jump and Branch Instructions. 

Cond. Code Reg. 
Direct Relative Index Extend Inherent 

Operations MNEM Branch Test 5 4 3 2 1 0 

Op • # Op • # Op • # Op • # Op • # H I N z v c 
Branch Always BRA 20 3 2 None 

Branch Never BRN 21 3 2 None 

Branch 1f Carry Clear BCC 24 3 2 c = 0 . 
Branch if Carry Set BCS 25 3 2 c = 1 

Branch 1f = Zero BEQ 27 3 2 z = 1 

Branch if ;, Zero BGE 2C 3 2 N ffi V = 0 

Branch 1f > Zero BGT 2E 3 2 Z + (N ffi V) = 0 

Branch if Higher BHI 22 3 2 C+Z=O 

Branch 1f H1gher or Same BHS 24 3 2 c = 0 

Branch if :5 Zero BLE 2F 3 2 Z + (N ffi V) = 1 

Branch if Carry Set BLO 25 3 2 c = 1 

Branch if Lower or Same BLS 23 3 2 C+Z=1 

Branch if < Zero BLT 20 3 2 N ffi V = 1 

Branch if Minus BMI 28 3 2 N = 1 

Branch if not Equal Zero BNE 26 3 2 Z=O 

Branch if Overflow Clear BVC 28 3 2 V=O 

Branch 1f Overflow Set BVS 29 3 2 v = 1 

Branch 1f Plus BPL 2A 3 2 N = 0 

Branch to Subroutine BSR 80 6 2 
See Special 

Jump JMP 6E 3 2 7E 3 3 Operations-

Jump to Subroutine JSR 90 5 2 AD 6 2 BD 6 3 f1gure 26 

No Operation NOP 01 2 1 

Return from Interrupt RTI 3B 10 1 . t . • . . • • . . 
Return from Subroutine RTS 39 5 1 See Spec1al 

Sofware Interrupt SWI 3F 12 
Operations-

1 f1gure 26 s 
Wait for Interrupt WAI 3E 9 1 

.. 
The Cond1t1on Code Register notes are listed after Table 12 
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Table 12 : Condition Code Register Manipulation Instructions. 

Condition Code Register 

Operations Inherent 

Mnem OP -
Clear Carry CLC oc 2 

Clear Interrupt Mask CLI OE 2 

Clear Overflow CLV OA 2 

Set Carry SEC 00 2 

Set Interrupt Mask SEI OF 2 

Set Overflow SEV 08 2 

Accumulator A ---> CCR TAP 06 2 

CCR -> Accumulator A TPA 07 2 

LEGEND 
OP Operation Code (Hexadecimal) 

Number of MPU Cycles 
MsP Contents of memory location pointed to by Stack 
Pointer 
# Number of Program Bytes 
+ Arithmetic Plus 

Anthmet1c Minus 
Boolean AND 

X Arithmetic Multiply 
+ Boolean Inclusive OR 
Ell Boolean Exclusive OR 
M Complement of M 
_, Transfer Into 
0 B1t =Zero 
00 Byte= 0 

Boolean 5 4 

# 
Operation 

H I 

1 0-> c 0 0 

1 0->1 0 R 

1 0-> v 0 0 

1 1->C 0 0 

1 1 -> I • s 
1 1->V 0 0 

1 A---> CCR ! ! 
1 CCR-> A 0 0 

CONDITION CODE SYMBOLS 
H Half-carry from bit 3 
I Interrupt mask 
N Negative (sign bit) 
Z Zero (byte) 
V Overflow, 2's complement 
C Carry/Borrow from MSB 
R Reset Always 
S SetAiways 

Affected 
Not Affected 
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3 2 1 

N z v 
0 0 0 

0 0 0 

0 0 R 

0 0 0 

0 . 0 

0 0 s 
t ! ! 
0 0 0 

0 

c 
R 

0 

0 

s 
• 
0 

! 
0 



Table 13: Instruction Execution Times In E-cycles. 

Addressing Mode 

Immediate Direct Extended Indexed 

ABA • • • • 
ABX • • • • ADC 2 3 4 4 
ADD 2 3 4 4 

ADDD 4 5 6 6 
AND 2 3 4 4 
ASL • • 6 6 

ASLD • • • • 
ASR • • 6 6 
BCC • • • • BCS • • • • 
BEQ • • • • 
BGE • • • • BGT • • • • 
BHI • • • • BHS • • • • BIT 2 3 4 4 
BLE 
BLO 
BLS 
BLT 

BMI 
BNE 
BPL 
BRA 
BAN 
BSR 
BVC 

BVS 
CBA 
CLC 
CLI 
CLR 6 6 
CLV • • 
CMP 2 3 4 4 

COM • • 6 6 
CPX 4 5 6 6 
DAA • • • • DEC • • 6 6 
DES • • • • DEX • • • • EOR 2 3 4 4 
INC • • 6 6 
INS • • • • 

Inherent Relative Immediate 

2 
3 

• • • • 
2 

3 
2 

2 
2 
2 
2 
2 

• 
2 

• 
2 
2 
3 
3 

• • 
3 

• INX 

• JMP 

• JSR 

• LOA 

• LDD 

• LOS 

• LDX 

• LSL 

• LSLD 
3 LSR 
3 LSRD 
3 MUL 
3 NEG 
3 NOP 

3 ORA 
3 PSH 

• PSHX 
3 PUL 
3 PULX 
3 ROL 
3 ROR 

3 RTI 
3 RTS 
3 SBA 
3 SBC 
3 SEC 
6 SEI 
3 SEV 

3 STA 
STD 
STS 
STX 
SUB 

SUBD 
SWI 

TAB 
TAP 
TBA 
TPA 
TST 
TSX 
TXS 
WAI 

~ SGS·ntOMSON 
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• • • 
2 
3 
3 
3 

• • • • • • • 
2 

• • • • • • 
• • • 
2 

• • • 
• • • • 
2 
4 

• 
• • • • • • • • 
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Addressing Mode 

Direct Extended Indexed Inherent Relative 

• • • 3 

• 3 3 • 
5 6 6 • 
3 4 4 • 
4 5 5 • 
4 5 5 • 4 5 5 • 
• 6 6 2 

• • • 3 

• 6 6 2 

• • • 3 

• • • 10 

• 6 6 2 

• • • 2 

3 4 4 • • • • 3 

• • • 4 

• • • 4 

• • • 5 

• 6 6 2 • • 6 6 2 

• • • 10 

• • • 5 

• • • 2 
3 4 4 • • • • 2 

• • • 2 

• • • 2 

3 4 4 • 4 5 5 • 4 5 5 • 4 5 5 • 
3 4 4 • 
5 6 6 • • • • 12 

• • • 2 

• • • 2 

• • • 2 

• • • 2 

• 6 6 2 

• • • 3 

• • • 3 

• • • 9 
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SUMMARY OF CYCLE-BY-CYCLE OPERATION 

Table 14 provides a detailed description of the infor­
mation present on the address bus, data bus, and 
the read/write (R!W) line during each cycle of each 
instruction. 

ing mode and number of cycles per instruction. In 
general, instructions with the same addressing 
mode and number of cycles execute in the same 
manner. Exceptions are indicated in the table. 

The information is useful in comparing actual with 
expected results during debug of both software and 
hardware as the program is executed. The informa­
tion is categorized in groups according to address-

Note that during MPU reads of internal locations, the 
resultant value will not appear on the external data 
bus except in mode 0. "High order" byte refers to the 
most-significant byte of a 16-bit value. 

Table 14: Cycle-by-cycle Operation (sheet 1 of 5) 

IMMEDIATE 

Address Mode and Cycles Cycle Address Bus 
Instructions # 

ADC EOR 2 j Opcode Address 
ADD LDA 2 Opcode Address + 1 
AND ORA 
BIT SBC 

CMP SUB 
LDS 3 1 Opcode Address 
LDX 2 Opcode Address + 1 
LDD 3 Opcode Address + 2 

CPX 4 1 Opcode Address 
SUBD 2 Opcode Address + 1 
ADDD 3 Opcode Address + 2 

4 Address Bus FFFF 

DIRECT 

Address Mode and Cycles Cycle Address Bus 
Instructions # 

ADC EOR 3 1 Opcode Address 
ADD LDA 2 Opcode Address + 1 
AND ORA 3 Address of Operand 
BIT SBC 

CMP SUB 
STA 3 1 Opcode Address 

2 Opcode Address + 1 
3 Destinalion Address 

LDS 4 1 Opcode Address 
LDX 2 Opcode Address + 1 
LDD 3 Address of Operand 

4 Operand Address + 1 
STS 4 1 Opcode Address 
STX 2 Opcode Address + 1 
STD 3 Address of Operand 

4 Address of Operand + 1 
CPX 5 1 Opcode Address 

SUBD 2 Opcode Address + 1 
ADDD 3 Operand Address 

4 Operand Address + 1 
5 Address Bus FFFF 

JSR 5 1 Opcode Address 
2 Opcode Address + 1 
3 Subroutine Address 
4 Stack Pointer 
5 Stack Pointer - 1 
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R/W 
Data Bus 

Line 
j Opcode 
j Operand Data 

1 Opcode 
1 Operand Data (high order byte) 
1 Operand Data (low order byte) 
1 Opcode 
1 Operand Data (high order byte) 
1 Operand Data (low order byle) 
1 Low Byte of Restart Vector 

R/W 
Data Bus 

Line 

1 Opcode 
1 Address of Operand 
1 Operand Data 

1 Opcode 
1 Destination Address 
0 Data from Accumulator 
1 Opcode Address 
1 Address of Operand 
1 Operand Data (high order byte) 
1 Operand Data (low order byte) 
1 Opcode Address 
1 Address of Operand 
0 Operand Data (high order byte) 
0 Operand Data (low order byte) 
1 Opcode 
1 Address of Operand 
1 Operand Data (high order byte) 
1 Operand Data (low order byte) 
1 Low Byte of Restart Vector 
1 Opcode 
1 Irrelevant Data 
1 First Subroutine Opcode 
0 Return Address (low order byte) 
0 Return Address {high order byte) 



Table 14 : Cycle-by-cycle Operation (sheet 2 of 5) 

EXTENDED 

Address Mode and Cycles Cycle Address Bus 
Instructions # 

JMP 3 1 Opcode Address 
2 Opcode Address + 1 
3 Opcode Address + 2 

ADC EOR 4 1 Opcode Address 
ADD LOA 2 Opcode Address + 1 
AND ORA 3 Opcode Address + 2 

BIT SBC 4 Address of Operand 
CMP SUB 

STA 4 1 Opcode Address 
2 Opcode Address + 1 

3 Opcode Address + 2 

4 Operand Destination Address 

LOS 5 1 Opcode Address 
LOX 2 Opcode Address + 1 

LDD 3 Opcode Address + 2 

4 Address of Operand 
5 Address of Operand + 1 

STS 5 1 Opcode Address 
STX 2 Opcode Address + 1 

STD 3 Opcode Address + 2 

4 Address of Operand 
5 Address of Operand + 1 

ASL LSR 6 1 Opcode Address 
ASR NEG 2 Opcode Address + 1 

CLR ROL 3 Opcode Address + 2 

COM ROR 4 Address of Operand 
DEC TSr 5 Address Bus F F F F 
INC 6 Address of Operand 

CPX 6 1 Opcode Address 
SUBD 2 Opcode Address + 1 

ADDD 3 Opcode Address + 2 

4 Operand Address 
5 Operand Address + 1 
6 Address Bus FFFF 

EF6801-EF6803 

R/W Data Bus 
Line 

1 Opcode 
1 Jump Address (high order byte) 
1 Jump Address (low order byte) 

1 Opcode 
1 Address of Operand 
1 Address of Operand 

(low order byte) 
1 Operand Data 

1 Opcode 
1 Destination Address 

(high order byte) 
1 Destination Address 

(low order byte) 
0 Data from Accumulator 

1 Opcode 
1 Address of Operand 

(high order byte) 
1 Address of Operand 

(low order byte) 
1 Operand Data (high order byte) 
1 Operand Data (low order byte) 

1 Opcode 
1 Address of Operand 

(high order byte) 
1 Address of Operand 

(low order byte) 
0 Operand Data (high order byte) 
0 Operand Data (low order byte) 

1 Opcode 
1 Address of Operand 

(high order byte) 
1 Address of Operand 

(low order byte) 
1 Current Operand Data 
1 Low Byte of Restart Vector 
0 New Operand Data 

1 Opcode 
1 Operand Address 

(high order byte) 
1 Operand Address 

(low order byte) 
1 Operand Data (high order byte) 
1 Operand Data (low order byte) 
1 Low Byte of Restart Vector 

• TST does not perform the wnte cycle dunng the s1xth cycle. The SIXth cycle 1s another address bus~ $FFFF 
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Table 14: Cycle-by-cycle Operation (sheet 2 of 5) 

EXTENDED (continued) 

Address Mode and Cycles Cycle Address Bus 
Instructions # 

JSR 6 1 Opcode Address 
2 Opcode Address + 1 

3 Opcode Address + 2 

4 Subroutine Starting Address 
5 Stack Pointer 
6 Stack Pointer- 1 

R/W Data Bus 
Line 

1 Opcode 
1 Address of Subroutine 

(high order byte) 
1 Address of Subroutine 

(low order byte) 
1 Opcode of Next Instruction 
0 Return Address (low order byte) 
0 Return Address (high order byte) 

• TST does not perform the wnte cycle dunng the sixth cycle. The sixth cycle is another address bus= $FFFF. 
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Table 14: Cycle-by-cycle Operation (sheet 3 of 5) 

INDEXED 

Address Mode and Cycles Cycle Address Bus 
Instructions # 

JMP 3 1 Opcode Address 
2 Opcode Address + 1 
3 Address Bus FFFF 

ADC EOR 4 1 Opcode Address 
ADD LOA 2 Opcode Address + 1 
AND ORA 3 Address Bus FFFF 
BIT SBC 4 Index Register Plus Offset 

CMP SUB 
STA 4 1 Opcode Address 

2 Opcode Address + 1 
3 Address Bus FFFF 
4 Index Reaister Plus Offset 

LDS 5 1 Opcode Address 
LOX 2 Opcode Address + 1 
LDD 3 Address Bus FFFF 

4 Index Register Plus Offset 
5 Index Reaister Plus Offset + 1 

STS 5 1 Opcode Address 
STX 2 Opcode Address + 1 
STD 3 Address Bus FFFF 

4 Index Register Plus Offset 
5 Index Reaister Plus Offset + 1 

ASL LSR 6 1 Opcode Address 
ASR NEG 2 Opcode Address + 1 
CLR ROL 3 Address Bus FFFF 
COM ROR 4 Index Register Plus Offset 
DEC TST* 5 Address Bus FFFF 
INC 6 Index Reaister Plus Offset 
CPX 6 1 Opcode Address 

SUBD 2 Opcode Address + 1 
ADDD 3 Address Bus FFFF 

4 Index Register + Offset 
5 Index Register + Offset + 1 
6 Address Bus FFFF 

JSR 6 1 Opcode Address 
2 Opcode Address + 1 
3 Address Bus FFFF 
4 Index Register + Offset 
5 Stack Pointer 
6 Stack Pointer - 1 

EF6801-EF6803 

R/W 
Data Bus 

Line 
1 Opcode 
1 Offset 
1 Low Bvte of Restart Vector 
1 Opcode 
1 Offset 
1 Low Byte of Restart Vector 
1 Operand Data 

1 Opcode 
1 Offset 
1 Low Byte of Restart Vector 
0 Operand Data 
1 Opcode 
1 Offset 
1 Low Byte of Restart Vector 
1 Operand Data (high order byte) 
1 Operand Data (low order byte) 
1 Opcode 
1 Offset 
1 Low Byte of Restart Vector 
0 Operand Data (high order byte) 
0 Operand Data (low order bvte) 
1 Opcode 
1 Offset 
1 Low Byte of Restart Vector 
1 Current Operand Data 
1 Low Byte of Restart Vector 
0 New Operand Data 
1 Opcode 
1 Offset 
1 Low Byte of Restart Vector 
1 Operand Data (high order byte) 
1 Operand Data (low order byte) 

Low Byte of Restart Vector 
1 Opcode 
1 Offset 
1 Low Byte of Restart Vector 
1 First Subroutine Opcode 
0 Return Address (low order byte) 
0 Return Address (high order byte) 

• TST does not perform the wnte cycle dunng the sixth cycle. The SIXth cycle IS another address bus~ $FFFF. 
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Table 14: Cycle-by-cycle Operation (sheet 4 of 5} 

INHERENT 

Address Mode and 
Cycles 

Cycle 
Address Bus 

Instructions # 

ABA DAA SEC 2 1 Opcode Address 
ASL DEC SEI 2 Opcode Address + 1 
ASR INC SEV 
CBA LSR TAB 
CLC NEG TAP 
CLI NOP TBA 
CLR ROL TPA 
CLV ROR TST 
COM SBA 

ABX 3 1 Opcode Address 
2 Opcode Address + 1 
3 Address Bus FFFF 

ASLD 3 1 Opcode Address 
LSRD 2 Opcode Address + 1 

3 Address Bus FFFF 

DES 3 1 Opcode Address 
INS 2 Opcode Address + 1 

3 Previous Stack Pointer 
Contents 

INX 3 1 Opcode Address 
DEX 2 Opcode Address + 1 

3 Address Bus FFFF 

PSHA 3 1 Opcode Address 
PSHB 2 Opcode Address + 1 

3 Stack Pointer 

TSX 3 1 Opcode Address 
2 Opcode Address + 1 
3 Stack Pointer 

TXS 3 1 Opcode Address 
2 Opcode Address + 1 
3 Address Bus FFFF 

PULA 4 1 Opcode Address 
PULB 2 Opcode Address + 1 

3 Stack Pointer 
4 Stack Pointer + 1 

PSHX 4 1 Opcode Address 
2 Opcode Address + 1 
3 Stack Pointer 
4 Stack Pointer - 1 

PULX 5 1 Opcode Address 
2 Opcode Address + 1 
3 Stack Pointer 
4 Stack Pointer + 1 
5 Stack Pointer + 2 
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R/W 
Data Bus 

Line 

1 Opcode 
1 Opcode of Next Instruction 

1 Opcode 
1 Irrelevant Data 
1 Low Byte of Restart Vector 

1 Opcode 
1 Irrelevant Data 
1 Low Byte of Restart Vector 

1 Opcode 
1 Opcode of Next Instruction 
1 Irrelevant Data 

1 Opcode 
1 Opcode of Next Instruction 
1 Low Byte of Restart Vector 

1 Opcode 
1 Opcode of Next ·Instruction 
0 Accumulator Data 

1 Opcode 
1 Opcode of Next Instruction 
1 Irrelevant Data 

1 Opcode 
1 Opcode of Next Instruction 
1 Low Byte of Restart Vector 

1 Opcode 
1 Opcode of Next Instruction 
1 Irrelevant Data 
1 Operand Data from Stack 

1 Opcode 
1 Irrelevant Data 
0 Index Register (low order byte) 
0 Index Register (high order byte) 

1 Opcode 
1 Irrelevant Data 
1 Irrelevant Data 
1 Index Register (low order byte) 
1 Index Register (high order byte) 



Table 14: Cycle-by-cycle Operation (sheet 4 of 5) 

INHERENT (continued) 

Address Mode and 
Cycles 

Cycle 
Address Bus 

Instructions # 

RTS 5 1 Opcode Address 
2 Opcode Address + 1 
3 Stack Pointer 
4 Stack Pointer + 1 

5 Stack Pointer + 2 

WAI 9 1 Opcode Address 
2 Opcode Address + 1 
3 Stack Pointer 
4 Stack Pointer- 1 
5 Stack Pointer - 2 
6 Stack Pointer - 3 
7 Stack Pointer - 4 
8 Stack Pointer- 5 
9 Stack Pointer - 6 

Table 14: Cycle-by-cycle Operation (sheet 5 of 5) 

INHERENT 

Address Mode and 
Cycles 

Cycle 
Address Bus 

Instructions # 

MUL 10 1 Opcode Addres 
2 Opcode Address + 1 
3 Address Bus FFFF 
4 Address Bus FFFF 
5 Address Bus FFFF 
6 Address Bus FFFF 
7 Address Bus FFFF 
8 Address Bus FFFF 
9 Address Bus FFFF 
10 Address Bus FFFF 

RTI 10 1 Opcode Address 
2 Opcode Address + 1 
3 Stack Pointer 
4 Stack Pointer + 1 

5 Stack Pointer + 2 

6 Stack Pointer + 3 

7 Stack Pointer + 4 

8 Stack Pointer + 5 

9 Stack Pointer + 6 

10 Stack Pointer + 7 

EF6801-EF6803 

R/W Data Bus 
Line 

1 Opcode 
1 Irrelevant Data 
1 Irrelevant Data 
1 Address of Next Instruction 

(high order byte) 
1 Address of Next Instruction 

(low order byte) 

1 Opcode 
1 Opcode of Next Instruction 
0 Return Address (low order byte) 
0 Return Address (high order byte) 
0 Index Register (low order byte) 
0 Index Register (high order byte) 
0 Contents of Accumulator A 
0 Contents of Accumulator B 
0 Contents of Condition Code 

Register 

R/W Data Bus 
Line 

1 Opcode 
1 Irrelevant Data 
1 Low Byte of Restart Vector 
1 Low Byte of Restart Vector 
1 Low Byte of Restart Vector 
1 Low Byte of Restart Vector 
1 Low Byte of Restart Vector 
1 Low Byte of Restart Vector 
1 Low Byte of Restart Vector 
1 Low Byte of Restart Vector 

1 Opcode 
1 Irrelevant Data 
1 Irrelevant Data 
1 Contents of Condition Code 

Register from Stack 
1 Contents of Accumulator B from 

Stack 
1 Contents of Accumulator A from 

Stack 
1 Index Register from Stack 

(high order byte) 
1 Index Register from Stack 

(low order byte) 
1 Next Instruction Address from 

Stack (high order byte) 
1 Next Instruction Address from 

Stack (low order byte) 
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Table 14: Cycle-by-cycle Operation (sheet 5 of 5) 

INHERENT (continued) 

Address Mode and Cycles Cycle Address Bus 
Instructions # 

SWI 12 1 Opcode Address 
2 Opcode Address + 1 
3 Stack Pointer 
4 Stack Pointer- 1 
5 Stack Pointer - 2 
6 Stack Pointer- 3 
7 Stack Pointer - 4 
8 Stack Pointer - 5 
9 Stack Pointer - 6 

10 Stack Pointer - 7 
11 Vector Address FFFA (hex) 

12 Vector Address FFFB (hex) 

RELATIVE 

Address Mode and Cycles Cycle Address Bus 
Instructions # 

BCC BHT BNE BLO 3 1 Opcode Address 
BCS BLE BPL BHS 2 Opcode Address + 1 
BEQ BLS BRA BRN 3 Address Bus FFFF 
BGE BLT BVC 
BGT BMI BVS 

BSR 6 1 Opcode Address 
2 Opcode Address + 1 
3 Address Bus FFFF 
4 Subroutine Starting Address 
5 Stack Pointer 
6 Stack Pointer - 1 
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R/W 
Data Bus 

Line 

1 Opcode 
1 Irrelevant Data 
0 Return Address (low order byte) 
0 Return Address (high order byte) 
0 Index Register (low order byte) 
0 Index Register (high order byte) 
0 Contents of Accumulator A 
0 Contents of Accumulator B 
0 Contents of Condition Code 

Register 
1 Irrelevant Data 
1 Address of Subroutine 

(high order byte) 
1 Address of Subroutine 

(low order byte) 

R/W 
Data Bus 

Line 

1 Opcode 
1 Branch Offset 
1 Low Byte of Restart Vector 

1 Opcode 
1 Branch Offset 
1 Low Byte of Restart Vector 
1 Opcode of Next Instruction 
0 Return Address (low order byte) 
0 Return Address (high order byte) 
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EF6801-EF6803 

PACKAGE MECHANICAL DATA 

P SUFFIX- PLASTIC PACKAGE 

FN SUFFIX- PLASTIC PACKAGE 

Pm 1 identiftcaticn 

16510 
16,662 

ldenttfrcation connexion 1 

16 510 

e = 1,27, j e j e i e i e i e j e i • j e i e i e j 
Typ. 

~ 
min. 

1524 
{2) 

(1) Nomtnal drmension 

(2) True geomet:--tcal pmnton 

40 P'"' 

max 

17,65 

0661 
0,812 44 pins 

0331 
Q533 

46/49 ru SliS-THOMSON :"/I [1;]0©1ii1@~~~©1i'!iil@illo©® 
58 



ORDERING INFORMATION 
The information required when ordering a custom 
MCU is listed below. The ROM program may be 
transmitted to SGS THOMSON on EPROM(s) or an 
EFDOS/MDOS* disk file. 

To initiate a ROM pattern for the MCU, it is necess­
ary to first contact your local SGS THOMSON rep­
resentative or distributor. 

EPROMs 

Two 2708 or one 2716type EPROMs, programmed 
with the customer program (positive logic sense for 
address and data), may be submitted for pattern 
generation. The EPROM must be clearly marked to 
indicate which EPROM corresponds to which ad­
dress space. The recommended marking proce­
dure is illustrated below : 

~ r--.r-
XXX XXX 

F800 FCOO 

XXX=- Customer 10 

After the EPROM (s) are marked, they should be 
placed in conductive IC carriers and securely 
packed. Do not use styrofoam. 

VERIFICATION MEDIA 

All original pattern media (EPROMs or floppy disk) 
are filed for contractual purposes and are not re­
turned. A computer listing of the ROM code will be 
generated and returned along with a listing verifica­
tion form. The listing should be thoroughly checked 
and the verification form completed, signed, and re­
turned to SGS THOMSON. The signed verification 
form constitutes the contractual agreement for cre­
ation of the customer mask. If desired, SGS-THOM­
SON will program on blank EPROM from the data 

EF6801-EF6803 

file used to create the custom mask and aid in the 
verification process. 

ROM VERIFICATION UNITS (RVUs) 

Ten MCUs containing the customer's ROM pattern 
will be sent for program verification. These units will 
have been made using the custom mask but are for 
the purpose of ROM verification only. For expedi­
ency they are usually unmarked, packaged in ce­
ramic, and tested only at room temperature and 5 
volts. These RVUs are included in the mask charge 
and are not production parts. The RVUs are thus not 
guaranteed by SGS THOMSON. Quality Assur­
ance, and should be discarded after verification is 
completed. 

FLEXIBLE DISKS 

The disk media submitted must be single-sided, 
EFDOS/MDOS* compatible floppies. 

The customer must write the binary file name and 
company name on the disk with a felt-lip-pen. The 
minimum EFDOS/MDOS* system files, as well as 
the absolute binary object file (Filename .LO type of 
file) from the 6801 cross assembler, must be on the 
disk. An object file made from a memory dump using 
the ROLLOUT command is also acceptable. Con­
sider submitting a source listing as well as the fol­
lowing files : filename .LX (DEVICE/EXORciser 
loadable format) and filename .SA (ASCII Source 
Code). These files will of course be kept confiden­
tial and are used 1) to speed up the process in­
house if any problems arise, and 2) to speed up the 
user-to-factory interface if the user finds any soft­
ware errors and needs assistance quickly from SGS 
THOMSON factory representatives. 

EFDOS is SGS THOMSON Disk Operating System 
available on development systems such as DE­
VICE, ... 

MOOS* is MOTOROLA's Disk Operating System 
available on development systems such as EXOR­
ciser, ... 

• Requires prior factory approval 

Whenever ordering a custom MCU is required, please contact your local SGS THOMSON representative or 
SGS THOMSON distributor and/or complete and send the attached "MCU customer ordering sheet" to your 
local SGS THOMSON Microelectronics representative. 
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EF6801·EF6803 

ORDER CODES 

EF6803 p v 
I 

Dev1ce .__ ___ Screemng level 

Package '---------Oper. temp 

The table below horizontally shows all available suffix combinations for package, operating temperature and 
screening level. Other possibilities on request. 

Device 
Package Oper. Temp 

c J p E FN L* v 
1.0MHz EF6801/03 • • • 

• • 
EF6803 • 

1.25MHz EF6801/03·1 • • • • • 
EF6803·1 • 

1.5MHz EF68A01/03 • • 
EF68A03 • 

2.0MHz EF68801/03 • • 
Examples: EF6801P, EF6801FN, EF6801PV. 

Package : C :Ceramic OIL, J : Cerd1p OIL, P Plastic OIL, E : LCCC, FN . PLCC; 
Oper. temp. : L • : o·c to 70'C, V : -40'C to +85'C, M : -55'C to + 125'C, • . may be om1t1ed 
Screening level : Std : (no-end suffix), D : NFC 96883 level D, 
G/8 : NFC 96883 level G, B/8 : NFC 96883 level 8 and MIL-STD-883C level B. 

EXORCiser is a registered trade mark of MOTOROLA Inc. 
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Screening Level 

Std D G/8 8/8 

• 
• 
• • • 
• • 
• 
• 



EF6801-EF6803 

EF6801 FAMIL V- MCU CUSTOMER ORDERING SHEET 

Commercial reference :1 I I I I I I I I I I 

Customer's marking :I I I I I I I I I I I 

Application 

ROM capacity required : 

Temperature range : 
0 O'C/+70'C 
0 -40'C/+85'C 
0 -40'C/ + 105'C 

Package: 
0 Plastic 
0 PLCC 

I I I I lbytes 

PATTERN MEDIA (a listing may be supplied in addition 
for checking purpose) : 
0 EPROM Reference : 
0 EFDOS/MDOS* d1sk file 

0 B"floppy 
0 5" 1/4 floppy 

0 Other• 

• Requires prior factory approval 

Yearly quantity forecast : 

CUSTOMER CONTACT NAME: DATE: 

Customer name 
Company 
Address 

: ········································ 
: ········································ 
: ....................................... . 

Phone : ....................................... . 

Specification reference ; 
0 SGS-THOMSON Microelectronics reference 

0 Special customer data reference• 

Number of interrupt vector : LI_.J...I _ _,I 
Quality level : 
0 STD 
0 D 
0 Other• (customer's quality specification ref.): 

Software developped by : 
0 SGS-THOMSON Microelectromcs application lab. 
0 Externallab. 
0 Customer 

OPTION LIST 

-Internal max. clock frequency : 
0 1.0MHz 
0 1.25MHz 
0 1.5MHz 
0 2.0MHz 

start of production date : 
for a shipment period of : 

SIGNATURE: 
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EF6801U4 
EF6803U4 

MICROCOMPUTER/MICROPROCESSOR 

• ENHANCED EF6800 INSTRUCTION SET 
• UPWARD SOURCE AND OBJECT CODE 

COMPATIBILITY WITH THE EF6800 AND 
EF6801 

• BUS COMPATIBILITY WITH THE EF6800 
FAMILY 

• 8 x 8 MULTIPLY INSTRUCTION 
• SINGLE-CHIP OR EXPANDED OPERATION 

TO 64K BYTE ADDRESS SPACE 
• INTERNAL CLOCK GENERATOR WITH 

DIVIDE-BY-FOUR OUTPUT 
• SERIAL COMMUNICATIONS INTERFACE 

(SCI) 
• 16-BIT SIX-FUNCTION PROGRAMMABLE 

TIMER 
• THREE OUTPUT COMPARE FUNCTIONS 
• TWO INPUT CAPTURE FUNCTIONS 
• COUNTER ALTERNATE ADDRESS 
• 4096 BYTES OF ROM (EF6801 U4) 
• 192 BYTES OF RAM 
• 32 BYTES OF RAM RETAINABLE DURING 

POWER DOWN 
• 29 PARALLEL 110 AND TWO HANDSHAKE 

CONTROL LINES 
• NMIINHIBITED UNTIL STACK LOAD 
• -4Q"C TO 85"C TEMPERATURE RANGE 

PIN CONNECTIONS 

Vss~E 
XTALI 2 39 se1 

EXTAL2 3 :Jl Se2 

NMi 4 37 P30 

il!IT1 > 36 P31 

RIS"rT 6 3S PJ2 

Vee 7 " P33 

P20 8 33 P34 

P21 ' J2 PJS 

P22 10 31 P36 

P23 11 3J P37 

'" 12 "' P40 

P10 " 21l P41 

Pll " " '" ,, , 26 P43 

P13 16 25 P44 

P14 " 24 P45 

P1> " 23 P4S 

P16 19 22 P47 

P17 20 , Vee 
Slandby 

May 1989 

ADVANCE DATA 

imrET[ 7 

vee[ s 
P20[ 9 

P21( 10 

P22( 11 

P23[ 12 

P24[ 13 

NC 14 

PIO 15 

P11 16 

PSUFFIX 
(Plastic Package) 

~ 
~f." 

FN SUFFIX 
(PLCC 44) 

0 39 PP32 

38 flP33 

37 pf'34 

36pi\IC 
J5 P35 

34 F36 

"' P37 

32 >lC 

31 NO 

"' '" 
P12 11 ~ e ~ N ~ ~ ~ 1!! re ~ re 29 ~P.t2 

':!"!-~'E';J;';~~':'fl 
a.. "- Ill. a.. 0.. ~ a.. D.. ... "- .3.. 

:? 
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EF6801 U4/EF6803U4 

DESCRIPTION 
The EF6801 U4 is an 8-bit single-chip microcom­
puter unit (MCU) which enhances the capabilities of 
the EF6801 and significantly enhances the capa­
bilities of the EF6800 Family of parts. It includes an 
EF6801 microprocessor unit (MPU) with direct ob­
ject-code compatibility and upward object-code 
compatibility with the EF6800. Execution times of 
key instructions have been improved over the 
EF6800 and the new instructions found on the 

EF6801 are included. The MCU can function as a 
monolithic microcomputer or can be expanded to a 
64K byte address space. It is TIL compatible and 
requires one+ 5-volt power supply. On-chip resour­
ces include 4096 bytes of ROM, 192 bytes of RAM, 
a serial communications interface (SCI), parallel I/O, 
and a 16-bit six-function programmable timer. The 
EF6803U4 can be considered as an EF6801U4 
operating in modes 2 or 3 ; i.e., those that do not 
use internal ROM. 

EF6801 U4 MICROCOMPUTER FAMILY BLOCK DIAGRAM 

Expanded Mult1plexcd 

~~ Expanded Non-M,It•ploxed I SlngleChip 

P37 AI/D7 D7 110 

P36 A6/D6 D6 1/0 

P35 A5/05 DS 1/0 

P20 TINl 110 
P2t TOUTl 110 
P22 SCLK 1/0 

P34 A4/04 04 1/0 P23 RDATA 1/0 

P33 A3/D3 03 1/0 P24 TDATA 1/0 

P32 A2/D2 02 1/0 
P31 Al/01 Dt 1/0 
P3J AD/DO DO 1/0 
SC2 R/W RtW OS3 

set AS iOs TS3 

P47 At5 A7 1/D PtO TIN2 110 

P46 At4 AG 1/0 Ptt TOUT2 1/0 

P45 At3 AS 1/0 Pt2 roun 1/0 

P44 At2 M 1/0 Pt3 1/0 

P43 Att A3 110 Pt4 1/0 
P42 A tO A2 1/0 PIS 1/0 

P41 A9 At 1/0 Pt6 1/0 

P40 NJ AO 1/0 Pt7 1/0 

NOTE . No functioning ROM 1n EF6803U4. 
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EF6801 U4/EF6803U4 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vee Supply Voltage - 0.3 to+ 7.0 v 
Vm Input Voltage -0.3 to+ 7.0 v 
TA Operating Temperature Range TH toh oc 

EF6801/03U4, EF6801/03U4-1, 
EF68A01/03U4 0 to 70 
EF6801/03U4, EF6801/03U4-1 : V Suffix -40 to 85 

Tstg Storage Temperature Range -55 to+ 150 oc 
This device contains circu1try to protect the inputs aga1nst damage due to h1gh stat1c voltages or electnc f1elds , however, 1t IS adv1sed 
that normal precautions be taken to avoid application of any voltage higher than maxtmum rated voltages to thts high·impedance circuit. 
For proper operation it is recommended that Vm and Vout be constrained to the range Vss:::;: (Vm or Vout) :5 Vee. Input protection is en­
hanced by connecting unused inputs to either Voo or Vss. 

THERMAL DATA 

Thermal Resistance Plastic 
PLCC 

POWER CONSIDERATIONS 

The average chip-junction temperature, TJ, in ·c 
can be obtained from : 

TJ=TA+(Po · 8JA) (1) 
Where 

T A = Ambient Temperature, "C 
e JA = Package Thermal Resistance, Junc­
tion-to-Ambient, "C/W 

Po = PtNT + PPORT 

PtNT = Icc x Vee, Watts- Chip Internal Power 

PPORT =Port Power Dissipation, Watts- User Deter­
mined 

For most applications PPoRT << PtNT and can be ne­
glected. PPORT may become significant if the device 

50 
100 

is configured to drive Darlington bases or sink LED 
loads. 

An approximate relationship between Po and TJ 
(if PPORT is neglected) is : 

Po= K + (TJ + 273"C) (2) 

Solving equations 1 and 2 for K gives : 
K =Po • (TA + 273"C) + 8JA • Po2 (3) 

Where K is a constant pertaining to the particular 
part. K can be determined from equation 3 by 
measuring Po (at equilibrium) for a known TA. Using 
this value of K the values of Po and TJ can be ob­
tained by solving equations (1) and (2) iteratively for 
any value of T A· 

CONTROL TIMING (V cc = 5.0V ± 5%, V ss = 0, T A = 0 to 70°C) 

EF6801 U4 EF6801 U4-1 EF68A01 U4 EF68801U4 
Symbol Parameter EF6803U4 EF6803U4-1 EF68A03U4 EF68803U4 Unit 

Min. Max. Min. Max. Min. Max. Min. Max. 

fo Frequency of Operation 0.5 1.0 0.5 1 25 0.5 1.5 0.5 2.0 MHz 

fxTAL Crystal Frequency 2.0 4.0 2.0 5.0 2.0 6.0 2.0 8.0 MHz 

4ro External Oscillator Frequency 2.0 4.0 2.0 5.0 2.0 6.0 2.0 8.0 MHz 

Ire Crystal Oscillator Startup Time 100 100 100 100 ms 

!pes Processor Control Setup Time 200 170 140 110 ns 
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EF6801 U4/EF6803U4 

DC ELECTRICAL CHARACTERISTICS 
(Vee = 5.0Vdc ± 5%, V s s = 0, T A = T L to T H unless otherwise noted) 

EF6801/03U4 (1) EF6801 U4/6803U4 
Symbol Parameter o to + 70°C - 40 to + 85°C 

Min. Max. Min. Max. 

V;H Input High Voltage RESET Vss + 4.0 Vee Vss + 4.0 Vee 
Other Inputs* Vss + 2.0 Vee Vss + 2.2 Vee 

V;L Input Low Voltage All Inputs* Vss - 0.3 Vss + 0.8 Vss - 0.3 Vss + 0.8 

1m Input Load Current (V;n = 0 to 2.4V) Port 4 0.5 0.8 
SCI 0.8 1.0 

1m Input Leakage Current 
(Vm = 0 to 5.5V) NMI, IRQ1, RESET 2.5 5.0 

lrs1 Hi-Z (off-state) Input Current 
{V 10 = 0.5 to 2.4V) Port 1, Port 2, Port 3 10 20 

VoH Output High Voltage 
(I Load=- 65JlA, Vee= Min) Port 4, SC1, SC2 Vss + 2.4 Vss + 2.4 
(ILoad =- 100JlA, Vee= Min) Other Outputs Vss + 2.4 Vss + 2.4 

VoL Output Low Voltage 
(I Load = 2.0mA, Vee =Min) All Outputs Vss + 0.5 Vss + 0.6 

loH Darlington Drive Current 
(Vo = 1.5V) Port 1 1.0 4.0 1.0 5.0 

PINT Internal Power Dissipation 
(measured at T A = T L in steady-state 
operation)*** 1200 1500 

C,n Input Capacitance 
(Vm = 0, T A = 25°C, Port 3, Port 4, S C 1 12.5 12.5 
fo = 1.0MHz) Other Inputs 10.0 10.0 

Vsss Vee Standby Powerdown 4.0 5.25 4.0 5.25 
Vss Powerup 4.75 5.25 4.75 5.25 

lsss Standby Current Powerdown 3.0 3.5 

• Except mode programming levels ; see ftgure 16. 
•• Negottable to- 1 DD~A (for further mformatton contact the factory). 
••• For the EF6801U4/EF6803U4 T, = Q'C and the the EF6801U4/EF6803U4: V suffix T, =- 40'C. 
(1) Same values for EF6801103U4-1, EF68A01103U4 and EF68B01/D3U4. 
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Unit 

v 

v 
rnA 

JlA 

JlA 

v 

v 

rnA 

mw 

pF 

v 

rnA 



EF6801 U4/EF6803U4 

PERIPHERAL PORT TIMING (refer to figures 1.4) 

EF6801/03U4 EF68A01/03U4 EF68801U4 
Symbol Parameter EF6801 /03U4-1 EF68803U4 Unit 

Min. Max. Min. Max. Min. Max. 

!posu Peripheral Data Setup Time 200 150 100 ns 

IPDH Peripheral Dala Hold Time 200 150 100 ns 

loso1 De~ime, Enable Positive Transition ns 
to OS3 Negative Transition 350 300 250 

loso2 De~ime, Enable Positive Transition ns 
to OS3 Positive Transition 350 300 250 

!pwo Delay Time, Enable Negative Transition 
to Peripheral Data Valid 

Port 1 350 300 250 ns 
Port 2, 3, 4 350 300 

IeMos Delay Time, Enable Negative Transition 
to Peripheral CMOS Data Valid 2.0 2.0 2.0 !lS 

IPWIS Input Strobe Pulse Width 200 150 100 ns 

t1H Input Data Hold Time 50 40 30 ns 

t1s Input Data Setup T1me 20 20 20 ns 
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Figure 1 : Data Setup and Hold Times 
(MPU Read). 

~;~·~;~ ------..1-----1rl-t-------

pl~~~~~: ___ ...Jl"----~'+-t-------

P30·P37 

Inputs*--------' 1"------'1 

• Port 3 non-latched operation (latch enable= 0). 

Figure 3 : Port 3 Output Strobe Timing 
(EF6801 U4 single-chip mode). 

Address 
Bus 

OS3 

• Access matches output strobe select (OSS = o. a read ; 
OSS = 1, a write) 

Figure 2 : Data Setup and Hold Times (MPU 
Write). 

teMOS--J 

-------'P_w_o x·d,: ----0 7 Vee 
At' Data 

Data Val•o 
Port Out~uts _______ --J 

Notes : 1.10k pullup resistor requ1red for port 2 to reach 0.7 Vee 
2.Not applicable to P21. 
3.Port 4 cannot be pulled above Vee 

Figure 4 : Port 3 Latch Timing 
(EF6801 U4 single-chip mode}. 

Note :Timing measurements are referenced to and from a low voltage of 0.8 volt and a high voltage of 2 0 volts, unless otherw1se 
noted 
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Figure 5 : CMOS Load. Figure 6 : Timing Test Load Ports 1, 2, 3, and 4. 

Test Pomt 

~±30p' 

BUS TIMING (see notes 1 and 2, and figure 7) 

EF6801U4 
!dent. Symbol Parameter EF6803U4 

Number 
Min. Max. 

1 tcyc Cycle Time 1.0 2.0 

2 PWEL Pulse Wrdth, E Low 430 1000 

3 PWEH Pulse Width, E High 450 1000 

4 t,, l1 Clock Rrse and Fall Time 25 

9 IAH Address Hold Time 20 

12 IAV Non-muxed Address 
Valid Time to E' 200 

17 losR Read Data Setup Time 80 

18 loHR Read Data Hold Time 10 

1g loow Write Data Delay Time 225 

21 loHW Write Data Hold Time 20 

22 IAVM Muxed Address Valid 
Time to E Rise' 160 

24 IASL Muxed Address Valid 
Time to AS Fall' 40 

25 lAHL Muxed Address Hold Trme 20 

26 !A so DelayTime, E to AS Rise' 200 

27 PWASH Pulse Width, AS High' 100 

28 lASED Delay Time, AS to E Rise' 90 

2g lAce Usable Access Time' 555 
(see note 3) 

' At specrfred cycle trme 

vee 

Test Pomt o-~H..-~1 1N916 
or equiv. 

c R , 
1N4148 

I> or equiv. 

C~90 pF for P30-P37, P40-P47, E, SCl, SC2 
= 30 pF for P1G-P17, P2G-P24 

R=37 k!l for P40-P47, SCl, SC2 
~ 24 kll for P1G-Pl7, P2G-P24· 
o 24 kll for P30-P37. E 

EF6801 U4-1 EF68A01U4 EF68B01U4 
EF6803U4-1 EF68A03U4 EF68B03U4 

Min. Max. Min. Max. Min. Max. 

0.8 2.0 0.66 2.0 0.5 2.0 

360 1000 30 1000 210 1000 

360 1000 300 1000 220 1000 

25 25 20 

20 20 10 

150 115 70 

70 60 40 

10 10 10 

200 160 120 

20 20 10 

120 100 80 

30 30 20 

20 20 10 

170 130 110 

80 60 45 

70 60 45 

435 385 270 

Unit 

J.lS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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Figure 7 : Bus Timing. 

See Note 4 

lOS, 
RIW. Address 
(Non·Mu•odl --~)L.~).L.:~~.D.l.::l;'---......,..---l-1-----------=--+1~~ 

Addr/Data 
Muxed 

Addr/Data 
Muxed 

Address 
Strobe (ASJ 

Wnte Data Muxed 

Notes : 1. Voltage levels shown are v, $ O.SV, VH ~ 2 4V. unless otherw1se spec1fled. 
2. Measurement pomts shown are O.BV and 2 OV, unless otherw1se spec1f1ed. 
3. Usable access t1me IS computed by 22 + 3- 17 + 4. 
4. Memory dev1ces should be enabled only dunng E h1gh to avo1d port 3 bus contention 
5. Item 26 IS different from the EF6801 but It 1s upward compatible. 

INTRODUCTION 

The EF6801 U4 is an 8-bit monolithic microcomputer 
which can be configured to function in a wide var­
iety of applications. The facility which provides this 
extraordinary flexibility is its ability to be hardware 
programmed into eight different operating modes. 
The operating mode controls the configuration of 18 
of the 40 MCU pins, available on-chip resources, 
memory map, location (internal or external) of inter­
rupt vectors, and type of external bus. The configu­
ration of the remaining 22 pins is not dependent on 
the operating mode. 

Twenty-nine pins are organized as three 8-bit ports 
and one 5-bit port. Each port consists of at least a 
data register and a write-only data direction regis-
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ter. The data direction register is used to define 
whether corresponding bits in the data register are 
configured as an input (clear) or output (set). 

The term "port" by itself refers to all of the hardware 
associated with the port. When the port is used as 
a "data port" or "I/O port", it is controlled by the port 
data direction register and the programmer has di­
rect access to the port pins using the port data reg­
ister. Port pins are labeled as Pij where i identifies 
one of four ports and j indicates the particular bit. 

The microprocessor unit (MPU) is an enhanced 
EF6800 MPU with additional capabilities and 
greater throughput. It is upward source and object 
code compatible with the EF6800 and the EF6801. 
The programming model is depicted in figure 8 



EF6801U4/EF6803U4 

where accumulator Dis a concatenation of accumu­
lators A and B. A list of new operations added to the 
EF6800 instruction set are shown in table 1. 

The EF6803U4 can be considered an EF6801 U4 
that operates in modes 2 and 3 only. 

Figure 8 : Programming Model. 

~ A Oul B ~ B·Brt Accumulators A and B 

15--------- 0 --------- ~ Or16·BrtDoubleAccumulatorD 

.. 11_5 _________ x ________ ____,ollndex Regrster IX! 

.. 11_5 _________ s_P ________ _.oj Stack Po•nter IS PI 

Ll1_5 _________ r_c ________ ~o~ Program Counter IPCI 

7 

Carry/Borrow from MSB 

Overflow 

Zero 

Negat1ve 
'------ Interrupt 

'------- Half Carry I From Brt 31 

Table 1 : New Instructions. 

Instruction Description 

ABX Unsigned addition of accumulator B to index register. 
ADDD Adds (without carry) the double accumulator to memory and leaves the sum in the double 

accumulator. 
ASLD or LSLD Shifts the double accumulator left (towards MSB) one bit, the LSB is cleared, and the MSB is 

shifted into the C bit. 
BHS Branch if higher or same, unsigned conditional branch (same as BCC). 
BLO Branch if lower, unsigned conditional branch (same as BCS). 
BRN Branch never. 
JSR Additional addressing mode direct. 
LDD Loads double accumulator from memory. 
LSL Shifts memory or accumulator left (towards MSB) one bit, the LSB is cleared, and the MSB is 

shifted into the C bit (same as ASL). 
LSRD Shifts the double accumulator right (towards LSB) one bit, the MSB is cleared, and the LSB is 

shifted into the C bit. 
MUL Unsigned multiply, multiplies the two accumulators and leaves the product in the double 

accumulator. 
PSHX Pushes the index register to stack. 
PULX Pulls the index register from stack. 
STD Stores the double accumulator to memory. 

SUBD Substracts memory from the double acccumulator and leaves the difference in the double 
accumulator. 

CPX Internal processing modified to permit its use with any conditional branch instruction. 
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OPERATING MODES 

The EF6801 U4 provides seven different operating 
·modes (modes 0 through 3 and 5 through 7) and the 
EF6803U4 provides two operating modes (modes 
2 and 3). The operating modes are hardware select­
able and determine the device memory map, the 
configuration of port 3, port 4, SC1, SC2, and the 
physical location of the interrupt vectors. 

FUNDAMENTAL MODES 

The seven operating modes (0-3, 5-7) can be 
grouped into three fundamental modes which refer 
to the type of bus it supports: single chip, expanded 
non-multiplexed, and expanded multiplexed. Single 

chip is mode 7, expanded non-multiplexed is mode 
5, and the remaining 5 are expanded multiplexed 
modes. Table 2 summarizes the characteristics of 
the operating modes. 

EF6801 U4 SINGLE-CHIP MODE (7)- In the single­
chip mode, the four MCU ports are configured as 
parallel input/output data ports, as shown in figure 
9. The MCU functions as a monolithic microcom­
puter in this mode without external address or data 
buses. A maximum of 29 1/0 lines and two port 3 
control lines are provided. Peripherals or another 
MCU can be interfaced to port 3 in a loosely coupled 
dual-processor configuration, as shown in figure 10. 

Table 2 : Summary of EF6801 U4/EF6803U4 Operating Modes. 

Single-chip (mode 7) 
192 Bytes of RAM, 4096 Bytes of ROM 
Port 3 is a parallel 1/0 port with two control lines. 
Port 4 is a parallel 1/0 port. 

Expanded Non-multiplexed (mode 5) 
192 Bytes of RAM, 4096 Bytes of ROM 
256 Bytes of External Memory Space 
Port 3 is an 8-bit data bus. 
Port 4 is an input port/address bus. 

Expanded Multiplexed (modes 0, 1, 2, 3, 6*) 
Four Memory Space Options (total 64K address space) 

(1) Internal RAM and ROM with Partial Address Bus (mode 1) 
(2) Internal RAM, no ROM (mode 2) 
(3) Extended Addressing of Internal 1/0 and RAM 
(4) Internal RAM and ROM with Partial Address Bus (mode 6) 

Port 3 is multiplexed address/data bus. 
Port 4 is address bus (inputs/address in mode 6). 
Test Mode (mode 0) : 

May be used to test internal RAM and ROM. 
May be used to test ports 3 and 4 as 1/0 ports by writing into mode 7. 

Only modes 5, 6, and 7 can be Irreversibly entered from mode 0. 
Ressources Common to All Modes 

Reserved Register Area 
Port 1 Input/output Operation 
Port 2 Input/output Operation 
Timer Operation 
Senal Communications Interface Operation 

The EF6803U4 operates only in modes 2 and 3 
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Figure 9 : Single-chip Mode. 

Vee 

Port 4 

8 I 0 L1nes 

Port 3 1e•• 8 I 0 Ltnes 
153 
053 

Pmt 2 

Vss 

5 I 0 Lmes 
Sermll 0 

16 B1t T•mcr 

·Figure 10 :Single-chip Dual Processor Configuration. 

Port 1 

81/0 
Lmes 

16·B•t T1mer 

Purl 2 
51 0 L1res 

SCI 

Vss 
Lmes 

EF6801 U4 EXPANDED NON-MULTIPLEXED 
MODE (5) - A modest amount of external memory 
space is provided in the expanded non-multiplexed 
mode while significant on-chip resources are· re­
tained. Port 3 functions as an 8-bit bidirectional data 
bus and port 4 is configured initially as an input data 
port. Any combination of the eight least significant 
address lines may be obtained by writing to the port 
4 data direction register. Stated alternatively, any 
combination of AO to A7 may be provided while re-

5 I 0 Lmes 
SCI 

l6-81t T1mer 

Vee 

Vss 

Port 1 
8 I 0 
l_~r-:es 

16·811 TttTW' 

Port 4 
81.0 
Lmes 

taining the remainder as input data lines. Internal 
pullup resistors pull the port 41ines high until the port 
is configured. 

Figure 11 illustrates a typical system configuration 
in the expanded non-multiplexed mode. The MCU 
interfaces directly with EF6800 family parts and can 
access 256 bytes of external address space at $100 
through $1 FF. lOS provides an address decode of 
external memory ($1 00-$1 FF) and can be used as 
a memory-page select or chip-select line. 
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EXPANDED MULTIPLEXED MODES (0, 1, 2, 3, 6) 
- A 64K byte memory space is provided in the ex­
panded multiplexed modes. In each of the ex­
panded multiplexed modes, port 3 functions as a 
time multiplexed address/data bus with address 
valid on the negative edge of address strobe (AS) 
and data valid while E is high. In modes 0, 2, and 3, 
port 4 provides address lines AB to A 15. In modes 
1 and 6, however, port 4 initially is configured at 
reset as an input data port. The port 4 data direction 
register can then be changed to provide any combi­
nation of address lines AB to A 15. Stated alterna­
tively, any subset of A8 to A 15 can be provided while 
retaining the remaining port 4 lines as input data 
lines. Internal pullup resistors pull the port 4 lines 
high until software configures the port. In mode 1, 
the internal pullup resistors will hold the upper ad­
dress lines high producing a value of $FFXX for a 
reset vector. A simple method of getting the desired 
address lines configured as outputs is to have an 
external EPROM not fully decoded so it appears at 
two address locations (i.e., $FXXX and $BXXX). 
Then, when the reset vector appears as $FFFE, the 

Figure 11 :Expanded Non-multiplexed Configuration. 
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Port 1 
8 1/0 lmes 
16 Bit T1mP.r 

Port 2 
5 1/0 

Vee 

Vss 

Vee 

Vss 

EPROM will be accessed and can point to an ad­
dress in the top $100 bytes of the internal or exter­
nal ROM/EPROM that will configure port 4 as 
desired. 

In mode 0, the reset and interrupt vectors are lo­
cated at $BFFO-$BFFF. In addition, the internal and 
external data buses are connected, so there must 
be no memory map overlap in order to avoid poten­
tial bus conflicts. By writing the PCO-PC2 bits in the 
port 2 data register, modes 5, 6, and 7 can be irre­
versibly entered from mode 0. Mode 0 is used pri­
marily to verify the ROM pattern and monitor the 
internal data bus with the automated test equip­
ment. 

Only the EF6801 U4 can operate in each of the ex­
panded multiplexed modes. The EF6803U4 oper­
ates only in modes 2 and 3. 

Figure 12 depicts a typical configuration for the ex­
panded multiplexed modes. Address strobe can be 
used to control a transparent D-type latch to capture 
addresses AO-A?, as shown in figure 13. This allows 
port 3 to function as a data bus when E is high. 

Port ..i 

8 Data Lmcs 

l-'ort4 
To 8 



Figure 12: Expanded Multiplexed Configuration. 

..r---

~ 
ndby--

ESEri==: 

Vee sw 
-R--

Port 1 
8 1/0 

16-Brt Trmor 

Port 2 
5 1/0 
SCI 

Ttmer 

NMI 
IROl-

. 

-v 

Port 2 

5 1/0 Lrnes 41··~ 
Serrall/0 

16-Brt Trmer 

Vee 

1 
XTAL1 

Port3 8 

EXTAL2 e:$ 4 
h 

EF6801U4 
EF6803U4 R!W 16 

E 

~ 
Vss I 

Vee 

Vss 

B 

8 

8 

ROM I I 

EF6801 U4/EF6803U4 

Port 3 

8 

Port 4 
8 L1nes 

Address Bus 

8 

RAM 1 r 

8 

8 

PIA 1 

Data Bus 
10007) 

Address Bus 
IAO-A151 

R/W 

Note : To avord data bus (port 3) contentron rn the expanded multrplexed modes, memory devices should be enabled only durrng E 
hrgh trme. 

Figure 13: Typical Latch Arrangement. 

GND 

AS 

Pan 3 I 
Addre»ID'I' 1 

l I 
G DC 

01 01 

74LS373 
(Typ1ca1! 

DB 08 

1--

) "'-AA" 

) ""'~"' 
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PROGRAMMING THE MODE 

The operating mode is determined at RESET by the 
levels asserted on P22, P21, and P20. These levels 
are latched into PC2, PC1, and PCO of the program 
control register on the positive edge of RESET. The 
operating mode may be read from the port 2 data 
register, as shown below, and programming levels 
and timing must be met as shown in figure 14. A 
brief outline of the operating modes is shown in ta­
ble 3. 

PORT 2 DATA REGISTER 

7 6 54 3 210 

I PC21 PC1 I PCO I P24l P23l P22l P21 I P2DI$03 

Figure 14 :Mode Programming Timing. 

MODE PROGRAMMING (refer to figure 14) 

Symbol Parameter 

VMPL Mode Programming Input Voltage Low 

VMPH Mode Programming Input Voltage High 

Circuitry to provide the programming levels is de­
pendent primarily on the normal system usage of 
the three pins. If configured as outputs, the circuit 
shown in figure 15 may be used ; otherwise, three­
state buffers can be used to provide isolation while 
programming the mode. 

MEMORY MAPS 

The EF6801 U4/EF6803U4 can provide up to 64K 
byte address space depending on the operating 
mode. A memory map for each operating mode is 
shown in figure 16. The first 32 locations of each 
map are reserved for the internal register area, as 
shown in table 4, with exceptions as indicated. 

See Ftgure 15 
for 01ode Arrangement 

... ..--- GVMPDD 

IP20. P21. ~221 ~-- MPL _____ ,. -x- Mode Latch 

!lriD T Level 

Min. Max. Unit 

1.8 v 
4.0 v 

VMPDD Mode Programming Diode Differential (if diodes are used) 0.6 v 
PWRSTL RESET Low Pulse Width 3.0 E 

Cycles 

IMPS Mode Programming Setup Time 2.0 E 
Cycles 

I MPH Mode Programming Hold Time 
RESET Rise Time ;, 1 j.IS 0 ns 
RESET Rise Time < 1 j.IS 100 
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Table 3 : Mode Selection Summary. 

Mode* 

7 
6 

5 

4 

3 

2 

1 

0 

Legend 
I- Internal 
E ·External 

P22 P21 
PC2 PC1 

H H 

H H 

H L 

H L 

L H 

L H 

L L 

L L 

MUX - Multiplexed 
NMUX -Non-Multiplexed 
L- Logic "0" 
H- Logic "1" 

P20 
ROM PCO 

H I 

L I 

H I 

L 

H E 

L E 

H I 

L I 

EF6801 U4/EF6803U4 

RAM 
Interrupt 

Bus Mode Operating Mode 
Vectors 

I I I Single Chip 

I I MUX 12 • 3> Multiplexed/partial Decode 

I I NMUX 12 • 3 l Non-multiplexed/partial Decode 

Undefined 14 > 

I E MUX 11 • 5 > Multiplexed/RAM 

I E MUX e> Multiplexed/RAM 

I E MUX 11 • 3> Multiplexed/RAM and ROM 

I E MUXI1l Multiplexed Test 

Notes : 1. Addresses associated with ports 3 and 4 are considered external in modes 0, 1, 2, and 3. 
2. Addresses associated with port 3 are considered external in modes 5 and 6 
3. Port 4 default is user data input ; address output is opt1onal by writing to port 4 data direction register. 
4. Mode 4 1s a non-user mode and should not be used as an operating mode. 
5. Mode 3 has the internal RAM and internal registers relocated at $DOOO-$DOFF. 

• The EF6803U4 operates only in modes 2 and 3. 

Figure 15 :Typical Mode Programming Circuit. 

NOTES. 

RESET 

P20 

P2 

P22 

1 

R2: 

Vee 

1 

R1: 
> ~ ~ R1 • R1 

• > 

6 

8 

9 

10 

Mode 
Control 

1 Mode 7 as shown Switches 
2 R2 C = Reset time constant 
3 R1 = 10k (typ1cal) 
4. D = 1 N914, 1 N4001 (typ1cal) 
5. D1ode v, should no exceed VMPDD min. 

-'-

D D D 

EF6801U4 
F:F6803U4 

RESET 

P20 (PCQ) 

P21 IPC1l 

P221PC2l 

15156 
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Figure 16 : EF6801 U4/EF6803U4 Memory Maps (sheet 1 of 4). 

Multiplexed Test Mode 

$oo:xJ( 11 
Internal Registers 

External Memory Space 

$0040 

Internal RAM 

External Memory Space 

EF6801U4 
Mode 0 

l...------"' 

$BFFO ~?:Z~?:Z!(. $BFFF j::. External Interrupt Vectors121 
External Memory Space 

Internal ROM 

Notes : Excludes the following addresses which may be 
used externally: $04. $05, $06, $07, and $OF. 
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2. The interrupt vectors are at $BFFO-$BFFF. 
3. There must be no overlapping of Internal and ex­

ternal memory spaces to avoid drivmg the data 
bus With more than one dev1ce. 

4. This mode is the only mode wh1ch may be used 
to examine the ent1re ROM us1ng an external 
RESET vector. 

5. Modes 5-7 can be 1rrevers1bly entered from mode 
0 by wnt1ng to the PCO-PC2 bits of the port 2 
data reg1ster. 
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Figure 16 : EF6801 U4/EF6803U4 Memory Maps (sheet 2 of 4). 

EF6801U4 
Mode 1 

Multiplexed/RAM & ROM 

Internal Registers 

External Memory Space 

Internal RAM 

External Memory Space 
' 

Internal ROM 
SFFEF 
SFFFO 1'"'"'""-''-<..<..<.<..<.'1( 

External Interrupt Vectors 
SFFFF c_ ___ .Y 

NOTES: 
1) Excludes the following addresses which may 

be used externally: $05 and $07. 
2) Internal ROM addresses SFFFO to $FFFF are 

not usable. 
3) Address hnes AB-A 15 Will not contain ad­

dresses unt1l the data d1rection register for 
port 4 has been written with ''1s'' in the ap­
propriate bits. These address hnes will assert 
"1 s" until made outputs by writing the data 
d1rection register. 

NOTE: 

EF6801U42 
EF6803U4 
Mode 

Internal Registers 

External Memory Space 

I nterna I RAM 

External Memory Space 

External Interrupt Vectors 

1 l Excludes the followtng addresses which may 
be used externally: $04, $05, $06, $07. and 
SOF. 
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Figure 16: EF6801 U4/EF6803U4 Memory Maps (sheet 3 of 4). 
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Multiplexed/RAM 

soooo'' 

NOTES: 

EF6801U4 3 
EF6803U4 
Mode 

External Memory Space 

Internal Reg1stersll, 21 

External Memory Space 

Internal RAMil) 

External Memory Space 

External Interrupt Vectors 

1) Relocating the 1nternal registers and the Inter· 
nal RAM to h1gh memory allows the pro· 
cessor to make use of drrect addressing 

2) Excludes the following addresses wh1ch may 
be used externally· $0004, $0005, $0006, 
$0007, and SDOOF. 

EF6801U4 
Mode 5 

Non-Multrplexed/ Parttal Decode 

soooo'"'U"TT770'77>"77"> ~Internal Regtsters 
$001 F"'~<L<'LLf:LL.CLLl 

'""'~ '"'""'' "" SOOFF / . 
$0100 

External Memory Space 

$01FF 

NOTES· 

I 
Unusable 

Internal ROM 

Internal Interrupt Vectors 

1) Excludes the following addresses wh1ch may 
not be used externally $04, $06, and $OF lno 
IOSl 

21 Address l1nes AO to A7 Will not contain ad· 
dresses unttl the data drrectmn regrster for 
port 4 has been wntten wrth "1s"' 1n the ap­
proprrate brts These address lrnes wrll assert 
"ls" until made outputs by wnt~ng the data 
drrectlon regrster 



Figure 16: EF6801 U4/EF6803U4 Memory Maps (sheet 4 of 4). 

NOTES 

EF6801U4 6 
Mode 

Internal Regzsters 

External Memory Space 

Internal RAM 

External Memory Space 

Internal ROM 

Internal Interrupt Vectors 

11 Excludes the followrng addresses whrch may 
be used externally· $04, $06, SQF 

2) Address lrnes AS-A15 wrll not contain ad­
dresses until the data drrectron regrster for 
port 4 has been wnttcn wrth "ls" 1n the ap­
propnate bJts. These address lrnes wrll assen 
"1 s" untrl made outputs by wntrng the data 
drrectron register. 

SFFFF 

EF6801 U4/EF6803U4 

EF6801U4 
Mode 7 

Internal RAM 

Internal ROM 

Internal Interrupt Vectors 
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Table 4 : Internal Register Area. 

Address 

Register Other Mode 3 
Modes 

Port 1 Data Direction Register*** 0000 DOOO 
Port 2 Data Direction Register*** 0001 D001 
Port 1 Data Register 0002 D002 
Port 2 Data Register 0003 D003 

Port 3 Data Direction Register*** 0004* D004* 
Port 4 Data Direction Register*** 0005** D005** 
Port 3 Data Register 0006* D006* 
Port 4 Data Register 0007** D007** 

Timer Control and Status Register 0008 D008 
Counter (high byte) 0009 D009 
Counter (low byte) OOOA DOOA 
Output Compare Register OOOB DOOB 
(high byte) 

Output Compare Register oooc DOOC 
(low byte) 
Input Capture Register OOOD DOOD 
(high byte) 
Input Capture Register OOOE DOOE 
(low byte) 
Port 3 Control and Status OOOF* DOOF* 
Register 

Rate and Mode Control Register 0010 D010 
Transmit/receive Control and 0011 D011 
Status Register 
Receive Data Register 0012 D012 
Transmit Data Register 0013 D013 

RAM Control Register 0014 D014 
Counter Alternate Address 0015 D015 
(high byte) 
Counter Alternate Address 0016 D016 
(low byte) 
Timer Control Register 1 0017 D017 

Timer Control Register 2 0018 D018 
Timer Status Register 0019 D019 
Output Compare Register 2 001A D01A 
(high byte) 
Output Compare Register 2 0018 D01B 
(low byte) 

Output Compare Register 3 001C D01C 
(high byte) 
Output Compare Register 3 0010 D01D 
(low byte) 
Input Capture Register 2 001E D01E 
(high byte) 
Input Capture Register 2 001F D01F 
(low byte) 

External addresses in modes 0, 1, 2, 3, 5 and 6 cannot be 
accessed 1n mode 5 (no lOS). 
External Addresses 1n Modes 0, 2, and 3. 
1 =Output, 0 = Input. 
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EF6801 U4/EF6803U4 INTERRUPTS 

The EF6801 Family supports two types of interrupt 
requests : maskab~nd non-maskable. A non­
maskable interrupt (NMI) is always recognized and 
acted upon at the completion of the current instruc­
tion. Maskable interrupts are controlled by the con­
dition code register I bit and by individual enable bits. 
The I bit controls all maskable interrupts. Of the 
maskable interrupts, there are two types: IR01 and 
IRQ2. The programmable timer and serial com­
munications interface use an internal I RQ2 interrupt 
line, as shown in the block diagram. External de­
vices and IS3 use IRQ1. An IRQ1 interrupt is ser­
viced before IRQ2 if both are pending. 

NOTE 

After reset, an NMI will not be serviced until the first 
program load of the stack pointer. Any NMI gener­
ated before this load will be remembered by the pro­
cessor and serviced subsequent to the stack pointer 
load. 

AIIIR02 interrupts use hardware prioritized vectors. 
The single SCI interrupt and three timer interrupts 
are serviced in a prioritized order and each is vec­
tored to a separate location. All interrupt vector lo­
cations are shown in table 5. In mode 0, reset and 
interrupt vectors are defined as $BFFO-$BFFF. 

The interrupt flowchart is depicted in figure 17 and 
is common to every interrupt excluding reset. Dur­
ing interrupt servicing, the program counter, index 
register, A accumulator, B accumulator, and condi­
tion code register are pushed to the stack. The I bit 
is set to inhibit maskable interrupts and a vector is 
fetched corresponding to the current highest priority 
interrupt. The vector is transferred to the program 
counter and instruction execution is resumed. Inter­
rupt and RESET timing are illustrated in figures 18 
and 19. 
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Table 5 : MCU Interrupt Vector Locations. 

Mode 0 Modes 1-3,5-7 

MSB LSB MSB LSB 
Interrupt*** 

BFFE BFFF FFFE FFFF RESET 
BFFC BFFD FFFC FFFD Non-maskable Interrupt .. 
BFFA BFFB FFFA FFFB Software Interrupt 
BFF8 BFF9 FFF8 FFF9 Maskable Interrupt Request 1 
BFF6 BFF7 FFF6 FFF7 Input Capture Flag• 
BFF4 BFF5 FFF4 FFF5 Output Compare Flag• 
BFF2 BFF3 FFF2 FFF3 T1mer Overflow Flag• 
BFFO BFF1 FFFO FFF1 Serial Communications Interface• 

IRQ2 interrupt _ 
NMI must be armed (by access1ng stack pointer) before an NMI1s execuled. 
Mode 4 Interrupt vectors are undefined. 
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FUNCTIONAL PIN DESCRIPTIONS 

Vee AND Vss 

Vee and Vss provide power to a large portion of the 
MCU. The power supply should provide+ 5 volts 
( ± 5%) to Vee and Vss should be tied to ground. 
Total power dissipation (including Vee standby) will 
not exceed Po milliwatts. 

Vee STANDBY 

Vee standby provides power to the standby portion 
($40 through $5F in all modes except mode 3 which 
is $D040 through $D05F) of the RAM and the STBY 
PWR and RAME bits of the RAM control register. 
Voltage requirements depend on whether the de­
vice is in a power-up or power-down state. In the 
power-up state, the power supply should provide 
+ 5 volts ( ± 5%) and must reach Vss volts before 
RESET reaches 4.0 volts. During power down, Vee 
standby must remain above Vsss (minimum) to sus­
tain the standby RAM and STBY PWR bit. While in 
power-down operation, the standby current will not 
exceed lsss. 

It is typical to power both Vee and Vee standby from 
the same source during normal operation. A diode 
must be used between them to prevent supplying 
power to Vee during power-down operation. 

XTAL1 AND EXTAL2 

These two input pins interface either a crystal or 
TTL-compatible clock to the MCU internal clock 
generator. Divide-by-four circuitry is included which 
allows use of the inexpensive 3.58MHz or 
4.4336MHz color burst TV crystals. A 20pF capaci­
tor should be tied from each crystal pin to ground to 
ensure reliable startup and operation. Alternatively, 
EXTAL2 may be driven by an external TTL-com­
patible clock at 4 fo with a duty cycle of 50% ( ± 5%) 
with XTAL 1 connected ground. 

The internal oscillator is designed to interface with 
an AT-cut quartz crystal resonator operated in par­
allel resonance mode in the frequency range speci­
fied for fxTAL. The crystal should be mounted as 
close as possible to the input pins to minimize out­
put distortion and startup stabilization time. The 
MCU is compatible with most commercially avail­
able crystals. Nominal crystal parameters are 
shown in figure 20. · 

RESET 

This input is used to reset the internal state of the 
device and provide an orderly startup procedure. 
During power up, RESET must be held below 
0.8 volt : (1) at least IRe after Vee reaches 4. 75 volts 
in order to provide sufficient time for the clock gen-
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erator to stabilize. and (2) until Vee standby reaches 
4.75 volts. RESET must be held low at least three 
E cycles if asserted during power-up operation. 

E (ENABLE) 

This is an output clock used primarily for bus syn­
chronization. It is TTL compatible and is the slightly 
skewed divide-by-four result of the device input 
clock frequency. It will drive one Schottky TTL load 
and 90pF, and all data given in cycles is referenced 
to this clock unless otherwise noted. 

NMI (NON-MASKABLE INTERRUPT) 

An NMI negative edge requests an MCU interrupt 
sequence, but the current instruction will be com­
pleted before it responds to the request. The MCU 
will then begin an interrupt sequence. Finally, avec­
tor is fetched from $FFFC and $FFFD ($BFFC and 
$BFFD in mode 0), transferred to the program 
counter, and instruction execution is resumed. NMI 
typically requires a 3.3kn (nominal) resistor to Vee. 
There is no internal NMI pullup resistor. NMI must 
be held low for at least one E cycle to be recognized 
under all conditions. 

NOTE 

After reset, an NMI will not be serviced until the first 
program load of the stack pointer. Any NMI gener­
ated before this load will remain pending by the pro­
cessor. 

IRQ1 (MASKABLE INTERRUPT REQUEST 1) 

IRQ1 is a level-sensitive input which can be used to 
request an interrupt sequence. The MPU will com­
plete the current instruction before it responds to the 
request. If the interrupt mask bit (I bit) in the condi­
tion code register is clear, the MCU will begin an in­
terrupt sequence. A vector is fetched from $FFF8 
and $FFF9 ($BFF8 and $BFF9 in mode 0), trans­
ferred to the program counter, and instruction ex­
ecution is resumed. 

IRQ1 typically requires an external3.3kn (nominal) 
resistor to Vee for wire-OR applications. IRQ1 has 
no internal pullup resistor. 

SC1 AND SC2 (STROBE CONTROL 1 AND 2) 

The function of SC1 and SC2 depends on the oper­
ating mode. SC1 is configured as an output in all 
modes except single-chip mode, whereas SC2 is al­
ways an output. SC1 and SC2 can drive one Schott­
ky load and 90pF. 

SC1 AND SC21N SINGLE-CHIP MODE- In single­
chip mode, SC1 and SC2 are configured as an input 
and output, respectively, and both function as 
port 3 control lines. SC1 functions as IS3 and can 



be used to indicate that port 3 input data is ready or 
output data has been accepted. Three options as­
sociated with IS3 are controlled by the port 3 control 
and status register and are discussed in the port 3 
description ; refer to P30-P37 (PORT 3). If unused, 
183 can remain unconnected. 

SC2 is configured as OS3 and can be used to strobe 
output data or acknowledge inout data. It is control­
led by output strobe select lOSS) in the port 3 con­
:rol and status register. The strobe is generated by 
a read (OSS = 0) or write (OSS = 1) to the port 3 data 
register. OS3 timing is shown in figure 3. 

SC1 AND SC2 IN EXPANDED NON-MULTI­
PLEXED MODE- In the expanded non-multiplexed 
mode, both SC1 and SC2 are configured as outputs. 

EF6801 U4/EF6803U4 

SC1 functions as input/output select (lOS) and is as­
serted only when $0100 through $01 FF is sensed 
on the internal address bus. 

SC2 is configured as read/write and is used to con­
trol the direction of data bus transfers. An MPU read 
is enabled when read/write and E are high. 

SC1 AND SC2 IN EXPANDED MULTIPLEXED 
MODE - In the expanded multiplexed modes, both 
SC1 and SC2 are configured as outputs. SC1 func­
tions as address strobe and can be used to demulti­
plex the eight least significant addresses and the 
data bus. A latch controlled by address strobe cap­
tures the lower address on the negative edge, as 
shown in figure 13. 

Figure 20 : EF6801 U4/EF6803U4 Family Oscillator Characteristics. 
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SC2 is configured as read/write and is used to con­
trol the direction of data bus transfers. An MPU read 
is enabled when read/write and E are high. 

P1 O-P17 (PORT 1) 

Port 1 is a mode independent 8-bit 1/0 and timer 
port. Each line can be configured as either an input 
or output as defined by the port 1 data direction reg­
ister. Port 1 bits 0, 1, and 2 (P1 0, P11, and P12) can 
also be used to exercise one input edge function 
and two output compare functions of the timer. The 
TTL compatible three-state buffers can drive one 
Schottky TTL load and 30pF, Darlington transistors, 
or CMOS devices using external puiiUR resistors. It 
is configured as a data input port during RESET. Un-

. used pins can remain unconnected. 

P20-P24 (PORT 2) 

Port 2 is a mode-independent. 5-bit, multipurpose 
1/0 port. The voltage levels present on P20, P21, 
and P22 on the rising edge of RESET determine the 
operating mode of the MCU. The entire port is then 
configured as a data input port. The port 2 lines can 
be selectively configured as data output lines by set­
ting the appropriate bits in the port 2 data direction 
register. The port 2 data register is used to move 
data through the port. However, if P21 is configured 
as an output, it is tied to the timer output compare 1 
function and cannot be used to provide output from 
the port2 data register unless output enable 1 (OE1) 
is cleared in timer control register 1. 

Port 2 can also be used to provide an interface for 
the serial communications interface and the timer 
input edge function. These configurations are de­
scribed in SERIAL COMMUNICATIONS INTER­
FACE and PROGRAMMABLE TIMER. 

The port 2 three-state TTL-compatible output buf­
fers are capable of driving one Schottky TTL load 
and 30pF, or CMOS devices using external pullup 
resistors. 

PORT 2 DATA REGISTER 

7 6 54 3 210 

I PC2 I PC1 I PCO I P24 I P23 I P22 I P21 I P20 I $03 

P30-P37 (PORT 3) 

Port 3 can be configured as an 1/0 port, a bidirec­
tional 8-bit data bus, or a multiplexed address/data 
bus depending on the operating mode. The TTL 
compatible three-state output buffers can drive one 
Schottky TTL load and 90pF. Unused lines can re­
main unconnected. 

PORT 3 IN SINGLE-CHIP MODE - Port 3 is an 8-
bit 1/0 port in the single-chip mode with each line 
configured by the port 3 data direction register. 
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There are also two lines, IS3 and OS3, which can 
be used to control port 3 data transfers. Three 
port 3 options are controlled by the port 3 control 
and status register and are available only in single­
chip mode : 1) port 3 input data can be latched using 
IS3 as a control signal, 2) OS3 can be generated by 
either an MPU read or write to the port 3 data reg­
ister, and 3) an IRQ1 interrupt can be enabled by an 
IS3 negative edge. Port 3 latch timing is shown in 
figure 4. 

PORT 3 CONTROL AND STATUS REGIS­
TER 

7 

Bits 0-2 

Bit 3 

Bit4 

Bit 5 

Bit 6 

Bit 7 

6 5 4 3 2 0 

$OF 

Not Used. 

Latch Enable - This bit controls the input 
latch for port 3. If set. input data is latched 
by an 183 negative edge. The latch is 
transparent after a read of the port 3 data 
register. Latch enable is cleared during 
reset. 

OSS (Output Strobe Select) - This bit 
determines whether 083 will be gener­
ated by a read or write of the port 3 data 
register. When clear, the strobe is gener­
ated by a read ; when set, it is generated 
by a write. OSS is cleared during reset. 

Not used. 

IS31RQ1 Enable- When set, an IRQ1 in­
terrupt will be enabled whenever the 183 
flag is set ; when clear, the interrupt is in­
hibited. This bit is cleared during reset. 

IS3 Flag -This read-only status bit is set 
by an 183 negative edge. It is cleared by 
a read of the port 3 data register or during 
reset. 

PORT 3 IN EXPANDED NON-MULTIPLEXED 
MODE - Port 3 is configured as a bidirectional data 
bus (D7-DO) in the expanded non-multiplexed 
mode. The direction of data transfers is controlled 
by read/write (SC2). Data is clocked byE (enable). 

PORT 3 IN EXPANDED MULTIPLEXED MODE -
Port 3 is configured as a time multiplexed address 
(A7-AO) and data bus (D7-DO) in the expanded 
multiplexed mod~ where address strobe (AS) can 
be used to demultiplex the two buses. Port 3 is held 
in a high-impedance state between valid address 
and data to prevent bus conflicts. 



P40-P47 (PORT 4) 

Port 4 is configured as an 8-bit 1/0 port, as address 
outputs, or as data inputs depending on the opera­
ting mode. Port 4 can drive one Schottky TTL load 
and 90pF, and is the only port with external pullup 
resistors. Unused lines can remain unconnected. 

PORT 4 IN SINGLE-CHIP MODE - In single-chip 
mode, port 4 functions as an S-bit 1/0 port with each 
line configured by the port 4 data direction register. 
Internal pullup resistors allow the port to directly in­
terface with CMOS at 5-volts levels. External pullup 
resistors to more than 5 volts, however, cannot be 
used. 

PORT 4 IN EXPANDED NON-MULTIPLEXED 
MODE- Port 4 is configured from reset as an S-bit 
input port where the port 4 data direction register 
can be written to provide any or all of eight address 
lines AO to A?. Internal pullup resistors pull the lines 
high until the port 4 data direction register is con­
figured. 

PORT 4 IN EXPANDED MULTIPLEXED MODE -
In all expanded multiplexed modes except modes 1 
and 6, port 4 functions as half of the address bus 
and provides AS to A 15. In modes 1 and 6, the port 
is configured from reset as an S-bit parallel input port 
where the port 4 data direction register can be writ­
ten to provide any or all of upper address lines AS 
to A 15. Internal pull up resistors pull the lines high 
until the port 4 data direction register is configured 
where bit 0 controls AS. 

RESIDENT MEMORY 

The EF6S01 U4 provides 4096 bytes of on-chip 
ROM and 192 bytes of on-chip RAM. 

Thirty-two bytes of the RAM are powered through 
the Vee standby pin and are maintainable during 
Vee power down. This standby portion of the RAM 
consists of 32 bytes located from $40 through $5F 
in all modes except mode 3 which is $0040 through 
$D05F. 

Power must be supplied to Vee standby if the inter­
nal RAM is to be used regardless of whether stand­
by power operation is anticipated. 

The RAM is controlled by the RAM control register. 

RAM CONTROL REGISTER ($14) 

The RAM control register includes two bits which 
can be used to control RAM accesses and deter­
mine the adequacy of the standby power source 
during power-down operation. It is intended that 
RAME be cleared and STBY PWR be set as part of 
a power-down procedure. 

EF6801 U4/EF6803U4 

RAM CONTROL REGISTER 

7 6 5 4 3 2 0 

~~~;I RAM I X I X I X I X I X I X I $14 

Bits 0-5 Not Used. 

Bit 6 RAM Enable - This read/write bit can be 
used to remove the entire RAM from the 
internal memory map. RAME is set (en­
abled) during reset provided standby 
power is available on the positive edge of 
RESET. If RAME is clear, any access to 
a RAM address is external. If RAME is set, 
the RAM is included in the in~ernal map. 

Bit 7 Standby Power - This bit is a read/write 
status bit which when cleared indicates 
that Vee standby has decreased suffi­
ciently below Vsss (minimum) to make 
data in the standby RAM suspect. It can 
be set only by software and is not affected 
during reset. 

PROGRAMMABLE TIMER 

The programmable timer can be used to perform 
measurements on two separate input waveforms 
while independently generating three output wave­
forms. Pulse widths can vary from several microsec­
onds to many seconds. A block diagram of the timer 
is shown in figure 21. 

COUNTER ($09:0A), ($15, $16) 

The key timer element is a 16-bit free-running 
counter which is incremented by E (enable). It is 
cleared during reset and is read-only with one ex­
ception : in mode 0 a write to the counter ($09) will 
configure it to $FFFS. This feature, intended for test­
ing, can disturb serial operations because the 
counter provides the SCI internal bit rate clock. The 
TOF is set whenever the counter contains all ones. 
If ETOI is set, an interrupt will occur when the TOF 
is set. The counter may also be read as $15 and $16 
to avoid inadvertently clearing the TOF. 

OUTPUT COMPARE REGISTERS ($0B:OC), 
($1A:1B), ($1C:1D) 

The three output compare registers are 16-bit 
read/write registers, each used to control an output 
waveform or provide an arbitrary time-out flag. They 
are compared with the free-running counter during 
the negative half of each E cycle. When a match oc­
curs, the corresponding output compare flag (OCF) 
is set and the corresponding output level (OL VL) is 
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clocked to an output level register. If both the corre­
sponding output enable bit and data direction regis­
ter bit are set, the value represented in the output 
level register will appear on the corresponding port 
pin. The appropriate OLVL bit can then be changed 
for the next compare. 

The function is inhibited for one cycle after a write 
to its high byte ($08, $1 A, or $1 A, or $1 C) to ensure 
a valid compare after a double byte write. Writes can 
be made to either byte of the output compare regis­
ter without affecting the other byte. The OL VL value 
will be clocked out independently of whether the 
OCF has previously been cleared. The output com­
pare registers are set to $FFFF during reset. 

INPUT CAPTURE REGISTERS ($0D:OE), ($1 E:1 F) 

The two input capture registers are 16-bit read-only 
registers used to store the free-running counter 
when a "proper" input transition occurs as defined 
by the corresponding input edge bit (IEDG1 or 
IEDG2). The input pin's data direction register 
should be configured as an input, but the edge de­
tect circuit always senses P1 0 and P20 even when 
configured as an output. The counter value will be 
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latched into the input capture registers on the sec­
ond negative edge of the E clock following the tran­
sition. 

An input capture can occur independently of ICF ; 
the register always contains the most current value. 
Counter transfer is inhibited, however, between ac­
cessed of a double byte MPU read. The input pulse 
width must be at least two E cycles to ensure an 
input capture under all conditions. 

TIMER CONTROL AND STATUS REGISTERS 

Four registers are used to provide the 
EF6801 U4/EF6803U4 with control and status infor­
mation about the three output compare functions, 
the timer overflow function, and the two input edge 
functions of the timer. They are : 

Timer Control and Status Register (TCSR) 

Timer Control Register 1 (TCR1) 

Timer Control Register 2 (TCR2) 

Timer Status Register (TSR) 
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TIMER CONTROL AND STATUS REGISTER 
(TCSR) ($08) - The timer control and status regis­
ter is an 8-bit register of which all bits are readable, 
while only bits 0-4 can be written. All the bits in this 
register are also accessible through the two timer 
control registers and the timer status register. The 
three most significant bits provide the timer status 
and indicate if : 

1 . a proper level transition has been detected at 
P20, 

2. a match has occurred between the free-run-
ning counter and output compare register 1 , or 

3. the free-running counter has overflowed. 

Each of the three events can generate an IRQ2 in­
terrupt and is controlled by an individual enable bit 
intheTCSR. 

TIMER CONTROL AND STATUS 
REGISTER 

7 6 5 4 3 2 1 0 

IICF1 IOCF11 TOF I EICI11EOCI11 ETOIIIEDG110LVL11 $06 

Bit 0 Output Level1 - OL VL 1 is clocked to out­
put level register 1 by a successful output 
compare and will appear at P21 if bit 1 of 
the port 2 data direction register is set and 
the OE1 control bit in timer control regis­
ter 1 is set. OL VL 1 and output level regis­
ter 1 are cleared during reset. Refer to 
TIMER CONTROL REGISTER 1 (TCR1) 
($17). 

Bit 1 

Bit2 

Bit 3 

Bit4 
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Input Edge 1 - IEDG1 is cleared during 
reset and controls which level transition 
on P20 will trigger a counter transfer to 
input capture register 1 : 
IEDG1 = 0 transfer on a negative-edge 
IEDG1 = 1 transfer on a positive-edge 
Refer to TIMER CONTROL REGISTER 1 
(TCR1) ($17). , 

Enable Timer Overflow Interrupt 
When set, an IRQ2 interrupt will be gener-
ated when the timer overflow flag is set ; 
when clear, the interrupt is inhibited. ETOI 
is cleared during reset. Refer to TIMER 
CONTROL REGISTER 2 (TCR2) ($18). 

Enable Out(:!ut Compare Interrupt 1 -
When set. an IRQ2 interrupt will be gener­
ated when output compare flag 1 is set ; 
when clear, the interrupt is inhibited. 
EOCI1 is cleared during reset. Refer to 
TIMER CONTROL REGISTER 2 (TCR2) 
($18). 

Enable Input Capture Interrupt 1 -
When set. an IRQ2 interrupt will be gener-

Bit5 

Bit 6 

ated when input capture flag 1 is set ; 
when clear, the interrupt is inhibited. EICI1 
is cleared during reset. Refer to TIMER 
CONTROL REGISTER 2 (TCR2) ($18). 

Timer Overflow Flag - The TOF is set 
when the counter contains all ones 
($FFFF). It is cleared by reading the 
TCSR or the TSR (with TOF set) and the 
counter high byte ($09), or during reset. 
Refer to TIMER STATUS REGISTER 
(TSR) ($19). 

Output Compare Flag 1 - OCF1 is set 
when output compare register 1 matches 
the free-running counter. OCF1 is cleared 
by reading the TCSR or the TSR (with 
OCF1 set) and then writing to output com­
pare register 1 ($0B or $DC), or during 
reset. Refer to TIMER STATUS REGis­
TER (TSR) ($19). 

Bit 7 Input Capture Flag - ICF1 is set to indi­
cate that a proper level transition has oc­
curred ; it is cleared by reading the TCSR 
or the TSR (with ICF1 set) and the input 
capture register 1 high byte ($00), or dur­
ing reset. Refer to TIMER STATUS REG­
ISTER (TSR) ($19). 

TIMER CONTROL REGISTER 1 (TCR1) ($17) -
Timer control register 1 is an 8-bit read/write regis­
ter which contains the control bits for interfacing the 
output compare and input capture registers to the 
corresponding 110 pins. 

TIMER CONTROL REGISTER 1 

7 6 5 4 3 2 0 

I OE31 OE21 OE1 IIEDG211EDG110LVL310LVL210LVL11 $17 

Bit 0 Output Level1 - OLVL 1 is clocked to out­
put level register 1 by a successful output 
compare and will appear at P21 if bit 1 of 
the port 2 data direction register is set and 
the OE1 control bit is set. OLVL 1 and out­
put level register 1 are cleared during 
reset. Refer to TIMER CONTROL AND 
STATUS REGISTER (TCSR) ($08). 

Bit 1 Output Level2- OLVL2 is clocked to out­
put level register 2 by a successful output 
compare and will appear at P11 if bit 1 of 
port 1 data direction register is set and the 
OE2 control bit is set. OLVL2 and output 
level register 2 are cleared during reset. 

Bit 2 Output Level3- OLVL3 is clocked to out­
put level register 3 by a successful output 
compare and will appear at P12 if bit 2 of 
port 1 data direction register is set and the 



Bit 3 

Bit 4 

Bit 5 

Bit 6 

OE3 control bit is set. OL VL3 and output 
level register 3 are cleared during reset. 

Input Edge 1 - IEDG1 is cleared during 
reset and controls which level transition 
on P20 will trigger a counter transfer to 
input capture register 1. 
IEDG1 = 0 transfer on a negative-edge 
IEDG1 = 1 transfer on a positive-edge 
Refer to TIMER CONTROL AND 
STATUS REGISTER (TCSR) ($08). 

Input Edge 2 - IEDG2 is cleared during 
reset and controls which level transition 
on P20 will trigger a counter transfer to 
input capture register 2. 
IEDG2 = 0 transfer on a negative-edge 
IEDG2 = 1 transfer on a positive-edge 

Output Enable 1 - OE1 is set during reset 
and enables the contents of output level 
register 1 to be connected to P21 when 
bit 1 of port 2 data direction register is set. 
OE1 = 0 port 2 bit 1 data register output 
OE1 = 1 output level register 1 

Output Enable 2- OE2 is cleared during 
reset and enables the contents of output 
level register 2 to be connected to P11 
when bit 1 of port 1 data direction register 
is set. 
OE2 = 0 port 1 bit 1 data register output 
OE2 = 1 output level register 2 

Bit 7 Output Enable 3 - OE3 is cleared during 
reset and enables the contents of output 
level register 3 to be connected to P12 
when bit 2 of port 1 data direction register 
is set 
OE3 = 0 port 1 bit 2 data register output 
OE3 = 1 output level register 3 

TIMER CONTROL REGISTER 2 (TCR2) ($18) -
Timer control register 2 is an 8-bit read/write regis­
ter (except bits 0 and 1) which enable the interrupts 
associated with the free-running counter, the output 
compare registers, and the input capture registers. 
In test mode 0, two more bits (clock and test) are 
available for checking the timer. 

TIMER CONTROL REGISTER 2 
{non-test modes) 

7 6 54 3 210 

IEICI21EIC111EOCI31EOCI21EOCI11ETOII 1 I 1 I $18 

Bits 0-1 Read-only Bits -When read, these bits 
return a value of 1. Refer to TIMER CON­
TROL REGISTER 2 (test mode). 

· Bit 2 Enable Timer Overflow Interrupt -
When set. an IR02 interrupt will be gener-

Bit 3 

Bit 4 

Bit 5 

Bit 6 
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ated when the timer overflow flag is set ; 
when clear, the interrupt is inhibited. ETOI 
is cleared during reset. Refer to TIMER 
CONTROL AND STATUS REGISTER 
(TCSR) ($08). 

Enable Output Compare Interrupt 1 -
When set, an IRQ2 interrupt will be gener­
ated when the output compare flag 1 is 
set ; when clear, the interrupt is inhibited. 
EOCI1 is cleared during reset. Refer to 
TIMER CONTROL AND STATUS REG­
ISTER (TCSR) ($08). 

Enable OutP.Ut Compare Interrupt 2 -
When set, an IRQ2 interrupt will be gener­
ated when the output compare flag 2 is 
set; when clear, the interrupt is inhibited. 
EOCI2 is cleared during reset. 

Enable OutP.Ut Compare Interrupt 3 -
When set, an IRQ2 interrupt will be gener­
ated when the output compare flag 3 is 
set ; when clear, the interrupt is inhibited. 
EOCI3 is cleared during reset. 

Enable Input Capture Interrupt 1 
When set, an IRQ2 interrupt will be gener­
ated when the input capture flag 1 is set ; 
when clear, the interrupt is inhibited. EICI1 
is cleared during reset. Refer to TIMER 
CONTROL AND STATUS REGISTER 
(TCSR) ($08). 

Bit 7 Enable Input Capture Interrupt 2 -
When set, an IRQ2 interrupt will be gener­
ated when the input capture flag 2 is set ; 
when clear, the interrupt is inhibited. EICI2 
is cleared during reset. 

The timertest bits (test and clock) allow the free-run­
ning counter to be tested as two separate 8-bit 
counters to speed testing. 

TIMER CONTROL REGISTER 2 
(test mode) 

7 6 54 3 2 0 

I EICI21 EICI1 I EOCI31 EOCI21 EOCI11 ETOI I TEST ICLOCKI $18 

Bit 0 CLOCK - The CLOCK control bit selects 
which half of the 16-bit free-running 
counter (MSB or LSB) should be clocked 
with E. The CLOCK bit is a read/write bit 
only in mode 0 and is set during reset. 
CLOCK = 0 - Only the eight most signifi­
cant bits of the three-running counter run 
with TEST= 0. 
CLOCK = 1 - Only the eight least signifi­
cant bits of the free-running counter run 
when TEST = 0. 
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Bit 1 TEST - the TEST control bit enables the 
timer test mode. TEST is a read/write bit 
in mode 0 and is set during reset. 
TEST = 0 - Timer test mode enabled : 
a) The timer LSB latch is transparent 
which allows the LSB to be read inde­
pendently of the MSB. 
b) Either the MSB or the LSB of the timer 
is clocked by E, as defined by the CLOCK 
bit. 
TEST= 1 -Timer test mode disabled. 

Bits 2-7 See TIMER CONTROL REGISTER 2 
(non-test modes). (these bits function the 
same as in the non-test modes). 

TIMER STATUS REGISTER (TSR) ($19) - The 
timer status register is an 8-bit read-only register 
which contains the flags associated with the free­
running counter, the output compare registers, and 
the input capture registers. 

TIMER STATUS REGISTER 

7 6 54 3 2 0 

IICF211CF1 I OCF31 OCF21 OCF11 TOF I 1 I 1 I $19 

Bits 0-1 Not used. 

Bit2 

Bit3 

Bit4 

Bit5 
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Timer Overflow Flag - The TOF is set 
when the counter contains all ones 
($FFFF). It is cleared by reading the TSR 
or the TCSR (with TOF set) and then the 
counter high byte ($09), or during reset. 
Refer to TIMER CONTROL AND 
STATUS REGISTER (TCSR) ($08). 

Output Compare Flag 1 - OCF1 is set 
when output compare register 1 matches 
the free-running counter. OCF1 is cleared 
by reading the TSR or the TCSR (with 
OCF1 set) and then writing to output com­
pare register 1 ($DB or $0C), or during 
reset. Refer to TIMER CONTROL AND 
STATUS REGISTER (TCSR) ($08). 

Output Compare Flag 2 - OCF2 is set 
when output compare register 2 matches 
the free-running counter. OCF2 is cleared 
by reading the TSR (with OCF2 set) and 
then writing to output compare register 2 
($1 A or $1 B), or during reset, 

Output Compare Flag 3 - OCF3 is set 
when output compare register 3 matches 
the free-running counter. OCF3 is cleared 
by reading the TSR (with OCF3 set) and 
then writing to output compare register 3 
($1 C or $1 D), or during reset. 

Bit 6 Input Capture Flag 1 - ICF1 is set to in­
dicate that a proper level transition has oc­
curred ; it is cleared by reading the TSR 
or the TCSR (with ICF1 set) and the input 
capture register 1 high byte ($00), or dur­
ing reset. Refer to TIMER CONTROL 
AND STATUS REGISTER (TCSR) ($08). 

Bit 7 Input Capture Flag 2 - ICF2 is set to in­
dicate that a proper level transition has oc­
curred ; it is cleared by reading the TSR 
(with ICF2 set) and the input capture reg­
ister 2 high byte ($1 E), or during reset. 

SERIAL COMMUNICATIONS INTERFACE 

A full-duplex asynchronous serial communications 
interface (SCI) is provided with two data formats and 
a variety of rates. The SCI transmitter and receiver 
are functionally independent but use the same data 
format and bit rate. Serial data formats include 
standard mark/space (NRZ) and biphase and both 
provide one start bit, eight data bits, and one stop 
bit. "Baud" and "bit rate" are used synonymously in 
the following description. 

WAKE-UP FEATURE 

In a typical serial loop multiprocessor configuration, 
the software protocol will usually identify the ad­
dresse(s) at the beginning of the message. In order 
to permit uninterested MPUs to ignore the remain­
der of the message, wake-up feature is included 
whereby all further SCI receiver flag (and interrupt) 
processing can be inhibited until its data line goes 
idle. An SCI receiver is re-enabled by an idle string 
of ten consecutive ones or during reset. Software 
must provide for the required idle string between 
consecutive messages and prevent it within mess­
ages. 

PROGRAMMABLE OPTIONS 

The following features of the SCI are programma­
ble: 
• Format: standard mark/space (NRZ) or bi-phase 
• Clock : external or internal bit rate clock 
• Baud : one of eight per E clock frequency or ex­

ternal clock (x 8 desired baud) 
• Wake-up Feature : enabled or disabled 
• Interrupt Requests : enabled individually for 

transmitter and receiver 
• Clock Output : Internal bit rate clock enabled or 

disabled to P22 



SERIAL COMMUNICATIONS REGISTERS 

The serial communications interface includes four 
addressable registers as depicted in figure 22. It is 
controlled bythe rate and mode control register and 
the transmit/receive control and status register. 

Figure 22 : SCI Registers. 
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Data is transmitted and received utilizing a write­
only transmit register and a read-only receive regis­
ter. The shift registers are not· accessible to 
software. 

Bit 7 Rate and Mode Control Reg1ster Bit 0 

I EBE I cc1 I ceo I ss1 I sso I s10 

Transm1t/Recmve Control and Status Register 

I ADRF loR FE foRE] AlE] RE I TIE J TE I wu j s11 

Port 2 

10 

12 

RATE AND MODE CONTROL REGISTER (RMCR) 
($10) 

The rate and mode control register controls the SCI 
bit rate, format, clock source, and under certain con­
ditions, the configuration of P22. The register con­
sists of five write-only bits in conjunction with bit 7 
control the bit rate of the internal clock and the re­
maining two bits control the format and clock source. 

RATE AND MODE CONTROL REGISTER 

7 6 54 3 2 0 

I EBE I x I x I x I cc1 I ceo 1 ss1 I sso I $10 

!Not Addressable) 

Aece1ve Sh1ft Reg1ster 

!Not Addressable) 

Transmit Shift Register 

T ransmlt Data Reg1ster 

Bit 1 : 
Bit 0 

Bit 3: 
Bit 2 

SS1 : SSO Speed Select- These two bits 
select the baud when using the internal 
clock. Eight rates may be selected (in con­
junction with bit 7) which are a function of 
the MCU input frequency. Table 6 lists bit 
time and rates for three selected MCU fre­
quencies. 

CC1 : CCO Clock Control and Format 
Select- These two bits control the format 
and select the serial clock source. If CC1 
is set, the DDR value for P22 is forced to 
the complement of ceo and cannot be al­
tered until CC1 is cleared. If CC1 is 
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Bits 4-6 

Bit? 

cleared after having been set, its DDR 
value is unchanged. Table 7 defines the 
formats, clock source, and use of P22. . 

Not used. 

EBE Enhanced Baud Enable - EBE se­
lects the standard EF6801 baud rates 
when clear and the additional baud rates 
when set (table 6). This bit is cleared by 
reset and is a write-only control bit. 
EBE = 0 standard EF6801 baud rates . 
EBE = 1 additional baud rates 

Table 6 : SCI Bit Times and Rates. 

4 fo --> 2.4576MHz 

EBE SS1:SSO 614.4kHz 
E 

Baud Time 

0 0 0 +16 38400.0 26J.lS 

0 0 1 ~ 128 4800.0 208.3J.lS 

0 1 0 ~ 1024 600.0 1.67ms 

0 1 1 + 4096 150.0 6.67ms 

1 0 0 + 64 9600.0 104.2!15 

1 0 1 + 256 2400.0 416.6J.lS 

1 1 0 ~ 512 1200.0 833.3J.lS 

1 1 1 + 2048 300.0 3.33ms 

External (P22)' 76800.0 13.0J.lS 

• Using maximum clock rate 

Table 7 : SCI Format and Clock Source Control. 

CC1 :CCO Format 
Clock Port 2 

Source Bit 2 

00 Bi-phase Internal Not used 
01 NRZ Internal Not used 
10 NRZ Internal Output 
11 NRZ External Input 

TRANSMIT/RECEIVE CONTROL AND STATUS 
REGISTER (TRCSR) ($11) -The transmit/receive 
control and status register controls the transmitter, 
receiver, wake-up feature, and two individual inter­
rupts, and monitors the status of serial operations. 
All eight bits are readable while bits 0 to 4 are also 
writable. The register is initialized to $20 by RESET. 

TRANSMIT/RECEIVE CONTROL AND 
STATUS REGISTER 

7 6 54 3 2 0 

jRDRFjORFEITDREI RIE I RE I TIE I TE I wu I $11 
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If both CC1 and CCO are set, an external TTL-com­
patible clock must be connected to P22 at eight 
times (8 x) the desired bit rate, but not greater than 
E, with a duty cycle of 50% ( ± 1 0%). If CC1 : CCO 
= 10, the internal bit rate clock is provided at P22 re­
gardless of the values forTE or RE. 

NOTE 

The source of SCI internal bit rate clock is the timer 
free-running counter. An MPU write to the counter 
in mode 0 can disturb serial operations. 

4.0MHz 4.9152MHz 

1.0MHz 1.2288MHz 

Baud Time Baud Time 

62500.0 16.0J.lS 76800.0 13.0J.lS 

7812.5 128.0J.lS 9600.0 104.2J.lS 

976.6 1.024ms 1200.0 833.3J.lS 

244.1 4.096ms 300.0 3.33ms 

15625.0 . 64J.lS 19200.0 52.0J.lS 

3906.3 256J.lS 4800.0 208.3J.lS 

1953.1 512J.lS 2400.0 416.6J.lS 

488.3 2.05ms 600.0 1.67ms 

125000.0 8.0J.lS 153600.0 6.5J.lS 

Bit 0 

Bit 1 

Bit 2 

Bit3 

"Wake-Up" on Idle Line- When set, WU 
enables the wake-up function; it is cleared 
by ten consecutive ones or during reset. 
WU will not be set if the line is idle. Refer 
to WAKE-UP FEATURE. 

Transmit Enable - When set, P24 DDR 
bit is set, cannot be changed, and will re­
main set if TE is subsequently cleared. 
When TE is changed from clear to set, the 
transmitter is connected to P24 and a pre­
amble of nine consecutive ones is trans­
mitted. TE is cleared during reset. 

Transmit Interrupt Enable - When set, 
an IRQ2 is set; when clear, the interrupt 
is inhibited. TE is cleared during reset. 

Receive Enable - When set, the P23 
DDR bit is cleared, cannot be changed, 
and will remain clear if RE is subsequently 
cleared. While RE is set, the SCI receiver 
is enabled. RE is cleared during reset. 



Bit 4 

Bit 5 

Bit 6 

Receiver Interrupt Enable - When set, 
an IRQ2 interrupt is enabled when RDRF 
and/or ORFE is set; when clear, the inter­
rut is inhibited. RIE is cleared during reset. 

Transmit Data Register Empty - TORE 
is set when the transmit data register is 
transferred to the output serial shift regis­
ter or during reset. It is cleared by reading 
the RCSR (with TORE set) and then writ­
ing to the transmit data register. Additional 
data will be transmitted only if TORE has 
been cleared. 

Overrun Framing Error- If set, ORFE in­
dicates either an overrun or framing error. 
An overrun is a new byte ready to trans­
fer to the receiver data register with RDRF 
still set. A receiver framing error has oc­
curred when the byte boundaries of the bit 
stream are not synchronized to the bit 
counter. An overrun can be distinguished 
from a framing error by the state of RDR­
F: if RDRF is set, then an overrun has oc­
curred ; otherwise, a framing error has 
been detected. Data is not transferred to 
the receive data register in an overrun 
condition. Unframed data causing a fram­
ing error is transferred to the receive data 
register. However, subsequent data 
transfer is blocked until the framing error 
flag is cleared. ORFE is cleared by read-

Figure 23 : SCI Data Formats. 

Output 
Clock 

NRZ 
Format 

81-Phase 
format 

I' I 

Bot 
Idle Stdrt 0 

Dala 01001101 ($40) 
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ing the TRCSR (with ORFE set) then the 
receive data register, or during reset. 

Bit 7 Receive Data Register Full- RDRF is set 
when the input serial shift register to the 
receive data registers, or during reset. 

SERIAL OPERATIONS 

The SCI is initialized by writing control bytes first to 
the rate and mode control register and then to the 
transmit/receive control and status register. When 
TE is set. the output of the transmit serial shift reg­
ister is connected to P24 and serial output is initiated 
by transmitting a 9-bit preamble of ones. 

At this point, one of two situations exists : 1) if the 
transmit data register is empty (TORE =1 ), a con­
tinuous string of ones will be sent indicating an idle 
line ; or 2) if a byte has been written to the transmit 
data register (TORE= 0), it will be transferred to the 
output serial shift register (synchronized with the bit 
rate clock), TORE will be set, and transmission will 
begin. 

The start bit (0). eight data bits (beginning with bit 
0), and a stop bit (1) will be transmitted. If TORE is 
still set when the next byte transfer occurs, ones will 
be sent until more data is provided. In bi-phase for­
mat, the output toggles at the start of each bit and 
at half-bit time when a one is sent. Receive oper­
ation is controlled by RE which configures P23 as 
an input and enables the receiver. SCI data formats 
are illustrated in figure 23. 

li1 
' I 

Bot 

2 3 4 5 6 Stup 
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INSTRUCTION SET 
The EF6801 U4/EF6803U4 is directly source com­
patible with the EF6801 and upward source and ob­
ject code compatible with the EF6800. Execution 
times of key instructions have been reduced and 
several instructions have been added, including a 
hardware multiply. A list of new operations added to 
theEF6800 instruction set is shown in table 1. 

In addition, two special opcodes, 4E and 5E, are 
provided for test purposes. These opcodes force the 
program counter to increment like a 13-bit counter 
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causing address lines used in the expanded modes 
to increment until the device is reset. These opcodes 
have no mnemonics. 

The coding of the first (or only) byte corresponding 
to an executable instructions is sufficient to identify 
the instruction and the addressing mode. The hex­
adecimal equival~nts of the binary codes, which re­
sult from the translation of the 82 instructions in all 
valid modes of addressing, are shown in table 8. 
There are 220 valid machine codes, 34 unassigned 
codes, and 2 codes reserved for test purposes. 
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Table 8 :CPU Instruction Map. 

OP MNEM MODE • # OP MNEM MODE - # OP MNEM MODE - # OP MNEM MODE - # OP MNEM MODE- # 
00 . 34 DES INHER 3 1 68 ASL INDXD 6 2 9C CPX 
01 NOP INHER 2 1 35 TXS "' 3 1 69 ROL 

I 
6 2 90 JSR 

02 36 PSHA 3 1 6A DEC 6 2 9E LOS 
03 37 PSHB 3 1 68 9F STS 
04 LSRD 3 1 38 PULX 5 1 6C INC 6 2 AO SUBA 
05 ASLD 3 1 39 RTS 5 1 60 TST 6 2 A1 CMPA 
06 TAP 2 1 3A ABX 3 1 6E JMP 3 2 A2 SBCA 
07 TPA 2 1 38 RTI 10 1 6F CLR INDXD 6 2 A3 SUBD 
08 INX 3 1 3C PSHX 4 1 70 NEG EXTND 6 3 A4 ANDA 
09 DEX 3 1 30 MUL 10 1 71 AS BIT A 
OA CLV 2 1 3E WAI 9 1 72 A6 LDAA 
08 SEV 2 1 3F SWI 12 1 73 COM 6 3 A7 STAA 
oc CLC 2 1 40 NEGA 2 1 74 LSR 6 3 AB EORA 
00 SEC 2 1 41 75 A9 ADCA 
OE CLI 2 1 42 76 ROR 6 3 AA ORAA 
OF SEI 2 1 43 COMA 2 1 77 ASR 6' 3 AB ADDA 
10 SBA 2 1 44 LSRA 2 1 78 ASL 6 3 AC CPX 
11 CBA 2 1 45 79 ROL 6 3 AD JSR 
12 46 RORA 2 1 7A DEC 6 3 AE LOS 
13 47 ASRA 2 1 78 AF STS 
14 48 ASLA 2 1 7C INC 6 3 BO SUBA 
15 49 ROLA 2 1 70 TST 6 3 81 CMPA 
16 TAB 2 1 4A DECA 2 1 7E JMP 3 3 82 SBCA 
17 TBA 2 1 48 . 

7F CLR EXTND 6 3 83 SUBD 
18 4C INCA 2 1 80 SUBA IMMED 2 2 84 ANDA 
19 DAA INHER 2 1 40 TSTA 2 1 81 CMPA 2 2 85 BIT A 
1A . 4E T 82 SBCA 2 2 86 LDAA 
18 ABA IN HER 2 1 4F CLRA 2 1 83 SUBD 4 3 87 STAA 
1C . 50 NEGB 2 1 84 ANDA 2 2 88 EORA 
10 . 51 85 BIT A 2 2 89 ADCA 
1E 52 86 LDAA 2 2 SA ORAA 
1F . 

53 COMB 2 1 87 88 ADDA 
20 BRA REL 3 2 54 LSRB 2 1 88 EORA 2 2 BC CPX 
21 BRN "' 3 2 55 89 ADCA 2 2 BD JSR 
22 BHI 3 2 56 RORB 2 1 8A ORAA 2 2 BE LOS 
23 BLS 3 2 57 ASRB 2 1 88 ADDA 2 2 SF STS 
24 sec 3 2 58 ASLB 2 1 ac CPX IMMED 4 3 co SUBS 
25 BCS 3 2 59 ROLB 2 1 80 BSR REL 6 2 C1 CMPB 
26 BNE 3 2 SA DECB 2 1 BE LOS IMMED 3 3 C2 SBCB 
27 SEQ 3 2 58 BF . C3 ADDD 
28 BVC 3 2 sc I NCB 2 1 90 SUBA DIR 3 2 C4 ANDB 
29 BVS 3 2 50 TSTB 2 1 91 CMPA 3 2 cs BITS 
2A BPL 3 2 SE T 92 SBCA 3 2 C6 LDAB 
28 BMI 3 2 SF CLRB IN HER 2 1 93 SUBD 5 2 C7 
2C BGE 3 2 60 NEG INDXD 6 2 94 ANDA 3 2 C8 EORB 
20 BLT 3 2 61 "' 95 BIT A 3 2 C9 ADCB 
2E BGT 3 2 62 . 

1 
96 LDAA 3 2 CA ORAB 

2F BLE REL 3 2 63 COM 6 2 97 STAA 3 2 CB ADDS 
30 TSX INHER 3 1 64 LSR 6 2 98 EORA 3 2 cc LDD 
31 INS 

1 
3 1 65 99 ADCA 3 2 CD 

32 PULA 4 1 66 ROR 6 2 9A ORAA 3 2 CE LOX 
33 PULB 4 1 67 ASR INDXD 6 2 98 ADDA 3 2 CF . 

Notes : 1. Addressing Modes 
IN HER= Inherent INDXD =Indexed IMMED =Immediate 
REL =Relative EXTND =Extended DIR =Direct 

2 Unassigned opcodes are mdicated by "•" and should not be executed. 
3. Codes marked by T' force the PC to function as a 16-blt counter. 

DIR 5 2 DO SUBS DIR 3 2 

t 5 2 01 CMPB 3 2 
4 2 02 SBCB 3 2 

DIR 4 2 03 ADDD 5 2 
INDXD 4 2 04 ANDB 3 2 

4 2 05 BITS 3 2 
4 2 06 LDAB 3 2 
6 2 07 STAB 3 2 
4 2 08 EORB 3 2 
4 2 09 ADCB 3 2 
4 2 DA ORAB 3 2 
4 2 DB ADDS 3 2 
4 2 DC LDD 4 2 
4 2 DO STD 4 2 
4 2 DE LOX 4 2 
4 2 OF STX DIR 4 2 
6 2 EO SUBS INDXD 4 2 
6 2 E1 CMPB 4 2 
5 2 E2 SBCB 4 2 

INDXD 5 2 E3 ADDD 6 2 
EXTND 4 3 E4 ANDB 4 2 

4 3 ES BITS 4 2 
4 3 E6 LDAB 4 2 
6 3 E7 STAB 4 2 
4 3 EB EORB 4 2 
4 3 E9 ADCB 4 2 
4 3 EA ORAB 4 2 
4 3 EB ADDS 4 2 
4 3 EC LDD 5 2 
4 3 ED STD 5 2 
4 3 EE LOX 5 2 
4 3 EF STX INDXD 5 2 
6 3 FO SUBS EXTND 4 3 
6 3 F1 CMPB 4 3 
5 3 F2 SBCB 4 3 

EXTND 5 3 F3 ADDD 6 3 
IMMED 2 2 F4 ANDB 4 3 

2 2 FS BITS 4 3 
2 2 F6 LDAB 4 3 
4 3 F7 STAB 4 3 
2 2 F8 EORB 4 3 
2 2 F9 ADCB 4 3 
2 2 FA ORAB 4 3 

FB ADDS 4 3 
2 2 FC LDD 5 3 
2 2 FD STD 5 3 
2 2 FE LOX 5 3 
2 2 FF STX EXTND 5 3 
3 3 

' UNDEFINED OP CODE 
IMMED 3 3 
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PROGRAMMING MODEL 

A programming model for the EF6801 U4/ 
EF6803U4 is shown in figure 8. Accumulator A can 
be concatenated with accumulator B and jointly 
referred to as accumulator D where A is the most 
significant byte. Any operation which modifies the 
double accumulator will also modify accumulators A 
and/or B. Other registers are defined as follows : 

PROGRAM COUNTER- The program counter is a 
16-bit register which always points to the next in­
struction. 

STACK POINTER- The stack pointer is a 16-bit reg­
ister which contains the address of the next avail­
able location in a pushdown/pullup (LIFO) queue. 
The stack resides in random-access memory at a 
location defined by the programmer. 

INDEX REGISTER - The index register is a 16-bit 
register which can be used to store data or provide 
an address for the indexed mode of addressing. 

ACCUMULATORS - The MPU contains two 8-bit 
accumulators, A and B, which are used to store 
operands and results from the arithmetic logic unit 
(ALU). They can also be concatenated and referred 
to as the D (double) accumulator. 

CONDITION CODE REGISTER - The condition 
code register indicates the results on an instruction 
and includes the following five condition bits : nega­
tive (N), zero (Z), overflow (V), carry/borrow from 
MSB (C), and half carry from bit 3 (H). These bits 
are testable by the conditional branch instructions. 
Bit 4 is the interrupt mask (I bit) and inhibits all mask­
able interrupts when set. The two unused bits, B6 
and B7, are read as ones. 

ADDRESSING MODES 

Six addressing modes can be used to reference 
memory. A summary of addressing modes for all in­
structions is presented in tables 9, 10, 11, and 12 
where execution times are provided in E cycles. In­
struction execution times are summarized in ta­
ble 13. With an inputfrequencyof4MHz, one Ecycle 
is equivalent to one microsecond. A cycle-by-cycle 
description of bus activity for each instruction is pro­
vided in table 14 and descriptions of selected in­
structions are shown in figure 24. 

IMMEDIATE ADDRESSING- The operand or "im­
mediate byte(s)" is contained in the following byte(s) 
of the instruction where the number of bytes mat-
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ches the size of the register. These are two or three 
byte instructions. 

DIRECT ADDRESSING- The least significant byte 
of the operand address in contained in the second 
byte of the instruction and the most significant byte 
is assumed to be $00. Direct addressing allows the 
user to access $00 through $FF using two byte in­
structions and execution time is reduced by elimi­
nating the additional memory access. In most 
applications, the 256-byte area is reserved for fre­
quently referenced data. 

EXTENDED ADDRESSING- The second and third 
bytes of the instruction contain the absolute address 
of the operand. These are three byte instructions. 

INDEXED ADDRESSING - The unsigned offset 
contained in the second byte of the instruction is 
added with carry to the index register and is used to 
reference memory without changing the index reg­
ister. These are two byte instructions. 

INHERENT ADDRESSING - The operand(s) is a 
register and no memory reference is required. 
These are single byte instructions. 

RELATIVE ADDRESSING- Relative addressing is 
used only for branch instructions. If the branch con­
dition is true, the program counter is overwritten with 
the sum of a signed single byte displacement in the 
second byte of the instruction and the current pro­
gram counter. This provides a branch range of-126 
to + 129 bytes from the first byte of the instruction. 
These are two byte instructions. 

SUMMARY OF CYCLE-BY-CYCLE OPERATION 

Table 14 provides a detailed description of the infor­
mation presednt Q1! the address bus, data bus, and 
the read/write (R/W) line during each cycle of each 
instruction. 

The information is useful in comparing actual with 
expected results during debug of both software and 
hardware as the program is executed. The informa­
tion is categorized in groups according to address­
ing mode and number of cycles per instruction. In 
general, instructions with the same addressing 
mode and number of cycles execute in the same 
manner. Exceptions are indicated in the table. 

Note that during MPU reads of internal locations, the 
resultant value will not appear on the external data 
bus except in mode 0. "High order" byte refers to the 
most significant byte of a 16-bit value. 
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Table 9 : Index Register and Stack Manipulation Instructions. 

lmmed Direct Index Extnd Inherent Condition Codes 
Pointer 

MNEM 
Boolean/ 

5 4 3 2 1 0 
Operations Op • # Op • # Op • # Op • # Op • # Arithmetic Operation 

H I N z v c 
Compare Index Aeg1ster CPX ac 4 3 9C 5 2 AC 6 2 BC 6 3 X-M:Mt1 . . I l l 
Decrement Index Register DEX 09 3 t X- t ~X . . I . . 
Decrement Stack Pomter DES 34 3 t SP-t~SP . . . . . . 
Increment Index Register INX 08 3 t X+ t ~X . . . I . . 
Increment Stack Po1nter INS 31 3 t tSPtt~SP . . . . . . 
Load Index Register LOX CE 3 3 DE 4 2 EE 5 2 FE 5 3 M ~ XH. (M + t) ~ x, . . ! ' R 

Load Stack Po1nter LOS 8E 3 3 9E 4 2 AE 5 2 BE 5 3 M-• SPH,(Mtt)~ SPL . . l R . 
Store Index Reg1ster STX OF 4 2 EF 5 2 FF 5 3 XH~ M,X,~ (Mt!) . . t 

' R . 
Store Stack P01nter STS 9F 4 2 AF 5 2 BF 5 3 SPH~ M,SPL~ (Mt!) . . . l R . 
Index Reg -• Slack Pointer TXS 35 3 t X-1-•SP . . . . . 
Stack Pntr ___. Index Reg1ster TSX 30 3 t SPt!-•X . . . . . . 
Add ABX 3A 3 1 BtX-•X . . . . . . 
Push Data PSHX 3C 4 1 XL -• Msp,SP- t ~ SP . . . . . . 

XH -• Msp,SP -1 ~ SP 

Pull Data PULX 38 5 t SP + 1 ___. SP, Msp ___. XH . . . . 
S P + t -• SP, Msp ~ XL 

The condttton code regtster notes are listed after Table 12. 
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Table 10: Accumulator and Memory Instructions (sheet 1 of 3). 

Condition Codes 
Accumulator and lmmed Direct Index Extend In her Boolean 

Memory Operations MNEM Expression 
5 4 3 2 1 0 

Op • # Op • # Op • # Op - # Op - # H I N z v c 

Add Accumulators ABA 1B 2 1 A+B->A 
. . . . . . . • • . 

Add B to X ABX 3A 3 1 00 . B +X-> X 

Add with Carry ADCA 89 2 2 99 3 2 A9 4 2 B9 4 3 A+M+C->A 
. . . . . 
' . ' • . 

ADCB C9 2 2 09 3 2 E9 4 2 F9 4 3 B+M+C->B t t . 
~ t 

' . . 
Add ADDA BB 2 2 9B 3 2 AB 4 2 BB 4 3 A+M->A t . . t . . • v v • 

ADDB CB 2 2 DB 3 2 EB 4 2 FB 4 3 B+M->A t t . t . . • . • 
Add Double ADDD C3 4 3 D3 5 2 E3 6 2 F3 6 3 0 + M : M +1 -> 0 t t t t 
And ANDA 84 2 2 94 3 2 A4 4 2 B4 4 3 A•M->A . t R + . 

ANDB C4 2 2 D4 3 2 E4 4 2 F4 4 3 B•M->B . . R + + 
Shift Left, Arithmetic ASL 68 6 2 78 6 3 t ~ . t . • -

ASLA 48 2 1 [9--j 11111111 - 0 
. . . . 
+ + • v 

ASLB 58 2 1 
b7 bO t t t t 

Shift Left Double ASLD 05 3 1 t t t . 
v . + 

Shift Right, Arithmetic ASR 67 6 2 77 6 3 
. 

+ t • + -
ASRA 47 2 1 [;] Ill I I I ill [;] t t t + 

" . 
ASRB 57 2 1 

. t . . 
+ + + 

B1t Test BIT A 85 2 2 95 3 2 AS 4 2 BS 4 3 A•M t t R . 
BITB cs 2 2 05 3 2 E5 4 2 FS 4 3 B•M t t R 

Compare Accumulators CBA 11 2 1 A- B . . . . 
+ . + ' 

Clear CLR 6F 6 2 7F 6 3 00-> M R s R R 

CLRA 4F 2 1 00-> A R s R R 

CLRB SF 2 1 00-> B R s R R 

Compare CMPA 81 2 2 91 3 2 At 4 2 Bt 4 3 A-M t . . . . 
CMPB C1 2 2 01 3 2 E1 4 2 Ft 4 3 B-M + 

. t 
v ' v 

1 's Complement COM 63 6 2 73 6 3 M->M . . R s + + 
COMA 43 2 1 A-> A . t R s v 

COMB 53 2 1 B->B . . 
R s + + 

The cond1t1on code reg1ster notes are listed after Table 12 
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Table 10: Accumulator and Memory Instructions (sheet 2 of 3). 

Condition Codes 

Accumulator and 
lmmed Direct Index Extend In her Boolean 

MNEM 5 4 3 2 1 0 
Memory Operations Expression 

Op • # Op • # Op - # Op - # Op • # H I N z v c 
Decimal AdJust. A DAA 19 2 1 Adj binary sum to BCD t t . t • 
Decrement DEC 6A 6 2 ?A 6 3 M -1-> M t t t 

DECA 4A 2 1 A -1-> A t y t 
DECB SA 2 1 8- 1-> 8 . . . 

y • -:. 

Exclusive OR EORA 88 2 2 98 3 2 AS 4 2 88 4 3 AGlM-;A . . R y • 
EORB CB 2 2 DB 3 2 EB 4 2 FS 4 3 8GlM-;8 . . 

R y y 

Increment INC 6C 6 2 7C 6 3 M +1-> M . . . 
y ' y 

INCA 4C 2 1 A+ 1-> A 
. . . 
y y y 

INC8 5C 2 1 8 + 1 ...., 8 . . . 
y y y 

Load Accumulators LDAA 86 2 2 96 3 2 A6 4 2 86 4 3 M-;A . . 
R y y 

LDA8 C6 2 2 D6 3 2 E6 4 2 F6 4 3 M-;8 . . 
R y y 

Load Double LDD cc 3 3 DC 4 2 EC 5 2 FC 5 3 M: M + 1-> D . ~ R y y 

Log1cal Shift, Left LSL 68 6 2 78 6 3 . . . . 
y y y y 

-
LSLA 48 2 1 . . ~ . 

[9--i I I II I I I I - o ' -:. y -:. . . . . LSL8 58 2 1 b7 bO y y y y 

LSLD 05 3 2 ~ ~ . . 
y y -:. -:. 

Shift Right, Logical LSR 64 6 2 74 6 3 R . . . 
- y y y 

LSRA 44 2 1 ~-jllllllll~ R ' 
. . 

y y y 

LSR8 54 2 1 
b7 bO 

R . . . 
y y y 

LSRD 04 3 1 R 
. . . 
y y y 

Multiply MUL 3D 10 1 Ax 8-> D . 
y 

2's Complement NEG 60 6 2 70 6 3 00- M-> M . . . . 
y y y • (negate) 

NEGA 40 2 1 00- A-> A . . . ~ 

' y y y 

NEG8 50 2 1 00- 8...., 8 . . . . 
' ' y ' 

No Operation NOP 01 2 1 PC+ 1 ....; PC 

Inclusive OR ORAA 8A 2 2 9A 3 2 AA 4 2 8A 4 3 A+M->A . . R • -:. 

ORAB CA 2 2 DA 3 2 EA 4 2 FA 4 3 8 + M....; 8 . . 
R y ' 

Pusch Data PSHA 36 3 1 A-> Stack 

PSH8 37 3 1 8-> Stack 

Pull Data PULA 32 4 1 Stack-> A 

PUL8 33 4 1 Stack-> 8 

The condition code register notes are listed after Table 12. 
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Table 10: Accumulator and Memory Instructions (sheet 3 of 3). 

Condition Codes 
Accumulator and lmmed Direct Index Extend In her Boolean 

Memory Operations MNEM Expression 
5 4 3 2 1 0 

Op - # Op - # Op - # Op - # Op - # H I N z v c 
Rotate Left ROL 69 6 2 79 6 3 - > > > ~ • y • y 

ROLA 49 2 1 [9-1 I I I I I I II -1.9 > > > 

' • ' ' y 

b7 bO 

ROL8 59 2 1 > > > > 

' y • ' 
Rotate Right ROR 66 6 2 76 6 3 t ~ > > 

- y • • 
RORA 46 2 1 [9-1 11111111 -{9 > > > > • ' • ' 
ROR8 56 2 1 

b7 bO . . l t • y 

Subtract Accumulator S8A 10 2 1 A-8->A l ' t t 
Subtract with Carry S8CA 82 2 2 92 3 2 A2 4 2 82 4 3 A-M-C->A . . . t • ' • 

SBCB C2 2 2 02 3 2 E2 4 2 F2 4 3 8-M-C->8 t > . 
t ' ' 

Store Accumulators STAA 97 3 2 A? 4 2 87 4 3 A->M . 
' R y y 

STAB D7 3 2 E7 4 2 F7 4 3 8->M t . R ' 
STD DO 4 2 ED 5 2 FD 5 3 D->M:M+1 ~ ~ R y y 

Subtract SUBA 80 2 2 90 3 2 AO 4 2 80 4 3 A-M->A 
. ~ t . 
" y ' 

SUBS co 2 2 DO 3 2 EO 4 2 FO 4 3 8-M->8 t ~ t ~ 
y y 

Subtract Double SUBD 83 4 3 93 5 2 A3 6 2 83 6 3 D-M:M+1->D • • ~ . 
y ' 

Transfer Accumulator TAB 16 2 1 A->8 . > R ' y 

TBA 17 2 1 8->A t t R 

Test, Zero or M1nus TST 60 6 2 70 6 3 M- DO . t R R ' 
TSTA 4D 2 1 A- 00 • • R R 

TST8 50 2 1 8- 00 t t R R 

The condition code register notes are listed after Table 12. 
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Table 11 :Jump and Branch Instructions. 

Condition Code Reg. 
Direct Relative Index Extend Inherent 

Operations MNEM Branch Test 5 4 3 2 1 0 

Op • # Op • # Op • # Op • # Op • # H I N z v c 
Branch Always BRA 20 3 2 None 

Branch Never BRN 21 3 2 None 

Branch if Carry Clear BCC 24 3 2 c = 0 

Branch if Carry Set BCS 25 3 2 c = 1 

Branch if = Zero BEQ 27 3 2 z = 1 

Branch if <: Zero BGE 2C 3 2 NEIJV=O 

Branch if > Zero BGT 2E 3 2 Z + (NEll V) = 0 

Branch if Higher BHI 22 3 2 C+Z=O 

Branch if Higher or Same BHS 24 3 2 c = 0 

Branch if 5 Zero BLE 2F 3 2 Z +(NEll V) = 1 

Branch if Carry Set BLO 25 3 2 c = 1 

Branch if Lower or Same BLS 23 3 2 C+Z=1 

Branch if < Zero BLT 20 3 2 NEll V = 1 

Branch 1f Minus BMI 2B 3 2 N = 1 

Branch if not Equal Zero BNE 26 3 2 Z=O 

Branch If Overflow Clear BVC 28 3 2 V=O 

Branch if Overflow Set BVS 29 3 2 V=1 

Branch if Plus BPL 2A 3 2 N=O 

Branch to Subroutine BSR 80 6 2 

Jump JMP 6E 3 2 7E 3 3 
See Special 
Operations·flgure 24 

Jump to Subroutine JSR 90 5 2 AD 6 2 BD 6 3 

No Operation NOP 01 2 1 

Return from Interrupt RTI 3B 10 1 t t t t . . • • 
Return from Subroutine RTS 39 5 1 See Special 

Sofware Interrupt SWI 3F 12 1 Operallons·flgure 24 s 
Wait for Interrupt WAI 3E 9 1 
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Table 12 :Condition Code Register Manipulation Instructions. 

Inherent 
Operations 

MNEM Op -
Clear Carry CLC DC 2 

Clear Interrupt Mask CLI OE 2 

Clear Overflow CLV OA 2 

Set Carry SEC OD 2 

Set Interrupt Mask SEI OF 2 

Set Overflow SEV 08 2 

Accumulator A --> CCR TAP 06 2 

CCR ---> Accumulator A TPA 07 2 

LEGEND 
Op Operation Code (hexadecimal) 

Number of MPU Cycles 
MsP Contents of memory location pointed to by Stack Pointer 
# Number of Program Bytes 
+ ArithmetiC Plus 

Arithmetic Minus 
Boolean AND 

X Arithmetic Multiply 
+ Boolean Inclusive OR 

Boolean Exclusive OR 
M Complement of M 
--> Transfer Into 
0 Bit= Zero 
00 Byte = Zero 

44/56 

106 

# 

1 

1 

1 

1 

1 

1 

1 

1 

Condition Code Register 
Boolean 

Operation 
5 4 

H I 

0-->C . . 
0-->1 . R 

0-->V . . 
1-->C . . 
1 ---> I . s 
1-->V . . 

A---> CCR t t 
CCR--> A . . 

CONDITION CODE SYMBOLS 
H Half-carry from bit 3 
I Interrupt mask 
N Negative (sign bit) 
Z Zero (byte) 
V Overtlow 2's complement 
C Carry/borrow from MSB 
R Reset Always 
S Set Always 

Affected 
Not Affected 

3 2 1 

N z v . . . . . . . . R . . . . . . . . s 
t t t . . . 

0 

c 
R . . 
s . . 
t . 
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Table 13: Instruction Execution Times in E-cycles. 

Addressing Mode Addressing Mode 

lmmed1a1e Direct Extended Indexed Inherent Relative Immediate Direct Extended Indexed Inherent Relative 

ABA • • • • 2 • INX • • • • 3 
ABX • • • • 3 • JMP • • 3 3 • 
ADC 2 3 4 4 • • JSR • 5 6 6 • 
ADD 2 3 4 4 • • LOA 2 3 4 4 • 

ADDD 4 5 6 6 • • LDD 3 4 5 5 • AND 2 3 4 4 • • LOS 3 4 5 5 • 
ASL • • 6 6 2 • LOX 3 4 5 5 • 

ASLD • • • • 3 • LSL • • 6 6 2 
ASR • • 6 6 2 • LSLD • • • • 3 
BCC • • • • 3 LSR • • 6 6 2 
BCS • • • • 3 LSRD • • • • 3 
BEQ • • • • 3 MUL • • • • 10 
BGE • • • • 3 NEG • • 6 6 2 
BGT • • • • 3 NOP • • • • 2 

BHI • • • • 3 ORA 2 3 4 4 • 
BHS • • • • 3 PSH • • • • 3 
BIT 2 3 4 4 • PSHX • • • • 4 
BLE 3 PUL • • • • 4 
BLO 3 PULX • • • • 5 
BLS 3 ROL • • 6 6 2 
BLT 3 ROR • • 6 6 2 

BMI 3 RTI • • • • 10 
BNE 3 RTS • • • • 5 
BPL 3 SBA • • • • 2 
BRA 3 SBC 2 3 4 4 • BRN 3 SEC • • • • 2 
BSR 6 SEI • • • • 2 
BVC 3 SEV • • • • 2 

BVS 3 STA • 3 4 4 • CBA 2 STD • 4 5 5 • CLC 2 STS • 4 5 5 • 
CLI 2 STX • 4 5 5 • 
CLR 6 6 2 SUB 2 3 4 4 • 
CLV • • 2 SUBD 4 5 6 6 • 
CMP 2 3 4 4 • SWI • • • • 12 

COM • • 6 6 2 TAB • • • • 2 
CPX 4 5 6 6 • TAP • • • • 2 
DAA • • • • 2 TBA • • • • 2 
DEC • • 6 6 2 TPA • • • • 2 
DES • • • • 3 TST • • 6 6 2 
DEX • • • • 3 TSX • • • • 3 
EOR 2 3 4 4 • TXS • • • • 3 
INC • • 6 6 • WAI • • • • 9 
INS • • • • 3 
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Table 14 : Cycle-by-cycle Operation (sheet 1 of 6). 

IMMEDIATE 

Address Mode and 
Cycles 

Cycle 
Address Bus 

Instructions # 

ADC EOR 2 1 Opcode Address 
ADD LOA 2 Opcode Address + 1 
AND ORA 
BIT SBC 

CMP SUB 

LOS 3 1 Opcode Address 
LOX 2 Opcode Address + 1 
LDD 3 Opcode Address + 2 

CPX 4 1 Opcode Address 
SUBD 2 Opcode Address + 1 
ADDD 3 Opcode Address + 2 

4 Address Bus FFFF 

DIRECT 

Address Mode and Cycles Cycle Address Bus 
Instructions # 

ADC EOR 3 1 Opcode Address 
ADD LOA 2 Opcode Address + 1 
AND ORA 3 Address of Operand 
BIT sse 

CMP SUB 

STA 3 1 Opcode Address 
2 Opcode Address + 1 
3 Destination Address 

LOS 4 1 Opcode Address 
LOX 2 Opcode Address + 1 
LDD 3 Address of Operand 

4 Operand Address + 1 

STS 4 1 Opcode Address 
STX 2 Opcode Address + 1 
STD 3 Address of Operand 

4 Address of Operand + 1 

CPX 5 1 Opcode Address 
SUBD 2 Opcode Address + 1 
ADDD 3 Operand Address 

4 Operand Address + 1 
5 Address Bus FFFF 

JSR 5 1 Opcode Address 
2 Opcode Address + 1 
3 Subroutine Address 
4 Stack Pointer 
5 Stack Pointer - 1 
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R/W 
Data Bus 

Line 

1 Opcode 
1 Operand Data 

1 Opcode 
1 Operand Data (high order byte) 
1 Operand Data (low order byte) 

1 Opcode 
1 Operand Data (h1gh order byte) 
1 Operand Data (low order byte) 
1 Low Byte of Restart Vector 

R/W Data Bus 
Line 

1 Opcode 
1 Address of Operand 
1 Operand Data 

1 Opcode 
1 Destination Address 
0 Data from Accumulator 

1 Opcode 
1 Address of Operand 
1 Operand Data (high order byte) 
1 Operand Data (low order byte) 

1 Opcode 
1 Address of Operand 
0 Register Data (high order byte) 
0 Register Data (low order byte) 

1 Opcode 
1 Address of Operand 
1 Operand Data (high order byte) 
1 Operand Data (low order byte) 
1 Low Byte of Restart Vector 

1 Opcode 
1 Irrelevant Data 
1 First Subroutine Opcode 
0 Return Address (low order byte) 
0 Return Address (high order byte) 



Table 14: Cycle-by-cycle Operation (sheet 2 of 6). 

EXTENDED 

Address Mode and 
Cycles 

Cycle 
Address Bus Instructions # 

JMP 3 1 Opcode Address 
2 Opcode Address + 1 
3 Opcode Address + 2 

ADC EOR 4 1 Opcode Address 
ADD LDA 2 Opcode Address + 1 
AND ORA 3 Opcode Address + 2 
BIT SBC 

CMP SUB 4 Address of Operand 

STA 4 1 Opcode Address 
2 Opcode Address + 1 

3 Opcode Address + 2 

' 4 Operand Destination Address 

LDS 5 1 Opcode Address 
LDX 2 Opcode Address + 1 
LDD 

3 Opcode Address + 2 

4 Address of Operand 
5 Address of Operand + 1 

STS 5 1 Opcode Address 
STX 2 Opcode Address + 1 
STD 

3 Opcode Address + 2 

4 Address of Operand 
5 Address of Operand + 1 

ASL LSR 6 1 Opcode Address 
ASR NEG 2 Opcode Address + 1 
CLR ROL 
COM ROR 3 Opcode Address + 2 
DEC TST* 
INC 4 Address of Operand 

5 Address Bus FFFF 
6 Address of Operand 

CPX 6 1 Opcode Address 
SUBD 2 Opcode Address + 1 
ADDD 

3 Opcode Address + 2 

4 Operand Address 
5 Operand Address + 1 
6 Address Bus FFFF 

JSR 6 1 Opcode Address 
2 Opcode Address + 1 

3 Opcode Address + 2 

4 Subroutine Starting Address 
5 Stack Pointer 
6 Stack Pointer - 1 

EF6801 U4/EF6803U4 

R/W 
Data Bus Line 

1 Opcode 
1 Jump Address (high order byte) 
1 Jump Address (low order byte) 

1 Opcode 
1 Address of Operand 
1 Address of Operand 

(low order byte) 
1 Operand Data 

1 Opcode 
1 Destination Address 

(high order byte) 
1 Destination Address 

(low order byte) 
0 Data from Accumulator 

1 Opcode 
1 Address of Operand 

(high order byte) 
1 Address of Operand 

(low order byte) 
1 Operand Data (high order byte) 
1 Operand Data (low order byte) 

1 Opcode 
1 Address of Operand 

(high order byte) 
1 Address of Operand 

(low order byte) 
0 Operand Data (high order byte) 
0 Operand Data (low order byte) 

1 Opcode 
1 Address of Operand 

(high order byte) 
1 Address of Operand 

(low order byte) 
1 Current Operand Data 
1 Low Byte of Restart Vector 
0 New Operand Data 

1 Opcode 
1 Operand Address 

(high order byte) 
1 Operand Address 

(low order byte) 
1 Operand Data (high order byte) 
1 Operand Data (low order byte) 
1 Low Byte of Restart Vector 

1 Opcode 
1 Address of Subroutine 

(high order byte) 
1 Address of Subroutine 

(low order byte) 
1 Opcode of Next Instruction 
0 Return Address (low order byte) 
0 Return Address (high order byte) 

• TST does not perform the write cycle dunng the SIXth cycle. The s1xth cycle is another address bus= $FFFF. 
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Table 14 :Cycle-by-cycle Operation (sheet 3 of 6). 

INDEXED 

Address Mode and Cycles Cycle Address Bus 
Instructions # 

JMP 3 1 Opcode Address 
2 Opcode Address + 1 
3 Address Bus FFFF 

ADC EOR 4 1 Opcode Address 
ADD LDA 2 Opcode Address + 1 
AND ORA 3 Address Bus FFFF 
BIT SBC 4 Index Register Plus Offset 

CMP SUB 

STA 4 1 Opcode Address 
2 Opcode Address + 1 
3 Address Bus FFFF 
4 Index Register Plus Offset 

LDS 5 1 Opcode Address 
LDX 2 Opcode Address + 1 
LDD 3 Address Bus FFFF 

4 Index Register Plus Offset 
5 Index Register Plus Offset + 1 

STS 5 1 Opcode Address 
STX 2 Opcode Address + 1 
STD 3 Address Bus FFFF 

4 Index Register Plus Offset 
5 Index Register Plus Offset + 1 

ASL LSR 6 1 Opcode Address 
ASR NEG 2 Opcode Address + 1 
CLR ROL 3 Address Bus FFFF 
COM ROR 4 Index Register Plus Offset 
DEC TST* 5 Address Bus FFFF 
INC 6 Index Register Plus Offset 

CPX 6 1 Opcode Address 
SUBD 2 Opcode Address + 1 
ADDD 3 Address Bus FFFF 

4 Index Register+ Offset 
5 Index Register + Offset + 1 
6 Address Bus FFFF 

JSR 6 1 Opcode Address 
2 Opcode Address + 1 
3 Address Bus FFFF 
4 Index Register + Offset 
5 Stack Pointer 
6 Stack Pointer - 1 

R/W Data Bus 
Line 

1 Opcode 
1 Offset 
1 Low Byte of Restart Vector 

1 Opcode 
1 Offset 
1 Low Byte of Restart Vector 
1 Operand Data 

1 Opcode 
1 Offset 
1 Low Byte of Restart Vector 
0 Operand Data 

1 Opcode 
1 Offset 
1 Low Byte of Restart Vector 
1 Operand Data (high order byte) 
1 Operand Data (low order byte) 

1 Opcode 
1 Offset 
1 Low Byte of Restart Vector 
0 Operand Data (high order byte) 
0 Operand Data (low order byte) 

1 Opcode 
1 Offset 
1 Low Byte of Restart Vector 
1 Current Operand Data 
1 Low Byte of Restart Vector 
0 New Operand Data 

1 Opcode 
1 Offset 
1 Low Byte of Restart Vector 
1 Operand Data (high order byte) 
1 Operand Data (low order byte) 

Low Byte of Restart Vector 

1 Opcode 
1 Offset 
1 Low Byte of Restart Vector 
1 First Subroutine Opcode 
0 Return Address (low order byte) 
0 Return Address (high order byte) 

TST does not perform the wnte cycle dunng the Sixth cycle. The s1xth cycle 1s another address bus = $FFFF. 
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Table 14 :Cycle-by-cycle Operation (sheet 4 of 6). 

INHERENT 

Address Mode and 
Cycles 

Instructions 

ABA DAA SEC 2 
ASL DEC SEI 
ASR INC SEV 
CBA LSR TAB 
CLC NEG TAP 
CLI NOP TBA 
CLR ROL TPA 
CLV ROR TST 
COM SBA 

ABX 3 

ASLD 3 
LSRD 

DES 3 
INS 

INX 3 
DEX 

PSHA 3 
PSHB 

TSX 3 

TXS 3 

PULA 4 
PULB 

PSHX 4 

PULX 5 

Cycle 
# 

1 
2 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 
5 

Address Bus 

Opcode Address 
Opcode Address + 1 

Opcode Address 
Opcode Address + 1 
Address Bus FFFF 

Opcode Address 
Opcode Address + 1 
Address Bus FFFF 

Opcode Address 
Opcode Address + 1 
Previous Stack Pointer 
Contents 

Opcode Address 
Opcode Address + 1 
Address Bus FFFF 

Opcode Address 
Opcode Address + 1 
Stack Pointer 

Opcode Address 
Opcode Address + 1 
Stack Pointer 

Opcode Address 
Opcode Address + 1 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Stack Pointer 
Stack Pointer + 1 

Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer- 1 

Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer + 1 
Stack Pointer + 2 

L•'l SliS·THOMSON 
'/J lilllO!:Iil@!ill.lE!:ll"l!l@ll!IOO:$ 

EF6801 U4/EF6803U4 

R/W 
Data Bus 

Line 

1 Opcode 
1 Opcode of Next Instruction 

1 Opcode 
1 Irrelevant Data 
1 Low Byte of Restart Vector 

1 Opcode 
1 Irrelevant Data 
1 Low Byte of Restart Vector 

1 Opcode 
1 Opcode of Next Instruction 
1 Irrelevant Data 

1 Opcode 
1 Opcode of Next Instruction 
1 Low Byte of Restart Vector 

1 Opcode 
1 Opcode of Next Instruction 
0 Accumulator Data 

1 Opcode 
1 Opcode of Next Instruction 
1 Irrelevant Data 

1 Opcode 
1 Opcode of Next Instruction 
1 Low Byte of Restart Vector 

1 Opcode 
1 OpcOde of Next Instruction 
1 Irrelevant Data 
1 Operand Data from Stack 

1 Opcode 
1 Irrelevant Data 
0 Index Register (low order byte) 
0 . Index Register (high order byte) 

1 Opcode 
1 Irrelevant Data 
1 Irrelevant Data 
1 Index Register (low order byte) 
1 Index Register (high order byte) 
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Table 14: Cycle-by-cycle Operation (sheet 5 of 6). 

INHERENT 

Address Mode and Cycles 
Cycle Address Bus 

Instructions # 

RTS 5 1 Opcode Address 
2 Opcode Address + 1 
3 Stack Pointer 
4 Stack Pointer + 1 

5 Stack Pointer + 2 

WAI 9 1 Opcode Address 
2 Opcode Address + 1 
3 Stack Pointer 
4 Stack Pointer - 1 
5 Stack Pointer - 2 
6 Stack Pointer - 3 
7 Stack Pointer - 4 
8 Stack Pointer - 5 
9 Stack Pointer - 6 

MUL 10 1 Opcode Addres 
2 Opcode Address + 1 
3 Address Bus FFFF 
4 Address Bus FFFF 
5 Address Bus FFFF 
6 Address Bus FFFF 
7 Address Bus FFFF 
8 Address Bus FFFF 
9 Address Bus FFFF 
10 Address Bus FFFF 

RTI 10 1 Opcode Address 
2 Opcode Address + 1 
3 Stack Pointer 
4 Stack Pointer + 1 

5 Stack Pointer + 2 

6 Stack Pointer + 3 

7 Stack Pointer + 4 

8 Stack Pointer + 5 

9 Stack Pointer + 6 

10 Stack Pointer + 7 
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R/W Data Bus 
Line 

1 Opcode 
1 Irrelevant Data 
1 Irrelevant Data 
1 Address of Next Instruction 

(high order byte) 
1 Address of Next Instruction 

(low order byte) 

1 Opcode 
1 Opcode of Next Instruction 
0 Return Address (low order byte) 
0 Return Address (high order byte) 
0 Index Register (low order byte) 
0 Index Register (high order byte) 
0 Contents of Accumulator A 
0 Contents of Accumulator B 
0 Contents of Condition Code 

Register 

1 Opcode 
1 Irrelevant Data 
1 Low Byte of Restart Vector 
1 Low Byte of Restart Vector 
1 Low Byte of Restart Vector 
1 Low Byte of Restart Vector 
1 Low Byte of Restart Vector 
1 Low Byte of Restart Vector 
1 Low Byte of Restart Vector 
1 Low Byte of Restart Vector 

1 Opcode 
1 Irrelevant Data 
1 Irrelevant Data 
1 Contents of Condition Code 

Register from Stack 
1 Contents of Accumulator B from 

Stack 
1 Contents of Accumulator A from 

Stack 
1 Index Register from Stack 

(high order byte) 
1 Index Register from Stack 

(low order byte) 
1 Next Instruction Address from 

Stack (high order byte) 
1 Next Instruction Address from 

Stack (low order byte) 



Table 14: Cycle-by-cycle Operation (sheet6 of 6). 

INHERENT (continued) 

Address Mode and 
Cycles 

Cycle 
Address Bus 

Instructions # 

SWI 12 1 Opcode Address 
2 Opcode Address + 1 
3 Stack Pointer 
4 Stack Pointer- 1 
5 Stack Pointer- 2 
6 Stack Pointer - 3 
7 Stack Pointer- 4 
8 Stack Pointer- 5 
9 Stack Pointer - 6 

10 Stack Pointer - 7 
11 Vector Address FFFA (hex) 

12 Vector Address FFFB (hex) 

RELATIVE 

Address Mode and 
Cycles 

Cycle 
Address Bus 

Instructions # 

BCC BHT BNE BLO 3 1 Opcode Address 
BCS BLE BPL BHS 2 Opcode Address + 1 
BEQ BLS BRA BAN 3 Address Bus FFFF 
BGE BLT BVC 
BGT BMI BVS 

BSR 6 1 Opcode Address 
2 Opcode Address + 1 
3 Address Bus FFFF 
4 Subroutine Starting Address 
5 Stack Pointer 
6 Stack Pointer - 1 

EF6801 U4/EF6803U4 

R/W Data Bus 
Line 

1 Opcode 
1 Irrelevant Data 
0 Return Address (low order byte) 
0 Return Address (high order byte) 
0 Index Register (low order byte) 
0 Index Register (high order byte) 
0 Contents of Accumulator A 
0 Contents of Accumulator B 
0 Contents of Condition Code 

Register 
1 Irrelevant Data 
1 Address of Subroutine (high 

order byte) 
1 Address of Subroutine (low 

order byte) 

R/W 
Data Bus 

Line 

1 Opcode 
1 Branch Offset 
1 Low Byte of Restart Vector 

1 Opcode 
1 Branch Offset 
1 Low Byte of Restart Vector 
1 Opcode of Next Instruction 
0 Return Address (low order byte) 
0 Return Address (high order byte) 
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PACKAGE MECHANICAL DATA 

OIL-PLASTIC PACKAGE 

mm 

PLASTIC CHIP CARRIER 

P1n 1 id~~ntification 

~ 
16.662 I 

~ 
min. 

EF6801 U4/EF6803U4 

11) Nominal d1mension 

(2) True geomet:-•cal pmrt•on 

40 pons 

1740 
17,65 

44pins 

53156 
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ORDERING INFORMATION 

The information required when ordering a custom 
MCU is listed below. The ROM program may be 
transmitted to SGS-THOMSON on EPROM(s) or an 
EFDOS/MDOS* disk file. 

To initiate a ROM pattern for the MCU, it is ecess­
ary to first contact your local SGS-THOMSON rep­
resentative or distributor. 

EPROMs 

Two ET2716 or one ET2732 type EPROMs, pro­
grammed with the customer program (positive logic 
sense for address and data), may be submitted for 
pattern generation. The EPROM must be clearly 
marked to indicate which EPROM corresponds to 
which address space. The recommended marking 
procedure is illustrated below : 

XXX XXX 

F800 7FF 

XXX ~ Customer ID 

After the EPROM(s) are marked, they should be 
placed in conductive IC carriers and securely 
packed. Do not use styrofoam. 

VERIFICATION MEDIA 

All original pattern media (EPROMs or floppy disk) 
are filed for contractual purposes and are not re­
turned. A computer listing of the ROM code will be 
generated and returned along with a listing verifica­
tion form. The listing should be thoroughly checked 
and the verification form completed signed, and re­
turned to SGS-THOMSON. The signed verification 

form consitutes the contractual agreement for cre­
ation of the customer mask. If desired, SGS-THOM­
SON will program on blank EPROM from the data 
file used to create the custom mask and aid in the 
verifications process. 

ROM VERIFICATION UNITS (RVUs) 

Ten MCUs containing the customer's ROM pattern 
will be sent for program verification. These units will 
have been made using the custom mask but are for 
the purpose of ROM verification only. For expedi­
ency they are usually unmarked, packaged in ce­
ramic, and tested only at room temperature and 
5 volts. These RVUs are included in the mask 
charge and are not produce parts. The RVUs are 
thus not guaranteed by SGS-THOMSON. Quality 
Assurance, and should be discarded after verifica­
tion is completed. 

FLEXIBLE DISKS 

The disk media submitted must be single-sided, 
EFDOS/MDOS* compatible floppies. 

The customer must write the binary file name and 
company name on the disk with a felt-lip-pen. The 
minimum EFDOS/MDOS* system files, as well as 
the absolute binary object file (Filename .LO type of 
file) from the 6801 cross assembler, must be on the 
disk. An object file made from a memory dump using 
the ROLLOUT command is also acceptable. Con­
sider submitting a source listing as well as the fol­
lowing files : filename .LX (DEVICE/EXORciser 
loadable format) and filename .SA (ASCII Source 
Code). These files will of course be kept confiden­
tial and are used 1) to speed up the process in­
house if any problems arise, and 2) to speed up the 
user-to-factory interface if the user finds any soft­
ware errors and needs assistance quickly from 
SGS-THOMSON factory representatives. 

EFDOS is SGS-THOMSON' Disk Operating Sys­
tem available on development systems such as DE­
VICE ... 

MOOS* is MOTOROLA's Disk Operating System 
available on development systems such as EXOR­
ciser ... 

* Requires prior factory approval 

Whenever ordering a custom MCU is required, please contact your local SGS-THOMSON representative or 
SGS-THOMSON distributor and/or complete and send the attached "MCU customer ordering sheet" to your 
local SGS-THOMSON Microelectronics representative. 
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ORDER CODES 

EF6801U4 p v 

I 
DevJce -----'~ ~------ Screening level 

. Oper. temp. Package 

The table below horizontally shows all available suffix combinations for package, operating temperature and 
screening level. Other possibilities on request. 

Device 
Package Oper. Temp 

c J p E FN L* v 
EF6801/03U4 (1.0MHz) • • • 

• • 
EF6801/03U4-1 (1.25MHz) • • • 

• • 
EF68A01/03U4 (1.5MHz) • • 
Examples : EF6801 P, EF6801 FN, EF6801 PV 

Package : C :Ceramic DIL, J : Cerdrp DIL, P · Piastre OIL, E : LCCC, FN : PLCC. 
Oper. temp. : L' · o·c to 70'C, V : -40"C to +85'C, M : -55"C to+ 125"C,' : may be omitted. 
Screening level: Std :(no-end suffrx), D: NFC 968831evel D, 
G/8 : NFC 96883 level, G, B/8: NFC 96883 level 8 and MIL·STD·883C level B. 

EXORciser is a regrstered trade mark of MOTOROLA Inc. 

M 

Screening Level 

Std D G/B BiB 

• 
• • 
• 
• 
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EF6801 FAMILY- MCU CUSTOMER ORDERING SHEET 

Commercial reference =I I I I I I I I I I I 

Customer's marking :I I I I I I I I I I I 

Application 

ROM capacity required : 

Temperature range : 
0 O'C/ + 70'C 
0 -40'C/+85'C 
0 -40'C/ + 105'C 

Package: 
0 Plastic 
0 PLCC 

I I I I [bytes 

PATTERN MEDIA (a listing may be supplied in addition 
for checking purpose) : 
0 EPROM Reference : 
0 EFDOS/MDOS* disk file 

0 8"floppy 
0 5" 1/4 floppy 

0 Other* 

• Requires prior factory approval 

Yearly quantity forecast : 

CUSTOMER CONTACT NAME DATE: 
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Customer name 
Company 
Address 
Phone 

: ....................................... . 
: ....................................... . 
: ········································ 
: ....................................... . 

Specification reference ; 
0 SGS-THOMSON Microelectronics reference 

0 Special customer data reference* 

Number of interrupt vector : ~....[ --'-[ _ __,[ 

Quality level : 
0 STD 
0 D 
0 Other* (customer's quality specification ref.) : 

Software developped by : 
0 SGS-THOMSON Microelectronics application lab. 
0 Externallab. 
0 Customer 

OPTION LIST 

-Internal max. clock frequency : 
0 1.0MHz 
0 1.25MHz 
0 1.5MHz* 
0 2.0MHz 

start of production date : 
for a shipment period of : 

SIGNATURE: 
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HARDWARE FEATURES 

• 5-VOL T SINGLE SUPPLY 
• 32 BYTES OF RAM 
• MEMORY MAPPED 1/0 
• 1012 BYTES OF PROGRAM ROM 
• 64 BYTES OF DATA ROM 
• 12 BIDIRECTIONAL 1/0 LINES (eight lines with 

high current sink capability) 
• ON-CHIP CLOCK GENERATOR 
• SELF-TEST MODE 
• MASTER RESET 
• COMPLETE DEVELOPMENT SYSTEM SUP­

PORT ON I NICE® 
• SOFTWARE PROGRAMMABLE 8-BIT TIMER 

CONTROL REGISTER AND TIMER PRES­
CALER (7 bits, 2n) 

• TIMER PIN IS PROGRAMMABLE AS INPUT OR 
OUTPUT 

• ON-CHIP CIRCUIT FOR ROM VERIFY 

SOFTWARE FEATURES 
• SOFTWARE FEATURES 
• SIMILAR TO EF6805 HMOS FAMILY 
• BYTE EFFICIENT INSTRUCTION SET 
• EASY TO PROGRAM 
• TRUE BIT MANIPULATION 
• BIT TEST AND BRANCH INSTRUCTION 
• SEPARATE FLAGS FOR INTERRUPT AND 

NORMAL PROCESSING 
• VERSATILE INDIRECT REGISTERS 
• CONDITIONAL BRANCHES 
• SINGLE INSTRUCTION MEMORY 

EXAMINE/CHANGE 
• TRUE LIFO STACK ELIMINATES STACK 

POINTER 
• NINE POWERFUL ADDRESSING MODES 
• ANY BIT IN DATA SPACE MEMORY MAY BE 

TESTED 
• ANY BIT IN DATA SPACE MEMORY CAPABLE 

OF BEING WRITTEN TO MAY BE SET OR 
CLEARED 

USER SELECTABLE OPTIONS 
• 12 BIDIRECTIONAL 1/0 LINES WITH LSTTL, 

LSTTUCMOS, OR OPEN-DRAIN INTERFACE 

IN ICE 0 1s SGS-THOMSON developmenVemulatton tool 

May 1989 

EF6804J2 

8 BIT MICROCOMPUTER 

• CRYSTAL OR LOW-COST RESISTOR-CAPA­
CITOR OSCILLATOR 

• MASK SELECTABLE EDGE- OR LEVEL- SEN­
SITIVE INTERRUPT PIN 

DESCRIPTION 
The EF6804J2 microcomputer unit (MCU) is a 
member of the EF6804 Family of very low-cost 
single-chip microcomputers. This 8-bit microcom­
puter contains a CPU, on-chip CLOCK, ROM, RAM, 
1/0, and TIMER. It is designed for the user who 
needs an economical microcomputer with the 
proven capabilities of the EF6800-based instruction 
set. 

p 
(Plastic Package) 

PIN CONNECTIONS 

vss RESET 

IRQ PA7 

Vee PA6 

EXJ AL PA5 

XTAL PA4 

MDS P87 

TIMER P86 

PBO PB5 

PBl PB4 

PB2 PB3 
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SECTION 2 

FUNCTIONAL PIN DESCRIPTION, MEM­
ORY, CPU, AND REGISTERS 

This section provides a description of the functional 
pins, memory spaces, the central processing unit 
(CPU), and the various registers and flags. 

2.1. FUNCTIONAL PIN DESCRIPTION 

2.1.1. Vee AND Vss. Power is supplied to the MCU 
using these two pins. Vee is power and Vss is the 
ground connection. 

2.1.2. IRQ. This pin provides the capability for asyn­
chronously applying an external interrupt to the 
MCU. Refer to 4.1.1NTERRUPTfor additional infor­
mation. 

2.1.3. XTAL AND EXTAL. These pins provide con­
nections to the on-chip clock oscillator circuit. A crys­
tal, a resistor and capacitor, or an external signal, 
depending on the user selectable manufacturing 
mask option, can be connected to these pins to pro­
vide a system clock source with various stability/cost 
tradeoffs. Lead lengths and stray capacitance on 
these two pins should be minimized. Refer to 4.4. 
Internal Clock Generator Options for recommenda­
tions concerning these inputs. 

2.1.4. TIMER. In the input mode, the timer pin is con­
nected to the prescaler input and serves as the timer 
clock. In the output mode, the timer pin signals that 
a time out of the timer has occurred. Refer to Sec­
tion 3 Timer for additional information. 

2.1.5. RESET. The RESET pin is used to restart the 
processor of the EF6804J2 to the beginning of a pro­
gram. This pin, together with the MDS pin, is also 
used to select the operating mode of the EF6804J2. 
If the MDS pin is at zero volts, the normal mode is 
selected and the program counter is loaded with the 
user restart vector. However, if the MDS pin is at 
+ 5 volts, then pins PA6 ad PA7 are decoded to allow 
selection of the operating mode. Refer to 4.3. Reset 
for additional information. 

2.1.6. MOS. The MDS (mode select) pin is used to 
place the MCU into special operating modes. If MDS 
is held at + 5 volts at the exit of the reset state, the 
decoded state of PA6 and PA7 is latched to deter­
mine the operating mode (single-chip, self-test, or 
ROM verify). However, if MDS is held at zero volts 
at the exit of the reset state, the single-chip opera­
ting mode is automatically selected (regardless of 
PA6 and PA7 state). 

EF6804J2 

For those users familiar with the EF6801 microcom­
puter, mode selection is similar but much less com­
plex in the EF6804J2. No special external diodes, 
switches, transistors, etc. are required in the 
EF6804J2. 

2.1.7. INPUT/OUTPUT LINES (PA4-PA7, PBO­
PB7). These 12 lines are arranged into one 4-bit port 
(A) and one 8-bit port (B). All lines are programm­
able as either inputs or outputs under software con­
trol of the data direction registers. Refer to Section 
5 Input/output Ports for additional information. 

2.2. MEMORY 

The MCU operates in three different memory 
spaces : program space, data space, and stack 
space. A representation of these memory spaces is 
shown in figure 2.1. The program space (figure 2.1 a) 
contains all of the instructions that are to be ex­
ecuted, as well as the data required for the immedi­
ate addressing mode instructions, and the self-test 
and user vectors. The data space (figure 2.1 b) con­
tains all of the RAM locations, plus 1/0 locations and 
some ROM used for storage of tables ad constants. 
The stack space (figure 2.1c) contains RAM which 
is used for stacking subroutine and interrupt return 
addresses. 

The MCU is capable of addressing 4096 bytes of 
program space memory with its program counter 
and 256 bytes of data space memory with its instruc­
tions. The data space memory contains three bytes 
for port data registers, three bytes for port data di­
rection registers, one byte for timer status/control, 
64 bytes ROM, 32 bytes RAM (which includes two 
bytes for X and Y indirect registers), two bytes for 
timer prescaler and count registers, and one byte 
for the accumulator. The program space section in­
cludes 304 bytes of self-test ROM, 1008 bytes pro­
gram ROM, and eight bytes of vectors for self-test 
and user programs. 

2.3. CENTRAL PROCESSING UNIT 

The PCU of the EF6804 Family is implemented in­
dependently from the 1/0 or memory configuration. 
Consequently, it can be treated as an independent 
central processor communicating with 1/0 and 
memory via internal addresses, data, and control 
buses. 
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EF6804J2 

Figure 2.1 : EF6804J2 MCU Address Map. 

tal Program Space Memo<y Map 

Reserved I All Ones) 

Self-Test ROM 

Program ROM 

Sell-Test IRQ Vector 

Self·T est Restart Vector 

User IRQ Vector 

User Restart Vector 

(c) Smd< Space Memory Map 

Levell 

Level 2 

Level 3 

Level4 
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SADF 
SAEO 

SCOF 
$C10 

$FF7 

SFF8-SFF9 

SFFA-SFFB 

$FFC-$FFD 

SFFE-SFFF 

(b) Data Space Memory Mop 

Port A Data Registe1 0 J 0 J 0 J 0 

Port B Data Regrster 

, 1 , 1 , 1 , 1 o 1 o 1 o 1 o 
Not Used 

PortA DDR I o I o I o I o 
Port B Data Drrectron Regrst~• 

tltltltloJoloJo 
Not Used 

Trmer Status Control Regtster 

Future E.xpansmn 

User Data Spare ROM 

Future Expansmn 

lndrrect Regrster X 
-

llldrrect Register Y 

Data Spac2 RAM 

Future ExpanSion 

Pre>ealer Reg~:>tet 

T rrner Count Regrster 

Accumulator 

$00 

$01 

$02 

$ill 

$()o! 

$(6 

soo 
$07 

$00 

$00 

SOA 

$1F 

$20 

S5F 

$60 

$7F 
$00 

$81 

$82 

$9F 
SAO 

SFC 

SFD 

SFE 

SFF 



2.4. REGISTERS 

The EF6804 Family CPU has four registers and two 
flags available to the programmer. They are shown 
in figure 2.2. and are explained in the following para­
graphs. 

2.4.1. ACCUMULATOR (A). The accumulator is an 
8-bit general purpose register used in all arithmetic 
calculations, logical operations, and data manipula­
tions. The accumulator is implemented as the hig­
hest RAM location ($FF) in data space and thus 
implies that several instructions exist which are not 
explicitly implemented. Refer to 6.3. Implied Instruc­
tions for additional information. 

2.4.2. INDIRECT REGISTERS (X, Y). These two in­
direct registers are used to maintain pointers to 
other memory locations in data space. They are 
used in the register-indirect addressing mode, and 
can be accessed with the direct, indirect, short di­
rect, or bit set/clear addressing modes. These reg­
isters are implemented as two of the 32 RAM 
locations ($80, $81) and as such generate implied 
instructions and may be manipulated in a manner 
similar to any RAM memory location in data space. 
Refer to 6.3. Implied Instructions for additional infor­
mation. 

2.4.3. PROGRAM COUNTER (PC). The program 
counter is a 12-bit register that contains the address 
of the next ROM word to be used (may be opcode, 
operand, or address of operand). The 12-bit pro­
gram counter is contained in PCL (low byte) and 
PCH (high nibble). 

2.4.4. FLAGS (C, Z). The carry (C) bit is set on a 
carry or a borrow out of the ALU. It is cleared if the 
result of an arithmetic operation do~s not result in a 

Figure 2.2 : Programming Model. 

EF6804J2 

carry or a borrow. The (C) bit is also set to the value 
of the bit tested in a bit test instruction, and partici­
pates in the rotate left instruction. 

The zero (Z) bit is set if the result of the last arith­
metic or logical operation was equal to zero, other­
wise it is cleared. 

There are two sets of these flags, one set is for in­
terrupt processing, the other for all other routines. 
When an interrupt occurs, a context switch is made 
from the program flags to the interrupt flags (inter­
rupt mode). An RTI forces the context switch back 
to the program flags (program mode). While in either 
mode only the flags for that mode are available. Fur­
ther, the interrupt flags will not be cleared upon en­
tering the interrupt mode. Instead, the flags will be 
as they were at the exit of the last interrupt mode. 
Both sets of flags are cleared by reset. 

2.4.5. STACK. There is a true LIFO stack incorpor­
ated in the EF6804J2 which eliminates the need for 
a stack pointer. Stack space is implemented in sep­
arate RAM (12-bits wide) shown in figure 2.1 c. 
Whenever a subroutine call (or interrupt) occurs, the 
contents of the PC are shifted into the top register 
of the stack. At the same time (same cycle), the top 
register is shifted to the next level deeper. This hap­
pens to all registers with the bottom register falling 
out the bottom of the stack. 

Whenever a subroutine or interrupt return occurs, 
the top register is shifted into the PC and all lower 
registers are shifted up one level higher. The stack 
RAM is four levels deep. If the stack is pulled more 
than four times without any pushes, the address that 
was stored in the bottom level will be shifted into the 
PC. 

A Accumulator 

lndrrect 

Thl'!se Arc 
Acgrsters 

In Data 
Space RAM 

L._ __________ _, flegrStN" X 

11 8 7 

PCH PCL 
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SECTION 3 

TIMER 

3.1 . INTRODUCTION 

A block diagram of the EF6804J2 timer circuitry is 
shown in figure 3.1. The timer logic in the MCU is 
comprised of a simple 8-bit counter (timer count reg­
ister, TCR) with a 7-bit prescaler, and a timer 
status/control register (TSCR). The timer count reg­
ister, which may be loaded under program control, 
is decremented towards zero by a clock input (pres­
caler output). The prescaler is used to extend the 
maximum interval of the overall timer. The prescaler 
tap is selected by bits 0-2 (PSO-PS2) of the timer 
status/control register. Bits PSO-PS2 control the ac­
tual division of the prescaler within the range of 
divide-by-1 (2°) to divide-by-128 (2\ The timer 
count register (TCR) and prescaler are de­
cremented on rising clock edges. The coding of the 
TCSR PSO-PS2 bits produce a division in the pres­
caler as shown in table 3.1. 

Table 3.1 : Prescaler Coding Table. 

PS2 PS1 PSO Divide By 

0 0 0 1 
0 0 1 2 
0 1 0 4 
0 1 1 8 
1 0 0 16 
1 0 1 32 
1 1 0 64 
1 1 1 128 

The TIMER pin may be programmed as either an 
input or an output depending on the status of TOUT 
(TSCR bit 5). Refer to figure 3.1. In the input mode, 
TOUT is a logic zero and the TIMER pin is con­
nected directly to the prescaler input. Therefore, the 
timer prescaler is clocked by the signal applied from 
the TIMER pin. The prescaler then divides its clock 
input by a value determined by the coding of the 
TSCR bits PSO-PS2 as shown in table 3.1. The 
divided prescaler output then clocks the 8-bit timer 
count register (TCR). When the TCR is de­
cremented to zero, it sets the TMZ bit in the timer 
status/control register (TSCR). The TMZ bit can be 
tested under program control to perform a timer 
function whenever it goes high. The frequency of the 
external clock applied to the TIMER pin must be less 
than tbyte (fosd48). 

In the output mode, TOUT is a logic one and the 
TIMER pin is connected to the DOUT latch. There­
fore, the timer prescaler is clocked by the internal 
sync pulse (divide-by-48 of the internal oscillator). 
Operation is similar to that described above for the 
input mode. However, in the output mode, the low­
to-high TMZ bit transition is used to latch the DOUT 
bit ofhte TSCR and provide it as output ofthe TIMER 
pin. 

NOTE: 
TMZ is normally set to logic one when the timer 
times out (TCR decrements to $00) ; however, it 
may be set by a write of $00 to the TCR or by a write 
to bit 7 of the TSCR. 
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During reset, the timer count register and prescaler 
are set to $FF, while the timer status/control regis­
ter is cleared to $00 and the DOUT LATCH (TIMER 
pin is in the high-impedance input mode) is forced 
to a logic high. The pre scaler and timer count regis­
ter are implemented in data space RAM locations 

3.2. TIMER REGISTERS 

($FD, $FE) ; therefore, they are both readable and 
writeable. A write to either will predominate over the 
TCR decrement-to-$00 function ; i.e., if a write and 
a TCR decrement-to-$00 occur simultaneously, the 
write will take precedence, and the TMZ bit is not 
set until the next timer time out. 

3.2.1. TIMER COUNT REGISTER (TCR). The timer count register indicates the state of the internal 8-bit 
counter. 

7 0 

MSB LSB I 
TCR addr =$FE 

3.2.2. TIMER STATUS/CONTROL REGISTER (TSCR). 

7 6 5 4 3 2 0 

TMZ I Not Used I TOUT I DOUT I PSI PS2 PS1 PSO 

TSCR address = $09 

b7, TMZ. Low-to-high transition indicates the 
timer count register has de­
cremented to zero since the timer 
status/control register was last 
read. Cleared by a read of TSCR 
register if TMZ was read as a logic 
one. 

b6. Not used. 

b5, TOUT. When low, th.is bit selects the input 
mode for the timer. When high, the 
output mode is selected. 

b4, DOUT. Data sent to the timer output pin 
when TMZ is set high (output mode 

3.2.3. TIMER PRESCALER REGISTER. The timer 
prescaler register indicates the state of the internal 
7-bit prescaler. This 7-bit prescaler divide ratio is 

6 

I MSB 

only). 

b3, PSI. Used to initialize the prescaler and 
inhibit its counting while PSI = 0. 
The initialized value is set to $FF. 
The timer count register will also be 
inhibited (contents unchanged). 
When PSI = 1 the prescaler begins 
to count downward. 

bO, b1, b2, PSO-These bits are used to select the 
PS1-PS2. prescaler divide-by ratio ; there­

fore, effecting the clock input fre­
quency to the timer count register. 

normally determined by bits PSO-PS2 of the timer 
status/control register (see table 3.1 ). 

0 

LSB I 
TPR Address = $FD 
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SECTION 4 

INTERRUPT, SELF-TEST, RESET AND IN­
TERNAL CLOCK GENERATOR 

4.1. INTERRUPT 

The EF6804J2 can ~nterrupted by applying a 
logic low signal to the IRQ pin ; however, a mask op­
tion selected at the time of manufacture determines 
whether the negative-going edge or the actual low 
level is sensed to indicate an interrupt. 

4.1 .1. EDGE-SENSITIVE OPTION. When the IRQ 
pin is pulled low, the internal interrupt request latch 
is set. Prior to each instruction fetch, the interrupt re­
quest latch is tested and, if its output is high, an in­
terrupt sequence is initiated at the end of the current 
instruction (provided the interrupt mask is cleared). 
Figure 4.1 contains a flowchart which illustrates both 
the reset and interrupt sequence. The interrupt se­
quence consists of one cycle during which : the in­
terrupt request latch is cleared, the interrupt mode 
flags are selected, the PC is saved on the stack, the 
interrupt mask is set, and the IRQ vector (single chip 
mode = $FFC/$FFD, self-test mode = $FF8/$FF9) 
is loaded into the PC. Internal processing of the in­
terrupt continues until an RTI (return from interrupt) 
instruction is processed. During the RTI instruction, 
the interrupt mask is cleared and the program mode 
flags are selected. The next instruction of the pro­
gram is then fetched and executed. Once the inter­
rupt was initially detected and the interrupt 
sequence started, the interrupt request latch is 
cleared so that the next (second) interrupt may be 
detected even while the previous (first) one is being 
serviced. However, even though the second inter­
rupt sets the interrupt request latch during process­
ing of the first interrupt, the second interrupt 
sequence will not be initiated until completion of the 
interrupt service routine for the first interrupt. Com­
pletion of an interrupt service routine is always ac­
complished using an RTI instruction to return to the 
main program. The interrupt mask (which is not di­
rectly available to the programmer) is cleared dur­
ing the last cycle of the RTI instruction. 

4.1.2. LEVEL-SENSITIVE OPTION. The actual 
operation of the level-sensitive and edge-sensitive 
options are similar except that the level-sensitive op­
tion does not have an interrupt request latch. With 
no interrupt request latch, the logic level of the IRQ 
pin is checked for detection of the interrupt. Also, in 
the interrupt sequence, there is no need to clear the 
interrupt request latch. These differences are illus­
trated in the flowchart of figure 4.1. 

EF6804J2 

4.1.3. POWER UP AND TIMING. During the power­
up sequence the interrupt mask is set to preclude 
any false or "ghost" interrupts from occurring. To 
clear the interrupt mask, the programmer should 
write a JSR (instead of a JMP) instruction to an in­
itialization routine as the first instruction in a pro­
gram. The initialization routine should end with an 
RTI (instead of RTS). Maximum interrupt response 
time is eight machine (!byte) cycles (see 4.4. Internal 
Clock Generator Options). This includes five ma­
chine cycles for the longest instruction, plus one ma­
chine cycle for stacking the PC and switching flags, 
Q!.t!§ two machine cycles for synchronization of the 
IRQ input with the internal clock. Minimum response 
time is one machine cycle for stacking PC and 
switching flags (see 2.4.4. flags (C, Z)). 

4.2. SELF-TEST 

The EF6804J2 MCU has a unique internal ROM­
based off-line self-test capability using signature 
analysis techniques. A test program stored in the 
on-chip ROM is initiated by configuring pins PA6 and 
PA7 during reset. The test results are sampled on 
a cycle-by-cycle basis by a 16-bit on-chip signature 
analysis register configured as a linear feedback 
shift register (LFSR) using the standard CCITI 
CRC 16 polynomial. A schematic diagram of the self­
test connections is shown in figure 4.2. To perform 
a test of the MCU, connect it as shown in figure 4.2a 
and monitor the LEOs for a 1101 ($0) pattern. 

A special ROM self-test utilizing the signature ana­
lysis circuitry is also included. To initiate a test of the 
ROM, connect the circuit as shown in figure 4.2b. 
This mode also uses the on-chip signature analysis 
register to verify the contents of the custom ROM by 
monitoring an internal bus. The "Good" LED indi­
cates that all ROM words have been read and that 
the result was the correct signature. 

The on-chip self-test and the ROM test are the basis 
of SGS-THOMSON Microelectronics production 
testing for the EF6804J2. These tests have been 
fault graded using statistical methods and have 
been found to provide high fault coverage using 
automatic test equipment (ATE) or the circuit of 
figure 4.2. 

4.3. RESET 

The MCU can be reset in two ways: by initial power 
u~figure 4.1) and by the external reset input 
(RESET). During power ~elay of IRHL is 
needed before allowing the RESET input to go high. 
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Figure 4.1 : Reset and Interrupt Processing Flowchart. 
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This time delay allows the internal clock generator 
to stabilize. Connecting a capacitor and resistor to 
the RESET input, as s!'10wn in figure 4.3, typically 
provides sufficient delay. 

4.4. INTERNAL CLOCK GENERATOR OPTIONS 

The internal clock generator circuit is designed to 
require a minimum of external components. A crys­
tal, a resistor-capacitor, or an external signal may 
be used to generate a system clock with various sta­
bility/cost tradeoffs. A manufacturing mask option is 
required to select either the crystal oscillator or the 
RC oscillator circuit. The different clock generator 
option connection methods are shown in figure 4.4, 
crystal specifications and suggested PC board 
layouts are given in figure 4.5, resistor-capacitor se-

EF6804J2 

lection graph is given in figure 4.6, and a timing di­
agram is illustrated in figure 4.7. The crystal oscilla­
tor startup time is a function of many variables : 
crystal parameters (especially Rs), oscillator load 
capacitance (CL), IC parameters, ambient tempera­
ture, and supply voltage. To ensure rapid oscillator 
startup, neither the crystal characteristics nor the 
load capacitance should exceed recommendations. 

The oscillator output frequency is internally divided 
by four to produce the internal <!>1 and <!>2 clocks. The 
<!>1 clock is divided by twelve to produce a machine 
byte (cycle) clock. A byte cycle is the smallest unit 
needed to execute any operation (i.e., increment the 
program counter). An instruction may need two, 
four, or five byte cycles to execute. 
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Figure 4.2 : Self-test Circuit. 

Used w1th crystal opt1on only. (a) Functional Test 

' Used With crystal opt1on only (b) S1mple ROM Verify Test 
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Figure 4.3 : Power-up Reset Delay Circuit. 

Figure 4.4 : Clock Generator Options. 
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Figure 4.5 : Crystal Motional Arm Parameters and Suggested PC Board Layout. 
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Figure 4.6 : Typical Frequency Selection for Resistor-capacitor Oscillator Option (CL = 17pF) . 

.. 12.:1 
:X: 
"'!!l 1LO 

~ 10.0 
!\:·:·=·~ 

~ 
9.0 

8.0 
::::: 

"" 0 7.0 
~ 6.0 
u 
"' 5.0 0 

,_ 4.0 

·:·:·. 

~ 
~ 

i 3.0 ;;c 
~ 2.0 
8:: .... LO 

4 8 10 12 14 16 18 

R[SISTAIICE 1RtJ llldl 

14/35 

134 



EF6804J2 

Figure 4.7 : Clock Generator Timing Diagram. 
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SECTION 5 

INPUT/OUTPUT PORTS 

5.1. INPUT/OUTPUT 

There are 12 input/output pins. All pins (port A and 
B) are programmable as either inputs or outputs 
under software control of the corresponding data di­
rection register (DDR). The port 1/0 programming is 
accomplished by writing the corresponding bit in the 
port DDR to a logic one for output or a logic zero for 
input. On reset, all the DDRs are initialized to a logic 
zero state to put the ports in the input mode. The 
port output registers are not initialized on reset but 
should be initialized before changing the DDR bits 

Figure 5.1 :Typical I/O Port Circuitry. 

Data 
Direction Output 
Register Data Bit 

Bit 

1 0 
1 1 
0 X 
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to avoid undefined levels. When programmed as 
outputs, the latched output data is readable as input 
data, regardless of the logic levels at the output pin 
due to output loading ; see figure 5.1. All input/out­
put pins are LSTTL compatible as both inputs and 
outputs. In addition, both ports may have one of two 
mask options : 1) internal pull up resistor for CMOS 
output compatibility, or 2) open drain output. The ad­
dress map in figure 2.1 gives the address of data 
registers and DDRs. The register configuration is 
discussed under the registers paragraph below and 
figure 5.2 provides some examples of port connec­
tions. 

Output Input to 
State MCU 

0 0 
1 1 

Hi-Z Pin 



Figure 5.2: Typical.Port Connections. 
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(a) Input Mode 

tCMOS Loads! 

11 LSTTL Loadl 

Port A, bit 7 programml"<1 as output, dnvmg 
CMOS loads and b1t 4 dnvtng one LSTTL 
load d1rectly (usmg CMOS output opt1onl 

+ v 

Port B. b1t 0, and bit 1 programmed as output. 
drrvmg LEOs dnectly 

(b) Output Mode 

The latched output data bit (see figure 5.1) may al­
ways be written. Therefore, any write to a port writes 
to all of its data bits even though the port DDR is set 
to input. This may be used to initialize the data reg­
isters and avoid undefined outputs ; however, care 
must be exercised when using read-modify-write 
instructions since the data read corresponds to the 
pin level if the DDR is an input (0) and corresponds 
to the latched output data when the DDR is an out­
put (1 ). The 12 bidirectional lines may be configured 
by port to be LSTTL (standard configuration), 
LSTTUCMOS (mask option), or open drain (mask 
option). Port B outputs are LED compatible. 

NOTE 
The mask option only allows changes by port. For 

7 

MSB 

example, if the customer wishes PA7 to be open 
drain, then PA4-PA7 must all be open drain. 

5.2. REGISTERS 

The registers described below are implemented as 
RAM locations and thus may be read or written. 

5.2.1. PORT DATA REGISTER. The source of data 
read from the port data register will be the port 1/0 
pin or previously latched output data depending 
upon the contents of the corresponding data direc­
tion register (DDR). The destination of data written 
to the port data register will be an output data latch. 
If the corresponding data direction register (DDR) 
for the port 1/0 pin is programmed as an output, the 
data will then appear on the port pin. 

0 

LSB I 
Port A Address= $00 
Port B Address= $01 
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5.2.2. PORT DATA DIRECTION REGISTER. The 
port DDRs configure the port pins as either inputs 
or outputs. Each port pin can be programmed indi­
vidually to act as an input or an output. A zero in the 

7 

MSB 

pins corresponding bit position will program that pin 
as an input while a one in the pins corresponding bit 
position will program that pin as an output. 

0 

LSB I 
Port A Address ; $04 
Port B Address ; $05 
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SECTION 6 

SOFTWARE AND INSTRUCTION SET 

6.1. SOFTWARE 

6.1.1. BIT MANIPULATION. The EF6804J2 MCU 
has the ability to set or clear any register or single 
random access memory (RAM) writable bit with a 
single instruction (BSET, BCLR). Any bit in data 
space, including ROM, can be tested, using the 
BRSET and BRCLR instructions, and the program 
may branch as a result of its state. The carry bit is 
set to the value of the bit referenced by BRSET or 
BRCLR. A rotate instruction may then be used to 
accumulate serial input data in a RAM location or 

Figure 6.1 :Bit Manipulation Example. 

MCU 

Readv f--
6P 

Sena4 0 
DevQ, Clock 

5R 
T 

Data 
4A 
f--

6.1.2. ADDRESSING MODES. The EF6804J2 
MCU has nine addressing modes which are ex­
plained briefly in the following paragraphs. The 
EF6804J2 deals with objects in three different ad­
dress spaces : program space, data space, and 
stack space. Program sapce contains the instruc­
tions which are to be executed, plus the data for im­
mediate mode instructions. Data space contains all 
of the RAM lcoatin, X andY registers, accumulator, 
timer, 1/0 locations,and some ROM (for storage of 
tables and constants). Stack space contains RAM 
for use in stacking the return addresses for subrou­
tines and interrupts. 

The term "Effective Address" (EA) is used in de­
scribing the address modes. EA is defined as the 
address from which the argument for an instruction 
is fetched or stored. 

6.1.2.1. Immediate 

In the immediate addressing mode, the operand is 
located in program ROM and is contained in a byte 

EF6804J2 

register. The capability to work with any bit in RAM, 
ROM, or 1/0 allows the user to have individual flags 
in RAM or to handle 1!0 bits as control lines. 

The coding example in figure 6.1 illustrates the use­
fulness of the bit manipulation and test instructions. 
Assume that the MCU is to communicate with an 
external serial device. The external device has a 
data ready signal, a data output line, and a clock line 
(to clock data one bit at a time, MSB first, out of the 
device). The MCU waits until the data is ready, 
clocks the external device, picks up the data in the 
carry flag (C bit), clears the clock line, and finally ac­
cumulates the data bit in the accumulator. 

SELF BRSET 

BSET 
BRCLR 

CONT BCLR 
ROLA 

6, PORTA, SELF 

5, PORTA 
4, PORTA, CONT 
5, PORTA 

following the opcode. The immediate addressing 
mode is used to access constants which do not 
change during program execution (e.g., a constant 
used to initialize a loop counter). 

6.1.2.2. Direct 

In the direct addressing mode, the effective address 
of the argument is contained in a single byte follow­
ing the opcode byte. Direct addressing allows the 
user to directly address the 256 bytes in data space 
memory with a single two-byte instruction. 

6.1 .2.3. Short Direct 

The MCU also has four locations in data space RAM 
($80, $81, $82, $83) which may be used in a short­
direct addressing mode. In this mode the lower two 
bits of the opcode determine the data space. RAM 
location, and the instruction is only one byte. Short 
direct addressing is a subset of the direct address­
ing mode. (The X and Y registers are at locations 
$80 or $81 respectively). 
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6.1 .2.4. Extended 

In the extended addressing mode, the effective ad­
dress is obtained by concatenating the lour least sig­
nificant bits of the opcode with the byte following the 
opcode (12-bit address). Instructions using the ex­
tended addressing mode (JMP, JSR) are capable 
of branching anywhere in program space. An ex­
tended addressing mode instruction is two bytes 
long. 

6.1 .2.5. Relative 

The relative addressing mode is only used in condi­
tional branch instructions. In relative addressing, the 
address is formed by adding the sign extended 
lower five bits of the opcode (the offset) to the pro­
gram counter if and only if the condition is true. 
Otherwise, control proceeds to the next instruction. 
The span of relative addressing is from - 15 to + 16 
from the opcode address. The programmer need 
not worry about calculating the correct offset when 
using the Motorola assembler since it calculates the 
proper offset and checks to see if it is within the span 
of the branch. 

6.1.2.6. Bit Set/Clear 

In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode, and the byte follow­
ing the opcode specifies the direct address of the 
byte in which the specified bit is to be set or cleared. 
Thus, any bit in the 256 locations of data space 
memory, which can be written to, can be set or 
cleared. 

6.1.2.7. Bit Test and Branch 

The bit test and branch addressing mode is a com­
bination of direct addressing and relative address­
ing. The bit which is to be tested is included in the 
opcode, and the data space address of the byte to 
be tested is in the single byte immediately following 
the opcode byte. The third byte is sign extended to 
twelve bits and becomes the offset added to the pro­
gram counter if the condition is true. The single 
three-byte instruction allows the program to branch 
based on the condition of any bit in data space mem­
ory. The span of branching is from - 125 to + 130 
from the opcode address. The state of the tested bit 
is also transferred to the carry flag. 
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6.1.2.8. Register-indirect 

In the register-indirect addressing mode, the oper­
and is at the address (in data space) pointed to by 
the contents of one of the indirect registers (X or Y). 
The particular X or Y register is selected by bit 4 of 
the opcode. Bit 4 of the opcode is then decoded into 
an address which selects the desired X or Y regis­
ter ($80 or $81 ). A register-indirect instruction is one 
byte long. 

6.1.2.9. Inherent 

In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in 
the opcode. These instructions are one byte long. 

6.2. INSTRUCTION SET 

The EF6804J2 MCU has a set of 42 basic instruc­
tions, which when combined with nine addressing 
modes produce 242 usable opcodes. They can be 
divided into five different types : register/memory, 
read-modify-write, branch, bit manipulation, and 
control. The following paragraphs briefly explain 
each type. All the instructions within a given type are 
presented in individual tables. 

6.2.1. REGISTER/MEMORY INSTRUCTIONS. 
Most of these instructions use two operands. One 
operand is the accumulator and the other operand 
is obtained from memory using one of the address­
ing modes. The jump unconditional (JMP) and jump 
to subroutine (JSR) instructions have no register 
operands. Refer to table 6.1. 

6.2.2. READ-MODIFY-WRITE INSTRUCTIONS. 
These instructions read a memory location or a reg­
ister, modify or test its contents, and write the modi­
fied value back to memory or to the register. There 
are ten instructions which utilize read-modify-write 
cycles. All INC and DEC forms along with all bit man­
ipulation instructions use this method. Refer to table 
6.2. 

6.2.3. BRANCH INSTRUCTIONS. The branch ins­
tructions cause a branch from the program when a 
certain condition is met. Refer to table 6.3. 

6.2.4. BIT MANIPULATION INSTRUCTIONS. 
These instructions are used on any bit in data space 
memory. One group either sets or clears. The other 
group performs the bit test branch operations. Refer 
to table 6.4. 
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Addreumg Modes 

Indirect lmmedl!ta Drrect Inherent Extended Short·D rect 

Function I Opcodo I 1 I # I I 1 I 1 I I 1 I t I I 1 I 1 I I # I # I I # I # [Special Mnem X J V Bytes Cycles Opcode Byte& Cycles Opcode !!!lytes Cyclee Opcode Bytes Cyclee Opcode Bytes Cyclln Opcode Bytet Cyclea Note11 

Loel A from Memory 

leal XP from Memory 

Loatl YP from Memory 

Store A rn Memory 

Add to A 

Subtract from A 

Arithmetic Compare 
with Memory 

AND Memory to A 

Jump to Subroutrne 

Jump Unconditional 

Clear A 

Clear XP 

Clear YP 

Carr plement A 

Mo~e lmmsdrete Valu!l 
to Memory 

Route A leh and Carr) 

LOA 

LOX I 

LDYI 

STA 

ADD 

SUB 

CMP 

AND I 
--
JSR 

-
JMP 

--
CLRA 
--
CLRX 

--
CLRY 

--
COMA 

--
MVI 

--
ROLA 

Arlthmetrc Left Shift of A lAS LA 

EO I FO E8 FB AC-AF 

80 

80 

El I Fl F9 BC·BF 

E2 F2 EA FA 

E3 F3 EB FB 

E4 F4 EC FC 

E6 I F6 ED FD 

8 I TAR) 

SITAR) 

F8 2. 

FB 

F8 

B~ 

80 80 

86 

FA 

SPECIAL NOTES 
1. In Shon·Direct adcreas1ng, lhe LOA mnemoniC represents opcode AC, AD, AE, and AF. Th1s is eQutvalantto RAM locat1ons $SO IACI, $81 CADI, $82 IAEI, and $83 IAFI 
2. In Short·D1rect ad-ress~ng, the STA mnemon~c reprtsentl opc;ode BC BD, BE, and BF. Th1s il eQUIValent to RAM locat1ons $SO IBCI. SB1 (801, $821BEJ, and $8318FI. 
3. In Extended eddressing, the four LSBa or the opcode IMnemomc JSA lnd JMPJare lormed by the four MSBs olthe targateddratiS. (TAR I 
4. In lmtl'llldune addrH.!mg, tht LDXI and LDYI 1re mnemonics whiCh '" reeogn1zed as follows: 

LDXI• MVI· $SO,dlta 
LDYI• MVI $81 ,data WM<t data i~ a o,._bytt hex.tdtc:Jmal numbtr. 

!1. lhe MV11nstruc!l•n rtltn to both lrnmedlllllnd Direct llddrtulng. 
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Addrenlng Modee I 
Indirect Direct Short-Direct 

Opcode # #I # # # ' 
Special 

Function Mnem 
X y Bytes Cycl .. Opcode Byte a Cycle• Opec de 

Byte• Cyclu Notes I 

Increment MQmory Location INC ES FS , 4 FE 2 4 AS·AB , 4 , '3 

lncrament A INCA FE 2 4 I 

lncre ment XP INC X AS , 4 

Increment YP INCY AS , 4 

Decrement Memory Location DEC E7 F' , 4 FF 2 4 88-BB , 4 2, 4 

Decrement A DECA FF 2 4 

Decrement XP DECX B8 , 4 

~entYP DECY B9 , 4 

SPECIAL HOTES 
1. In ~hort·dlroct addrossl~. tho I NO mnemonic rgpresents opcode A6, M, AA and AB. Those are oqulvalonl to MM locations $60 (AB), $61 (A9), $82 (AA: and $83 (A8). 
2. In abort-direct addressing, tho DEC mnemonic ropresonls opcode 88, BQ, BA and BB. Titeso aro gqtllvalent to RAM locaUons $80 (88), $81 (89), $82 (BA) and $83 (88). 
3. In Indirect addrosslng, tho INC mnomonlc represontn opcodo ES or FS, and causes tho location polntec to by X (E6 opcodo) or Y (F6 opcodo) to bo lncremontod. 
4. In lndlroct addronslng, tho INC mnemonic ropruonta opcoda E7 or F7, and causos tho location polnlec to by X (E7 opcodo) or Y (F7 opcodg) to bg lncromonted. 
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Table 6.3 : Branch Instructions. 

Relative Addressing Mode 

Function Mnem Opcode # # Special 
Bytes Cycles Notes 

Branch if Carry Clear BCC 40-5F 1 2 1 

Branch if Higher or Same BHS 40-5F 1 2 1, 2 

Branch if Carry Set BCS 60-7F 1 2 1 

Branch if Lower BLO 60-7F 1 2 1, 3 

Branch if Not Equal BNE 00-1F 1 2 1 

Branch if Equal BEQ 20-3F 1 2 1 

SPECIAL NOTES 1 Each mnemonic of the Branch Instructions covers a range of 32 opcodes, e g , BCC ranges from 40 through SF The ac-
tual memory location (target address) to which the branch is made is formed by adding the sign extended lower f1ve bits 
of the opcode to the contents of the program counter. 

2 The BHS instruction (shown in parentheses) is identical to the BCC mstruction. The C bit is clear if the register was higher 
or the same as the location in the memory to which it was compared 

3 The BLO Instruction (shown 1n parentheses) is 1dent1cal to the BCS 1nstruct1on. The C bit is set 1f the register was lower 
than the location 1n memory to which it was compared 

Table 6.4 : Bit Manipulation Instructions. 

Addressing Modes 

Bit Set/Clear Bit Test and Branch 

Function Mnem Opcode # # Opcode # # Special 
Bytes Cycles Bytes Cycles Notes 

Branch IFF Bit n is set BRSET n (n = 0 7) CB + n 3 5 1 

Branch IFF Bit n is clear BRCLR n (n = 0 7) CO+ n 3 5 1 

Set Bit n BSET n (n =0 7) DB+ n 2 4 1 

Clear Bit n BCLR n (n = 0 7) DO+ n 2 4 1 

SPECIAL NOTE 1 The opcode is formed by adding the bit number (0·7} to the basic opcode. For example to clear bit six using the BSET6 
instruction the opcode becomes DE (DB+ 6). BCLRS becomes (CO+ 5), etc 

6.2.5. CONTROL INSTRUCTIONS. The control in­
structions control the MCU operations during pro­
gram execution. Refer to table 6.5. 

6.2.6. ALPHABETICAL LISTING. The complete in­
struction set is given in alphabetical order in table 
6.6. There are certain mnemonics recognized by the 
assembler and converted to other instructions. The 
fact that all registers and accumulator are in RAM 
allows many implied instructions to exist. The im­
plied instructions recognized by the assembler are 
identified in table 6.6. 

6.2.7. OPCODE MAP SUMMARY. Table 6.7 con­
tains an opcode map for the instructions used on the 
MCU. 

6.3. IMPLIED INSTRUCTIONS 

Since the accumulator and all other registers are lo­
cated in RAM many implied instructions exist. The 
assembler-recognized implied instructions are 
given in table 6.6. Some examples not recognized 
by the assembler are shown below. 

BCLR, 7 $FF Ensures accumulator is plus 

BSET, 7 $FF Ensures accumulator is minus 

BRCLR, 7 $FF Branch iff accumulator is plus 

BRSET, 7$FF 

BRCLR, 7$80 

BRSET, 7$80 

BRCLR, 7$81 

BRSET, 7$81 

Branch iff accumulator is minus 

Branch iff X is plus (BXPL) 

Bracnh iff X is minus (BXMI) 

Branch iff Y is plus (BYPL) 

Branch iffY is minus (BYMI) 
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Addressing Modes 

Short· Direct Inherent 

# # # # Function Mnem Opcoda 
Bytes Cycles 

Opcode 
Bytes Cycles 

Transfer A to X TAX 8C 1 4 

Transfer A to Y TAY BO 1 4 

Transfer X to A TXA AC 1 4 

Transfer Y to A TVA p.[) 1 4 

Return from Subroutine RTS B3 1 2 

Return from Interrupt RTI B2 1 2 

No-operation NOP 
SPECIAL NOTE 

1. The NOP Instruction Is oqulvalent to a branch If equal (BEQ) ID th8 location designated by PC + 1. 

Relative 

# # 
Special 

Opcode 
Bytes Cycles 

Notes 

-I m Dl 'TI C" 
0) 

CD" (X) 
Ol 0 
(n 
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Table 6.6 : Instruction Set. 

Addressing Modes Flags 

Mnemonic 
Inherent Immediate Direct 

Short Bit/Set Bit· Test· Register 
Extended Relative z c Direct Clear Branch Indirect 

ADD X X X A A 

AND X X X A 

ASLA Assembler converts this to "ADD $FF" 

BCC X A A 

BCLR X 

BCS X 

BEO X 

BHS Assembler converts this to "BCC" 

BLO Assembler converts this to "'BCS'' 

BNE X 

BRCLR X A 

BRSET X A 

BSET X 

CLRA Assembler converts this to "SUB SFF" A A 

CLRX Assembler converts this to "MVI = 0, $80" 

CLRY Assembler converts thrs to "MVI = 0, $81" 

CMP X X X A A 

COMA X A A 

DEC X X X A 

DECA Assembler converts this to "DEC SFF" A 

DECX Assembler converts thrs to "DEC $80" A 

DECY Assembler converts thrs to "DEC $81" A 

INC X X X A 

INCA Assembler converts thrs to "INC SFF" A 

INC X Assembler converts thrs to "INC $80" A 

INCY Assembler converts thrs to "INC $81" A 

JMP X 

JSR X 

LDA X X X X A 
LDXI Assembler converts thrs to "MVI DATA. $80" 

LDYI Assembler converts this to "MVI DATA. $81" 

MVI X X 
NOP Assembler converts thrs to "BEQ (PC) + 1" 

ROLA X A A 

RTI X A A 

RTS X 

STA X X X A 

SUB X X X A A 

TAX Assembler converts this to "STA $80" A 

TAY Assembler converts this to "STA $81" A 

TXA Assembler converts thrs to "LDA $80" A 

TVA Assembler converts this to "LDA $81" A 

Flag Symbols Z =Zero. C =Carry/borrow, A= Test and Set rf True, Cleared Otherw1se, • =Not affected 
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Table 6.7 : EF6804P2 Microcomputer Instruction Set Opcode Map. 

Hi 0 1 2 
Low 0000 0001 0010 

2 2 2 
0 BNE BNE BEQ 

0000 
1 REL 1 REL 1 REL 
2 2 2 

1 BNE BNE BEQ 
0001 

1 1 REL REL 1 REL 
2 2 2 

2 BNE BNE BEQ 
0010 

1 REL 1 REL 1 REL 
2 2 2 

3 BNE BNE BEQ 
0011 

1 REL 1 REL 1 REL 
2 2 2 

4 BNE BNE BEQ 
0100 

1 REL 1 REL 1 REL 
2 2 2 

5 BNE BNE BEQ 
0101 

1 REL 1 REL 1 REL 
2 2 2 

6 BNE BNE BEQ 
0110 

1 REL 1 REL 1 REL 
2 2 2 

7 BNE BNE BEQ 
0111 

1 REL 1 REL 1 REL 
2 2 2 

8 BNE BNE BEQ 
1000 

1 REL 1 REL 1 REL 
2 2 2 

9 BNE BNE BEQ 
1001 

1 REL 1 REL 1 REL 

A 
2 2 2 

BNE BNE BEQ 
1010 

1 REL 1 REL 1 REL 

8 
2 2 2 

BNE BNE BEQ 
1011 

1 1 REL REL 1 REL 

c 2 2 2 

BNE BNE BEQ 
1100 

1 1 REL REL 1 REL 

D 
2 2 2 

BNE BNE BEQ 
1101 

1 REL 1 REL 1 REL 

E 2 2 2 

BNE BNE BEQ 
1110 

1 REL 1 REL 1 REL 

F 
2 2 2 

BNE BNE BEQ 
1111 

1 REL 1 REL 1 REL 

Abbreviations for Address Modes 
INH Inherent 
S·D Short D~rect 
6-T -6 B1t Test and Branch 
IMM Immediate 
DIR D~rect 
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Branch Instructions 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

3 
0011 

2 
BEQ 

REL 1 

2 
BEQ 

REL 1 

2 
BEQ 

REL 1 

2 
BEQ 

REL 1 

2 
BEQ 

REL 1 

2 
BEQ 

REL 1 

2 
BEQ 

REL 1 

2 
BEQ 

REL 1 

2 

BEQ 
REL 1 

2 
BEQ 

REL 1 

2 
BEQ 

REL 1 

2 
BEQ 

REL 1 

2 

BEQ 
REL 1 

2 
BEQ 

REL 1 

2 

BEQ 
REL 1 

2 
BEQ 

REL 1 

EXT 
REL 
sse 
R-IND 

# 

4 
0100 

BCC 
REL 

BCC 
REL 

BCC 
REL 

BCC 
REL 

BCC 
REL 

BCC 
REL 

BCC 
REL 

BCC 
REL 

BCC 
REL 

BCC 
REL 

BCC 
REL 

BCC 
REL 

BCC 
REL 

BCC 
REL 

BCC 
REL 

BCC 
REL 

Extended 
Relat1ve 

5 
0101 

2 

BCC 
1 REL 
2 

BCC 
1 REL 
2 

BCC 
1 REL 
2 

BCC 
1 REL 
2 

BCC 
1 REL 
2 

BCC 
1 REL 
2 

BCC 
1 REL 
2 

BCC 
1 REL 
2 

BCC 
1 REL 
2 

BCC 
1 REL 
2 

BCC 
1 REL 
2 

BCC 
1 REL 
2 

BCC 
1 REL 
2 

BCC 
1 REL 
2 

BCC 
1 REL 
2 

BCC 
1 REL 

B1t Set/Clear 
Reg1ster lnd~rect 

6 
0110 

2 2 

BCS 
1 REL 1 

2 2 
BCS 

1 REL 1 

2 2 

BCS 
1 REL 1 

2 2 

BCS 
1 REL 1 

2 2 
BCS 

1 REL 1 

2 2 
BCS 

1 REL 1 

2 2 

BCS 
1 REL 1 

2 2 
BCS 

1 REL 1 

2 2 

BCS 
1 REL 1 

2 2 

BCS 
1 REL 1 

2 2 

BCS 
1 REL 1 

2 2 

BCS 
1 REL 1 

2 2 
BCS 

1 REL 1 

2 2 
BCS 

1 REL 1 

2 2 

BCS 
1 REL 1 

2 2 
BCS 

1 REL 1 

lndrcates Instruction Reserved for Future Use 
lndrcates Illegal Instruction 

7 
0111 

BCS 
REL 

BCS 
REL 

BCS 
REL 

BCS 
REL 

BCS 
REL 

BCS 
REL 

BCS 
REL 

BCS 
REL 

BCS 
REL 

BCS 
REL 

BCS 
REL 

BCS 
REL 

BCS 
REL 

BCS 
REL 

BCS 
REL 

BCS 
REL 
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Table 6.7 : (continued). 

Register/Memory, Control, and Bit Manipulation Register/Memory and 
Read/Modify/Write Instructions Instructions Read/Modify/Write 

8 9 A B c D E F 

~ 1000 1001 1010 1011 1100 1101 1110 1111 
1 Low 

4 4 
, 

4 5 5 4 4 

JSRn JMPn MVI BRCLRO BCLRO LDA LDA 0 

2 EXT 2 EXT 3 IMM 3 B·T·B 3 BSC 1 R·IND 1 R·IND 
0000 

4 4 
, , 

5 5 4 4 

JSRn JMPn BRCLR1 BCLR1 STA STA 0 

2 EXT 2 EXT 3 B·T·B 3 BSC 1 R·IND 1 R·IND 
0001 

4 4 . 2 5 5 4 4 

JSRn JMPn RTI BRCLR2 BCLR2 ADD ADD 2 

2 EXT 2 EXT 1 INH 3 B·T·B 3 BSC 1 R·IND 1 R·IND 
0010 

4 4 . 2 5 5 4 4 

JSRn JMPn RTS BRCLR3 BCLR2 SUB SUB 3 

2 EXT 2 EXT 1 INH 3 B·T·B 3 BSC 1 R·IND 1 R·IND 
0011 

4 4 . 2 5 5 4 4 

JSRn JMPn COMA BRCLR4 BCLR4 CMP CMP 4 

2 EXT 2 EXT 1 INH 3 8-T-B 3 BSC 1 R·IND 1 R·IND 
0100 

4 4 . 2 5 5 4 4 

JSRn JMPn ROLA BRCLR5 BCLR5 AND AND 5 

2 EXT 2 EXT 1 INH 3 B·T·B 3 BSC 1 R·IND 1 R·IND 
0101 

4 4 * 
, 

5 5 4 4 

JSRn JMPn BRCLR6 BCLR6 INC INC 6 

2 EXT 2 EXT 3 B·T·B 3 BSC 1 R·IND 1 R·IND 
0110 

4 4 
, . 5 5 4 4 

JSRn JMPn BRCLR7 BCLR7 DEC DEC 7 

2 EXT 2 EXT 3 B·T·B 3 BSC 1 R·IND 1 
0111 

R·IND 
4 4 4 4 5 5 4 4 

JSRn JMPn INC DEC BRSETO BSETO LDA LDA 8 

2 EXT 2 EXT 1 S·D 1 S·D 3 B·T·B 3 BSC 2 IMM 2 
1000 

DIR 

4 4 4 4 5 5 # 4 

JSRn JMPn INC DEC BRSET1 BSET1 STA 9 

2 EXT 2 EXT 1 S·D 1 S·D 3 B·T·B 3 BSC 2 DIR 
1001 

4 4 4 4 5 5 4 4 

JSRn JMPn INC DEC BRSET2 BSET2 ADD ADD A 

2 EXT 2 EXT 1 S·D 1 S·D 3 B·T·B 3 BSC 2 IMM 1 
1010 

DIR 

4 4 4 4 5 5 4 4 
B· JSRn JMPn INC DEC BRSET3 BSET3 SUB SUB 

2 EXT 2 EXT 1 S·D 1 S·D 3 B·T·B 3 BSC 2 IMM 2 
1011 

DIR 

4 4 4 4 5 5 4 4 c JSRn JMPn LDA STA BRSET4 BSET4 CMP CMP 

2 EXT 2 EXT 1 S·D 1 S·D 3 B·T·B 3 BSC 2 2 
1100 

IMM DIR 

4 4 4 4 5 5 4 4 

JSRn JMPn LDA STA BRSET5 BSET5 AND AND D 

2 EXT 2 EXT 1 S·D 1 S·D 3 B·T·B 3 BSC 2 2 
1101 

IMM DIR 

4 4 4 4 5 5 # 4 
E JSRn JMPn LDA STA BRSET6 BSET6 INC 

2 EXT 2 EXT 1 S·D 1 S·D 3 B·T·B 3 BSC 2 DIR 
1110 

4 4 4 4 5 5 # 4 
F JSRn JMPn LOA STA BRSET7 BSET7 DEC 

2 
1111 

2 EXT 2 EXT 1 S·D 1 S·D 3 B·T·B 3 BSC DIR 
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SECTION 7 

ELECTRICAL SPECIFICATIONS 

7.1. INTRODUCTION 

This section contains the electrical specifications and associated timing for the EF6804J2. 

7.2. ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value 

Vee Supply Voltage -0.3 to+ 7.0 

v'" Input Voltage - 0.3 to+ 7.0 

TA Operating Temperature Range TL to TH 
Standard or L Suffix o to+ 70 
V Suffix -40 to+ 85 
T Suffix -40 to+ 105 

Tstg Storage Temperature Range -55 to+ 150 

TJ Junction Temperature Range 
Plastic 150 

Unit 

v 

v 

oc 

oc 

oc;w 

This device contains c~rcuitry to protect the inputs against damage due to h1gh stat1c voltages of electnc fields . however. it is adv1sed that normal 
precautions be taken to avoid application of any voltage higher than max1mum rated voltages to th1s h1gh Impedance cirCUit For proper operation 1t 
1s recommended that V, and Voot be constra1ned to the range Vss (V, or Vo,t) Vee Reltabthty of operation IS enhanced 1f unused mput except 
EXTAL are connected to an appropriate log1c voltage level (e g., either Vss or Vee) 

7.3. THERMAL DATA 

I Thermal Resistance Plastic 

Figure 7.3: LSTTL Equivalent Test Load 
(port A and TIMER). 

Test 
Point 

40 pF f': 
!Total! 

Vcc=5.2v 
IN919 ~ 

or EQUrv. "' 4 kD 

1N4148 
or Eqwv 

Figure 7.1 : LSTTL Equivalent Test Load 
(port B). 
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Test 
Point 

3J pF 
!Total! 

Vcc=52v 

90 

Figure 7.2: CMOS Equivalent Test Load 
(port A and B). 

TestPomt~ I 3J pF !Total! 

oc;w 



7.4. POWER CONSIDERATIONS 

The average chip-junction temperature, TJ, in 'C 
can be obtained from : 

TJ = TA +(Po· 8JA) (1) 

Where: 

TA =Ambient Temperature, 'C 

8JA = Package Thermal Resistance, Junction-to­
Ambient, 'C/W 

Po = PrNT + PPoRT 

PrNT = Icc x Vee, Watts - Chip Internal Power 

PPoRT =Port Power Dissipation, Watts- User Deter­
mined 

For most applications PPoRT << PrNT and can bene­
glected. PPORT may become significant if the device 

7.5. ELECTRICAL CHARACTERISTICS 

EF6804J2 

is configured to drive Darlington bases or sink LED 
loads. 

An approximate relationship between Po and TJ (if 
PPORT is neglected) is : 

Po= K + (TJ + 273'C) (2) 

Solving equations 1 and 2 for K gives : 

K = PD · (TA + 273'C) + 8JA · Po2 (3) 

Where K is a constant pertaining to the particular 
part. K can be determined from equation 3 by 
measuring Po (at equilibrium) for a known T A. Using 
this value of K the values of Po and TJ can be ob­
tained by solving equations (1) and (2) interatively 
for any value of T A. 

(V cc = + 5.0 Vdc ± 0.5 Vdc, V ss = 0 Vdc, T A = T L to T H unless otherwise noted) 

Symbol Parameter Min. Typ. Max. Unit 

PrNT Internal Power Dissipation-No Port Loading T A = ooc 135 170 mV 
T A=- 40°C 210 

VrH Input High Voltage 4.0 Vee v 
VrL Input Low Voltage Vss 0.8 v 
Cm Input Capacitance 10 pF 

l,n Input Current(IRQ, RESET) 2 20 [.lA 

7.6. ELECTRICAL CHARACTERISTICS 
(V cc = + 5.0 Vdc ± 0.5 Vdc, V ss = GND, T A = T L to T H unless otherwise noted) 

Symbol Parameter Min. Typ. Max. Unit 

lose Oscillator Frequency 4.0 11.0 MHz 

tblt Bit Time 0.364 1.0 [.IS 

tbyte Byte Cycle Time 4.36 12.0 [.IS 

twL, twH IRQ and TIMER Pulse Width 2 X !byte 

tRWL RESET Pulse Width 2 X tbyte 

tRHL RESET Delay Time (external capacitance = 1.0[.1F) 100 ms 
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7.7. PORT DC ELECTRICAL CHARACTERISTICS 
(Vee = + 5.0 Vde ± 0.5 Vdc, V ss = GND, T A = T L to T H unless otherwise noted) 

TIMER AND PORTS A (standard) 

Symbol Parameter Min. Typ. Max. Unit 

VoL Output Low Voltage, I Load = 0.4mA 0.5 v 

VoH Output High Voltage, I Load =- 50J1A 2.3 v 

v,H Input High Voltage 2.0 Vee v 

v,L Input Low Voltage Vss 0.8 v 

ITs I Hi·Z State Input Current 4 40 JlA 

TIMER AND PORTS A (open drain) 

Symbol Parameter Min. Typ. Max. Unit 

VoL Output Low Voltage, I Load = 0.4mA 0.5 v 

v,H Input H1gh Voltage 2.0 Vee v 

v,L Input Low Voltage Vss 0.8 v 

ITS I Hi-Z State Input Current 4 40 JlA 

ILoo Open Drain Leakage (Vout =Vee) 4 40 11A 

TIMER AND PORTS A (CMOS drive) 

Symbol Parameter Min. Typ. Max. Unit 

VoL Output Low Voltage, I Load = 0.4mA (sink) 0.5 v 

VoH Output High Voltage, I Load =- 1 OJ.lA Vee- 1.0 v 

VoH Output High Voltage, I Load =- 50J1A 2.3 v 

v,H Input High Voltage, I Load =- 300J1A Max 2.0 Vee v 

v,L Input Low Voltage, I Load =- 300J1A Max Vss 0.8 v 

ITS I Hi-Z State Input Current (V 1n = 0.4V to Vee) -300 JlA 

PORT B (standard) 

Symbol Parameter Min. Typ. Max. Unit 

VoL Output Low Voltage, I Load = 1.0mA 0.5 v 

VoL Output Low Voltage, I Load = 1Om A (sink) 1.5 v 

VoH Output High Voltage, I Load =- 100J1A 2.3 v 

v,H Input High Voltage 2.0 Vee v 

v,L Input Low Voltage V1ss 0.8 v 

ITs I Hi-Z State Input Current 8 80 JlA 
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PORT B (open drain) 

Symbol Parameter Min. Typ. Max. Unit 

VoL Output Low Voltage, I Load = 1.0mA 0.5 v 
VoL Output Low Voltage, I Load = 1 OmA (sink) 1.5 v 
V1H Input High Voltage 2.0 Vee v 
VIL Input Low Voltage Vss 0.8 v 
ITS I Hi-Z State Input Current 8 80 JlA 

ILoo Open Drain Leakage (Vout =Vee) 8 80 JlA 

PORT B (CMOS drive) 

Symbol Parameter Min. Typ. Max. Unit 

VoL Output Low Voltage, ILoad = 1.0mA 0.5 v 
VoL Output High Voltage, I Load = 1 OmA (sink) 1.5 v 
VoH Output High Voltage, I Load =- 10J.!A Vee- 1.0 v 
VoH Output High Voltage, I Load =- 1 OOJ.!A 2.3 v 
V1H Input High Voltage, I Load =- 300J.!A Max 2.0 Vee v 
V1L Input Low Voltage, I Load =- 300J.!A Max Vss 0.8 v 
ITS I Hi-Z State Input Current (Vm = 0.4V to Vee) -300 JlA 
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SECTION 8 

MECHANICAL DATA 

This section contains the pin assignment and package dimension diagrams for the EF6804J2 microcom­
puter. 

MECHANICAL DATA 

e max •= 2.54(2) e max. 

~~8~.5~m~a~x--~.l ~~[ 1 

r--r-'--r--.+: -·--·-f 

Nom1nal dui1ens1on 
True geometncal positior 

20 P1ns 
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SECTION 9 

ORDERING INFORMATION 

9.1. INTRODUCTION 

The following information is required when ordering 
a custom MCU. The information may be transmitted 
to SGS-THOMSON in the following media: 

EPROM(s), 2716 or 2732 

EFDOS/MDOS *,disk file 

To initiate a ROM pattern for the MCU, it is necess­
ary to first contact your local field service office, local 
sales person, or your local SGS-THOMSON repre­
sentative. 

9.1.1. EPROMs. One 2716 or one 2732 type 
EPROM, programmed with the customer program 
(positive logic sense for address and data), may be 
submitted for pattern generation. Since all program 
and data space information will fit on one 2716 or 
2732 EPROM, the EPROM must be programmed 
as follows in order to emulate the EF6804J2 MCU. 
For a 2716, start the data space ROM at EPROM 
address $020 and start program space ROM at 
EPROM address $410 and continue to memory 
space $7FF. Memory spaces $7F8 through $7FB 
are reserved for SGS-THOMSON self-test vectors. 
For a 2732, the memory map shown in figure 2.1 
can be used. All unused bytes, including the user's 
space, must be set to zero. For shipment to SGS­
THOMSON the EPROMs should be placed in a con­
ductive IC carrier and packed securely. Do not use 
styrofoam. 

9.1 .2. EFDOS/MDOS DISK FILE. An 
EFDOS/MDOS* disk, programmed with the cus­
tomer program (positive logic sense for address and 
data), may be submitted for pattern generation. 
When using the EFDOS/MDOS* disk, include the 
entire memory image of both data and program 
space. All unused bytes, including the user's space, 
must be set to zero. 

9.2. VERIFICATION MEDIA 

All original pattern media (EPROMs or floppy disk) 
are filed for contractual purposes and are not re­
turned. A computer listing of the ROM code will be 
generated and returned along with a listing verifica­
tion form. The listing should be thoroughly checked 
and the verification form completed, signed, andre­
turned to SGS-THOMSON. The signed verification 
form constitutes the contractural agreement for cre­
ation of the customer mask. If desired, SGS-THOM-

EF6804J2 

SON will program a blank 2716, 2732, or 
EFDOS/MDOS* disk (supplied by the customer) 
from the data file used to create the custom mask 
to aid in the verification process. 

* Requires prior factory approval 

9.3. ROM VERIFICATION UNITS (RVUs) 

Ten MCUs containing the customer's ROM pattern 
will be sent for program verification. These units will 
have been made using the custom mask but are for 
the purpose of ROM verification only. For expedi­
ency they are usually tested only at room tempera­
ture, five volts and may be unmarked and packaged 
in ceramic. These RVUs are included in the mask 
charge and are not production parts. 

These RVUs are not backed nor guaranteed by 
SGS-THOMSON Quality Assurance. 

9.4. FLEXIBLE DISKS 

The disk media submitted must be single-sided 
single density, 8-inch, EFDOS/MDOS* compatible 
floppies. The customer must clearly label the disk 
with the ROM pattern file name. The minimum 
EFDOS/MDOS* system files as well as the absolute 
binary object file (file name. LO type of file) from the 
6804 cross assembler must be on the disk. An ob­
ject file made from a memory dump, using the ROL­
LOUT command is also admissable. Consider 
submitting a source listing as well as :file name, LX 
(DEVICE/EXORciser loadable format). This file will 
of course be kept confidential and is used 1) to 
speed up the process in house if any problems arise, 
and 2) to speed up our customer to factory interface 
if a user finds any software errors and needs assis­
tance quickly from SGS-THOMSON factciry repre­
sentatives. 

EFDOS is SGS-THOMSON Disk Operating System 
available on development systems such as DE­
VICE. 

MOOS is· MOTOROLA's Disk Operating System 
available on development systems such as EXOR­
ciser ... 

* Requires prior factory approval. 

Whenever ordering a custom MCU is required, 
please contact your local SGS-THOMSON 
Microelectronics distributor and/or complete and 
send the attached "MCU customer ordering sheet 
SEMICONDUCTEURS representative. 
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ORDER CODES 

EF6804J2 I p I v 

Devrce 
c_ ___ Screen level 

I J I 
Package L------Oper temp 

The table below horizontally shows all available suffix combinations for package, operating temperature and 
screening level. Other possibilities on request. 

Device 
Package Oper. Temp Screening Level 

c J p E FN L* v T Std D 

EF6804J2 • • • • • 

Examples :EF6804J2P, EF6804J2PV, EF6804J2PLD, EF6804J2PVD 

Package: C: Ceramrc OIL, P :Piastre OIL, FN : PLCC 
Oper. temp. : L • : O'C to+ 70'C, V :- 40'C to + 85'C, T :- 40'C to+ 1 OS'C, • : may be omrtted 
Screening level : Std : (no-end suffrx), D : NFC 96883 level D -

EXORcrser rs a regrstered trademark of MOTOROLA Inc 

These specifications are subject to change without notice 
Please inquire with our sales offices about the availability of the different packages 
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EF6804 FAMILY- MCU CUSTOMER ORDERING SHEET 

Commercial reference =I I I I I I I I I I I 

Customer's marking :I I I I I I I I I I I 

Application 

ROM capacity required : 

Temp~rature range : 
0 O'C/ + 70'C 
0 -40'Ci+85'C 
0 -40'C/ + 105'C 

Package 
0 Plast1c 

I I I I lbytes 

PATTERN MEDIA (a listing may be supplied in addition 
for checking purpose) : 
0 EPROM Reference : 
0 EFDOS/MDOS' disk file 

0 B"floppy 
0 5" 1 /4 floppy 

0 Other' 

• Requires pnor factory approval 

Yearly quantity forecast : 

CUSTOMER CONTACT NAME: DATE: 

Customer name 
Company 
Address 
Phone 

: ....................................... . 
: ....................................... . 
: ....................................... . 
: ....................................... . 

Specification reference ; 
0 SGS-THOMSON Microelectronics reference 

0 Special customer data reference' 

Quality level : 
0 STD 
0 D 
0 Other' (customer's quality specification ref.) : 

Software developped by : 
0 SGS-THOMSON Microelectronics application lab. 
0 Externallab. 
0 Customer 

OPTION LIST 

-Oscillator input : 

0 Xtal 
0 RC 

-Interrupt Trigger: 
0 Edge -sensitive 
0 Level-and edge-

sensitive 

start of production date : 
for a shipment period of : 

- Port A output dnve 
(41/0s) 
0 Enabled 
0 Disabled 

- Port B output dnve : 
0 CMOS and TTL 
0 TTLonly 
0 Opendrain 

SIGNATURE: 

~ SCS-THOMSON .. ""'!I [ij]O©Iiil@~~~©~liii@II!IO©I\l 
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HARDWARE FEATURES 
• 8-BIT ARCHITECTURE 
• PIN COMPATIBLE WITH THE EF6805P2 AND 

EF68HC04P3 
• 32 BYTES OF RAM 
• MEMORY MAPPED 1/0 
• 1020 BYTES OF USER ROM 
• 64 BYTES OF ROM FOR LOOK-UP TABLES 
• 20 TTUCMOS COMPATIBLE BIDIRECTIONAL 

1/0 LINES (eight lines are led compatible) 
• 8-BIT TIMER WITH 7-BIT SOFTWARE PRO­

GRAMMABLE PRESCALER 
• ON-CHIP CLOCK GENERATOR 
• SELF-CHECK MODE AND ROM VERIFY 

MODE 
• MASTER RESET 
• COMPLETE DEVELOPMENT SYSTEM SUP­

PORT ON I NICE® 
• 5 VOLT SINGLE SUPPLY 
• TIMER PIN IS PROGRAMMABLE AS INPUT OR 

OUTPUT 
SOFTWARE FEATURES 
• SIMILAR TO EF6805 HMOS FAMILY 
• BYTE EFFICIENT INSTRUCTION SET 
• EASY TO PROGRAM 
• TRUE BIT MANIPULATION 
• BIT TEST AND BRANCH INSTRUCTION 
• SEPARATE FLAGS FOR INTERRUPT AND 

NORMAL PROCESSING 
• VERSATILE INDIRECT REGISTERS 
• CONDITIONAL BRANCHES 
• SINGLE INSTRUCTION MEMORY 

EXAMINE/CHANGE 
• TRUE LIFO STACK ELIMINATES STACK 

POINTER 
• EIGHT POWERFUL ADDRESSING MODES 
• ANY BIT IN DATA SPACE MEMORY MAY BE 

TESTED 
• ANY BIT IN DATA SPACE MEMORY CAPABLE 

OF BEING WRITTEN TO MAY BE SET OR 
CLEARED 

USER SELECTABLE OPTIONS 
• 20 BIDIRECTIONAL 1/0 LINES WITH LSTTL, 

LSTTUCMOS, OR OPEN-DRAIN INTERFACE 
• CRYSTAL OR LOW-COST RESISTOR-CAPA­

CITOR OSCILLATOR 
• MASK SELECTABLE EDGE- OR LEVEL-SEN­

SITIVE INTERRUPT PIN 

May 1989 

EF6804P2 

8 BIT MICROCOMPUTER 

0 
CB132 

p 
(Plastic Package) 

PIN CONNECTIONS 

vss 
IRQ 2 

Vee 3 

EXTAl 4 

XTAL 5 

MDS 6 

TIMER 7 

PCO 8 

Pel 9 

PC2 10 

PC3 11 

PBO 12 

P81 13 

P82 14 

PA3 

PA2 

21 PAl 

20 PAO 

19 PB7 

18 PB6 

17 PBS 

16 P84 

15 P83 

" w _, i 1- "io U)Ul,.. g) X Ua: cnw c( < 
lU > - > a: a.. a.. 

CB520 
FN 

(PLCC28) 
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DESCRIPTION 
The EF6804P2 Microcomputer Unit (MCU) is a 
member of the EF6804 Family of very low-cost 
single-chip microcomputers. This 8-bit microcom­
puter contains a CPU, on-chip CLOCK, ROM, RAM, 
IN ICE® IS SGS THOMSON developmenVemulallon tool 

Figure 1.1 : EF6804P2 MCU Block Diagram. 

TIMER 

AccumulatOJ 
8 A 

lndnoct 
RegiSter 

PAll tNoteJ XP 
PAl lnd•rect 

Port PA2 Reg1ster 
A PA:J INotel yp 

110 PA4 
L~nes PA5 Stack. 

PA6 
PAl Program 

Counter 
High PCH 

1020 X 8 Program 
User Program ROM Counter 

292 xB Luw e<.L 

Self·Ched< ROM 

CPU 

1/0, and TIMER. It is designed for the user who 
needs an economical microcomputer with the 
proven capabilities of the EF6800-based instruction 
set. The following are some of the hardware and 
software highlights of the EF6804P2 MCU. 

PBO 
PB1 

CPU PB2 Pan 
Controt PB3 8 

PB4 110 
PHh Lu-.es 
PB6 
PB7 

PaJ Port 
PCI c 
PC2 110 

ALU PC3 Lines 

Note: 8·Bit 1nd1rect registers XP and YP, although shown as part of the CPU, are actually located 1n the 32 x 8 RAM at locations $80 and $81. 
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SECTION 2 

FUNCTIONAL PIN DESCRIPTION, MEMORY, 
CPU, AND REGISTERS 

This section provides a description of the functional 
pins, memory spaces, the central processing unit 
(CPU), and the various registers and flags. 

2.1. FUNCTIONAL PIN DESCRIPTION 

2.1 .1. Vee and Vss. Power is supplied to the MCU 
using these two pins. Vee is power and Vss is the 
ground connection. 

2.1.2. IRQ. This pin provides the capability for asyn­
chronously applying an external interrupt to the 
MCU. Refer to 4.1.1NTERRUPTfor additional infor­
mation. 

2.1 .3. XTAL and EXTAL. These pins provide con­
nections to the on-chip clock oscillator circuit. A 
crystal,a resistor and capacitor, or an external sig­
nal, depending on the user selectable manufactur­
ing mask option, can be connected to these pins to 
provide a system clock source with various sta­
bility/cost tradeoffs. Lead lengths and stray capacit­
ance on these two pins should be minimized. Refer 
to 4.4 INTERNAL CLOCK GENERATOR OP­
TIONS for recommendations concerning these in­
puts. 

2.1.4. TIMER. In the input mode, the timer pin is con­
nected to the prescaler input and serves as the timer 
clock. In the output mode, the timer pin signals that 
a time out of the timer has occurred. Refer to SEC­
TION 3 TIMER for additional information. 

2.1.5. RESET. The RESET pin is used to restart the 
processor of the EF6804P2 to the beginning of a 
program. This pin, together with the MDS pin is also 
used to select the operating mode of the EF6804P2. 
If the MDS pin is at zero volts, the normal mode is 
selected and the program counter is loaded with the 
user restart vector. However, if the MDS pin is at 
+ 5 volts, then pins PA6 and PA7 are decoded to 
allow selection of the operating mode. Refer to 4.3 
RESET for additional information. 

2.1.6. MOS. The MDS (mode select) pin is used to 
place the MCU into special operating modes. If MDS 
is held at + 5 volts at the exit of the reset state, the 
decoded state of PA6 and PA7 is latched to deter­
mine the operating mode (single-chip, self-check, or 
ROM verify). However, if MDS is held at zero volts 
at the exit of the reset state, the single-chip opera­
ting mode is automatically selected (regardless of 
PA6 and PA7 state). 

EF6804P2 

For those users familiar with the EF6801 microcom­
puter, mode selection is similar but much less com­
plex in the EF6804P2. No special external diodes, 
switches, transistors, etc. are required in the 
EF6804P2. 

2.1.7. INPUT/OUTPUT LINES (PAO-PA7, PBO­
PB7, PCO-PC3). These 20 lines are arranged into 
two 8-bit ports (A and B) and one 4-bit port (C). All 
lines are programmable as either inputs or outputs 
under software control of the data direction regis­
ters. Refer to SECTION SINPUT/OUTPUT PORTS 
for additional information. 

2.2. MEMORY 

The MCU operates in three different memory 
spaces : program space, data space, and stack 
space. A representation of these memory spaces is 
shown in figure 2.1. The program space (figure 2.1 a) 
contains all of the instructions that are to be exe­
cuted, as well as the data required for the immedi­
ate addressing mode instructions, and the self­
check and user vectors. The data space (figu­
re 2.1 b) contains all of the RAM locations, plus 1/0 
locations and some ROM used for storage of tables 
and constants. The stack space (figure 2.1 c) con­
tains RAM which is used for stacking subroutine and 
interrupt return addresses. 

The MCU is capable of addressing 4096 bytes of 
program space memory with its program counter 
and 256 bytes of data space memory with its instruc­
tions. The data space memory contains three bytes 
for port data registers, three bytes for port data di­
rection registers, one byte for timer status/control, 
64 bytes ROM, 32 bytes RAM (which includes two 
bytes for XP and YP indirect registers), two bytes for 
timer prescaler and count registers, and one byte 
for the accumulator. The program space section in­
cludes 288 bytes of self-check ROM, 1016 bytes 
program ROM, and eight bytes of vectors for self­
check and user programs. 

2.3. CENTRAL PROCESSING UNIT 

The CPU of the EF6804 Family is implemented in­
dependently from the 1/0 or memory configuration. 
Consequently, it can be treated as an independent 
central processor communicating with 1/0 and 
memory via internal addresses, data, and control 
buses. 
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Figure 2.1 : EF6804P2 MCU Address Map. 
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a) Program Space Memory Map 

Reserved !All Ones! 

Self ~Ched< ROM 

Program ROM 

Self Check fRO Vector 

Self Check Restart Vector 

Use< I RO Vector 

u~r Re!ltdrt Vet...tUI 

c) Stack Space Memory Map 

Level1 

Level2 

Leve13 

Level4 

SAOF 
SAEO 

SBFF 
SaxJ 

SFF7 

SFFB-SFF9 

SFFA-SFFB 

SFFCSFFD 

SFFE-SFFF 

b) Data Space Memory Map 

Port A Data Register 

Port B Data Register 

1 I 1 I 1 I 1 I Port C Data Reg. 

Not Used 

Port A Data Direction Register 

Port B Data Direction Register 

1 11 I 1 I 1 I PortC DDR 

Not Used 

Timer Status Control Register 

Future Expansion 

User Data Space ROM 

Future Expansion 

lnd1rect Register X 

Indirect Register Y 

Data Space RAM 

Future Expansion 

Prescaler Register 

T1mer Count Register 

Accumulator 

$00 

$01 

$02 

$03 

$04 

$05 

$06 
$07 

$00 

$09 

$0A 

$1F 

$20 

$5F 
$60 

$7F 

$80 

$81 

$82 

$9F 
$AO 

$FC 

$FD 

SFE 

$FF 



2.4. REGISTERS 

The EF6804 Family CPU has four registers and two 
flags available to the programmer. They are shown 

Figure 2.2 : Programming Model. 

These Are 
Regrsters 
In Data 

Space RAM 

7 

11 8 7 

I PCH I 

EF6804P2 

in figure 2.2 and are explained in the following para­
graphs. 

0 

A Accumulator 

0 

XP 
lndrrect 

Regrster X 

0 

yp lndrrect 
Regrster Y 

0 

PCL 
Program 
Counter 

Normal Flags rn 
Interrupt Flags rn 

2.4.1. ACCUMULATOR (A). The accumulator is an 
8-bit general purpose register used in all arithmetic 
calculations, logical operations, and data manipula­
tions. The accumulator is implemented as the hig­
hest RAM location ($FF) in data space and thus 
implies that several instructions exist which are not 
explicitly implemented. Refer to 6.3 IMPLIED INS­
TRUCTIONS for additional information. 

2.4.2. INDIRECT REGISTERS (XP, YP). These two 
indirect registers are used to maintain pointers to 
other memory locations in data space. They are 
used in the register-indirect addressing mode, and 
can be accessed with the direct, indirect, short di­
rect, or bit seVclear addressing modes. These re­
gisters are implemented as two of the 32 RAM 
locations ($80, $81) and as such generate implied 
instructions and may be manipulated in a manner 
similar to any RAM memory location in data space. 
Refer to 6.3. IMPLIED INSTRUCTIONS for addi­
tional information. 

2.4.3. PROGRAM COUNTER (PC). The program 
counter is a 12-bit register that contains the address 
of the next ROM word to be used (may be opcode, 
operand, or address of operand). The 12-bit pro­
gram counter is contained in PCL (low byte) and 
PCH (high nibble). 

2.4.4. FLAGS (C, Z). The carry (C) bit is set on a 
carry or a borrow out of the ALU. It is cleared if the 
result of an arithmetic operation does not result in a 
carry or a borrow. The (C) bit is also set to the value 
of the bit tested in a bit test instruction, and partici­
pates in the rotate left instruction. 

The zero (Z) bit is set if the result of the last arith­
metic or logical operation was equal to zero, other­
wise it is cleared. 

There are two sets of these flags, one set is for in­
terrupt processing, the other for all other routines. 
When an interrupt occurs, a context switch is made 
from the program flags to the interrupt flags (inter-
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rupt mode). An RTI forces the context switch back 
to the program flags (program mode). While in either 
mode, only the flags for that mode are available. 
Further, the interrupt flags will not be cleared upon 
entering the interrupt mode. Instead, the flags will 
be as they were at the exit of the last interrupt mode. 
Both sets of flags are cleared by reset. 

2.4.5. STACK. There is a true LIFO stack incorpor­
ated in the EF6804P2 which eliminates the need for 
a stack pointer. Stack space is implemented in sepa­
rate RAM (12-bits wide) shown in figure 2-1 c. When­
ever a subroutine call (or interrupt) occurs, the 
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contents of the PC are shifted into the top register 
of the stack. At the same time (same cycle), the top 
register is shifted to the next level deeper. This hap­
pens to all registers with the bottom register falling 
out the bottom of the stack. 

Whenever a subroutine or interrupt return occurs, 
the top register is shifted into the PC and all lower 
registers are shifted up one level higher. The stack 
RAM is four levels deep. If the stack is pulled more 
than four times without any pushes, the address that 
was stored in the bottom level will be shifted into the 
PC. 



SECTION 3 

TIMER 

3.1. INTRODUCTION 

A block diagram of the EF6804P2 timer circuitry is 
shown in figure 3.1. The timer logic in the MCU is 
comprised of a simple 8-bit counter (timer count re­
gister, TCR) with a 7-bit prescaler, and a timer 
status/control register (TSCR). The timer count re­
gister, which may be loaded under program control, 
is decremented towards zero by a clock input (pres­
caler output). The prescaler is used to extend the 
maximum interval of the overall timer. The prescaler 
tap is selected by bits 0-2 (PSO-PS2) of the timer 
status/control register. Bits PSO-PS2 control the ac­
tual division of the prescaler within the range of 
divide-by-1 (2°) to divide-by-128 (2\ The timer 
count register (TCR) and prescaler are de­
cremented on rising clock edges. The coding of the 
TCSR PSO-PS2 bits produce a division in the pres­
caler as shown in table 3.1. 

Table 3.1 : Prescaler Coding Table. 

PS2 PS1 PSO Divide By 

0 0 0 1 
0 0 1 2 
0 1 0 4 
0 1 1 8 
1 0 0 16 
1 0 1 32 
1 1 0 64 
1 1 1 128 

EF6804P2 

The TIMER pin may be programmed as either an 
input or an output depending on the status of TOUT 
(TSCR bit 5). Refer to figure 3.1. In the input mode, 
TOUT is a logic zero and the TIMER pin is con­
nected directly to the prescaler input. Therefore, the 
timer prescaler is clocked by the signal applied from 
the TIMER pin. The prescaler then divides its clock 
input by a value determined by the coding of the 
TSCR bits PSO-PS2 as shown in table 3.1. The 
divided prescaler output then clocks the 8-bit timer 
count register (TCR). When the TCR is de­
cremented to zero, it sets the TMZ bit in the timer 
status/control register (TSCR). The TMZ bit can be 
tested under program control to perform a timer 
function whenever it goes high. The frequency of the 
external clock applied to the TIMER pin must be less 
than !byte (fosd48). 

In the output mode, TOUT is a logic one and the 
TIMER pin is connected to the DOUT latch. There­
fore, the timer prescaler is clocked by the internal 
sync pulse (divide-by-48 of the internal oscillator). 
Operation is similar to that described above for the 
input mode. However, in the output mode, the low­
to-high TMZ bit transition is used to latch the DOUT 
bit of the TSCR and provide it as output for the 
TIMER pin. 

NOTE: 

TMZ is normally set to logic one when the timer 
times out (TCR decrements to $00) ; however, it 
may be set by a write of $00 to the TCR or by a write 
to bit 7 of the TSCR. 
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During reset, the timer count register and prescaler 
are set to $FF, while the timer status/control regis­
ter is cleared to $00 and the DOUT LATCH (TIMER 
pin is in the high-impedance input mode) is forced 
to a logic high. The pre scaler and timer count regis­
ter are implemented in data space RAM locations 
($FD, $FE) ; therefore, they are both readable and 
writeable. A write to either will predominate over the 

7 
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TCR decrement-to-$00 function ; i.e., if a write and 
a TCR decrement-to-$00 occur simultaneously, the 
write will take precedence, and the TMZ bit is not 
set until the next timer time out. 

3.2. TIMER REGISTERS 

3.2.1 . Timer Count Register (TCR) 

0 

TSCR Address =$FE 

The timer count register indicates the state of the in­
ternal 8-bit counter. 

7 6 5 4 

TMZ Not used I TOUT DOUT 

3.2.2. TIMER STATUS/CONTROL REGISTER 
(TSCR) 

3 2 0 

PS1 PS2 PS1 PSO 

TSCR Address = $09 

b?, TMZ 

b6 

b5, TOUT 

b4, DOUT 

6 

Low-to-high transition indicates the 
timer count register has de­
cremented to zero since the timer 
status/control register was last read. 
Cleared by a read of TSCR register 
if TMZ was read as a logic one. 

Not used. 

When low, this bit selects the input 
mode for the timer. When high, the 
output mode is selected. 

Data sent to the timer output pin 
when TMZ is set high (output mode 
only). 

b3, PSI Used to initialize the prescaler and 
inhibit its counting while PSI= 0. The 
initialized value is set to $FF. The 
timer count register will also be in­
hibitedj£Q_ntents unchanged). 
When PSI = 1 the prescaler begins 
to count downward. 

bO, b1, b2 These bits are used to select the 
PSO-PS1-PS2 prescaler divide-by ratio; therefore, 

effecting the clock input frequency 
to the timer count register. 

3.2.3. TIMER PRESCALER REGISTER 

0 

TPR Address = $FD 

The timer prescaler register indicates the state of 
the internal ?-bit prescaler. This ?-bit prescaler 

divide ratio is normally determined by bits PSO-PS2 
of the timer status/control register (see table 3.1 ). 
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SECTION 4 

INTERRUPT, SELF-CHECK, RESET, AND IN­
TERNAL CLOCK GENERATOR 

4.1. INTERRUPT 

The EF6804P2 can Qgjnterrupted by applying a 
logic low signal to the IRQ pin ; however, a mask op­
tion selected at the time of manufacture determines 
whether the negative-going edge or the actual low 
level is sensed to indicate an interrupt. 

4.1.1. EDGE-SENSITIVE OPTION. When the IRQ 
pin is pulled low, the internal interrupt request latch 
is set. Prior to each instruction fetch, the interrupt re­
quest latch is tested and, if its output is high, an in­
terrupt sequence is initiated at the end of the current 
instruction (provided the interrupt mask is cleared). 
Figure 4.1 contains a flowchart which illustrates both 
the reset and interrupt sequence. The interrupt se­
quence consists of one cycle during which : the in­
terrupt request latch is cleared, the interrupt mode 
flags are selected, the PC is saved on the stack, the 
interrupt mask is set, and the IRQ vector (single 
chip mode= $FFC/$FFD, self-check mode= $FF8/ 
$FF9) is loaded into the PC. Internal processing of 
the interrupt continues until an RTI (return from in­
terrupt) instruction is processed. During the RTI in­
struction, the interrupt mask is cleared and the 
program mode flags are selected. The next instruc­
tion of the program is then fetched and executed. 
Once the interrupt was initially detected and the in­
terrupt sequence started, the interrupt request latch 
is cleared so that the next (second) interrupt may be 
detected even while the previous (first) one is being 
serviced. However, even though the second inter­
rupt sets the interrupt request latch during proces-
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sing of the first interrupt, the second interrupt 
sequence will not be initiated until completion of the 
interrupt service routine for the first interrupt. Com­
pletion of an interrupt service routine is always ac­
complished using an RTI instruction to return to the 
main program. The interrupt mask (which is not di­
rectly available to the programmer) is cleared during 
the last cycle of the RTI instruction. 

4.1.2. LEVEL-SENSITIVE OPTION. The actual 
operation of the level-sensitive and edge-sensitive 
options are similar except that the level-sensitive op­
tion does not have an interrupt request latch. With 
no interrupt request latch, the logic level of the IRQ 
pin is checked for detection of the interrupt. Also, in 
the interrupt sequence, there is no need to clear the 
interrupt request latch. These differences are illus­
trated in the flowchart of figure 4.1. 

4.1.3. POWER UP AND TIMING. During the power­
up sequence the interrupt mask is set to preclude 
any false or "ghost" interrupts from occurring. To 
clear the interrupt mask, the programmer should 
write a JSR (instead of a JMP) instruction to an in­
itialization routine as the first instruction in a pro­
gram. The initialization routine should end with an 
RTI (instead of RTS). Maximum interrupt response 
time is eight machine (!byte) cycles (see 4.41NTER­
NAL CLOCK GENERATOR OPTIONS). This in­
cludes five machine cycles for the longest 
instruction, plus one machine cycle for stacking the 
PC and switching flags, plus two machine cycles for 
synchronization of the IRQ input with the internal 
clock. Minimum response time is one machine cycle 
for stacking PC and switching flags (see 2.4.4 Flags 
(C, Z)). 



Figure 4.1 : Reset and Interrupt Processing Flowchart. 
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4.2. SELF-CHECK 

The self check capability of the EF6804P2 MCU pro­
vides an internal check to determine if the part is 
functional. A schematic diagram of the self-check 
connections is shown in figure 4.2. To perform a 
functional check of the MCU, connect it as shown in 
figure 4.2a and monitor the LEOs for a 00100 ($04) 
pattern on port A. To initiate a ROM self-check of 
the memory simply connect the circuit as shown in 
figure 4.2b and check that the "good" LED turns on 
to indicate a good memory. The ROM verify uses a 
cyclical redundancy check (CRC) to conduct a ROM 
check by means of signature analysis circuit.This 
circuit consists of two 8-bit shift registers configured 
to perform the check using the CCITT polynominal. 

4.3. RESET 

The MCU can be reset in two ways : by initial power 
u~figure 4.1) and by the external reset input 
(RESET). During power u~elay of tRHL is 
needed before allowing the RESET input to go high. 
This time delay allows the internal clock generator 
to stabilize. Connecting a capacitor and resistor to 
the RESET input, as shown in figure 4.3, typically 
provides sufficient delay. 
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4.4. INTERNAL CLOCK GENERATOR OP­
TIONS 

The internal clock generator circuit is designed to 
require a minimum of external components. A crys­
tal, a resistor-capacitor, or an external signal may 
be used to generate a system clock with various sta­
bility/cost tradeoffs. A manufacturing mask option is 
required to select either the crystal oscillator or the 
RC oscillator circuit. The different clock generator 
option connection methods are shown in figure 4.4, 
crystal specifications and suggested PC board 
layouts are given in figure 4.5, resistor-capacitor se­
lection graph is given in figure 4.6, and a timing dia­
gram is illustrated in figure 4.7. The crystal oscillator 
startup time is a function of many variables : crystal 
parameters (especially Rs), oscillator load capaci­
tance (CL), IC parameters, ambient temperature, 
and supply voltage. To ensure rapid oscillator start­
up, neither the crystal characteristics nor the load 
capacitance should exceed recommendations. 

The oscillator output frequency is internally divided 
by four to produce the internal <!>1 and <1>2 clocks. The 
<jl1 clock is divided by twelve to produce a machine 
byte (cycle) clock. A byte cycle is the smallest unit 
needed to execute any operation (i.e., increment the 
program counter). An instruction may need two, 
four, or five byte cycles to execute. 
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Figure 4.2 : Self-Check Circuit. 

• Used With crystal opt1on only (a) functional check 

• Used w1th crystal opt1on only. (b) Simple ROM Venfy Check 
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Figure 4.3 : Power-Up Reset Delay Circuit. 
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Figure 4.4 : Clock Generator Options. 
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Figure 4.5 : Crystal Motional Arm Parameters and Suggested PC Board Layout. 

(a) Crystal Parameters 

c, 

.~~ 
[)(TAL4 L -1W . XTAL5 

Crystal Parameters 
AT· Cut Parallel Resonance Crystal 
Co= 7pF Maximum 
Freq = 11MHz 
Rs = 50Q Maximum 

Piezoelectric ceramic resonators which have the 
equivalent specifications may be used instead of 
crystal oscillators. Follow ceramic resonator manu· 
facturer's suggestions for Co, C1, and Rs values. 

Note : Keep crystal leads and circUit connections as short as possible. 

EF6804P2 

Figure 4.6 : Typical Frequency Selection For Resistor-Capacitor Oscillator Option (CL = 17pF). 
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Figure 4.7 : Clock Generator Timing Diagram. 

a) Oscillator · 0 1-02 Timing 

b) 01-Sync. Timing 

01 
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SECTION 5 

INPUT/OUTPUT PORTS 

5.1. INPUT/OUTPUT 

There are 20 input/output pins. All pins (port A, B, 
and C) are programmable as either inputs or out­
puts under software control of the corresponding 
data direction register (DDR). The port 1/0 pro­
gramming is accomplished by writing the cor­
responding bit in the port DDR to a logic one for 
output or a logic zero for input. On reset, all the 
DDRs are initialized to a logic zero state to put the 
ports in the input mode. The port output registers 
are not initialized on reset but should be initialized 

Figure 5.1 :Typical I/O Port Circuitry. 

Data 

EF6804P2 

before changing the DDR bits to avoid undefined le­
vels. When programmed as outputs, the latched 
output data is readable as input data, regardless of 
the logic levels at the output pin due to output load­
ing ; see figure 5-1 . All input/output pins are LSTTL 
compatible as both inputs and outputs. In addition, 
all three ports may have one of two mask options : 
1) internal pullup resistor for CMOS output compati­
bility, or 2) open drain output. The address map in 
figure 2-1 gives the address of data registers and 
DDRs. The register configuration is discussed under 
the registers paragraph below and figure 5.2 pro­
vides some examples of port connections. 

Orrect1on Reg1ster t--.-------+-----, 
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Figure 5.2 : Typical Port Connections. 
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PA7 

PA6 

PA5 

PM 

PA3 

PA2 
PAl 

PAO 

LSTIL Driving Port A Directly 

MC14())9 

ITyp1call 

PC3 

PC2 

PCl 

f'CO 

CMOS and LSTTL Driving Port C Directly 

+V 

Port B, bit 0, and bit 1 programmed as output, 
driving LEOs directly. 

PB7 

PB6 

PB5 

PB4 

PB3 

PB2 

CMOS or LSTIL Driving Port B Directly 

I CMOS Loadsl 

11 LSTTL Loadl 

Port A, bit 7 programmed as output, driv1ng 
CMOS loads and bit 4 driving one LSTIL load 
directly (using CMOS output option) 

+V 

PC3~1 PC1 lO CMOS 
Inverter 

PCl 9 MC14049/MC14069 

PCO 8 IT VPIGaU 

Port C open drain option, with bits 0·3 pro· 
grammed as output, driving CMOS load via 
wired·ORed configuration. 



The latched output data bit (see figure 5.1) may al­
ways be written. Therefore, any write to a port writes 
to all of its data bits even though the port DDR is set 
to input. This may be used to initialize the data re­
gisters and avoid undefined outputs; however, care 
must be exercised when using read-modify-write 
instructions since the data read corresponds to the 
pin level if the DDR is an input (0) and corresponds 
to the latched output data when the DDR is an out­
put (1 ). The 20 bidirectional lines may be configured 
by port to be LSTTL (standard configuration), 

7 
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LSTTUCMOS (mask option), or open drain (mask 
option). Port B outputs are LED compatible. 

NOTE: 

The mask option only allows changes by port. For 
example, if the customer wishes PA7 to be open 
drain, then PAO-PA7 must all be open drain. 

5.2. REGISTERS 

The registers described below are implemented as 
RAM locations and thus may be read or written. 

0 

Port A Address = $00 
Port B Address = $01 

Port C Address= $02 (bits 0·3) 

5.2.1. PORT DATA REGISTER 

The source of data read from the port data register 
will be the port 1/0 pin or previously latched output 
data depending upon the contents of the corres­
ponding data direction register (DDR). The destina-

7 

lion of data written to the port data register will be 
an output data latch. If the corresponding data di­
rection register (DDR) for the port 1/0 pin is pro­
grammed as an output, the data will then appear on 
the port pin. 

0 

Port A Address = $04 
Port B Address = $05 

Port C Address = $06 (bits 0-3) 

5.2.2. PORT DATA DIRECTION REGISTER 

The port DDRs configure the port pins as either in­
puts or outputs. Each port pin can be programmed 
individually to act as an input or an output. A zero in 

the pins corresponding bit position will program that 
pin as an input while a one in the pins correspon­
ding bit position will program that pin as an output. 
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SECTION 6 

SOFTWARE AND INSTRUCTION SET 

6.1. SOFTWARE 

6.1.1. BIT MANIPULATION. The EF6804P2 MCU 
has the ability to set or clear any register or single 
random access memory (RAM) writable bit with a 
single instruction (BSET, BCLR). Any bit in data 
space, including ROM, can be tested, using the 
BRSET and BRCLR instructions, and the program 
may branch as a result of its state. The carry bit 
equals the value of the bit referenced by BRSET or 
BRCLR. A rotate instruction may then be used to 
accumulate serial input data in a RAM location or 

Figure 6.1 : Bit Manipulation Example. 

MCli 

Ready f--
2 p 

Senal 0 
Device Clock 

1 R 

T 
Data 

OA 
~ 

6.1.2. ADDRESSING MODES. The EF6804P2 
MCU has nine addressing modes which are ex­
plained briefly in the following paragraphs. The 
EF6804P2 deals with objects in three different ad­
dress spaces : program space, data space, and 
stack space. Program space contains the instruc­
tions which are to be executed, plus the data for im­
mediate mode instructions. Data space contains all 
of the RAM locations, XP and YP registers, accu­
mulator, timer, 1/0 locations, and some ROM (for 
storage of tables and constants). Stack space con­
tains RAM for use in stacking the return addresses 
for subroutines and interrupts. 

The term "Effective Address" (EA) is used in des­
cribing the address modes. EA is defined as the ad­
dress from which the argument for an instruction is 
fetched or stored. 

6.1.2.1. Immediate. 

In the immediate addressing mode, the operand is 
located in program ROM and is contained in a byte 
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register. The capability to work with any bit in RAM, 
ROM or 1/0 allows the user to have individual flags 
in RAM or to handle 1/0 bits as control lines. 

The coding example in figure 6.1 illustrates the use­
fulness of the bit manipulation and test instructions. 
Assume that the MCU is to communicate with an 
external serial device. The external device has a 
data ready signal, a data output line, and a clock line 
(to clock data one bit at a time, MSB first, out of the 
device). The MCU waits until the data is ready, 
clocks the external device, picks up the data in the 
carry flag (C bit), clears the clock line, and finally ac­
cumulates the data bit in the accumulator. 

SELF BRSET 2, PORTA, SELF 

BSET 1, PORTA 
BRCLR 0, PORTA, CONT 

CONT BCLR 1, PORTA 
ROLA 

following the opcode. The immediate addressing 
mode is used to access constants which do not 
change during program execution (e.g., a constant 
used to initialize a loop counter). 

6.1.2.2. Direct. 

In the direct addressing mode, the effective address 
of the argument is contained in a single byte follo­
wing the opcode byte. Direct addressing allows the 
user to directly address the 256 bytes in data space 
memory with a single two-byte instruction. 

6.1.2.3. Short Direct. 

The MCU also has four locations in data space RAM 
($80, $81, $82, $83) which may be used in a short­
direct addressing mode. In this mode the opcode 
determines the data space RAM location, and the 
instruction is only one byte. Short direct addressing 
is a subset of the direct addressing mode. (The XP 
and YP registers are at locations $80 and $81 re­
spectively). 



6.1 .2.4. Extended. 

In the extended addressing mode, the effective ad­
dress is obtained by concatenating the four least si­
gnificant bits of the opcode (12-bit address). 
Instructions using the extended addressing mode 
(JMP, JSR) are capable of branching anywhere in 
program space. An extended addressing mode ins­
truction is two bytes long. 

6.1.2.5. Relative. 

The relative addressing mode is only used in condi­
tional branch instructions. In relative addressing, 
that address is formed by adding the sign extended 
lower five bits of the opcode (the offset) to the pro­
gram counter if and only if the condition is true. 
Otherwise, control proceeds to the next instruction. 
The span of relative addressing is from - 15 to + 16 
from the opcode address. The programmer need 
not worry about calculating the correct offset when 
using the assembler since it calculates the proper 
offset and checks to see if it is within the span of the 
branch. 

6.1 .2.6. Bit Set/clear. 

In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode, and the byte follo­
wing the opcode specifies the direct address of the 
byte in which the specified bit is to be set or cleared. 
Thus, any bit in the 256 locations of data space 
memory, which can be written to, can be set or 
cleared. 

6.1.2.7. Bit Test And Branch. 

The bit test and branch addressing mode is a com­
bination of direct addressing and relative addres­
sing. The bit and condition (set or clear) which is to 
be tested is included in the opcode, and the data 
space address of the byte to be tested is in the single 
byte immediately following the opcode byte. The 
third byte is sign extended to twelve bits and 
becomes the offset added to the program counter if 
the condition is true. The single three-byte instruc­
tion allows the program to branch based on the con­
dition of any bit in data space memory. The span of 
branching is from - 125 to + 130 from the opcode 
address. The state of the tested bit is also trans­
ferred to the carry flag. 

EF6804P2 

6.1.2.8. Register-indirect. 

In the register-indirect addressing mode, the ope­
rand is at the address (in data space) pointed to by 
the contents of one of the indirect registers (X or Y). 
The particular X or Y register is selected by bit 4 of 
the opcode. Bit 4 of the opcode is then decoded into 
an address which selects the desired X or Y regis­
ter ($80 or $81 ). A register-indirect instruction is one 
byte long. 

6.1.2.9. Inherent. 

In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in 
the opcode. These instructions are one byte long. 

6.2. INSTRUCTION SET 

The EF6804P2 MCU has a set of 42 basic instruc­
tions which when combined with nine addressing 
modes produce 242 usable opcodes. They can be 
divided into five different types : register/memory, 
read-modify-write, branch, bit manipulation, and 
control. The following paragraphs briefly explain 
each type. All the instructions within a given type are 
presented in individual tables. 

6.2.1. REGISTER/MEMORY INSTRUCTIONS. 
Most of these instructions use two operands. One 
operand is the accumulator and the other operand 
is obtained from memory using one of the addres­
sing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no re­
gister operands. Refer to table 6.1. 

6.2.2. READ-MODIFY-WRITE INSTRUCTIONS. 
These instructions read a memory location or a re­
gister, modify or test its contents, and write the modi­
fied value back to memory or to the register. There 
are ten instructions which utilize read-modify-write 
cycles. All INC and DEC forms along with all bit 
manipulation instructions use this method. Refer to 
table 6.2. 

6.2.3. BRANCH INSTRUCTIONS. The branch ins­
tructions cause a branch from the program when a 
certain condition is met. Refer to table 6.3. 

6.2.4. BIT MANIPULATION INSTRUCTIONS. 
These instructions are used on any bit in data space 
memory. One group either sets or clears. The other 
group performs the bit test branch operations. Refer 
to table 6.4. 
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Addressing Modes 

Indirect Immediate Direct Inherent Extended Short-Direct 

Dpcode I ' I ' 
, 

' I , 
' 

, 
' ' Special 

Function Mnem XI' p Bytes Cycles Opcode Bytes Cydes Ope ode Bytes Cycles Opcode Bytes Cycles Opcode Bytes Cycles Opcode Bytes Cydes Notes 

Load A from Memory LOA EO FO 1 4 E8 2 4 FB 2 4 - - - - - - AC-AF 1 4 1 

Load XP from Memory LOX! - - - - BO 3 4 - - - - - - - - - - - - 4 

Load YP from Memory LOY! - - - - BO 3 4 - - - - - - - - - - - - 4 

Store A in Memory STA E1 F1 1 4 - - - FB 2 4 - - - - - - BC-BF 1 4 2 

Add to A ADD E2 F2 1 4 EA 2 4 FA 2 4 - - - - - - - - - -
Subtract from A SUB E3 F3 1 4 EB 2 4 FB 2 4 - - - - - - - - - -
Arithmetic Compare CMP E4 F4 1 4 EC 2 4 FC 2 4 - - - - - - - - - -
with Memory 

A NO Memory to A AND E5 F5 1 4 ED 2 4 FD 2 4 - - - - - - - - - - . 

Jump to Subroutine JSR - - - - - - - - - - - - - B (TAR) 2 . 4 - - - 3 

Jump Unconditional JMP - - - - - - - - - - - - - 9 ITARI 2 4 - - - 3 

Clear A CLRA - - - - - - - FB 2 4 - - - - - - - - - -
Clear XP CLRX - - - - - - - FB 2 4 - - - - - - - - - -
Clear YP CLAY - - - - - - - FB 2 4 - - - - - - - -
Complement A COMA - - - - - - - - - - B4 1 4 - - - - - - -
Move Immediate Value MVI - - - - BO 3 4 BO 3 4 - - - - - - - - - 5 
to Memory 

Rotate A Left and Carry ROLA - - - - - - - - - - B5 1 4 - - - - - - -
Arithmetic left Shift of A ASLA - - - - - - - FA 2 4 - - - - - - - - - -

SPECIAL NOTES 
1. In Short-Direc1 addressing, the LOA mnemonic represents opcode AC, AD. AE, and AF. This is equivalent to RAM locations $80 (ACI, $81 IADI, $82 IAEl. and $83 IAFI 

2. In Short-D~rect addressing, the STA mnemonic represents opcode BC, 80, BE. and BF This 1s equivalent to RAM locations $80 IBCl, $81 IBDI, $82 I BEl, and $83 IBFI. 
3. In Extended addressing. the four LSBs of the opcode (Mnemonic JSR and JMPI are formed by the four MSBs of the target address. (TAR) 
4. In Immediate addressing, the LDXI and LDYI are mnemonics which are recognized as follows: 

LOX I= MVI S80,data 
LOY I= MVI $81,data Where data is a one-byte hexadecimal number. 

5. The MVI instruction refers to both Immediate and Direct addressing. 
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Table 6.2 : Read-modify-write Instructions. 

Addressing Modes 

Indirect Direct Short-direct 

Opcode # # Op # # Op # # 
Special 

Function Notes Mnem 
XP YP Bytes Cycles code Bytes Cycles code Bytes Cycles 

Increment Memory Location INC E6 F6 1 4 FE 2 4 A8-A8 1 4 1, 3 

Increment A INCA FE 2 4 

Increment XP INC X AS 1 4 

Increment YP INCY A9 1 4 

Decrement Memory Location DEC E7 F7 1 4 FF 2 4 88-88 1 4 2, 4 

Decrement A DECA FF 2 4 

Decrement XP DECX B8 1 4 

Decrement YP DECY B9 1 4 

SPECIAL NOTES: 1.1n Short-direct addressing, the INC mnemomc represents opcode AS, A9, AA, and A8. These are equrvalent to RAM 
locatrons $80 (AS), $81 (A9), $82 (AA), and $83 (A8). 

2 In Short-direct addressmg, the DEC mnemonic represents opcode 88, 89, 8A, and 88. These are eqUivalent to RAM 
locations $80 (88), $81 (89), $82 (SA), and $83 (BB). 

3.1n lnd~rect addressrng, the INC mnemonic represents opcode E6 or F6, and causes the locatron pointed to by XP (E6 
opcode) or YP (F6 opcode) to be incremented. 

4.1n lnd~rect addressrng, the INC mnemonrc represents opcode E7 or F7, and causes the locatron pornted to by XP (E7 
opcode) or YP (F7 opcode) to be incremented. 

Table 6.3 : Branch Instructions. 

Relative Addressing Mode 

Function Mnem Opcode # # Special 
Bytes Cycles Notes 

Branch if Carry Clear BCC 40-5F 1 2 1 

Branch if Higher or Same (BHS) 40-5F 1 2 1, 2 

Branch if Carry Set BCS 60-?F 1 2 1 

Branch if Lower (BLO) 60-7F 1 2 1' 3 

Branch if Not Equal BNE 00-1 F 1 2 1 

Branch if Equal BEQ 20-3F 1 2 1 

SPECIAL NOTES : 1 Each mnemonic ol the Branch Instructions covers a range of 32 opcodes, e.g , 8CC ranges from 40 through 5F. The 
actual memory location (target address) to whrch the branch is made is formed by adding the sign extended lower frve 
bits of the opcode to the contents of the program counter. 

2 The BHS instructron (shown in parentheses) is identrcal to the BCC instruction. The C brt is clear if the register was 
higher or the same as the location in the memory to which rt was compared 

3.The BLO instruction (shown in parentheses) is identical to the 8CS instruction The C bit is set if the register was lower 
than the location in memory to which it was compared. 
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Table 6.4 : Bit Manipulation Instructions. 

Addressing Modes 

Bit Set/clear Bit Test and Branch 
Function Mnem # # # # 

Special 
Opcode 

Bytes Cycles 
Opcode 

Bytes Cycles 
Notes 

Branch IFF Bit n is set. BRSET n (n = 0 ..... 7) CB + n 3 5 1 

Branch IFF Bit n is clear. BRCLR n (n = 0 ..... 7) CO+ n 3 5 1 

Set Bit n BSET n (n = 0 ..... 7) DB+ n 2 4 1 

Clear Bit n BCLR n (n = 0 ..... 7) DO+ n 2 4 1 

SPECIAL NOTE : 1 The opcode is formed by adding the b1t number (0·7) to the bas1copcode. For example. to clear bit s1x us1ng the BSET6 
mstruct10n the opcode becomes DE (08 + 6) ; BCLR5 becomes (CO+ 5), etc. 

6.2.5. CONTROL INSTRUCTIONS. The control in­
structions control the MCU operations during pro­
gram execution. Refer to table 6-5. 

6.2.6. ALPHABETICAL LISTING. The complete in­
struction set is given in alphabetical order in table 6-
6. There are certain mnemonics recognized by the 
assembler and converted to other instructions. The 
fact that all registers and accumulator are in RAM 
allows many implied instructions to exist. The im­
plied instructions recognized by the assembler are 
identified in table 6-6. 

6.2.7. OPCODE MAP SUMMARY. Table 6-7 con­
tains an opcode map for the instructions used on the 
MCU. 

Table 6.5 : Control Instructions. 

Short-direct 

Op # # Function Mnem 
code Bytes Cycles 

Transfer A to XP TAX BC 1 4 

Transfer A to YP TAY BD 1 4 

Transfer XP to A TXA AC 1 4 

Transfer YP to A TYA AD 1 4 

Return from Subroutine RTS 

Return from Interrupt RTI 

No-operation NOP 

6.3. IMPLIED INSTRUCTIONS 

Since the accumulator and all other registers are lo­
cated in RAM many implied instructions exist. The 
assembler-recognized implied instructions are 
given in table 6-6. Some examples not recognized 
by the assembler are shown below. 
BCLR, 7 $FF Ensures accumulator is plus 
BSET, 7 $FF Ensures accumulator is minus 
BRCLR, 7 $FF Branch iff accumulator is plus 
BRSET, 7 $FF Branch iff accumulator is minus 
BRCLR, 7 $80 Branch iff X is plus (BXPL) 
BRSET, 7 $80 Branch iff X is minus (BXMI) 
BRCLR, 7 $81 Branch iffY is plus (BYPL) 
BRSET, 7$81 Branch iffY is minus (BYMI) 

Addressing Modes 

Inherent Relative 

Op # # Op # # 
Special 
Notes 

code Bytes Cycles code Bytes Cycles 

B3 1 2 

B2 1 2 

1 

SPECIAL NOTE : 1.The NOP 1nstrucllon IS equivalent to a branch 1f equal (SEQ) to the location designated by PC+ 1 
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Table 6.6 Instruction Set. 

Addressing Modes Flags 
Mnemonic Short Bit/set Bit-test Register 

Inherent Immediate Direct Direct Clear Branch Indirect Extended Relative z c 
ADD X X X A A 

AND X X X A • 
ASLA Assembler converts th1s to "ADD SFF" • • 
BCC X A A 

BCLR X • • 
BCS X • • 
BED X • • 
BHS Assembler converts th1s to "BCC" • • 
BLO Assembler converts th1s to "BCS" • • 
BNE X • • 
BRCLR X • A 

BRSET X • A 

BSET X • • 
CLRA Assembler converts thiS to "SUB $FF" A A 

CLRX Assembler converts th1s to 'MVI # 0, $80". • • 
CLRY Assembler converts th1s to "MVI # 0, S81 ". • • 
CMP X X X A A 

COMA X A A 

DEC X X X A • 
DECA Assembler converts th1s to "DEC $FF". A • 
DECX Assembler converts th1s to "DEC $80" A • 
DECY Assembler converts thiS to "DEC $81' A • 
INC X X X A • 
INCA Assembler converts th1s to "INC $FF". A • 
INC X Assembler converts this to "INC $80" A • 
INCY Assembler converts this to "INC $81" A • 
JMP I X • • 
JSR X • • 
LOA X X X I X A • 
LOX! Assembler converts this to "MVI DATA, $80" • • 
LOY! Assembler converts th1s to "MVI DATA, $81" • • 
MVI X X I I • • 
NOP Assembler converts th1s to "SEQ (PC) + 1". • • 
ROLA X A A 

RTI X A A 

RTS X • • 
STA X X X A • 
SUB X X X A A 

TAX Assembler converts th1s to "STA $80" A • 
TAY Assembler converts th1s to "STA $81" A • 
TXA Assembler converts th1s to "LOA $80' A • 
TVA Assembler converts !h1s to "LOA $81" A • 

Flag Symbols Z =Zero. C =Carry/Borrow. A= Test and Set if True, Cleared Otherwise, • =Not Affected 
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Table 6.7 : EF6804P2 Microcomputer Instruction Set Opcode Map. 

Hi 0 1 2 
Low 0000 0001 0010 

2 2 2 
0 BNE BNE BEQ 

0000 
1 1 1 REL REL REL 
2 2 2 

1 BNE BNE BEQ 
0001 

1 REL 1 REL 1 REL 
2 2 2 

2 BNE BNE BEQ 
0010 

1 REL 1 REL 1 REL 
2 2 2 

3 BNE BNE BEQ 
0011 

1 REL 1 REL 1 REL 
2 2 2 

4 BNE BNE BEQ 
0100 

1 REL 1 REL 1 REL 
2 2 2 

5 BNE BNE BEQ 
0101 

1 REL 1 REL 1 REL 
2 2 2 

6 BNE BNE BEQ 
0110 

1 REL 1 REL 1 REL 
2 2 2 

7 BNE BNE BEQ 
0111 

1 REL 1 REL 1 REL 
2 2 2 

8 BNE BNE BEQ 
1000 

1 REL 1 REL 1 REL 
2 2 2 

9 BNE BNE BEQ 
1001 

1 REL 1 REL 1 REL 

A 
2 2 2 

BNE BNE BEQ 
1010 

1 2 1 REL REL REL 

B 
2 2 2 

BNE BNE BEQ 
1011 

1 1 REL REL 1 REL 

c 2 2 2 
BNE BNE BEQ 

1100 
1 REL 1 REL 1 REL 

D 
2 2 2 

BNE BNE BEQ 
1101 

1 REL · 1 REL 1 REL 

E 2 2 2 

BNE BNE BEQ 
1110 

1 1 REL REL 1 REL 

F 
2 2 2 

BNE BNE BEQ 
1111 

1 REL 1 REL 1 REL 

Abbreviations for Address Modes 
INH Inherent 
S·D Short D1rect 
B-T-B B1t Test and Branch 
IMM lmmedmte 
DIR D1rect 
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Branch Instructions 
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2 

1 
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2 
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2 
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1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

3 4 5 6 
0011 0100 0101 0110 

2 2 2 
BEQ BCC BCC BCS 

REL 1 REL 1 REL 1 REL 
2 2 2 

BEQ BCC BCC BCS 
REL 1 REL 1 REL 1 REL 

2 2 2 
BEQ BCC BCC BCS 

REL 1 REL 1 REL 1 REL 
2 2 2 

BEQ BCC BCC BCS 
REL 1 REL 1 REL 1 REL 

2 2 2 
BEQ BCC BCC BCS 

REL 1 REL 1 REL 1 REL 
2 2 2 

BEQ BCC BCC BCS 
REL 1 REL 1 REL 1 REL 

2 2 2 
BEQ BCC BCC BCS 

REL 1 REL 1 REL 1 REL 
2 2 2 

BEQ BCC BCC BCS 
REL 1 REL 1 REL 1 REL 

2 2 2 
BEQ BCC BCC BCS 

REL 1 REL 1 REL 1 REL 
2 2 2 

BEQ BCC BCC BCS 
REL 1 REL 1 REL 1 REL 

2 2 2 
BEQ BCC BCC BCS 

REL 1 REL 1 REL 1 REL 
2 2 2 

BEQ BCC BCC BCS 
REL 1 REL 1 REL 1 REL 

2 2 2 

BEQ BCC BCC BCS 
REL 1 REL 1 REL 1 REL 

2 2 2 
BEQ BCC BCC BCS 

REL 1 REL 1 REL 1 REL 
2 2 2 

BEQ BCC BCC BCS 
REL 1 REL 1 REL 1 REL 

2 2 2 

BEQ BCC BCC BCS 
REL 1 REL 1 REL 1 REL 

EXT Extended 
REL Relative 
BSC Bit SeUCiear 
R-IND Register Indirect 
• Indicates Instruction Reserved for Future Use 
Indicates Illegal Instruction 

7 
0111 

2 

BCS 
1 REL 
2 

BCS 
1 REL 
2 

BCS 
1 REL 
2 

BCS 
1 REL 
2 

BCS 
1 REL 
2 

BCS 
1 REL 
2 

BCS 
1 REL 
2 

BCS 
1 REL 
2 

BCS 
1 REL 
2 

BCS 
1 REL 
2 

BCS 
1 REL 
2 

BCS 
1 REL 
2 

BCS 
1 REL 
2 

BCS 
1 REL 
2 

BCS 
1 REL 
2 

BCS 
1 REL 
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Table 6.7 : (continued). 

Register/memory, Control, and Bit Manipulation Register/memory and 
Read/modify/write Instructions Instructions Read/modify/write 

8 9 A B c D E F Hi 
1000 1001 1010 1011 1100 1101 1110 1111 Low 

4 4 4 5 4 4 4 

JSRn JMPn . MVI BRCLRO BCLRO LDA LDA 0 

2 EXT 2 EXT 3 IMM 3 S-T-S 2 sse 1 R-IND 1 R-IND 
0000 

4 4 5 4 4 4 

JSRn JMPn . . BRCLR1 BCLR1 STA STA 1 

2 EXT 2 EXT 3 8-T-8 2 8Se 1 R-IND 1 R-IND 
0001 

4 4 2 5 4 4 4 

JSRn JMPn . RTI BRCLR2 BCLR2 ADD ADD 2 

2 EXT 2 EXT 1 INH 3 8-T-S 2 sse 1 R-IND 1 R-IND 
0010 

4 4 2 5 4 4 4 
JSRn JMPn . RTS BRCLR3 BCLR3 SUB SUB 3 

2 EXT 2 EXT 1 INH 3 8-T-8 2 8Se 1 R-IND 1 R-IND 
0011 

4 4 2 5 4 4 4 

JSRn JMPn . COMA BRCLR4 BCLR4 CMP CMP 4 

2 EXT 2 EXT 1 INH 3 S-T-8 2 sse 1 R-IND 1 R-IND 
0100 

4 4 2 5 4 4 4 
JSRn JMPn . ROLA BRCLR5 BCLR5 AND AND 5 

2 EXT 2 EXT 1 INH 3 8-T-8 2 8Se 1 R-IND 1 R-IND 
0101 

4 4 5 4 4 4 

JSRn JMPn . . BRCLR6 BCLR6 INC INC 6 

2 EXT 2 EXT 3 8-T-8 2 8Se 1 R-IND 1 R-IND 
0110 

4 4 5 4 4 4 
JSRn JMPn . . BRCLR7 BCLR7 DEC DEC 7 

2 EXT 2 EXT 3 S-T-8 2 8Se 1 R-IND 1 R-IND 
0111 

4 4 4 4 5 4 4 4 
JSRn JMPn INC DEC BRSETO BSETO LDA LDA 8 

2 EXT 2 EXT 1 S-D 1 S-D 3 8-T-8 2 8Se 1 IMM 2 DIR 
1000 

4 4 4 4 5 4 4 
JSRn JMPn INC DEC BRSET1 BSET1 STA 9 

# 1001 2 EXT 2 EXT 1 S·D 1 S-D 3 S-T-S 2 sse 2 DIR 
4 4 4 4 5 4 4 4 

JSRn JMPn INC DEC BRSET2 BSET2 ADD ADD A 

2 EXT 2 EXT 1 S·D 1 S-D 3 8-T-B 2 BSC 1 IMM 2 DIR 
1010 

4 4 4 4 5 4 4 4 

JSRn JMPn INC DEC BRSET3 BSET3 SUB SUB B 

2 EXT 2 EXT 1 S-D 1 S-D 3 S·T-S 2 sse 1 IMM 2 DIR 
1011 

4 4 4 4 5 4 4 4 c JSRn JMPn LDA STA BRSET4 BSET4 CMP CMP 
2 EXT 2 EXT 1 S·D 1 S-0 3 8-T-8 2 8SC 1 IMM 2 DIR 

1100 

4 4 4 4 5 4 4 4 
D JSRn JMPn LDA STA BRSET5 BSET5 AND AND 

2 EXT 2 EXT 1 S-D 1 S-D 3 B-T-8 2 sse 1 IMM 2 DIR 
1101 

4 4 4 4 5 4 4 
E JSRn JMPn LDA STA BRSET6 BSET6 INC # 1110 

2 EXT 2 EXT 1 S·D 1 S·D 3 B·T·S 2 8SC 2 DIR 
4 4 4 4 5 4 4 

F JSRn JMPn LDA STA BRSET7 BSET7 DEC # 1111 
2 EXT 2 EXT 1 S-D 1 S-D 3 8-T-B 2 8SC 2 DIR 

Opcode 1n B1nary 
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SECTION 7 

ELECTRICAL SPECIFICATIONS 

7.1. INTRODUCTION 

This section contains the electrical specifications and associated timing for the EF6804P2. 

7.2. ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vee Supply Voltage - 0.3 to+ 7.0 v 
Vm Input Voltage - 0.3 to + 7.0 v 
TA Operating Temperature Range TL to TH oc 

Standard or L Suffix o to 70 
V Suffix -40 to 85 
T Suffix -40 to 105 

Tstg Storage Temperature Range -55 to+ 150 oc 
Tt Junction Temperature Range oc 

Plastic 150 
PLCC 150 

This dev1ce contams Circuitry to protect the 1nputs against damage due to h1gh stat1c voltages of electnc fields , however, 1t 1s adv1sed 
that normal precautions be taken to avOid application of any voltage higher than max1mum rated voltages to th1s h1gh Impedance Clr· 
cu1t. For proper operation 1t is recommended that Vm and Vout be constrained to the range Vss ~ (Vm or Vout) s; Vee Reliability of oper­
ation IS enhanced if unused mputs except EXTAL are connected to an appropnate log1c voltage level (e g., e1ther Vss or Vee). 

7.3. THERMAL DATA 

Thermal Resistance 
Plastic 
PLCC 

Figure 7.1 : LSTIL Equivalent Test Load (port B). 

Test 
Pomt 

40 pF 
!Totall 

Figure 7.3 : LSTIL Equivalent Test Load (port A, 
C, and TIMER). 

Vcc=52V 
Test 1N919 
Point or Equ1v. lOki! 

:ll pF 
46k!l 1N4148 

!Totall or EQUIV 
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90 

Figure 7.2 : CMOS Equivalent Test Load 
(port A, B, C). 

TestP01nt~ I :l> pF ( T otall 
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7.4. POWER CONSIDERATIONS 

The average chip-junction temperature, TJ, in ·c 
can be obtained from : 

TJ=TA+(Po·8JA) (1) 

Where: 
TA= Ambient Temperature, ·c 
8 JA = Package Thermal Resistance, Junction­
to-Ambient, "C/W 
Po = PiNT + PPORT 
PiNT= Icc x Vee, Watts- Chip Internal Power 
PPORT = Port Power Dissipation, Watts - User 
Determined 

For most applications PPORT< P1NT and can be ne­
glected. PPORT may become significant if the device 

7.5. ELECTRICAL CHARACTERISTICS 

EF6804P2 

is configured to drive Darlington bases or sink LED 
loads. 

An approximate relationship between Po and TJ (if 
PPORT is neglected) is : 

Po= K + (TJ + 273"C) (2) 

Solving equations 1 and 2 for K gives : 
K =Po· (TA + 273"C) + 8JA • Po2 (3) 

Where K is a constant pertaining to the particular 
part. K can be determined from equation 3 by 
measuring Po (at equilibrium) for a known TA. Using 
this value of K the values of Po and TJ can be ob­
tained by solving equations (1) and (2) iteratively for 
any value of T A. 

(V cc = + 5.0Vdc ± 0.5Vdc, V ss = OVdc, T A = T L to T H unless otherwise noted) 

Symbol Parameter Min. Typ. Max. Unit 

PINT Internal Power Dissipation-No Port Loading T A = ooc 135 170 mV 
TA =- 40°C 210 

V1H Input High Voltage 4.0 Vee v 
VIL Input Low Voltage Vss 0.8 v 
Cm Input Capacitance 10 pF 

11n Input Current (IRQ, RESET) 2 20 !lA 

7.6. SWITCHING CHARACTERISTICS 
(V cc = + 5.0Vdc ± 0.5Vdc, V ss = GND, T A = T L to T H unless otherwise noted) 

Symbol Parameter Min. Typ. Max. Unit 

lose Oscillator Frequency 4.0 11.0 MHz 

tblt Bit Time 0.364 1.0 !lS 

I byte Byte Cycle Time 4.36 12.0 !lS 

twL. twH IRQ and TIMER Pulse Width 2 X !byte 

IRWL RESET Pulse W1dth 2 X !byte 

tRHL RESET Delay Time (external capacitance = 1.011F) 100 ms 
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7.7. PORT DC ELECTRICAL CHARACTERISTICS 
(Vee = + 5.0Vdc ± 0.5Vdc, V s s = GND, T A = T L to T H unless otherwise noted) 

TIMER AND PORTS A AND C (standard) 

Symbol Parameter Min. Typ. Max. Unit 

VoL Output Low Voltage, I Load = 0.4mA 0.5 v 
VoH Output High Voltage, I Load =- 5011A 2.3 v 
VrH Input High Voltage 2.0 Vee v 
VrL Input Low Voltage Vss 0.8 v 
lrsr Hi-Z State Input Current 4 40 llA 

PORTS A AND C (open drain) 

Symbol Parameter Min. Typ. Max. Unit 

VoL Output Low Voltage, I Load = 0.4mA 0.5 v 
VrH Input High Voltage 2.0 Vee v 
VrL Input Low Voltage Vss 0.8 v 
lrsr Hi-Z State Input Current 4 40 llA 

I LOa Open Drain Leakage (Vout =Vee) 4 40 11A 

PORTS A AND C (CMOS drive) 

Symbol Parameter Min. Typ. Max. Unit 

VoL Output Low Voltage, I Load = 0.4mA (sink) 0.5 v 
VoH Output High Voltage, I Load =- 1 011A Vee-1.0 v 
VoH Output High Voltage, I Load =- 5011A 2.3 v 
VrH Input High Voltage, I Load =- 30011A Max. 2.0 Vee v 
VrL Input Low Voltage, I Load =- 30011A Max. Vss 0.8 v 
lrsr Hi-Z State Input Current (VrN = 0.4V to Vee) -300 llA 

PORT B (standard) 

Symbol Parameter Min. Typ. Max. Unit 

VoL Output Low Voltage, I Load = 1.0mA 0.5 v 
VoL Output Low Voltage, ILoad = 10mA (sink) 1.5 v 
VoH Output High Voltage, I Load =- 1 0011A 2.3 v 
VrH Input High Voltage 2.0 Vee v 
VrL Input Low Voltage Vss 0.8 v 
lrsr Hi-Z State Input Current 8 80 11A 
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7.7 PORT DC ELECTRICAL CHARACTERISTICS (continued) 

PORT B (open drain) 

Symbol Parameter Min. 

VoL Output Low Voltage, I Load = LOmA 

VOL Output Low Voltage, I Load = 1Om A (smk) 

v,H Input High Voltage 2.0 

v,L Input Low Voltage Vss 

ITs I Hi-Z State Input Current 

ILOo Open Drain Leakage (Vout =Vee) 

PORTS B (CMOS drive) 

Symbol Parameter Min. 

VoL Output Low Voltage, I Load = 1.0mA 

VoL Output H1gh Voltage, I Load = 1 OmA (sink) 

VoH Output High Voltage, I Load =- 1 O~tA Vee-1.0 

VoH Output High Voltage, I Load =- 1 OOJ.IA 2.3 

v,H Input High Voltage, I Load =- 300J.IA Max. 2.0 

v,L Input Low Voltage, I Load =- 300J.IA Max. Vss 

ITs I Hi-Z State Input Current (V1N = 0.4V to Vee) 

EF6804P2 

Typ. Max. Unit 

0.5 v 

1.5 v 

Vee v 

0.8 v 

8 80 !lA 

8 80 J.IA 

Typ. Max. Unit 

0.5 v 

1.5 v 

v 

v 

Vee v 

0.8 v 
-300 rtA 
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PACKAGE MECHANICAL DATA 

28-PINS- PLASTIC PACKAGE 

Datum 

Or 

28-PIN- FN SUFFIX PLCC 28 

11430 

~ 

__Q,_M_ 
mm. 

32135 

188 

0 661 
0,812 

0 331 
0,533 

15.24 
(2) 

( 1) Nom1nal d1mens1on 

(2) True geometncal pOSitiOn 

2 8 P1ns 

1132_, 
12,57 

28 Outputs 



SECTION 8 

ORDERING INFORMATION 

8.1. INTRODUCTION 

The following information is required when ordering 
a custom MCU.'The information may be transmitted 
to SGS-THOMSON in the following media: 

EPROM(s), 2716 or 2732 
EFDOS/MDOS* disk file 

To initiate a ROM pattern for the MCU, it is necessa­
ry to first contact your local field service office, local 
sales person, or your local SGS-THOMSON repre­
sentative. 

8.1 .1. EPROMs. One 2716 or one 2732 type 
EPROM, programmed with the customer program 
(positive logic sense for address and data). may be 
submitted for pattern generation. Since all program 
and data space information will fit on one 2716 
EPROM, the EPROM must be programmed as fol­
lows in order to emulate the EF6804P2 MCU: start 
the data space ROM at EPROM address $020 
and start program space ROM at EPROM ad­
dress $400 and continue to memory space $7FF. 
All unused bytes, including the user's space, 
must be set to zero, memory space $7F8 to $7FB 
is reserved tor self-check vectors. When using 
one 2732 EPROM, the memory map shown in figure 
2-1 can be used. For shipment to SGS-THOMSON 
the EPROMs should be placed in a conductive IC 
carrier and packed securely. Do not use styrofoam. 

8.1.2. EFDOS/MDOS* DISK FILE. An EFDOS/ 
MDOS* disk, programmed with the customer pro­
gram (positive logic sense for address and data) 
may be submitted for pattern generation. When 
using the EFDOS/MDOS* disk, include the entire 
memory image of both data and program space. 
All unused bytes, including the user's space, 
must be set to zero. 

8.2. VERIFICATION MEDIA 

All original pattern media (EPROMs or floppy disk) 
are filed for contractual purposes and are not re­
turned. A computer listing of the ROM code will be 
generated and returned along with a listing verifica­
tion form. The listing should be thoroughly checked 
and the verification form completed, signed, andre­
turned to SGS-THOMSON. The signed verification 
form constitutes the contractural agreement for 
creation of the customer mask. If desired, SGS­
THOMSON will program a blank 2716, 2732, or 

EF6804P2 

EFDOS/MDOS* disk (supplied by the customer) 
from the data file used to create the custom mask 
to aid in the verification process. 

* Requires prior factory approval. 

8.3. ROM VERIFICATION UNITS (RVUs) 

Ten MCUs containing the customer's ROM pattern 
will be sent for program verification. These units will 
have been made using the custom mask but are for 
the purpose of ROM verification only. For expedi­
ency they are usually unmarked, packaged in ce­
ramic, and tested only at room temperature and five 
volts. These RVUs are included in the mask charge 
and are not production parts. These RVUs are not 
backed nor guaranteed by SGS-THOMSON Quality 
Assurance. 

8.4. FLEXIBLE DISKS 

The disk media submitted must be single-sided, 
single density, 8-inch, EFDOS/MDOS* compatible 
floppies. The customer must clearly label the disk 
with the ROM pattern file name. The minimum 
EFDOS/MDOS* system files as well as the absolute 
binary object file (file name. LO type of file) from the 
6804 cross-assembler must be on the disk. An ob­
ject file made from a memory dump, using the ROL­
LOUT command is also admissable. Consider 
submitting a source listing as well as: file name,. LX 
(DEVICE/EXORciser loadable format). This file will 
of course be kept confidential and is used 1) to 
speed up the process in house if any problems 
arises, and 2) to speed up our customer to factory 
interface if an user finds any software errors and 
needs assistance quickly from SGS-THOMSON 
factory representatives. 

MDOS* (fully compatible with EFDOS) is Motorola's 
Disk Operating System available on development 
systems Such as EXORcisers, EXORsets, etc. 

EFODS is SGS-THOMSON Disk Operating System 
available on development systems such as DE­
VICE/EXOR ... 

Whenever ordering a custom MCU is required, 
please contact your local SGS-THOMSON repre­
sentative or SGS-THOMSON distributor and/or 
complete and send the attached "MCU customer or­
dering sheet" to your local SGS-THOMSON repre­
sentative. 

* Requires prior factory approval. 
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ORDER CODES 

Screening level 

Oper. temp. 

The table below horizontally shows all available suffix combinations for package, operating temperature 
and screening level. Other possibilities on request. 

Device 
Package Oper. Temp 

c J p E FN L* v T 

• • • • 
EF6804P2 

Examples : EF6804P2P, EF6804P2FN, EF6804P2PV, EF6804P2FNV. 

Package : C :Ceramic DIL. P : Plastic DIL, FN : PLCC. 
Oper.lemp.: L' : o·c to+ ?O"C, V:- 40"C to+ 85'C, T: 40'C to+ 1 05'C, •. may be omitted. 
Screening level :Sid :(no-end suff1x), D : NFC 96883 level D 

EXORciser 1s a reg1stered trademark to Motorola Inc 

Std 

• 

These specifications are subject to change without notice. 

Screening Level 

D 

• 

Please inquire with our sales offices about the availability of the different packages. 
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EF6804 FAMILY- MCU CUSTOMER ORDERING SHEET 

Commercial reference :1 I I I I I I I I I I 

Customer's marking :I I I I I I I I I I I 

Application 

ROM capacity required : 

Temperature range : 
0 O'Ci+ ?O'C 
0 -40'Ci+85'C 
0 -40'C/+105'C 

Package 
0 Plastic 
0 PLCC 

I I I I [bytes 

PATTERN MEDIA (a listing may be supplied in addition 
for checking purpose) : 
0 EPROM Reference : 
0 EFDOS/MDOS' disk file 

0 8"floppy 
0 5" 1/4 floppy 

0 Other· 

• Requires prior factory approval 

Yearly quantity forecast : 

CUSTOMER CONTACT NAME DATE: 

Customer name 
Company 
Address 

: ....................................... . 
: ········································ 
: ········································ 

Phone : ....................................... . 

Specification reference ; 
0 SGS-THOMSON Microelectromcs reference 

0 Special customer data reference' 

Number of interrupt vector :L[ --'-[ --'[ 

Quality level : 
0 STD 
0 D 
0 Other' (customer's quality specification ref.) : 

Software developped by : 
0 SGS-THOMSON Microelectronics application lab. 
0 Externallab. 
0 Customer 

OPTION LIST 

-Oscillator input 

0 Xtal 
0 RC 

- Interrupt Trigger 
0 Edge-sensitive 
0 Level-and edge-

sensitive 

start of production date : 
for a sh1pment penod of : 

- Port A output drive 
(41/0s) 
0 CMOS and TTL 
0 TTLonly 
0 Open Drain 

- Port B output dnve 
0 CMOS and TTL 
0 TTLonly 
0 Open drain 

- Port C output drive : 
0 CMOS and TTL 
0 TTLonly 
0 Opendrain 

SIGNATURE: 
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HCMOS 8-BIT MICROCOMPUTER 

SECTION 1 - INTRODUCTION 

The EF68HC04P3 microcomputer unit (MCU) is a 
member of the EF68HC04 family of very low cost 
and low power single chip microcomputers. This 8 
bit microcomputer contains a CPU, on-chip clock, 
ROM, RAM, 1/0, and timer.lt is designed for the user 
who needs an economical microcomputer with the 
proven capabilities of the EF6800 based instruction 
set. The following are some of the hardware and 
software highlights of the EF68HC04P3 MCU. 

HARDWARE FEATURES 
• Low power HCMOS 
• Power saving stop and wait modes 
• Single 2.0 to 6.0 volt power supply 
• 8-bit architecture 
• Fully static operation 
• Pin compatible with the EF6805P2 and 

EF6804P2 
• 124 bytes of on-chip RAM with standby mode 
• 2 Kbyles of program ROM including 356 bytes 

for self-check program 
• 72 bytes of user data ROM for look-up tables 
• 20 CMOS compatible bidirectional 1/0 lines 
• On-chip clock generator 
• Extensive self-check capability allowing com­

plete functional test of the chip (including ROM 
content) 

• Master reset and power-on-reset 
• 8-bit timer w1th 7-bit software programmable 

prescaler 
• Timer pin programmable as input or output 
• Complete development system support on de­

vice® 

SOFTWARE FEATURES 
• Similar to EF6800 family 
• Byte efficient instruction set 
• Easy to program 

· • True bit manipulation 
• Stop, wait and bit manipulation instructions 
• Bit test and branch instructions 
• Versatile interrupt handling 
• Separate flags for normal and interrupt process­

ing 
• True LIFO 4-level stack eliminating stack pointer 
• Maskable timer interrupt 

September 1989 

PRELIMINARY INFORMATION 

CB-132 

CB-520 

P SUFFIX 
(Plastic Package) 

~1f;vC? tour 
FN SUFFIX 
(PLCC 28) 

PIN CONNECTIONS 

Vss 1 • 
iRci 7 

vee 3 

lXl Al 4 

XTAL 5 

PCl 

Pe2 

Pe3 

PBl 

PB2 

28 RESET 

27 PA7 

26 PA6 

25 PA5 

24 PA4 

PA3 

PA2 

PAl 

PAO 

PR7 

PB6 

P85 

PB4 

PB3 
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• Versatile indirect registers 
• Conditional branches 
• Single instruction memory examine/change 
• 9 powerful addressing modes 

USER SELECTABLE OPTIONS 
• Crystal or low-cost resistor oscillator option 
• Mask selectable internal clock generator options 
• Mask selectable edge or level sensitive interrupt 

pin 
• Program rom protection option 
• Optional pull-down devices on 1/0 lines 
• Optional pull-up devices on INT and RESET pins 

DEVICE® IS SGS THOMSON' M1croelectron1cs developmenVemula­
tiOntool. 

Figure 1.1 : EF68HC04P3 MCU Block Diagram. 

TIMER 

ACCUMULATOR 

B A 

INDIRECT 
REGISTER 

X 

INDIRECT 
PAD REGISTER 
PAl 

y 

PORT PA 2 CONDITION 
A PA3 REGISTER 

1/U PA4 4 CODE cc 
LINES PAS 

PAG STACK 

PA7 12 
PROGRAM 

COUNTER 

HIGH PCH 

tG92,. 8 PROGRAM 

USER ROM COUNTER 

356.8 B LOW PCL 

SELF-CHECK ROM 

PB2 PORT 
CPU 

CONlROL PB3 
PB4 1/0 
PBS L1~ES 

PBG 
PB7 

CPU 
PCO PORT 
Pt:l c 
PC2 1/0' 
PC3 LINES 

ALU 

Note: 8-B1t Indirect Reg1sters X andY, although shown as part of the CPU are actually located in the 124 x 8 RAM at locations 
$80 and $81 
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SECTION 2 

FUNCTIONAL PIN DESCRIPTION, MEMORY, 
CPU, AND REGISTERS 

This section provides a description of the functional 
pins, memory spaces, the central processing unit 
(CPU), and the various registers and flags. 

2.1. FUNCTIONAL PIN DESCRIPTION 

2.1.1. Vee AND Vss. Power is supplied to the MCU 
using these two pins. Vee is power and Vss is the 
ground connection. 

2.1.2 IRQ. This pin provides the capability for asyn­
chronously applying an external interrupt to the 
MCU. Refer to 4.1.1NTERRUPT for additional infor­
mation. 

2.1 .3. XT AL AND EXTAL. These pins provide con­
nections to the on-chip clock oscillator circuit. A crys­
tal, a resistor and capacitor, or an external signal, 
depending on the user selectable manufacturing 
mask option, can be connected to these pins to pro­
vide a system clock source with various stability/cost 
tradeoffs. Lead lengths and stray capacitance on 
these two pins should be minimized. Refer to 4.4. 
INTERNAL CLOCK GENERATOR OPTIONS for 
recommendations concerning these inputs. 

2.1.4. TIMER. In the input mode, the timer pin is con­
nected to the prescaler input and serves as the timer 
clock or as an enable input for the internal clock. In 
the output mode, the timer pin signals that a time 
out of the timer has occurred. Refer to SECTION 3 
TIMER for additional information. 

2.1.5. RESET. The RESET pin is used to restart the 
processor of the EF68HC04P3 to the beginning of 
a program. This pin, together with the MDS pin is 
also used to select the operating mode of the 
EF68HC04P3. If the MDS pin is at zero volts, the 
normal mode is selected and the program counter 
is loaded with the user restart vector. However, if the 
MDS pin is at+ 5 volts, then pins PA6 and PA7 are 
decoded to allow selection of the operating mode. 
Refer to 4.3. RESET for additional information. 

2.1.6. MOS. The MDS (mode select) pin is used to 
place the MCU into special operating modes. If MDS 
is held at + 5 volts at the exit of the reset state, the 
decoded state of PA6 and PA 7 is latched to deter­
mine the operating mode (single-chip, self-check, or 
ROM verify). However, if MDS is held at zero volts 
at the exit of the reset state, the single-chip opera­
ting mode is automatically selected (regardless of 
PA6 and PA7 state). 

For those users familiar with the EF6801 microcom­
puter, mode selection is similar but much less com-

EF68HC04P3 

plex in the EF68HC04P3. No special external 
diodes, switches, transistors, etc. are required in the 
EF68HC04P3. 

2.1.7. PORT INPUT/OUTPUT LINES (PAO-PA7, 
PBO-PB7, PCO-PC3). These 20 lines are arranged 
into two 8-bit ports (A and B) and one 4-bit port (C). 
All lines are programmable as either inputs or out­
puts under software control of the data direction reg­
isters. Refer to SECTION 5 INPUT/OUTPUT 
PORTS for additional .information. 

2.2. MEMORY 

The MCU operates in three different memory 
spaces : program space, data space, and stack 
space. A representation of these memory spaces is 
shown in figure 2.1. The program space (figure 2.1 a) 
contains all of the instructions that are to be ex­
ecuted, as well as the data required for the immedi­
ate addressing mode instructions, and the 
self-check and user vectors. The data space (figure 
2.1 b) contains all of the RAM locations, plus 1/0 lo­
cations and some ROM used for storage of tables 
and constants. The stack space (figure 2.1c) con­
tains RAM which is used for stacking subroutine and 
interrupt return addresses. 

The MCU is capable of addressing 4096 bytes of 
program space memory with its program counter 
and 256 bytes of data space memory with its instruc­
tions. The data space memory contains three bytes 
for port data registers, three bytes for port data di­
rection registers, one byte for timer status/control, 
72 bytes ROM, 124 bytes RAM (which includes two 
bytes for XP and YP indirect registers), two bytes for 
timer prescaler and count registers, and one byte 
for the accumulator. The program space section 
contains 2048 bytes of ROM including 356 bytes of 
self-check ROM and 8 bytes of vectors for self­
check and user programs. 

2.2. 1. PROGRAM ROM PROTECTION. A manu­
facturing mask option is available to the user to en­
able program ROM protection. If enabled, this 
security feature prevents the ROM contents being 
output during any operating mode. 

2.3. CENTRAL PROCESSING UNIT 

The CPU of the EF68HC04 Family is implemented 
independently from the 1/0 or memory configura­
tion. Consequently, it can be treated as an inde­
pendent central processor communicating with 1/0 
and memory via internal addresses, data, and con­
trol buses. 
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Figure 2.1 : EF68HC04P3 MCU Address Map. 

(a) Program Space Memcry Map 

Reserved !All zeros) 

Self-C~eck ROM 

PrcgramROM 

Self Check IRQ Vector 

Self Check Restart Vector 

User IRQ Vector 

User Restart Vector 

(c) Stack Space Memory Map 

L&vel1 

Level2 

Level3 

Leve14 

$000 

$7FF 
$800 

$95F 
$960 

SFF7 

SFF8-SFF9 

SFFA-SFFB 

$FFC-$FFD 

$FFE-SFFF 

• $80, $81, $82, $83 are used for short dtrect addresstng 
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(b) Data Space Memory Map 

Port A Data Register 

Port B Data Reg,ster 

1 I 1 I 1 I 1 I Port C Data Reg. 

Uot Used 

Port A Data Direct1on Register 

Port B Data C1rection Register 

1 11 11 11 I PortCDDR 

~lot Used 

1 imer Status Control Register 

CRC L~B 

CRC ~.1SB 

~Jot Used 

ReserV~:~d 

User Data Space ROM 

Future Expar•SIOn 

lnd~rect Reg;SIE'r X .. 
lr.d1r.:ct Register '( " 

Dilla Space RAM 

Reser•1ed 

Presca!er Register 

T·mer Count Register 

Acc.umL later 

$00 

$01 

$02 

$03 

$04 

$05 

$06 
$07 

~08 

$1)9 

$OA 

$06 
soc 
$OF 
$10 

$17 
$18 

$5F 
$€0 

$7F 
$80 

$81 

$82 

$FB 
$FC 

SFD 

$FE 

SFF 



2.4. REGISTERS 

The EF68HC04 Family CPU has four registers and 
two flags available to the programmer. They are 

Figure 2.2 : Programming Model. 

These Are 7 
Reg1stcrs I In Data 

Space RAM 

11 8 1 

I PCH I 

EF68HC04P3 

shown in figure 2.2 and are explained in the follow­
ing paragraphs. 

0 

A Accumulator 

0 

XI' 
lnd~rcct 

Reg1stcr X 

0 

yp lnd~rect 

fieg1stcr Y 

0 

PCL 
Program 
Counter 

Normal Flags rn 
lntemrpt Flags rn 

2.4.1. ACCUMULATOR (A). The accumulator is an 
8-bit general purpose register used in all arithmetic 
calculations, logical operations, and data manipula­
tions. The accumulator is implemented as the hig­
hest RAM location ($FF) in data space and thus 
implies that several instructions exist which are not 
explicitly implemented. Refer to 6.3. IMPLIED INS­
TRUCTIONS for additional information. 

2.4.2./ND/RECT REGISTERS (XP, YP). These two 
indirect registers are used to maintain pointers to 
other memory locations in data space. They are 
used in the register-indirect addressing mode, and 
can be accessed with the direct, indirect, short di­
rect, or bit set/clear addressing modes. These reg­
isters are implemented as two of the 124 RAM 
locations ($80, $81) and as such generate implied 
instructions and may be manipulated in a manner 
similar to any RAM memory location in data space. 
Refer to 6.3. IMPLIED INSTRUCTIONS for addi­
tional information. 

2.4.3. PROGRAM COUNTER (PC). The program 
counter is a 12-bit register that contains the address 
of the next ROM word to be used (may be opcode, 
operand, or address of operand). The 12-bit pro­
gram counter is contained in PCL (low byte) and 
PCH (high nibble). 

2.4.4. FLAGS (C, Z). The carry (C) bit is set on a 
carry or a borrow out of the ALU. It is cleared if the 
result of an arithmetic operation does not result in a 
carry or a borrow. The (C) bit is also set to the value 
of the bit tested in a bit test instruction, and partici­
pates in the rotate left instruction. 

The zero (Z) bit is set if the result of the last arith­
metic or logical operation was equal to zero, other­
wise it is cleared. 

There are two sets of these flags, one set is for in­
terrupt processing, the other for all other routines. 
When an interrupt occurs, a context switch is made 
from the program flags to the interrupt flags (inter-
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rupt mode). An RTI forces the context switch back 
to the program flags (program mode). While in either 
mode, only the flags for that mode are available. 
Further, the interrupt flags will not be cleared upon 
entering the interrupt mode. Instead, the flags will 
be as they were at the exit of the last interrupt mode. 
Both sets of flags are cleared by reset. 

2.4.5. STACK. There is a true LIFO stack incorpor­
ated in the EF68HC04P3 which eliminates the need 
for a stack pointer. Stack space is implemented in 
separate RAM (12-bits wide) shown in figure 2.1c. 

Figure 2.3 : Stack Operation when RTS or RTI occurs. 

PC 

Whenever a subroutine call (or interrupt) occurs, the 
contents of the PC are shifted into the top register 
of the stack. At the same time (same cycle), the top 
register is shifted to the next level deeper. This hap­
pens to all registers with the bottom register falling 
out the bottom of the stack. 

Whenever a subroutine or interrupt return occurs, 
the top register is shifted into the PC and all lower 
registers are shifted up one level higher. Stack level 
4 is loaded with the previous content of stack level 
3. The stack RAM is four levels deep. 

IJ 
Stack Level 1 

~ Stack Level 2 
~ 

Stack Level 3 

;J Stack Level 4 

2.4.6. CRC REGISTERS. Two eight bit registers are 
implemented in RAM primarily for use in self-check 
and ROM verify modes. These two registers are 
memory mapped in data space at addresses $0A 
(CRC low) and $08 (CRC high). 

Provided no write or read/modify/write operation is 
performed to change the contents of these two lo-
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cations, the registers are configured to perform CRC 
calculations. Hence by simply reading a register, a 
pseudo random number may be generated. If a 
write or read/modify/write is performed on ad­
dresses $0A or $08 then the CRC circuitry is dis­
abled and both registers can be used as a RAM 
location until such time as a RESET enables the 
CRC circuitry again. 



SECTION 3 

3.1. INTRODUCTION 

A block diagram of the EF68HC04P3 timer circuitry 
is shown in figure 3.1. The timer logic in the MCU is 
comprised of a simple 8-bit counter (timer count reg­
ister, TCR) with a 7-bit prescaler, and a timer 
status/control register (TSCR). The timer count reg­
ister, which may be loaded under program control 
is decremented towards zero by a clock input (pres­
caler output). The prescaler is used to extend the 
maximum interval of the overall timer. The prescaler 
tap is selected by bits 0-2 (PSO-PS2) of the timer 
status/control register. Bits PSO-PS2 control the ac­
tual division of the prescaler within the range of 
divide-by-1 (2°) to divide-by-128 (2\ The timer 
count register (TCR) and prescaler are de­
cremented on rising clock edges. The coding of the 
TCSR PSO-PS2 bits produces a division in the pres­
caler as shown in table 3.1. 

Table 3.1 : Prescaler Coding Table. 

PS2 PS1 PSO Divide By 

0 0 0 1 
0 0 1 2 
0 1 0 4 
0 1 1 8 
1 0 0 16 
1 0 1 32 
1 1 0 64 
1 1 1 128 

TIMER pin may be programmed as either an output 
or an input depending on the status of DOUT and 
TOUT bits. Three modes are available. 

Output mode (TOUT = 1) 

The TIMER pin is connected to the DOUT latch. 
Therefore, the timer prescaler is clocked by the in­
ternal SYNC pulse. (Divide-by-12, -24 or -48 of the 
internal oscillator according to selected mask op­
tion, refer to 4.4. INTERNAL CLOCK GENERATOR 
OPTIONS). The prescaler then divides its clock 
input by a value determined by the coding of the 

EF68HC04P3 

TSCR bits PSO-PS2 as shown in table 3.1. The 
divided prescaler output then clocks the 8-bit timer 
count register (TCR). When the TCR count reaches 
zero, it sets the TMZ bit in the TSCR. The TMZ bit 
can be tested under program control to perform a 
timer function whenever it goes high. The low-to­
high TMZ bit transition is used to latch the DOUT bit 
of the TSCR and provides it for the TIMER pin. 

Controlled mode (TOUT = 0, DOUT = 1) 

The TIMER pin is an input which controls the coun­
ting by the prescaler-timer. When high, it enables 
counting Counting is disabled as long as this input 
remains low. Operation is similar to that described 
for the output mode. 

Clock input mode (TOUT= 0, DOUT = 0) 

The TIMER pin is connected directly to the presca­
ler input. Therefore the timer prescaler is clocked by 
the signal applied from the TIMER pin. Operation is 
similar to that described for the output mode. The 
frequency of the signal applied to the TIMER pin 
must be less than 1/tbyte (lase+ 12, + 24 or+ 48 ac­
cording to selected mask option) because of inter­
nal synchronization. 

NOTE 

TMZ is normally set to logic one when the timer 
times out (TCR count reaches $00); however, it may 
be set by a write of $00 to the TCR or by a write to 
bit 7 of the TSCR. 

TMZ bit is cleared by a read-only of the TSCR even 
if TMZ bit is not concerned by this read. 

Timer Status 

Timer Pin TOUT DOUT Timer Mode 

Input 0 0 Clock Input Mode 

0 1 Controlled Mode 

Output 1 0 Output 

1 1 
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Figure 3.1 :Timer Block Diagram. 

w c 
~0.: 
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During reset, the timer count register and prescaler 
are set to $FF, while the timer status/control regis­
ter is cleared to $00 and the DOUT LATCH (TIMER 
pin is in the high-impedance input mode) is forced 
to a logic high. The pre scaler and timer count regis­
ter are implemented in data space RAM locations 
($FD, $FE) ; therefore, they are both readable and 
writeable. A write to either will predominate over the 
TCR decrement-to-$00 function ; i.e., if a write and 
a TCR decrement-to-$00 occur simultaneously, the 
write will take precedence, and the TMZ bit is not 
set until the next timer time out. 

3.2. TIMER REGISTERS 

3.2.1. TIMER COUNT REGISTER (TCR). The timer 
count register indicates the state of the internalS-bit 
counter. 

7 0 

IMSB LSBI 

TCR Address =$FE 

3.2.2. TIMER STATUS/CONTROL REGISTER 
(TSCR). 

7 6 5 4 3 2 j 0 

I TMZ I ETI I TOUT I DOUTI PSI I PS2 I PS1 I PSO 

TSCR Address= $09 

b?, TMZ. Low-to-high transition indicates the ti­
mer count register has decremented 
to zero since the timer status/control 
register was last read. Cleared by a 

b6,ETI. 

EF68HC04P3 

read of TSCR register if TMZ was read· 
as a logic one. 

This bit, when set, enables the timer 
interrupt. 

b5, TOUT. When low, this bit selects the input 
modes for the timer. When high, the 
output mode is selected. 

b4, DOUT. Data sent to the timer output pin when 
TMZ is set high (output mode only). 
Choice of input mode (input mode on­
ly). 

b3, PSI. Used to initialize the prescaler and in­
hibit its counting while PSI= 0. The ini­
tialized value is set to $FF. The timer 
count register will also be inhibited 
(contents unchanged). When PSI = 1 
the prescaler begins to count down­
ward. 

bO, b1, b2, These bits are used to select the pres­
PSO-PS1- caler divide-by ratio ; therefore, effec­
PS2. ling the clock input frequency to the ti-

mer count register. 

3.2.3. TIMER PRESCALER REGISTER. The timer 
prescaler register indicates the state of the internal 
?-bit prescaler. This ?-bit prescaler divide ratio is 
normally determined by bits PSO-PS2 of the timer 
status/control register (see table 3.1 ). 

6 0 

IMSB LSBI 

TPR Address= $FD 
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SECTION 4 

INTERRUPT, POWER SAVING MODES, SELF­
CHECK, RESET, AND INTERNAL CLOCK GEN­
ERATOR 

4.1. INTERRUPT 
There are two ways in which the MC68HC04P3 can 
be interrupted. Firstly by an external interrupt and 
secondly by a timer interrupt provided the ETI bit in 
TSCR is set. Note that both types of interrupt share 
the same vector ($FFC). The only way to differen­
tiate a timer interrupt from an external interrupt is to 
test the TMZ bit (Timer Interrupt Request bit). The 
interrupt mask bit (I MASK), which controls interrupt 
processing, is not directly available to the pro­
grammer. It is set during reset and power up se­
quences to preclude any false or ghost interrupts 
from occurring, there after it is set during interrupt 
processing and cleared by the execution of an RTI 
instruction. To clear interrupt mask bit and so en­
able interrupts, an RTI instruction must be executed. 
A simple way to do this is to call a subroutine at the 
start of the program to do any required initialisation 
and return from the subroutine using an RTI instruc­
tion instead of RTS. See Figure 4.1 for an example 
of this technique. 

Figure 4.4a illustrates the instruction processing se­
quence. 

The external and timer interrupt sequences are de­
tailed in Figure 4.4b. The interrupt sequence con­
sists of one cycle during which : 

_ interrupt request latch is cleared 
- interrupt condition code flags are selected 
- PC is saved on the stack 
_ interrupt mask is set 
- address of the IRQ vector location is loaded 

onto the PC 

The vector locations $FFC/$FFD must contain the 
appropriate two-byte JMP instruction. 

Figure 4.1 : Clearing the Interrupt Mask. 

START JSR INIT Clear INT Mode B1t 
I 

etc. Rest of Program 
IN IT MVI # $FF, DORA Do any Required lnitialisatior 

I . 

RTI Use RTI to Clear INT MASK 
$FFE JMP START Reset Vector 

Internal processing of the interrupt continues until 
an RTI (return from interrupt) instruction is proces­
~ed. During the RTI instruction, the interrupt mask 
IS cleared, the program condition code flags are se­
lected and the PC is restored. Providing no interrupt 
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is pending the next instruction is then fetched and 
executed. An interrupt service routine must always 
finish with an RTI. 

4.1.1. EXTERNAL INTERRUPTS. An external inter­
rupt is requested by pulling the IRQ pin low. The IRQ 
pin can be pulled low by external circuitry. 

The maximum response time to an external inter­
rupt is 8 machine (!byte) cycles. This includes five 
machine cycles for the longest instruction, plus one 
machine cycle for stacking PC and switching flags 
and a max of 2 cycles to synchronise IRQ input with 
the internal machine cycle frequency. 

There are 2 external interrupt options available on 
the 68HC04P3, selectable by a manufacturing mask 
option. 

4.1.1.1. IRQ Pin Pull-up Option 

This is a manufacturing mask option for an internal 
high impedance pull-up device on the IRQ pin des­
igned to reduce external component count. In a noi­
sy environment however, it is recommended that a 
lower impedance external pull-up be used instead. 

4.1.1.2. External interrupt Edge Sensitive Option 

A 1 to 0 (negative) transition on the IRQ pin will set 
the internal interrupt request latch. Prior to each in­
struction fetch, the interrupt request latch is tested 
and, if valid, an interrupt service sequence will be 
initiated at the end of the current instruction (provi­
ding the interrupt mask is clear). When the interrupt 
service routine is entered the interrupt request latch 
is cleared so that if a second edge occurs on the 
I~Q pin while the first interrupt is being serviced, it 
will be latched so that it can be serviced after the 
first interrupt sequence is complete. On return from 
an interrupt the interrupt request latch is tested be­
fore the next instruction is executed. 

4.1.1.3. External interrupt Level Sensitive Option 

~ith this option there is no interrupt request latch, 
mstead a check is made on the level of the IRQ pin 
after completion of each instruction and if low, an in­
terrupt service sequence will be initiated. If on com­
pletion of this interrupt sequence the IRQ pin is low, 
a further interrupt will be recognised and the inter­
rupt service sequence will be re-entered. As there 
is n~ interr~pt request latch, the state of the IRQ pin 
dunng the mterrupt service sequence will have no 
effect on program flow. The absence of the latch al­
so means that a glitch on the interrupt pin of less 
than 60 interval clock cycles (max. instruction exe­
cution time) may not be recognised by the level sen­
sitive option. 



4.1.2. TIMER INTERRUPT. A timer interrupt is re­
quested when the TMZ bit of the timer status/con­
trol register (TSCR) is set. The TMZ bit can be set 
either by the timer count register (TCR) reaching the 
zero state or by any program instruction that writes 
a one to the TMZ bit. Timer interrupt request is 
maskable by clearing ETI, bit 6 of TSCR (ETI is 
cleared on Reset). See Section 3.2.2 for more de­
tails. 

4.2. STOP MODE 

The STOP instruction places the EF68HC04P3 in 
its lowest power consumption mode. After a STOP 
instruction has been executed the interrupt mask is 
cleared and the internal oscillator is turned off caus­
ing all internal processing to be halted and the cur­
rent consumption to drop to leakage levels. (see 
Section 7 ELECTRICAL SPECIFICATION). 

The contents of the timer status/control register, the 
accumulator and all data space RAM are un­
changed by STOP providing that the supply voltage, 
Voo, remains within data sheet limits. The proces­
sor can .Q!l!y be brought out of STOP mode by pull­
ing the IRQ or RESET pins low. The timer is used 
to provide a delay, of 1920 external clock cycles, for 
the oscillator to stabilize during exit from STOP be­
fore processing is continued. Hence, the contents 
of timer count register (TCR) and the prescaler must 
be considered to be corrupted. 

4.3. WAIT MODE 

The WAIT instruction places EF68HC04P3 in a low 
power consumption mode. In WAIT mode, the clock 
is disabled from all internal circuitry except the timer 
circuit, halting all internal processing. The timer may 
continue to count down if PSI bit of TSCR is set. Ex· 
ternal interrupts are enabled. All other registers, 
memory and 1/0 lines remain in their last state. ETI 
bit of TSCR may be enabled by software prior to en­
tering WAIT. This allows an exit from WAIT via a 
timer interrupt in addition to an external interrupt 
(IRQ) or RESET. 

4.4. OPERATING MODES AND SELF·TEST 

There are four operating modes on the 68HC04P3, 
one is the normal program execution mode (single 
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chip mode), two are self test modes and the last is 
for Motorola internal use only (non user mode or 
NUM). The operating mode entered is determined 
during RESET by the state of the Mode Select pin 
(MDS) and the port pins PA6 and PA7. If MDS is 
held low at the exit from RESET then single chip 
mode will be selected, if however, MDS is high then 
the state of PB6 and PB7 determine the operating 
mode according to Figure 4.3. 

4.4.1. SELF-CHECK MODE. Self-Check is one of 
the two self test modes of the 68HC04P3. It uses 
the on board cyclic redundancy checker (CRC) cir­
cuit to perform a very extensive functional check of 
the MCU by signature analysis. The simple external 
circuitry required to implement this test is shown in 
Figure 4.5a. Figure 4.6 illustrates the self check pro· 
gram flow, the RESET and Interrupts being supplied 
by the user. The status of the program is shown on 
the LEDs as shown beside the flow diagram, if the 
LEDs become "stuck" at one of these values then it 
indicates a fail in the previous section of the test. 

4.4.2. ROM VERIFY MODE. ROM verify is the sec­
ond of the two self test modes of the 68HC04P3. It 
uses the CRC to perform a signature analysis test 
of the Program ROM contents (Data ROM is tested 
in Self Check). The simple circuitry required to im­
plement this test is shown in Figure 4.5b. The test 
is started by a RESET and successful completion 
will result in data output of $AA from CRCHI and $55 
from CRCLO, thus illuminating the good LED, other­
wise the bad LED will be lit. The ROM verify mode 
also gives access to the internal processor clocks 
sync and PHI1 via pins 18 and 19. 

See Section 4.6. INTERNAL CLOCK GENER­
ATOR OPTIONS for more details. 

Figure 4.3 : Mode Selection. 

MDS Mode 

0 X X Smgle Chip 
1 0 0 Single Chip 
1 0 1 Self Check 
1 1 0 NUM 
1 1 1 ROM Venfy 
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4.5. SELF-CHECK 

The self-check capability of the EF68HC04P3 MCU 
provides an internal check to determine if the part a 
functional check of the MCU, connect it as shown in 
Figure 4.2a and monitor the LEOs for a 00100 ($04) 
pattern on port A. The MCU is left in the WAIT mode. 
A logical low signal applied to the IRQ pin places the 
MCU in the STOP mode. A 00101 ($05) pattern ap­
pears Oll..QOrt A. Another logical low signal applied 
on the IRQ pin enables exit from the STOP mode. 
The "final good" pattern (0011 0 -$06) appears on 

Self-Check Flowchart 
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TO TOGGLE THE 
1/0 AND TIMER PINS 

RESET 
CON SELF­

TEST PROGRAM) 

port A). To initiate a ROM self-check of the memory 
simply connect the circuit as shown in Figure 4.2b 
and check that the "good" LED turns on to indicate 
a good memory. The ROM verify uses a cyclical re­
dundancy check (CRC) to conduct a ROM check by 
means of signature analysis circuit. This circuit con­
sists of two 8-bit shift registers configured to perform 
the check using the CCITT polynominal. A manu­
facturing mask option inhibits the outputs of the 
CRC data and the ROM data until the final result is 
available in order to protect the program ROM when 
the option is selected. 

LED RESULTS 

PORTA 

LSD 

TEST IN PROGRESS ~ 

TEST IN PROGRESS (oiofoJofof 

TEST IN PROGRESS ~ 

WAITTEST ~ 

ODD IRQ [EEITI 

EVEN tRO loJolofoloJ 



Figure 4.1 :STOP, WAIT, INTERRUPT and RESET Processing Flowchart. 
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Figure 4.2 : ROM Verify Circuit. 

CLOCK IN ----"J 

•svl _ _,,.;._~ 

Figure 4.3 : Self-Check Circuit. 
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4.6. RESET 

The MCU can be reset in two ways : by the external 
reset input (RESET) and by power-up detect (PUD). 

4.6.1. RESET INPUT. This input can be used to 
reset the MCU internal state and provides an order­
ly software start-up procedure. 

An external reset is achieved by pulling the RESET 
pin low for a minimum of two clock cycles. The os­
cillator start up delay is not implemented in this case. 

After reset the MCU will be in the following state : 
_ All DDRs ($04, $05, $06) set to $00 
_ TCR ($FE) and prescaler register ($FD) set 

to $FF 
- TSCR ($09) set to $00, DOUT latch set 
_ STOP and WAIT latches cleared 
_ All condition code flags cleared 
_ CRC ($0A, $08) registers set to $FF 
_ All other registers are not affected 
_ Interrupt request latch cleared 
_ Restart vector loaded into PC 
_ Interrupt mask bit set 

4.6.2. PUD. It occurs when a positive transition is 
detected on Vee on initial power-up. No external RC 
network is needed. PUD is used strictly for power 
turn-on conditions and should not be used to detect 
any drops in the power supply voltage. There is no 
provision in this block for power-down detect. When 
the MCU is reset by means of PUD, an internal delay 
of 1920 oscillator clock periods is generated for the 
oscillator to stabilize. The MCU emerges from the 
reset condition at the end of this temporization. 

4.6.3. RESET PIN PULL-UP OPTION. This is a 
manufacturing mask option for an internal high im­
pedance pull-up device on the reset pin, designed 

EF68HC04P3 

to reduce external component count. In a noisy en­
vironment however, it is recommended that a lower 
impedance external pull-up be used instead. 

4.7. INTERNAL CLOCK GENERATOR OP­
TIONS 
The internal clock generator circuit is designed to 
require a minimum of external components. A crys­
tal, a resistor-capacitor, or an external signal may 
be used to generate a system clock with various sta­
bility/cost tradeoffs. A manufacturing mask option is 
required to select either the crystal oscillator or the 
RC oscillator circuit. The different clock generator 
option connection methods are shown in Figure 4.4, 
crystal specifications and suggested PC board 
layouts are given in Figure 4.5, resistor-capacitor 
selection graph is given in Figure 4.6, and a timing 
diagram is illustrated in Figure 4.7. The crystal os­
cillator startup time is a function of many variables : 
crystal parameters (especially Rs), oscillator load 
capacitance (CL), IC parameters, ambient tempera­
ture, and supply voltage. To ensure rapid oscillator 
startup, neither the crystal characteristics nor the 
load capacitance should exceed recommendations. 

The oscillator output frequency is internally divided 
by four, two or one depending upon a manufactur­
ing mask option selection to produce the internal01 
and 02 clocks. The 01 clock is divided by twelve to 
produce a machine byte (cycle) clock (internal 
SYNC pulse). A byte cycle is the smallest unit 
needed to execute any operation (i.e., increment the 
program counter). An instruction may need two, 
four, or five byte cycles to be executed. 

If the application is to be driven by an external sig­
nal, then the crystal mask option should be selected. 
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Figure 4.4 : Clock Generator Options. 
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Figure 4.6 : Typical Frequency Selection for Resistor-capacitor Oscillator Option. 
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Figure 4.7: Clock Generator Timing Diagram. 

(a) Oscillator- <P 1 - <P 2 Timing (divide-by-four option) 

osc 

<l>l_j 

<1>21.._ ___ _. 

(b) <P 1 -Sync Timing 

.. , 

EF68HC04P3 

SYNC__s-(L_ _________________ ....... IL 

17/42 

209 



EF68HC04P3 

SECTION 5 

5.1. INPUT/OUTPUT 

There are 20 input/output pins. All pins (port A, B, 
and C) are programmable as either inputs or outputs 
under software control of the corresponding data 
direction register (DDR). The port 1/0 programming 
is accomplished by writing the corresponding bit in 
the port DDR to a logic one for output or a logic zero 
for input. On reset, all the DDRs are initialized to a 
logic zero state to put the ports in the input mode. 
The port output registers are not initialized on reset 
but should be initialized before changing the DDR 

Figure 5.1 :Typical I/O Circuitry. 

bits to avoid undefined levels. When programmed 
as outputs, the latched output data is readable as 
input data, regardless of the logic levels at the output 
pin due to output loading ; see figure 5.1. A manufac­
turing mask option enables the choice of additional 
pull-down devices on all 1/0 pins (Selection in 5 
groups: PA7, PA(5:6), PA(1 :4), Port B, PAD+ Port 
C). 

The address map in figure 2.1 gives the address of 
data registers and DDRs. The register configuration 
is discussed under the registers paragraph below. 

Data Opt1onal 

.. 
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The latched output data bit (see figure 5.1) may al­
ways be written. Therefore, any write to a port writes 
to all of its data bits even though the port DDR is set 
to input. This may be used to initialize the data 
registers and avoid undefined outputs ; however, 
care must be exercised when using read-modify­
write instructions since the data read corresponds to 
the pin level if the DDR is an input (0) and cor­
responds to the latched output data when the DDR 
is an output (1 ). 

5.2. REGISTERS 

The registers described below are implemented as 
RAM locations and thus may be read or written. 

5.2.1. PORT DATA REGISTER. The source of data 
read from the port data register will be the port 1/0 
pin or previously latched output data depending 
upon the contents of the corresponding data direc­
tion register (DDR). The destination of data written 
to the port data register will be an output data latch. 
If the corresponding data direction register (DDR) 
for the port 1/0 pin is programmed as an output, the 
data will then appear on the port pin. 

7 

IMSB 
Port A Address = $00 

Port B Address = $01 
Port C Address= $02 (Bits 0·3) 

0 

LSBI 

EF68HC04P3 

dividually to act as an input or an output. A zero in 
the pins corresponding bit position will program that 
pin as an input while a one in the pins corresponding 
bit position will program that pin as an output. During 
reset the DDRs are initialized to $00. 

7 

IMSB 
Port A Address = $04 

Port B Address = $05 
Port C Address = $06 (Bits 0-3) 

5.3. PULL DOWN DEVICE OPTION 

0 

LSBI 

The implementation of pull down devices on par­
ticular groupings of 1/0 port pins is a manufacturing 
mask option available to the user. This is typically of 
benefit in applications where keyboards are inter­
faced directly to the MCU and similar situations. 

The permitted groupings are as follows : 
- Port C 
- Port C and Pin PAD 
- Pins PA1, PA2, PA3, PA4 
- Pins PAS, PA6 
- Pin PA? 

Pins PA4, PA5, PA6, PA? 
Pins PAD, PA1, PA2, PA3 

- Pins PB3, PB4, PB5, PB6, PB? 
- Pins PB1, PB2 
- Pin PBD 

5.2.2. PORT DATA DIRECTION REGISTER. The /"Note :That all the pull down device is disabled when 
port DDRs configure the port pins as either inputs or t the port pin is programmed as an output. 
outputs. Each port pin can be programmed in-
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SECTION 6 

SOFTWARE AND INSTRUCTION SET 

6.1 .. SOFTWARE 

6.1 .1. BIT MANIPULATION. The EF68HC04P3 
MCU has the ability to set or clear any register or 
single random access memory (RAM) writable bit 
with a single instruction (BSET, BCLR). Any bit in 
data space, including ROM, can be tested, using the 
BRSET and BRCLR instructions, and the program 
may branch as a result of its state. The carry bit 
equals the value of the bit referenced by BRSET or 
BRCLR. A rotate instruction may then be used to ac­
cumulate serial input data in a RAM location or 

Figure 6.1 :Bit Manipulation Example. 
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6.1.2. ADDRESSING MODES. The EF68HC04P3 
MCU has nine addressing modes which are ex­
plained briefly in the following paragraphs. The 
EF68HC04P3 deals with objects in three different 
address spaces : program space, data space, and 
stack space. Program space contains the instruc­
tions which are to be executed, plus the data for im­
mediate mode instructions. Data space contains all 
of the RAM locations, XP and YP registers, ac­
cumulator, timer, 1/0 locations, and some ROM (for 
storage of tables and constants). Stack space con­
tains RAM for use in stacking the return addresses 
for subroutines and interrupts. 

The term "Effective Address" (EA) is used in 
describing the address modes. EA is defined as the 
address from which the argument for an instruction 
is fetched or stored. 

6.1.2.1. Immediate 

In the immediate addressing mode, the operand is 
located in program ROM and is contained in a byte 
following the opcode. The immediate addressing 
mode is used to access constants which do not 
change during program execution (e.g., a constant 
used to initialize a loop counter). 
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register. The capability to work with any bit in RAM, 
ROM, or 1/0 allows the user to have individual flags 
in RAM or to handle 1/0 bits as control lines. 

The coding example in figure 6.1 illustrates the use­
fulness of the bit manipulation and test instructions. 
Assume that the MCU is to communicate with an ex, 
ternal serial device. The external device has a data 
ready signal, a data output line, and a clock line (to 
clock data one bit at a time, MSB first, out of the 
device). The MCU waits until the data is ready, 
clocks the external device, picks up the data in the 
carry flag (C bit), clears the clock line, and finally ac­
cumulates the data bit in the accumulator. 

SELF BRSET 2, PORTA. SELF 

BSET 
BRCLR 
CONTBCLR 
ROLA 

6.1.2.2. Direct 

1, PORTA 
0, PORTA, CONT 
1, PORTA 

In the direct addressing mode, the effective address 
of the argument is contained in a single byte follow­
ing the opcode byte. Direct addressing allows the 
user to directly address the 256 bytes in data space 
memory with a single two-byte instruction. 

6.1.2.3. Short Direct 

The MCU also has four locations in data space RAM 
($80, $81, $82, $83) which may be used in a short­
direct addressing mode. In this mode the opcode 
determines the data space RAM location, and the in­
struction is only one byte. Short direct addressing is 
a subset of the direct addressing mode. (Note : $80 
and $81 are the X andY register locations). 

6.1.2.4. Extended 

In the extended addressing mode, the effective ad­
dress is obtained by concatenating the four least sig­
nificant bits of the opcode with the byte following the 
opcode (12-bit address). Instructions using the ex­
tended addressing mode (JMP, JSR) are capable of 
branching anywhere in program space. An ex­
tended addressing mode instruction is two bytes 
long. 



6.1 .2.5. Relative 

The relative addressing mode is only used in condi­
tional branch instructions. In relative addressing, 
that address is formed by adding the sign extended 
lower five bits of the opcode (the offset) to the pro­
gram counter if and only if the condition is true. 
Otherwise, control proceeds to the next" instruction. 
The span of relative addressing is from - 1 5 to + 1 6 
from the opcode address. The programmer need 
not worry about calculating the correct offset when 
using the assembler since it calculates the proper of­
fset and checks to see if it is within the span of the 
branch. 

6.1 .2.6. Bit Set/Clear 

In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode, and the byte follow­
ing the opcode specifies the direct address of the 
byte in which the specified bit is to be set or cleared. 
Thus, any bit in the 256 locations of data space 
memory, which can be written to, can be set or 
cleared. 

6.1 .2.7. Bit Test and Branch 

The bit test and branch addressing mode is a com­
bination of direct addressing and relative address­
ing. The bit and condition (set or clear) which is to 
be tested is included in the opcode, and the data 
space address of the byte to be tested is in the single 
byte immediately following the opcode byte. The 
third byte is sign extended to twelve bits and be­
comes the offset added to the program counter if the 
condition is true. The single three-byte instructional­
lows the program to branch based on the condition 
of any bit in data space memory. The span of 
branching is from - 125 to + 130 from the opcode 
address. The state of the tested bit is also trans­
ferred to the carry flag. 

6.1 .2.8. Register-Indirect 

In the register-indirect addressing mode, the 
operand is at the address (in data space) pointed to 
by the contents of one of the indirect registers (X or 
Y). The particular X or Y register is selected by bit 4 

EF68HC04P3 

of the opcode. Bit 4 of the opcode is then decoded 
into an address which selects the desired X or Y 
register ($80 or $81 ). A register-indirect instruction 
is one byte long. 

6.1 .2.9. Inherent 

In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in 
the opcode. These instructions are one byte long. 

6.2. INSTRUCTION SET 

The EF68HC04P3 MCU has a set of 44 basic ins­
tructions, which when combined with nine address­
ing modes produce 244 usable opcodes. They can 
be divided into five different types: register/memory, 
read-modify-write, branch, bit manipulation, and 
control. The following paragraphs briefly explain 
each type. All the instructions within a given type are 
presented in individual tables. 

6.2. 1. REGISTER/MEMORY INSTRUCTIONS. 
Most of these instructions use two operands. One 
operand is the accumulator and the other operand 
is obtained from memory using one of the address­
ing modes. The jump unconditional (JMP) and jump 
to subroutine (JSR) instructions have no register 
operands. Refer to table 6-1 . 

6.2.2. READ-MODIFY-WRITE INSTRUCTIONS. 
These instructions read a memory location or a 
register, modify or test its contents, and write the 
modified value back to memory or to the register. 
There are ten instructions which utilize read-modify­
write cycles. All INC and DEC forms along with all 
bit manipulation instructions use this method. Refer 
to table 6-2. 

6.2.3. BRANCH INSTRUCTIONS. The branch ins­
tructions cause a branch from the program when a 
certain condition is met. Refer to table 6-3. 

6.2.4. BIT MANIPULATION INSTRUCTIONS. 
These instructions are used on any bit in data space 
memory. One group either sets or clears. The other 
group performs the bit test branch operations. Refer 
to table 6-4. 
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Addressing Modes 

Indirect Immediate Direct Inherent Extended Short-Direct 

Opcode # # # # # , # # , , , , Special 
Function Mnem ~~~ YP Bytes Cycles Opcode Bytes Cycles Opcode Bytes Cycles Opcode Bytes Cycles Opcode Bytes Cycles Opcode Bytes Cycles Notes 

Load A from Memory LOA EO FO 1 4 EB 2 4 FB 2 4 - - - - - - AC-AF 1 4 1 

Load XP from Memory LOX I -- - - - 80 3 4 - - - - - - - - - - - - 4 

Load YP from Memory LOY I - - - - 80 3 4 - - - - - - - - - - - - 4 

Store A rn Memory STA E1 F1 1 4 - - - F9 2 4 - - - - - - BC-8F 1 4 2 

Add to A ADD E2 F2 1 4 EA 2 4 FA 2 4 - - - - - - - - - -
Subtract from A SUB E3 F3 1 4 EB 2 4 FB 2 4 - - - - - - - - - -
Arithmetic Compare CMP E4 F4 1 4 EC 2 4 FC 2 4 - - - - - - - - - -
with Memory 

AND Memory to A AND E5 F5 1 4 ED 2 4 FD 2 4 - - - - - - - - - -
Jump to Subroutrne JSR - - - -- - - - - - - - - - 8 ITARI 2 4 - - - 3 

Jump Unconditional JMP - - - - - - - - - - - - - SITAR! 2 4 - - - 3 

Cloer A CLRA - - - - - - - FB 2 4 - - - - - - - - - -
Cleer XP CLRX - - - - - - - FB 2 4 - - - - - - - - - -
Clear YP CLAY - - - - - - - FB 2 4 - - - - - - - -
Complement A COMA - - - - - - - - - -- 84 1 4 - - - - - - -
Move lmmediats Value MVI - - - - 80 3 4 BO 3 4 - - - - - - - - - 5 
to Memory ' 

' 

Rotate A Left and Carry ROLA - - - - - - - - - - 65 1 4 - - - - - - -
Arithmetic Left Shrft of A ASLA - - - - - - FA 2 4 - - - - - - - - - -
-- - -- - - -

SPECIAL NOTES 
1 In Short-Dtrect addressmg, the LDA mnemomc represents opcode AC, AD, AE. and AF Th1s rs equ1va1ent to RAM locat1ons $80 IACI, $81 IADI, $82 IAEI, and $83 IAFI 
2. In Short-Dtrect address~ng, the STA mnemon1c represents opcode BC, BD, BE, and SF Th1s IS equivalent to RAM locat1ons $80 IBCI, $81 I BDl. $82 I BEl, and $83 IBFI. 
3. In Extended address1ng, the four LS Bs of the opcode 1 Mnemon1c JS R and JMPI are formed by the four MS Bs of the target aodress IT AR I. 
4. In Immediate addressing, the LDXI and LDYI are mnemon1cs which are recognrzed as follows 

LDXI ~ MVI $80,data 
LDYf ~ MVI $81,data Where data IS a one-byte hexadecimal number 

The MVI :nstruction referc; to t1oth Immediate: rJnd Direct addrec;smg. 
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Addressing Modes 

Indirect Direct 

Opcode # # # 
Function Mnem Opcoda XP yp Bytes Cycles Bytes 

Increment Memory Location INC E6 F6 1 4 FE 2 

Increment A INCA FE 2 

Increment XP INC X 

Increment YP INCY 

Decrement Memory Location DEC E7 F7 1 4 FF 2 

Decrement A DECA FF 2 

Decrement XP DECX 

Decrement YP DECY 

Short-Direct 

# # # 
Opcode Cycles Bytes Cycles 

4 AS-AB 1 4 

4 

AB 1 4 

A9 1 4 

4 BB-BB 1 4 

4 

BB 1 4 

89 1 4 

Special 
Notes 

1' 3 

2, 4 

"T1 
<0" 
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en 
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SPECIAL NOTES §l" 
1. In short·direct addressing, the INC mnemonic represents opcode AS, A9, M, and A9. These are equivalent lo RAM locations $SO (AS), $S1 (A9), $S2 (AA), and $S3 (A9). ~ 
2. In short-direct addressing, the DEC mnemonic represents opcode 9S, 99, 9A, and 99. These are equivalent to RAM locations $SO (98), $S1 (99), $S2 (9A), and $83 (88). 
3. In indirect addressing, the INC mnemonic represents opcode EB or F6, and causes the location pointed to by XP (E6 opcode) or YP (F6 opcode) to be incremented. 
4. In indirect addressing, the INC mnemonic represents opcode E7 or F7, and causes the location pointed to by XP (E7 opcode) or YP (F7 opcode) to be incremented. 
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Table 6.3 : Branch Instructions. 

Relative Addressing Mode 

Function Mnem Opcode # # Special 
Bytes Cycles Notes 

Branch if Carry Clear BCC 40-5F 1 2 1 

Branch if Higher or Same (BHS) 40-5F 1 2 1' 2 
Branch if Carry Set BCS 60-7F 1 2 1 

Branch 1f Lower (BLO) 60-7F 1 2 1' 3 

Branch if Not Equal BNE 00-1 F 1 2 1 

Branch if Equal BEQ 20-3F 1 2 1 

SPECIAL NOTES 
1 Each mnemon1c of the Branch Instructions covers a range of 32 opcodes, e g , BCC ranges from 40 through 5F. The actual memory location 

(target address) to wh1ch the branch IS made is formed by add1ng the sign extended lower f1ve b1ts of the opcode to the contents of the program 
counter 

2 The BHS 1nstruct1on (shown 1n parentheses) is 1dent1cal to the BCC Instruction The C b1t IS clear If the reg1ster was higher or the same as the 
locat1on in the memory to which 1t was compared 

3 The BLO instruction (shown 1n parentheses) IS 1dent1cal to the BCS mstruct1on The C bit IS set 1f the reg1ster was lower than the location 1n 
memory to wh1ch 1t was compared 

Table 6.4 : Bit Manipulation Instructions. 

Addressing Modes 

Bit Set/Clear Bit Test and Branch 

Function Mnem Opcode 
# # 

Opcode 
# # Special 

Bytes Cycles Bytes Cycles Note 

Branch IFF bit n is set BRSET n (n = 0 ... 7) CB + n 3 5 1 

Branch IFF bit n is clear. BRCLR n (n = 0 .... 7) co+ n 3 5 1 

Set Bit n BSET n (n = 0 .... 7) 08 + n 2 4 1 

Clear Bit n BCLR n (n = 0 .... 7) DO+ n 2 4 1 

SPECIAL NOTE 
1 The opcode IS formed by addmg the b1t number (0-7) to the bas1copcode. For example :to clear b1t six using the BSET6 Instruction the opcode 

becomes DE (DB+ 6) , BCLR5 becomes (CO+ 5) , etc 

6.2.5. CONTROL INSTRUCTIONS. The control in­
structions control the MCU operations during pro­
gram execution. Refer to table 6-5. 

6.2.5.1. Stop Instruction 

The STOP instruction places the EF68HC04P3 in its 
lowest power consumption mode. In STOP mode 
the internal oscillator is turned off causing all internal 
processing and the timer to be halted. In STOP 
mode, timer STATUS/CONTROL register bits 6 
(ETI) and 7 (TMZ) are cleared to remove any pend­
ing timer interrupt requests and to disable any fur­
ther timer interrupts. External interrupts are 
enabled. All 1/0 lines remain unchanged. The 
processor can only bUI.ought out of the STOP 
mode by pulling low IRQ or RESET input pins. 
During the exit from the STOP mode, the timer is 
used to provide a delay of 1920 oscillator clock 
periods for the oscillator to stabilize. If an external 
clock is used, it should be kept high during all the 
time the MCU is in STOP mode. 
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6.2.5.2. Wait Instruction 

The WAIT instruction places EF68HC04P3 in a low­
power consumption mode, but WAIT mode con­
sumes more power than the STOP mode. In WAIT 
mode the clock is disabled from all internal circuitry 
except the timer circuit. Thus all internal processing 
is halted. The timer may, if desired, continue to count 
down (PSI bit of TCSR). 

During the WAIT mode, external interrupts are 
enabled. All other registers memory, and 1/0 lines. 
remain in their last state. Timer interrupt (ETI bit) 
may be enabled by software prior to entering the 
WAIT mode to allow an exit from the WAIT mode via 
a Timer Interrupt. 

6.2.6. ALPHABETICAL LISTING. The complete in­
struction set is given in alphabetical order in table 6-
6. There are certain mnemonics recognized by the 
assembler and converted to other instructions. The 
fact that all registers and accumulator are in RAMal-



lows many implied instructions to exist. The implied 
instructions recognized by the assembler are iden­
tified in table 6-6. 

6.2.7. OPCODE MAP SUMMARY. Table 6-7 con­
tains an opcode map for the instructions used on the 
MCU. 

6.3. IMPLIED INSTRUCTIONS 

Since the accumulator and all other registers are lo­
cated in RAM many implied instructions exist. The 
assembler-recognized implied instructions are 
given in table 6-6. Some examples not recognized 

EF68HC04P3 

by the assembler are shown below. 

BCLR, 7 $FF Ensures accumulator is plus 

BSET, 7 $FF 

BRCLR, 7 $FF 

BRSET, 7$FF 

BRCLR, 7$80 

BRSET, 7$80 

BRCLR, 7$81 

BRSET, 7$81 

Ensures accumulator is minus 

Branch iff accumulator is plus 

Branch iff accumulator is minus 

Branch iff X is plus (BXPL) 

Branch iff X is minus (BXMI) 

Branch iff Y is plus (BYPL) 

Branch iffY is minus (BYMI) 
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Addressing Modes 

Short-Di reel Inherent 

# # # # Function Mnem Ope ode 
Bytes Cycles 

Ope ode 
Bytes Cycles 

Transfer A to XP TAX BC 1 4 

Transfer A to YP TAY 80 1 4 

Transfer XP to A TXA AC 1 4 

Transfer YP to A TVA AD 1 -4 

Return from Subroutine RTS 83 1 2 

Return from Interrupt RTI 82 1 2 

No-operation NOP 

Stop STOP 86 1 2 

Wait WAIT 87 1 2 

SPECIAL NOTE 
1. The NOP Instruction Is equivalent to a branch If equal (SEQ) to the location designated by PC+ 1. 

-1 m 
Relative 

# # 
Special 

Ope ode 
Bytes Cycles 

Notes 
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Addreealna Modea 
Mnemonic 

Inherent Immediate Direct Short 
Bit/Set Bit-Teat-

Direct 
Claar Branch 

ADD X X 
AND X X 
AS A Assembler converts this to "ADD FF" 
BCC 
BCLR X 
BCS 
BEQ 
BHS Assembler converts this to "BCC" 
BLO Assembler converts this to "BCS" 
BNE 
BRCLR X 
BRSET X 
BSET X 
CLRA Assembler converts this to 'SUB FF" 
CLRX Assembler converts this to "MVI # 0 $80" 
CLAY Assembler converts thos to "MVI # 0 $81" 
CMP X X 
COMA X 
DEC X X 
DECA Assembler converts this to "DEC SFF' 
DECX Assembler converts this to 'DEC $80" 
DECY Assembler converts this to "DEC $81" 
INC X X 
INCA Assembler converts this to 'INC FP' 
INC X Assembler converts th's to "INC 80" 
INCY Assembler converts this to "INC 81" 
JMP 
JSR 
LDA X X X 
LDXI Assembler converts this to "MVI DATA $80" 
LDYI Assemble converts this to "MVI DATA $81' 
MVI X X 
NOP Assembler converts this to "BEO PC + 1" 
ROLA X 
All X 
RTS X 
STA X X 
STOP X 
SUB X X 
TAX Assembler converts this to "STA $80" 
TAY Assembler converts this to "STA $81" 
TXA Assembler converts this to "LDA SSO" 
TYA Assembler converts this to "LDA S81' 

- WAIT __ - X I - I I --- - _ ___l_ I 
Flag Symbols z a Zero, c - Carry/borrow, A - Test and Set if True, Cleared Otherwise, ' • Not affected 

Reg later 
Extended Relative Indirect 

X 
X 

X 

X 
X 

X 

X 

X 

X 

X 
X 

X 

X 

X 

I I I 

FIB a 

z c 

A 

A 

A A 

A 

A 

A A 

A A 

A A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A A 

A A 

A 

A A 

A 

A 

A 

A 
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Table 6.7. : EF68HC04P3 Microcomputer Instruction Set Opcode Map. 

Hi 0 1 2 
Low 0000 0001 0010 

2 2 2 2 
0 BNE BNE BEQ 

0000 
1 REL 1 REL 1 REL 1 

2 2 2 2 
1 BNE BNE BEQ 

0001 
1 REL 1 REL 1 REL 1 

2 2 2 2 
2 BNE BNE BEQ 

0010 
1 REL 1 REL 1 REL 1 

2 2 2 2 
3 BNE BNE BEQ 

0011 
1 REL 1 REL 1 REL 1 

2 2 2 2 
4 BNE BNE BEQ 

0100 
1 REL 1 REL 1 REL 1 

2 2 2 2 
5 BNE BNE BEQ 

0101 
1 REL 1 REL 1 REL 1 

2 2 2 2 
6 BNE BNE BEQ 

0110 
1 REL 1 REL 1 REL 1 

2 2 2 2 
7 BNE BNE BEQ 

0111 
1 REL 1 REL 1 REL 1 

2 2 2 2 
8 BNE BNE BEQ 

1000 
1 REL 1 AEL 1 REL 1 

2 2 2 2 
9 BNE BNE BEQ 

1001 
1 REL 1 REL 1 REL 1 

A 
2 2 2 2 

BNE BNE BEQ 
1010 

1 REL 1 REL 1 REL 1 

B 
2 2 2 2 

BNE BNE BEQ 
1011 

1 REL 1 REL 1 REL 1 

c 2 2 2 2 

BNE BNE BEQ 
1100 

1 REL 1 REL 1 REL 1 

D 
2 2 2 2 

BNE BNE BEQ 
1101 

1 REL 1 REL 1 REL 1 

E 
2 2 2 2 

BNE BNE BEQ 
1110 

1 REL 1 REL 1 REL 1 

F 
2 2 2 2 

BNE BNE BEQ 
1111 

1 REL 1 AEL 1 REL 1 

Abbrev1at1ons for Address Modes 
INH Inherent 
S-D Short Direct 
B-T-B B1t Test and Branch 
IMM Immediate 
DIR Direct 
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Branch Instructions 
3 

0011 
2 

BEQ 
REL 1 

2 
BEQ 

REL 1 

2 
BEQ 

REL 1 

2 
BEQ 

REL 1 

2 
BEQ 

REL 1 

2 
BEQ 

REL 1 

2 
BEQ 

REL 1 

2 
BEQ 

REL 1 

2 
BEQ 

REL 1 

2 
BEQ 

REL 1 

2 
BEQ 

REL 1 

2 
BEQ 

REL 1 

2 
BEQ 

REL 1 

2 
BEQ 

REL 1 

2 
BEQ 

REL 1 

2 
BEQ 

REL 1 

EXT 
REL 
BSC 
R-IND 

# 

4 
0100 

BCC 
REL 

BCC 
REL 

BCC 
REL 

BCC 
REL 

BCC 
REL 

BCC 
REL 

BCC 
REL 

BCC 
REL 

BCC 
REL 

BCC 
REL 

BCC 
REL 

BCC 
REL 

BCC 
REL 

BCC 
REL 

BCC 
REL 

BCC 
REL 

Extended 
Relat1ve 

5 
0101 

2 

BCC 
1 REL 
2 

BCC 
1 REL 
2 

BCC 
1 REL 
2 

BCC 
1 REL 
2 

BCC 
1 REL 
2 

BCC 
1 REL 
2 

BCC 
1 REL 
2 

BCC 
1 REL 
2 

BCC 
1 REL 
2 

BCC 
1 REL 
2 

BCC 
1 REL 
2 

BCC 
1 REL 
2 

BCC 
1 REL 
2 

BCC 
1 REL 
2 

BCC 
1 REL 
2 

BCC 
1 REL 

B1t SeVCiear 
Reg1ster Indirect 

6 
0110 

2 2 
BCS 

1 REL 1 

2 2 
BCS 

1 REL 1 

2 2 

BCS 
1 REL 1 

2 2 
BCS 

1 REL 1 

2 2 
BCS 

1 REL 1 

2 2 

BCS 
1 REL 1 

2 2 

BCS 
1 REL 1 

2 2 

BCS 
1 REL 1 

2 2 

BCS 
1 REL 1 

2 2 
BCS 

1 REL 1 

2 2 

BCS 
1 REL 1 

2 2 

BCS 
1 REL 1 

2 2 

BCS 
1 REL 1 

2 2 
BCS 

1 REL 1 

2 2 

BCS 
1 REL 1 

2 2 

BCS 
1 REL 1 

Indicates Instruction Reserved for Future Use 
lnd1cates Illegal Instruction 

7 
0111 

BCS 
REL 

BCS 
REL 

BCS 
REL 

BCS 
REL 

BCS 
REL 

BCS 
REL 

BCS 
REL 

BCS 
REL 

BCS 
REL 

BCS 
REL 

BCS 
REL 

BCS 
REL 

BCS 
REL 

BCS 
REL 

BCS 
REL 

BCS 
REL 
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Table 6.7. : EF68HC04P3 Microcomputer Instruction Set Opcode Map (continued). 

Register/Memory,Control,and Bit Manipulation Register/Memory and 
Read/Modify/Write Instructions Instructions Read/Modify/Write 

8 9 A B c D E F Hi 

1000 1001 1010 1011 1100 1101 1110 1111 Low 

4 4 4 5 4 4 4 

JSRn JMPn 
. 

MVI BRCLRO BCLRO LOA LOA 0 

2 EXT 2 EXT 3 IMM 3 B-T-8 2 SSe 1 R-IND 1 
0000 

R-IND 

4 4 5 4 4 4 

JSRn JMPn . . BRCLR1 BCLR1 STA STA 0 

2 EXT 2 EXT 3 B·T·B 2 BSe 1 R·IND 1 R-IND 
0001 

4 4 2 5 4 4 4 

JSRn JMPn 
. 

RTI BRCLR2 BCLR2 ADD ADD 2 

2 EXT 2 EXT 1 INH 3 S·T·S 2 sse 1 R-IND 1 R-IND 
0010 

4 4 2 5 4 4 4 

JSRn JMPn RTS BRCLR3 BCLR3 SUB SUB 3 

2 EXT 2 EXT 1 INH 3 B·T·B 2 BSe 1 R·IND 1 A·IND 
0011 

4 4 4 5 4 4 4 

JSRn JMPn . 
COMA BRCLR4 BCLR4 CMP CMP 4 

2 EXT 2 EXT 1 INH 3 S-T·S 2 sse 1 R-IND 1 
0100 

R-IND 

4 4 4 5 4 4 4 

JSRn JMPn ROLA BRCLR5 BCLR5 AND AND 5 

2 EXT 2 EXT 1 INH 3 B·T·B 2 BSe 1 R·IND 1 
0101 

R·IND 
4 4 2 5 4 4 4 

JSRn JMPn STOP BRCLR6 BCLR6 INC INC 6 

2 EXT 2 EXT 1 INH 3 S·T·S 2 sse 1 R-IND 1 
0110 

A·IND 

4 4 2 5 4 4 4 

JSRn JMPn 
. 

WAIT BRCLR7 BCLR7 DEC DEC 7 

2 EXT 2 EXT 1 INH 3 S-T·B 2 SSe 1 R-IND 1 R·IND 
0111 

4 4 4 4 5 4 4 4 

JSRn JMPn INC DEC BRSETO BSETO LOA LOA 8 

2 EXT 2 EXT 1 S·D 1 S·D 3 S·T·S 2 sse 2 IMM 2 DIA 
1000 

4 4 4 4 5 4 4 

JSRn JMPn INC DEC BRSET1 BSET1 # STA 9 

2 EXT 2 EXT 1 S·D 1 S·D 3 B·T·S 2 sse 2 DIR 
1001 

4 4 4 4 5 4 4 4 

JSRn JMPn INC DEC BRSET2 BSET2 ADD ADD A 

2 EXT 2 EXT 1 S·D 1 S·D 3 S·T·B 2 BSe 2 IMM 2 DIR 
1010 

4 4 4 4 5 4 4 4 

JSRn JMPn INC DEC BRSET3 BSET3 SUB SUB B 

2 EXT 2 EXT 1 S·D 1 S·D 3 8-T-B 2 sse 2 IMM 2 DIR 
1011 

4 4 4 4 5 4 4 4 c JSRn JMPn LOA STA BRSET4 BSET4 CMP CMP 

2 EXT 2 EXT 1 S·D 1 S·D 3 S·T·S 2 BSe 2 IMM 2 DIR 
1100 

4 4 4 4 5 4 4 4 
D JSRn JMPn LOA STA BRSET5 BSET5 AND AND 

2 EXT 2 EXT 1 S·D 1 S·D 3 S-T·S 2 sse 2 2 
1101 

IMM DIR 

4 4 4 4 5 4 4 
E JSRn JMPn LOA STA BRSET6 BSET6 # INC 

2 EXT 2 EXT 1 S·D 1 S·D 3 B-T-8 2 SSe 2 DIR 
1110 

4 4 4 4 5 4 4 

JSRn JMPn LOA STA BRSET7 BSET7 # DEC F 

2 EXT 2 EXT 1 S·D 1 S·D 3 S-T·S 2 sse 2 DIR 
1111 

Mnemontc ---+---
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SECTION 7 

ELECTRICAL SPECIFICATIONS 

7.1. INTRODUCTION 

This section contains the electrical specifications and associated timing for the EF68HC04P3. 

7.2. ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value 

Vee Supply Voltage -0.3 to+ 7.0 

Vm Input Voltage Vss- 0.3 to Vss + 0.3 

I Current Drain per Pin 10 

Total Current for Ports A, B, C and XTAL, TIMER Pins 
I, Sink 30 
lo Source -15 

TA Operatmg Temperature Range T L toT H 

L Range o to+ 70 
D Range -25 to 70 
V Range -40 to 85 

Tstg Storage Temperature Range -55 to 150 

TJ Junction Resistance Plastic 150 
PLCC 150 

Unit 

v 
v 

rnA 

rnA 

oc 

oc 
oc 

Th1s dev1ce conta~ns c~rcu1try to protect the Inputs aga1nst damage due to h1gh stat1c voltages of electnc f1elds , however, 1t IS advised that normal 
precaut1ons be taken to avo1d appl1cat1on of any voltage higher than max1mum rated voltages to th1s h1gh Impedance CirCUit. For proper operation 1t 
IS recommended that V, and V," be constramed to the range Vss (Vm or Vocl) Vee Reliability of operatiOn IS enhanced 1f unused 1nputs except EXTAL 
are connected to an appropnate log1c voltage level (e g , e1ther Vss or Vee) 

7.3. EQUIVALENT TEST LOAD 

Figure 7.1 :Open Collector LSTIL Compatible 
Equivalent Test Load (Ports A, B, C,). 

Test 
Point 
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Vee 

4.63 kn 

Figure 7.2 :CMOS Equivalent Test Load 
(Ports A, B, C,). 

Test a~----.... 
Point 1 

I 50 pF (Total) 



7.5. POWER CONSIDERATIONS 

The average chip-junction temperature, TJ, in OC 
can be obtained from : 

TJ = TA + (Po8JA) (1) 

Where: 

TA = Ambient Temperature, OC 

8JA = Package Thermal Resistance, Junction-to­
Ambient, "C/W 

Po = PINT + PPoRT 

PINT= Icc x Vee, Wafts -Chip Internal Power 

PPORT =Port Power Dissipation, Watts- User Deter­
mined 

For most applications PPORT ~ PINT and can be 

ELECTRICAL CHARACTERISTICS + 5.0V 

EF68HC04P3 

neglected. PPORT may become significant if the 
device is configured to drive Darlington bases or 
sink LED loads. 

An approximate relationship between Po and TJ (if 
PPORT is neglected) is : 

Po= K + (TJ + 273°C) (2) 

Solving equations 1 and 2 for K gives : 

K =Po ·(TA + 273°C) + 8 JA ·Po2 (3) 

Where K is a constant pertaining to the particular 
part. K can be determined from equation 3 by 
measuring Po (at equilibrium) for a known T A- Using 
this value of K the values of Po and TJ can be ob­
tained by solving equations (1) and (2) iteratively for 
any value of T A· 

(V cc = + 5.0 Vdc ± 10% ; OVdc, T A = T L to T H unless oth~rwise noted). 

Symbol Parameter 

VoL Output Voltage (I Load = 1 OA) 
VoH (lload = 10A) 

VoL Output Low Voltage (I Load = 0.8mA) - T1mer Ports 

VoH Output High Voltage (I Load = 0.8mA) - T1mer Ports 
Input Low Voltage 

V1L Ports, Timer 
V1L XTAL, MDS, IRQ, RESET 

Input High Voltage 
V1H Ports, T1mer 
V1H XTAL, MDS, IRQ, RESET 

Total Supply Current (no de loads, fosc = 6Mhz) 
(no de loads, V1L = 0.2V ; Vee- 0.2V) 

loo RUN Mode 
loo WAIT Mode (") 
loo STOP Mode (") 

1/0 Hi-Z Leakage Current (Vm = 0.4V to Vee- 0.4V) 
ITs I Timer, Ports (w1th no _l)_UII-down) 

Hi-Z State Input Current (Vm =Vee- 0.4V) 
lrs1 T1mer, Ports (w1th pull-downs) 

1m Input Current IRQ, RESET, XTAL. MDS (with no pull up) 
Input Current IRQ, RESET, (with pull up) 

l,n (VIN =Vee- 0.4V) 

Gout 1/0 Output Capacitance Timer, Ports 

C,n Input Capacitance IRQ, RESET, XTAL, MDS 

Note : Test cond1t1ons for loo as follows 
XTAL 1nput IS a square wave from 0.2V to Vee- 0 2V 
EXTAL output load= 1 OpF 
C~rcu1t 1n self check-mode 

Min. Typ. 

Vee- 0.1 

Vee - 0.4 

Vss 
Vss 

0.7 Vee 
0.8 Vee 

1.5 
05 
05 

-1 

10 
- 1 

- 100 

In WAIT and STOP Modes, Port A IS programmed as output, Port B and C are programmed as mputs 

Max. Unit 

0.1 v 

0.4 v 
v 

03 Vee v 
0.2 Vee 

Vee v 
Vee 

3 mA 
1 mA 
1 J.lA 

1 ~tA 

250 J.lA 
+ 1 pA 

-4 ftA 
12 pF 
8 pF 

In STOP Mode. allmputs are t1ed to v,L excepted IROn RST, MOS, XTAL, EXTAL wh1ch are t1ed to v," (when IRQ, RST have no pull up) 
when IRQ, RST have pull up, these p1ns are t1ed to Vee 
Ports pull downs not enabled, 1f ports pull downs enabled connect to Vss 
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CONTROL TIMING CHARACTERISTICS (V00 = + 5.0Vdc ± 10%; V55 = OVdc; TA = oac to 70°C) 

Symbol Parameter Min. 

fosc Oscillator Frequency 0 

feL PHI 1 Clock Frequency 0 

I eve Cycle Time (mm) 2 

ttwL IRQ Pulse Width 2 x !eve 

IRWLe RESET Pulse Wtdth 2 x tcve 

taL loH Osctllator Clock Pulse Width 45 

ELECTRICAL CHARACTERISTICS + 3.0V 
(V ce = + 3.0 Vdc ± 10% ; OVdc, T A = T L to T H unless otherwise noted). 

Symbol Parameter 
VoL Output Voltage (ILoad =10A) 
VoH (I Load = 1 OA) 

VoL Output Low Voltage (I Load = 0.8mA) -Timer Ports 

VoH Output High Voltage (I Load - 0.8mA)- Timer Ports 
Input Low Voltage 

VtL Ports, Ttmer 
VtL XTAL, MDS, IRQ, RESET 

Input High Voltage 
VtH Ports, Timer 
v,H XTAL, MDS, IRQ, RESET 

Total Supply Current (no de loads, lose = 4.5Mhz) 
(no de loads, VtL = 0.2V ; Vee- 0.2V) 

lao RUN Mode 
loo WAIT Mode (') 
loo STOP Mode (') 

1/0 Hi-Z Leakage Current (V 1n = 0.4V to Vee- 0.3V) 
ITS I Timer, Ports (with no pull-down) 

Hi-Z State Input Current (Vm =Vee- 0.3V) 
ITst Timer, Ports (with pull-downs) 

1m Input Current IRQ, RESET, XTAL, MDS (with no pull up) 
Input Current IRQ, RESET, (with pull up) 

l,n (VtN -Vee- 0.3V) 

Cout 1/0 Output Capacitance Timer, Ports 
C,n Input Capacitance IRQ, RESET, XTAL, MDS 

Note : Test cond1t1ons for loa as follows 
XTAL 1nput IS a square wave from 0 2V to Vee- 0 2V. 
EXTAL output load= 1 OpF 
C~rcuit in self check-mode 

Min. 

Vee- 0.1 

Vee- 0.3 

Vss 
Vss 

0.7 Vee 
0.8 Vee 

-1 

-1 

Typ. 

Typ. 

0.6 
02 
0.3 

125 

-10 

In WAIT and STOP Modes. Port A ts programmed as lllil!lUl. Port B and C are programmed as tnputs 

Max. Unit 

12 Mhz 

6 Mhz 

s 

s 

s 

ns 

Max. Unit 
0.1 v 

0.3 v 
v 

0.3 Vee v 
0.2 Vee 

Vee v 
Vee 

2 mA 
0.75 mA 
0.75 J.IA 

1 J.IA 

J.IA 
+ 1 J.IA 

J.IA 
12 pF 
8 pF 

In STOP Mode· alltnputs are !ted to v,, excepted IROn RST, MDS, XTAL, EXTAL whtch are !ted to v," (when IRQ, RST have no pull up) 
when IRQ, RST have pull up, these p1ns are lied to Vee 
Ports pull downs not enabled, tf ports pull downs enabled connect to Vss 
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EF68HC04P3 

CONTROL TIMING CHARACTERISTICS (V 00 = + 3.0Vdc ± 10%; Vss = OVdc; TA = OoCto 70oC) 

Symbol Parameter Min. 

fosc Oscillator Frequency 0 

fcL PHI 1 Clock Frequency 0 

feve Cycle Time (min) 2 

l1wL IRQ Pulse W1dth 2 x tcvc 

tRWLC RESET Pulse Width 2 x !eve 

loL toH Oscillator Clock Pulse Width 45 

ELECTRICAL CHARACTERISTICS + 2.2V 
(V cc = + 2.2Vdc ± 10% ; OVdc, T A = T L to T H unless otherwise noted). 

Symbol Parameter 

VoL Output Voltage (I Load = 10A) 
VoH (ILoad = 10A) 

VoL Output Low Voltage (I Load = 0.8mA) - T1mer Ports 

VoH Output High Voltage (I Load = O.BmA) -Timer Ports 
Input Low Voltage 

V1L Ports. Timer 
V11 XTAL. MOS. IRQ, RESET 

Input H1gh Voltage 
V1H Ports, T1mer 
V1H XTAL. MOS. IRQ, RESET 

Total Supply Current (no de loads, lose = 3Mhz) 
(no de loads, V1L = 0.2V ; Vee- 0.2V) 

loo RUN Mode 
loo WAIT Mode(') 
loo STOP Mode(') 

1/0 Hi-Z Leakage Current (Von = 0.4V to Vee- 0.3V) 
ITs I Timer, Ports (with no pull-down) 

H1-Z State Input Current (Von =Vee- 0 3V) 
ITs I T1mer. Ports (with pull-downs) 

I on Input Current IRQ, RESET, XTAL, MOS (with no pull up) 

Input Current IRQ, RESET, (w1th pull up) 
I on (VIN =Vee- 0.3V) 

Gout 1/0 Output Capacitance Timer, Ports 

C,n Input Capacitance IRQ, RESET, XTAL, MOS 

Note : Test cond1t1ons for lao as follows : 
XTAL 1nput IS a square wave from 0.2V to Vee- 0 2V 
EXTAL output load= 10pF 
Crrcu1t 1n self check-mode 

Min. 

Vee- 0.1 

Vee- 0.3 

Vss 
Vss 

0.7 Vee 
0.8 Vee 

-1 

- 1 

Typ. 

Typ. 

0.3 
0.1 
02 

75 

-10 

In WAIT and STOP Modes, Port A 1s programmed as QU!pul, Port Band Care programmed as 1nputs 

Max. Unit 

12 Mhz 

4.5 Mhz 

s 

s 

s 

ns 

Max. Unit 
0.1 v 

0.3 v 
v 

0.3 Vee v 
0 2 Vee 

Vee v 
Vee 

1 mA 
0.5 mA 
0.5 ~LA 

1 ~LA 

~LA 

+ 1 ~LA 

~A 
12 pF 
8 pF 

In STOP Mode all 1nputs are t1ed to v,L excepted IRQn RST, MDS, XTAL, EXTAL wh1ch are t1ed to v,H (when IRQ, RST have no pull up) 
when IRQ, RST have pull up, these p1ns are t1ed to Vee 
Ports pull downs not enabled, 1f ports pull downs enabled connect to Vss 
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EF68HC04P3 

CONTROL TIMING CHARACTERISTICS (V 00 = + 2.2Vdc ± 10%; Vss = OVdc; TA = ooc to 70°C} 

Symbol Parameter Min. Typ. Max. Unit 

fosc Oscillator Frequency 0 12 Mhz 

feL PHI 1 Clock Frequency 0 3 Mhz 

I eye Cycle Time (min) 2 s 

l1wL IRQ Pulse Width 2 x !eye s 

IRWLC RESET Pulse Width 2 x !eye s 

loL loH Oscillator Clock Pulse Width 45 ns 
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SECTION 8 

MECHANICAL DATA 

EF68HC04P3 

This section contains the pin assignment and package dimension diagrams for the EF68HC04P3 microcom­
puter. 

8.1 PIN ASSIGNMENTS 

Vss 
PA7 

PA6 

PAS 

PM 

PA3 

PA2 

PAl 

PAD 

PC2 P87 

PB6 

PBO PB5 

PBl PB4 

PB2 PB3 

~ ulo ~~" .o X U < < w;>!!:> D.Q. 

XTAL PA5 
MDS PA4 

TIMER PAl 
PCO EF 68HC04 PJ PA2 
PC1 PA1 

PC2 PAO 
PC3 PB7 

N M"'UJ U) "Q) .... ~ .... 
0 .... N M .., ll) U) 

m m m m m m m 
Q. Q. Q. Q. Q. Q. Q. 
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EF68HC04P3 

8.2 PHYSICAL DIMENSIONS 

(2) 

Datum 
( 1) Nom1nal d1mens1on 

(2) True geometncal pos1t1on 

2 8 P1ns 

11430 

~ 

0 661 
0,812 28 Outputs 

0 331 
0,533 
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0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

22 

~ 1 

2 

1 9 

1.8 

1 7 

1 6 

1.5 

1 4 

1.3 

1.? 

11 

1 

09 
0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

02 

EF68HC04P3 

68HC04P3·TYPICAI WAIT ·-I DO/FREQUENCY 

/ --

v v 

/ 
v v 

/ v v ,..,.. 

L / 

~ v ,-/ 

/ / 
-~ 

~ 
v 

--

3 5 8 

INTERNAL rREQUENCY (MHz) 
D Vee = 4.0V 0 Vee = !J.5V 

68HC04P3:TYPICAL RUN-100/FREQUENCY 

/ 
/ 

/ ./ 
/ /~ 

/ 
v 

2 

0 Vee = 4.0V 

-----

/ 
/ 

/ 
/ 

7 
/ 

/ ·--7 / 
/ v 

"" / 
/ ......... 

/ 7 
/ 

,....----
/ 

---
---

5 

INTERNAL fREQUENCY (MHz) 
6 Vee - S.SV 

-

-- --------

6 8 
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EF68HC04P3 

68HC04P3 : VOH-IOH 

TYPICAL CHARACTERISTICS Vdd=SV 
5 

~.9 
!"---.. 

""-. 
4.8 

47 ""' 4.6 

4.5 

4.4 

"' ~ 
~ 

"'-.._ 
43 

U1 4.2 ~ 
1- 41 ...J 
0 
0 4 "'--
I 39 
0 
> 3.8 

37 

36 

35 

3.4 

33 

3.2 

31 

"'\. 

" 1'\ 
1'\ 

-"' c-., 
-"' 
~ 

3 

0 2 4 6 8 

IOH (MILLI-AMPS) 

68HC04P3 : VOL-IOL 

TYPICAL CHARACTERISTICS Vdd=5V 
3.5 

3 
j_ 

1/ 
2.5 

~ 
v 

Ul 2 1-
...J 
0 
0 v 
...J 

1.5 0 / 
> v 

./ 
v 

05 

v v 
./ v 

v v 
___....... v 

0 

0 2 4 6 8 10 12 14 

IOL (MILLI-AMPS) 
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EF68HC04P3 

68HC04P3 : VOH-IOH 

TYPICAL CHARACTERISTICS Vdd~3 3V 
3.3 

.l.2 

-----------3.1 

3 

~ 
~ 

""' 2.9 

2 8 

2.7 

Vi' 2.6 

""' ""' ""' ,_ 
.J 

2.5 0 
6 

2.4 
I 
0 2.3 > 

22 

2.1 

"' 
""" ""' "' "' 1.9 

1 8 

1 7 

"' "' 
""' 1 6 

0 2 4 

IOH {MILLI-AMPS) 

68HC04P3 : VOL-IOL 

TYPICAL CHARACTERISTICS Vdd~3 3V 
1.9 

1 8 

1 7 

1.6 

I 
I -

I 
1/ 

1 5 

1.4 

1.3 

1 2 

Vi' 1.1 
1-
.J 

I 
I 

I 
I 

I 
0 
6 0.9 
.J 
0 08 > 

0 7 

06 

/ 
/ 

/ --
/ 

/ 
05 

04 

03 

02 

/ 
_.......v 

/ 
0 1 

0 

/ 
/ 

0 2 4 6 

IOL (MILLI-AMPS) 
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EF68HC04P3 

SECTION 9 

ORDERING INFORMATION 

9.1. INTRODUCTION 

The following information is required when ordering 
a custom MCU. The information may be transmitted 
to SGS-THOMSON Microelectronics in the follow­
ing media: 

EPROM(s), ET2732 

To initiate a ROM pattern for the MCU, it is neces­
sary to first contact your local field service office, 
local sales person, or your local SGS-THOMSON 
Microelectronics representative. 

9.1.1. EPROMs. A 2716 or 2732 type EPROM, 
programmed with the customer program (positive 
logic sense for address and data). may be submitted 
for pattern generation. Since all program and data 
space information will fit on one 2716 or 2732 
EPROM, the EPROM must be programmed as fol­
lows in order to emulate the EF68HC04P3 MCU. 
Start the data space ROM at EPROM address $018 
and start program space ROM at EPROM address 
$960 and continue to memory space $FFF. All un­
used bytes, including the user's space, must be set 
to zero. For shipment to SGS-THOMSON 
Microelectronics the EPROMs should be placed in 
a conductive IC carrier and packed securely. Do not 
use styrofoam. 
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9.2. VERIFICATION MEDIA 

All original pattern media (EPROMs or floppy disk) 
are filed for contractual purposes and are not 
returned. A computer listing of the ROM code will be 
generated and returned along with a listing verifica­
tion form. The listing should be thoroughly checked 
and the verification form completed, signed, and 
returned to SGS-THOMSON Microelectronics. The 
signed verification form constitutes the contractural 
agreement for creation of the customer mask. If 
desired, SGS-THOMSON Microelectronics will pro­
gram a blank 2716, 2732, or EFDOS disk (supplied 
by the customer) from the data file used to create the 
custom mask to aid in the verification process. 

9.3. ROM VERIFICATION UNITS (RVUs) 

Ten MCUs containing the customer's ROM pattern 
will be sent for program verification. These units will 
have been made using the custom mask but are for 
the purpose of ROM verification only. For expedien­
cy they are usually unmarked, packaged in ceramic, 
and tested only at room temperature and five volts. 
These RVUs are included in the mask charge and 
are not production parts. These RVUs are not back­
ed nor guaranteed by SGS-THOMSON 
Microelectronics Quality Assurance. 



EF68HC04P3 

ORDER CODES 

EF68HC04P3 I p I v 

P
Daecvk!caege _j lc__ __ ~~~~~~= Screen level 

Oper temp 

The table below horizontally shows all available suffix combinations for package, operating and screening 
level. Other possibilities on request. 

Package Oper. Temp 
Device c p FN L* D 

EF68HC04P3 • • • • 

Examples : EF68HC04P3P, EF68HC04P3FN. 

Package: C : Ceram1c OIL, OIL, P : Plastic OIL, FN: PLCC 
Oper.temp.: L' : o·c to+ 70'C, D :-25 'C to+ 70'C, V:- 40'C to+ 85'C, T:- 40'C to+ 1 OS'C 
Screening level: Sid :(no-end suff1x), D : NFC 968831evel 0, 
*May be omitted 

v Std 

• • 

A reduced-packaged vers1on of the EF68HC04P3 (28plns) will be available 1n a 20-p1n package EF68HC04J3 

Screening Level 

D 
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EF68HC04P3 

EF6804 FAMILY- MCU CUSTOMER ORDERING SHEET 

Commercial reference : I I I I I I I I I I I Customer name 
Company 
Address 

: ·······················•················ 
: ....................................... . 
: ....................................... . 

Customer's marking : I I I I I I I I I I I Phone : ········································ 

Application : .................................................... . 

ROM capacity required : I I I I lbytes 

Temperature range : 
0 O'C/ + 70'C 
0 -25'C/ + 70'C 
0 -40'C/+85'C 

Package: 
0 Plastic 
0 PLCC 

PATTERN MEDIA (a listing may be supplied in addition 
for checking purpose) : 
0 EPROM Reference : 
0 Other* 

TECHNICAL OPTIONS 
0 Frequency = : MHz 
0 Voltage Supply : (± 1 0%) 

0 2.2V 
0 3.0V 
0 5.0V 
0 2.2V-5.0V 
0 3.0V-5.0V 

* Requires prior factory approval 

Yearly Quantity Forecast : 
RVU Approval Waived - Yes, 
Waived Quantity : 

CUSTOMER CONTACT NAME: 
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No 

DATE: 

~ecification reference : 
U SGS-THOMSON Microelectronics reference 

0 Special customer data reference* 

Quality level : 
0 STD 
0 D 
0 Other* (customer's quality specification ref.): 

Software developed by : 
0 SGS-THOMSON Microelectronics application lab. 
0 Externallab. 
0 Customer 

OPTION LIST 

-Oscillator input : 
0 Xtal 
0 RC 

- 1/0 pull-down selection 
0 PA7 =on PA7 only 
0 PA6 =on PA5 and 

-Interrupt trigger 
0 EM = Edge-sensitive 
0 LM = Level & edge­

sensitive 
-Oscillator divider : 
0 01 =2**0 
0 02 =2**1 

PA6 0 04 = 2**2 
0 
0 
0 
0 
0 

0 
0 
0 
0 

PA4 =on PA1 to PA4 0 
PA5 =on PA4 to PA7 -1/0 pull-up selection : 
PA3 =on PAO to PA3 0 RE = on reset pin 
PB7 = on PB3 to PB7 0 IN =on interrupt pin 

PB2 =on PB1 and 
PB2 
PBO = on PBO only 
PB =On Port B 
PC =On Port C 
PCO = on PAO and 
Porte 

0 PT = on Timer Pin 

0 NPRO Program ROM protection disable 

start of production date : 
for a shipment period of : 

SIGNATURE: 
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HARDWARE FEATURES 

• 8-BIT ARCHITECTURE 
• 64 BYTES OF RAM 
• MEMORY MAPPED 1/0 
• 1100 BYTES OF USER ROM 
• 20 TIUCMOS COMPATIBLE BIDIRECTIONAL 

1/0 LINES (8 Lines are LED Compatible) 
• ON-CHIP CLOCK GENERATOR 
• SELF-CHECK MODE 
• ZERO CROSSING DETECTION 
• MASTER RESET 
• COMPLETE DEVELOPMENT SYSTEM SUP­

PORT ON INICE® 
• 5V SINGLE SUPPLY 

SOFTWARE FEATURES 
• SIMILAR TO 6800 FAMILY 
• BYTE EFFICIENT INSTRUCTION SET 
• EASY TO PROGRAM 
• TRUE BIT MANIPULATION 
• BIT TEST AND BRANCH INSTRUCTION 
• VERSATILE INTERRUPT HANDLING 
• VERSATILE INDEX REGISTER 
• POWERFUL INDEXED ADDRESSING FOR 

TABLES 
• FULL SET OF CONDITIONAL BRANCHES 
• MEMORY USABLE AS REGISTER/FLAGS 
• SINGLE INSTRUCTION MEMORY 

EXAMINE/CHANGE 
• 10 POWERFUL ADDRESSING MODES 
• ALL ADDRESSING MODES APPLY TO ROM, 

RAM, AND 1/0 

USER SELECTABLE OPTIONS 
• INTERNAL 8-BIT TIMER WITH SELECTABLE 

CLOCK SOURCE (external timer input or inter­
nal machine clock) 

• TIMER PRESCALER OPTION (7 Bits, 2n) 
• 8 BIDIRECTIONAL 1/0 LINES WITH ttl OR 

TIUCMOS INTERFACE OPTION 
• CRYSTAL OR LOW-COST RESISTOR OSCIL­

LATOR OPTION 
• LOW VOLTAGE INHIBIT OPTION 
• VECTORED INTERRUPTS TIMER, SOFT­

WARE, AND EXTERNAL 

ln1ce ® SGS THOMSON developmenVemulatlan tool 

Apnl1989 

EF6805P2 

8-BIT MICROCOMPUTER UNIT 
ADVANCE DATA 

p 
(Plastic Package) 

0 
FN 

(PLCC28) 

PIN CONNECTIONS 

TIMER 7 

PCO 8 

PC1 9 

PC2 10 

PC3 11 

PBO 12 

PB1 13 

PB2 14 

RESET 

PA7 

PA6 

PA5 

PA4 

PA3 

PA2 

PAO 

1/30 

Th1s 1s advance 1nformat1on on a new product now 1n development or undergo1ng evaluation Deta1ls are subject to change w1thout not1ce 
237 



EF6805P2 

DESCRIPTION 

The EF6805P2 Microcomputer Unit (MCU) is a 
member of the EF6805 Family of low-cost single­
chip microcomputers. This 8-bit microcomputer 
contains a CPU, on-chip CLOCK, ROM, RAM, 1/0, 
and TIMER. It is designed for the user who needs 

an economical microcomputer with the proven ca­
pabilities of the 6800-based instruction set. A com­
parison of the key features of several members of 
the 6805 Family is shown at the end of this data 
sheet. The following are some of the hardware and 
software highlights of the EF6805P2 MCU. 

Figure 1 : EF6805P2 HMOS Microcomputer Block Diagram. 

TIMER 

PBO 
Accumulator PBl 

A CPU Data Port P82 Port 

Index Control Dor 8 PBJ 8 

Register Reg Reg PB4 1/0 
PAO 8 X PB5 L1nes 
PAl Cond1t1on PB6 

P<Y! PA2 Port Data Code P87 
A PA3 A Dor Rcg1ster cc 

10 PA4 CPU 

l:l)eS PA5 
Reg Reg Stack 

PA6 Pomter 
SP 

PA7 PCO Port 
Program PCl c 
Counter PC2 1/0 

Hrgh PCH ALU PCJ lmes · 
1100 X 8 Program 

User ROM Counter 

116 X 8 Self· Low PCL 

Check ROM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vee Supply Voltage - 0.3 to+ 7.0 v 
Vrn Input Voltage (except pin 6) - 0.3 to+ 7.0 v 
TA Operating Temperature Range o to 70 oc 

(h loTH) V Suffix -40 to+ 85 

Tstg Storage Temperature Range -55 to+ 150 oc 
TJ Junction Temperature oc 

Plastic 150 
PLCC 150 

Th1s devtce conta1ns c1rcu1try to protect the 1nputs aga1nst damage due to high static voltages or electric fields, however, it is adv1sed that normal 
precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high·impedance circuit For proper operation it 
IS recommended that V,n and Vout be constrained to the range Vss ~ (V,n or Vout) ~Vee Reliability of operation is enhanced if unused Inputs are t1ed 
to an appropriate logic voltage level (e g. either Vss or Vee). 

THERMAL DATA 
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Thermal Resistance Plastic 
PLCC. 

~ SCS·THOMSON ... 'Y I !f;J~I!:Iiil@~~~~~:1i'liil@lf!l~~~:~ 

70 
110 



POWER CONSIDERATIONS 

The average chip-junction temperature, TJ, in 'C 
can be obtained from : 
TJ = TA +(Po· 9JA) (1) 
Where: 
T A= Ambient Temperature, ·c 
9 JA = Package Thermal Resistance, Junction-to­
Ambient, 'C/W 
Po = PiNT + PPoRT 
PiNT= Icc x Vee, Watts - Chip Internal Power 
PPORT =Port Power Dissipation, Watts- User Deter­
mined 

For most applications PPORT <<PiNT and can be ne­
glected. PPoRT may become significant if the device 

ELECTRICAL CHARACTERISTICS 

EF6805P2 

is configured to drive Darlington bases or sink LED 
loads. 
An approximate relationship between Po and TJ (if 
PPoRT is neglected) is : 
Po= K + (TJ + 273'C) (2) 
Solving equations 1 and 2 for K gives : 
K = PD • (TA + 273'C) + BJA • Po2 (3) 

Where K is a constant pertaining to the particular 
part. K can be determined from equation 3 by 
measuring Po (at equilibrium) for a known TA. Using 
this value of K the values of Po and TJ can be ob­
tained by solving equations (1) and (2) iteratively for 
any value of T A· 

(Vee=+ 5.25Vdc ± 0.5Vdc, Vss = OVdc, TA = TL toT H unless otherwise noted) 

Symbol Parameter Min. Typ. Max. Unit 

V1H ln2!:!!.J::!jgh Voltage v 
RESET (4.75 ~Vee~ 5.75) 4.0 Vee 
_jVcc < 4.75) Vee- 0.5 Vee 
INT (4.75 ~Vee~ 5.75) 4.0 . Vee 

(Vee< 4.75) Vee- 0.5 . Vee 
All Other (except TIMER) 2.0 Vee 

VIH Input High Voltage Timer v 
Timer Mode 2.0 Vee+ 1 
Self-check Mode 9.0 10.0 15.0 

V1L In ill!!_ L6w Voltage v 
INT Vss . 1.5 
All Other Vss 0.8 

VIRES+ RESET Hystereris Voltage (see figures 10, 11 and 12) v 
VIRES- "Out of Reset" 2.1 4.0 

"Into Reset" 0.8 2.0 

VINT INT Zero Crossing Input Voltage, through a Capacitor 2.0 4.0 Vac P·P 

PINT Internal Power Dissipation - No Port Loading 400 690 mW 
Vee = 5.75V, TA = ooc 

Con Input Capacitance pF 
EXTAL 25 
All Other 10 

VLvR Low Voltage Recover 4.75 v 
VLVI Low Voltage Inhibit o to+ 70°C 2.75 3.5 v 

-40 to+ 85°C 3.1 3.5 

I on Input Current f!A 
TIMER (Von = 0.4V) 20 
INT (Vm = 2.4V to Vee) 20 50 
EXTAL (Von = 2.4V to Vee. crystal option) 10 
_jYm_ = 0.4V, crystal option) -1600 
RESET (Von = 0.8V) -4.0 -40 
(external capacitor charging current) 

• Due to interral bias1ng. this input (when unused) floats to approximately 2 0 Vdc 
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EF6805P2 

PORT DC ELECTRICAL CHARACTERISTICS 
(V cc = + 5.25Vdc ± 0.5Vdc, V ss = OVdc, T A = T L to T H unless otherwise noted) 

PORT A WITH CMOS DRIVE ENABLED 

Symbol Parameter Min. Typ. Max. Unit 

VoL Output Low Voltage, ILoad = 1.6mA 0.4 v 
VoH Output High Voltage, I Load =- 1 001-!A 2.4 v 
VoH Output High Voltage, I Load =- 1 01-!A Vee- 1.0 v 
V1H Input High Voltage, I Load =- 3001-!A {max.) 2.0 Vee v 
VIL Input Low Voltage, I Load =- 5001-!A {max.) Vss 0.8 v 
I1H Hi-Z State Input Current {VIN = 2.0V to Vee) -300 1-!A 

I1L Hi-Z State Input Current {V1N = 0.4V) -500 1-!A 

PORTB 

Symbol Parameter Min. Typ. Max. Unit 

VoL Output Low Voltage, I Load = 3.2mA 0.4 v 
VoL Output Low Voltage, ILoad = 10mA {sink) 1.0 v 
VoH Output High Voltage, I Load =- 2001-!A 2.4 v 
loH Darlington Current Drive {source), Vo = 1.5V -1.0 -10 rnA 

V1H Input High Voltage 2.0 Vee v 
VIL Input Low Voltage Vss 0.8 v 
hs1 Hi-Z State Input Current 2 10 1-!A 

PORT C AND PORT A WITH CMOS DRIVE DISABLED 

Symbol Parameter Min. Typ. Max. Unit 

VoL Output Low Voltage, I Load= 1.6mA 0.4 v 
VoH Output High Voltage, I Load =- 1001-!A 2.4 v 
V1H Input High Voltage 2.0 Vee v 
V1L Input Low Voltage Vss 0.8 v 
lrs1 Hi-Z State Input Current 2 10 1-!A 

SWITCHING CHARACTERISTICS 
(Vee=+ 5.25Vdc ± 0.5Vdc, Vss = OVdc, TA = TL to TH unless otherwise noted) 

Symbol Parameter Min. Typ. Max. Unit 

fosc Oscillator Frequency EF6805P2 0.4 4.2 MHz 
EF68A05P2 0.4 6.0 
EF68B05P2 0.4 8.0 

I eye Cycle Time {4/fosc) 0.95 10 JlS 
twL. lwH INT and TIMER Pulse Width {see interrupt section) lcyc + 250 ns 

IRwL RESET Pulse Width lcyc + 250 ns 

tRHL RESET Delay Time {external capacitance = 1.01-!F) 100 ms 

f1NT INT Zero Crossing Detection Input Frequency 0.03 1.0 kHz 
{± 5° Accuracy) 

External Clock Input Duty Cycle {EXTAL) 40 50 60 % 
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Figure 2 :TTL Equivalent Test Load (port B). 

Test 
Poont 

1N916 

40 pF j 
!Total) 

1.25kD11N4148 
or Equiv. 

Figure 3: CMOS Equivalent Test Load (port A). 

Test Point o~----, 1 . I 30 pF IT""" 

Figure 4 :TTL Equivalent Test Load (port A and C). 

Vcc=5 75V 
Test 1N916 ~ 1 
Pomt or Equiy.. .Y 
o-----..-------+~t-'-i • 2.97 kD 

30 pF ;;:~ 
(TotaB ~ 

-=.!:::-

24kD 1N4148 
or Equiv. 

EF6805P2 

SIGNAL DESCRIPTION 

The input and output signals for the MCU, shown in 
figure 1 , are described in the following paragraphs. 

Vee AND Vss. Power is supplied to the MCU using 
these two pins. Vee is power and Vss is the ground 
connection. 

INT. This pin provides the capability for asynchron­
ously applying an external interrupt to the MCU. 
Refer to Interrupts section for additional inform?tion. 

XTAL AND EXTAL. These pins provide connec­
tions to the on-chip clock oscillator circuit. A crystal, 
a resistor, or an external signal, depending on the 
user selectable manufacturing mask option, can be 
connected to these pins to provide a system clock 
source with various stability/cost tradeoffs. Lead 
lengths and stray capacitance on these two pins 
should be minimized. Refer to Internal Clock Gener­
ator Options section for recommendations about 
these inputs. 

TIMER. This pin allow an external input to be used 
to decrement the internal timer circuitry. Refer to 
Timer section for additional information about the 
timer circuitry. 

RESET. This pin allows resetting of the MCU at 
times other than the automatic resetting capability 
already in the MCU. Refer to Resets section for ad­
ditional information. 

NUM. This pin is not for user application and must 
be connected to Vss. 

INPUT/OUTPUT LINES (PAO-PA7, PBO-PB7, PCO­
PC3) 

These 20 lines are arranged into two 8-bit ports (A 
and B) and one 4-bit port (C). All lines are pro­
grammable as either inputs or outputs under soft­
ware control of the data direction registers. Refer to 
Inputs/Outputs section for additional information. 

MEMORY 

As shown in figure 5, the MCU is capable of ad­
dressing 2048 by1es of memory and 1/0 registers 
with is program counter. The EF6805P2 MCU has 
implemented 1288 of these locations. This consists 
of : 11 00 bytes of user ROM, (from $080 to $OFF 
and from $3CO to $783) 116 bytes of self-check 
ROM, 64 by1es of user RAM, 6 bytes of port 1/0, and 
2 timers registers. The ROM division allows 128 
by1es of ROM to be addressed with direct instruc­
tions. 
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The stack area is used during the processing of in­
terrupt and subroutine calls to save the processor 
state. The register contents are pushed onto the 
stack in the order shown in figure 6. Because the 
stack pointer decrements during pushes, the low 
order byte (PCL) of the program counter is stacked 
first ; then the high order three bits (PCH) are 
stacked. This ensures that the program counter is 
loaded correctly, during pulls from the stack, since 
the stack pointer increments during pulls. A subrou­
tine call results in only the program counter (PCL, 
PCH) contents being pushed onto the stack. There­
maining CPU registers are not pushed. 

Figure 5 : MCU Address Map. 
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Page Zero 
At.t.:t!!>!>With 

Short 
lnstructrons 

1923 
1924 

2039 

2041 ~
2040 

Interrupt ~~ 
Vectors 2044 

2045 
2046 
2047 

0 

1/0 Ports $000 

Timer 
RAM 

1128 Bytt<sl $07F 

Page Zero r User ROM 
1128 Bytesl 

$OFF 
$100 

Main User 
ROM 

11668 Bvtesl 

$783 
$784 

Self Check 
ROM 

1116 Bytesl 
$7F7 

Trmer Interrupt $7F8 
$7F9 f------ $7FA External Interrupt S7FB f------

SWI S7FC 
1------- $7FD 

RESET $7FE 
S7FF 

CENTRAL PROCESSING UNIT 

The CPU of the EF6805 Family is implemented in­
dependently from the 1/0 or memory configuration. 
Consequently, it can be treated as an independent 
central processor communicating with 1/0 and 
memory via internal address, data, and control 
buses. 

REGISTERS 

The 6805 Family CPU has five registers available 
to the programmer. They are shown in figure 7 and 
are explained on the following paragraphs. 
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$002 

$003 
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$005* 

$(XW;* 
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SOOA 

S03F 
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Figure 6 : Interrupt Stacking Order. 

76543210 Pull 

n -4 1 1 1 I Cond1110n 
Code Reg1ster n+1 

n 3 Accumulator n+2 

n -2 Index Reg1ster n+3 

n-1 1 1 1 1 1 I PCH* n+4 

PCL* n+5 

Push 

*For subroutine calls. only PCL and PCH are stacked 

ACCUMULATOR (A) 

The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic cal­
culations or data manipulations. 

INDEX REGISTER (X). The index register is an 8-
bit register used for the indexed addressing mode. 
It contains an 8-bit value that may be added to an 
instruction value to create an effective address. The 
index register can also be used for data manipula­
tions using the read modify-write instructions. The 
index register may also be used as a temporary stor­
age area. 

PROGRAM COUNTER (PC). The program counter 
is an 11-bit register that contains the address of the 
next instruction to be executed. 

STACK POINTER (SP). The stack pointer is an 11-
bit register that contains the address of the next free 
location on the stack. Initially, the stack pointer is set 
to location $07F and is decremented as data is pu­
shed onto the stack and incremented as data is 
pulled from the stack. The six most significant bits 
of the stack pointer are permanently configured to 
000011. During an MCU reset or the reset stack 
pointer (RSP) instruction, the stack pointer is set to 

EF6805P2 

Figure 7 : Programming Model. 

A .._ ____________ __J Accumulator 

0 

.._ ______ x ______ --J Index Acg1ster 

10 8 7 0 

Ll __ PC_H __ !__ ______ P_CL _______ J Prograrn Counter 

10 54 

Ll o...JILo:.JI....:o...JIL..:o.l.l....:l.l.l....:l.l.l ____ .:.:sP ___ I Slack Pmnlcr 

Cond1t1on Code Rcg1s1er 

Carry/ Borrow 

Zero 

Negative 

Interrupt Mask 

Hall Carry 

location $07F. Subroutines and interrupts may be 
nested down to location $061 (31 bytes maximum) 
which allows the programmer to use up to 15 levels 
of subroutine calls. 

CONDITION CODE REGISTER (CC). The condi­
tion code register is a 5-bit register in which four bits 
are used to indicate the results of the instruction just 
executed. These bits can be individually tested by a 
program and specific action taken as a result of their 
state. Each individual condition code register bit is 
explained in the following paragraphs. 

HALF CARRY (H) - Set during ADD and ADC ins­
tructions to indicate that a carry occurred between 
bits 3 and 4. 

INTERRUPT (I)- This bit is set to mask (disable) the 
timer and external interrupt (I NT). If an interrupt oc­
curs while this bit is set, the interrupt is latched and 
is processed as soon as the interrupt is cleared. 

NEGATIVE (N)- Used to indicate that the result of 
the last arithmetic, logical, or data manipulation was 
negative (bit 7 in result equal to a logical one). 

ZERO (Z)- Used to indicate that the result of the last 
arithmetic, logical, or data manipulation was zero. 
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CARRY/BORROW (C) - Used to indicate that a 
carry or borrow out of the arithmetic logic unit (ALU) 
occurred during the last arithmetic logic unit (ALU) 
occurred during the last airhtmetic operation. This 
bit is also affected during bit test and branch instruc­
tions plus shifts and rotates. 

TIMER 

The EF6805P2 MCU timer circuitry is shown in 
figure 8. The 8-bit counter may be loaded under pro­
gram control and is decremented toward zero by the 
clock input (prescaler output). When the timer 
reaches zero, the timer interrupt request bit (bit 7) 
in the timer control register (TCR) is set. The timer 
interrupt can be masked (disabled) by setting the 
timer interrupt mask bit (bit 6) in the TCR. The inter­
rupt bit (I bit) in the condition code register also pre-

Figure 8 : Timer Block Diagram. 

TIMER 
Input 
Pin 

,.-------1 
I I 

: : 
: : 
L------• 

Manulacturong 
Mask 

Optoons 
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Wrtte 

vents a timer interrupt from being processed. The 
MCU responds to this interrupt by saving the pres­
ent CPU state on the stack, fetching the timer inter­
rupt vector from locations $7F8 and $7F9, and 
exexuting the interrupt routine ; see the Interrupts 
section. THE TIMER INTERRUPT REQUEST BIT 
MUST BE CLEARED BY SOFTWARE. 

The clock input to the timer can be from an external 
source (decrementing of timer counter occurs on a 
positive transition of the external source) applied to 
the TIMER input pin or it can be the internal 2 sig­
nal. Three machine cycles are required for a change 
in state of the TIMER pin to decrement the timer 
prescaler. The maximum frequency of a signal that 
can be recognized by the TIMER or !NT pin logic is 
dependent on the parameter labeled twL, twH. The 
pin logic that recognizes the high (or low) state on 

Timer 

bO 

Read Wrote Read 

Internal Data Bus 



the pin must also recognize the low state on the pin 
in order to "re-arm" the internal logic. Therefore, the 
period can be calculated as follows : (assumes 
50150 duty cycle for a given period). 

1 
!eye x 2 + 250ns = period = --

freq 

The period is not simply twL + twH. This computation 
is allowable, but it does reduce the maximum allow­
able frequency by defining an unnecessarily longer 
period (250ns twice). 

When the ¢2 signal is used as the source, it can be 
gated by an input applied to the TIMER input pin 
allowing the user to easily perform pulse-width 
measurements. (NOTE : For ungated ¢2 clock in­
puts to the timer prescaler, the TIMER pin should be 
tied to Vee). The source of the clock input is one of 
the mask options that is specified before manufac­
ture of the MCU. 

A prescaler option can be applied to the clock input 
that extends the timing interval up to a maximum of 
128 counts before decrementing the counter. This 
prescaling mask option is also specified before 
manufacture. To avoid truncation errors, the pres­
caler is cleared when bit 3 of the timer counter reg­
ister is written to a logic one. (This bit always needs 
a logic 0). 

The timer continues to count past zero, falling from 
$00 to $FF and then continuing the countdown. 
Thus, the counter can be read at any time by read­
ing the timer data register (TOR). This allows a pro­
gram to determine the length of time since a timer 
interrupt has occurred without disturbing the count­
ing process. 

At power-up or reset, the prescaler and counter are 
initialized with all logical ones, the timer interupt re­
quest bit (bit 7) is cleared and the timer interrupt 
mask bit (bit 6) is set. 

EF6805P2 

SELF-CHECK 

The self-check capability of the EF6805P2 MCU 
provides an internal check to determine if the part is 
functional. Connect the MCU as shown in figure 9 
and monitor the output of port C bit 3 for an oscilla­
tion of approximately 7Hz. A 1 0 volt level on the 
TIMER input, pin 7, energizes the ROM-based self­
check feature. The self-check program exercises 
the RAM, ROM, TIMER, interrupts, and 1/0 ports. 

RESETS 

The MCU can be reset three wa~nitial power­
up, by the external reset input (RESET) and by op­
tional, internal, low-voltage detect circuits. The 
RESET input consists mainly of a Schmitt trigger 
that senses the RESET line logic level. A typical 
reset Schmitt trigger hysteresis curve is shown in 
figure 11. The Schmitt trigger provides an internal 
reset voltage if it senses a logical zero on the RESET 
pin. 

POWER-ON RESET (POR) 

An internal reset is generated upon power-up that 
allows the internal clock generator to stabilize. A 
delay of tRHL milliseconds is required before allow­
ings the RESET input to go high. See the power and 
reset timing diagram (see figure 1 0). Connecting a 
capacitor to the RESET input (see figure 12) typi­
cally provides sufficient delay. During power-up, the 
Schmitt trigger switches on (removes reset) when 
RESET rise to VIRES+. 

EXTERNAL RESET INPUT 

The MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine 
cycle (!eye). Under this type of reset, the Schmitt trig­
ger switches off are ViREs- to provide an internal 
reset voltage. 
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Figure 9 : Self-check Connections. 

c.!._ INT ! PA7 r2"-7 _.,___--., 

PA6 r2=-6 ------., 

PAS r2=-S ---, 

PA4~ 
PA31-'2:o_3_+-+-+-..J 

PA2 r22:::...._-+-+-...J 

+IOV .1~ k 7 TIMER 

Vee 

:mn 

...... ~~ 

..... :m~ 
:mn 
v 

Vee=Pm 3 
Vss= P1n 1 

"" 

~NUM 

,C.~ B PCO 

'C.:~g Pe1 

r.::,~ tO Pe2 

~~11 PC3 
~ 

PA 1 r2.:...1 -II--' 
PAO~ 

EF6805P2 PB7 ~ 

PBB 1-18:...._-+--, 

PBS 1-'-1.:...7 --If-If---, 
PB4 1-'1.::.6 -+--t--1--, 
PBJ~ 
PB2 1-1_4 _ ___, 

PB1 r1.::.3 ___ ..J 

PBO r1c:;.2 ____ ...J 

*Th1s connection depends on the clock osc•llator user selectable mask opt1on 
Use crystal 1f that optton IS selected 

SELF-CHECK ERROR PATTERNS 

PC1 PCO Problem 

0 0 Interrupt Failure 

0 1 Bad Port A or Port B 

1 0 Bad RAM 

1 1 Bad RAM 

All 4 LEDs Flashing Good Device 

Note: When PC1 or PCO is 0, the LED is on. 

LOW VOLTAGE INHIBIT (LVI) 

The optional low-voltage detection circuit causes a 
reset of the MCU if the power supply voltage falls 
below a certain level (VLvl). The only requirement is 
that the Vee must remain at or below the VLvl thre­
shol~ for one !eye minimum. 

In this applications, the Vee bus filter capacitor will 
eliminate negative-going voltage glitches of less 
than one !eye. The output from the low-voltage de­
tector is connected directly to the internal reset cir­
cuitry. It also forces the RESET pin low via a strong 
discharge device through a resistor. The internal 
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reset is removed once the power supply voltage 
rises above a recovery level (VLvR) at which time a 
normal power-one reset occurs. 

INTERNAL CLOCK GENERATORS OPTIONS 

The internal clock generator circuit is designed to 
require a minimum of external components. A crys­
tal, a resistor, a jumper wire, or an external signal 
may be used to generate a system clock with vari­
ous stability/cost tradeof!s. 

A manufacturing mask option is used to select crys­
tal or resistor operation. 



The different connection methods are shown in 
figure 13. Crystal specifications and suggested PC 
board layouts are given in figure 14. A resistor se­
lection graph is given in figure 15. 

The crystal oscillator start-up time is a function of 
many variables :crystal parameters (especially Rs, 
oscillator load capacitances, IC parameters, am­
bient temperature, supply voltage and supply vol­
tage turn-on time). To ensure rapid oscillator 
start-up, neitherthe crystal characteristics nor the 
load capacitances should exceed recommenda­
tions. 

Figure 10 : Power and Reset Timing. 

vee 

RESET 
Pon 

Internal 
Reset 

5V 

Figure 11 :Typical Reset Schmitt Trigger Hyste­
resis. 

Out 
01 

Reset 

In I I I 
Reset L--t--L--t--~-t-.---------

0.8 v 2 v 4 v 

EF6805P2 

When utilizing the on-board oscillator. the MCU 
should remain in the reset condition (RESET pin 
voltage below ViREs+) until the oscillator has stabi­
lized at its operating frequency. Several factors are 
involved in calculating current specifications. 

One Vee minimum is reached, the external RESET 
capacitor will begin to charge at a rate dependent 
on the capacitor value. The charging current is sup­
plied from Vee through a large resistor, so its func­
tions almost like a constant current source until the 
reset voltages rises above ViREs+. Therefore, the 
RESET pin will charge a approximately 

(VIRES+). Cext = IRES. tRHL 

Figure 12: Power-up Reset Delay Circuit. 

Vee 

Part Of 
EF6805P6 

MCU 

Il.OpF 
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Figure 13: Clock Generator Options. 

I See Note) 

External 
Clock 
Input 

5 XTAL 

EF6805P2 
EXTAL MCU 

!Crystal Mask 
Opllonl 

Crystal 

EF6805P2 
MCU 

I C• ystal Mask 
Opt1onl 

External Clock 

5 XTAL 

EF6805P2 

MCU 
IRes1stor Mask 

OptiOn) 

Approximately 25% to 50% Accuracy 
T yp1cal tcyc = 1.25 ,.s 

External Jumper 

Approx•mately 10% to 25% Accuracy 
External Res•stor 

!Excludes Res1stor Tolerencel 

Note: The recommended c, value with a 4.0MHz crystal1s 27pF, max1mum, 1nclud1ng system d1stnbuted capacitance. There IS an Internal ca­
pacitance of approximately 25pF on the XTAL pin For crystal frequenCies other than 4MHz, the total capacitance on each p1n should be 
scaled as the inverse of the frequency rat1o. For example, w1th a 2MHz crystal, use approximately 50pF on EXTAL and approximately 
25pF on XTAL The exact value depends on the Motional-Arm parameters of the crystal used 

Figure 14 : Crystal Motional ARM Parameters and Suggested PC Board Layout. 

Ia! 
Crystal Parameters c, 

EXTAL~~XTAL 
4 ~w 5 

AT- Cut Parallel Resonance Crystal 
Co=7pFMax. 
Freq = 4.0MHz@ CL = 24pF 
Rs=500Max. 

Note : P1ezoelectnc ceram1c resonators which have the equivalent speCifications may be use 1nstead of crystal oscillator. Follow ceramic reson­
ator manufacturer's suggestions for Co, c, and Rs values .. 
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Figure 14: Crystal Motional Arm Parameters and Suggested PC Board Layout (continued). 

{bl {cl 

NOTE: Keep crystal leads and c~rcwt 
connections as short as poss1ble 

Figure 15: Typical Frequency Selection for Resistor Oscillator Option. 
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INTERRUPTS 

The EF6805P2 MCU can be interruptedJ.br.ee dif­
ferentways through the external interrupt (I NT) input 
pin, the internal timer interrupt request, or the soft­
ware interrupt instruction (SWI). When any interrupt 
occurs, the current instruction (including SWI) is 
completed, processing is suspended, the present 
CPU state is pushed onto the stack, the interrupt bit 
(I) in the condition code register is set, the address 
of the interrupt routine is obtained from the appro­
priate interrupt vector address and the interrupt rou­
tine is executed. Stacking the CPU registers, setting 

the I bit, and vector fetching requires a total of 11 
!eye periods for completion. 

A flowchart of the interrupt sequence is shown in 
figure 16. The interrupt service routine must end with 
a return from interrupt (RTI) instruction which allows 
the MCU to resume processing of the program prior 
to the interrup..!....il2.'l.Jnstacking the previous CPU 
state). Unlike RESET, hardware interrupts do not 
cause the current instruction execution to be halted, 
but are considered pending until the current instruc­
tion execution is complete. 
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When the current instruction is complete, the pro­
cessor checks all pending hardware interrupts and 
if unmasked, proceeds with interrupt processing ; 
otherwise, the next instruction is fetched and ex­
ecuted. Note that masked interrupts are latched for 
later interrupt device. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the 
external interrupt is serviced first. The SWI is ex­
ecuted as any other instruction. 

The external interrupt is internally S..YrJ9hronized and 
then latched on the falling edge of INT. A sinusoidal 
input signal (liNT maximum) can be used to gener­
ate an external interrupt, as shown in figure 17(a), 
for use as a zero-crossing detector (for negative 
transitions of the ac sinusoid). This allows applica­
tions such as servicing time-of-day routines and en­
gaging/disengaging ac power control devices. 
Off-chip full-wave rectification provides an interrupt 
at every zero crossing of the ac signal and thereby 
provides a 2f clock. 

For digital applications, the INT pin can be driven by 
a digital signal. The maximum frequenc.Y.Qf a signal 
that can be recognized by the TIMER or INT pin logic 
is dependent on the parameter labeled lwL. twH. The 
pin logic that recognizes the high (or low) state on 
the pin must also recognize the low (or high) state 
on the pin in order to "rearm" the internal logic. 
Therefore, the period can be calculated as follows : 
(assumes 50/50 duty cycle for a given period) 

1 
!eye x 2 + 250ns = period = --

freq 

The period is not simplytwL + twH. This computation 
is allowable, but it does reduce the maximum allow­
able frequency by defining an unnecessarily longer 
period (250 ns twice). See figure 17(b). 

A software interrupt (SWI) is an executable instruc­
tion which is executed regardless of the state of the 
I bit in the condition code register. Note that if the I 
bit is zero, SWI executes after the other interrupts. 
SWis are usually used as break-points for de­
bugging or as system calls. 

Figure 16: RESET and Interrupt Processing Flowchart. 
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Figure 17 : Typical interrupt Circuits. 
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INPUT/OUTPUT 
There are 20 input/output pins. The INT pin may also 
be polled with branch instructions to provide an ad­
ditional input pin. All pins (port A, B, and C) are pro­
grammable as either inputs or outputs under 
software control of the corresponding write-only 
data direction register (DDR). The port 1/0 pro­
gramming is accomplished by writing the corre­
sponding bit in the port DDR to a logic "1" for output 
or a logic "0" state to put the ports in the input mode. 
To avoid undefined levels, the port output registers 
are not initialized on reset, but may be written be­
fore setting the DDR bits. When programmed as 
outputs, the latched output data is readable as input 
data, regardless of the logic levels at the output pin 
due to output loading ; see figure 18. When port B 
is programmed for outputs, it is capable of sinking 
1 OmA and sourcing 1 mA on each pin. 
All input/output lines are TTL compatible as both in­
puts and outputs. Ports B and C are CMOS com­
patible as inputs. Port A may be made CMOS 
compatible as outputs with a mask option. The ad­
dress map in figure 5 gives the address of data reg­
isters and DDRs. The register configuration is 

-

EF6805P2 

(b) Digitai-Stgnal Interrupt 

Vee 

TTL 4 7 k ( 
Level ~ 

2 INT 
EF6805P2 

D1g1lill MCU 
Input 

l_L 
~ 

provided in figure 19 and figure 20 provides some 
examples of port connections. 

Caution 

The corresponding DDRs for ports A, B, and C 
are write-only registers (registers at $004, 
$005, $006). A read operation on these regis­
ters is undefined. Since BSET and BCLR are 
read-modify-write functions, they cannot be 
used to set or clear a DDR bit (all "unaffected" 
bits would be set). It is recommended that all 
DDR bits in a port be written using a single­
store instruction. 

The latched output data bit (see figure 18) may al­
ways be written. Therefore, any write to a port writes 
all of its data bits even though the port DDR is set 
to input. This may be used to initialize the data reg­
isters and avoid undefined outputs ; however, care 
must be exercised when using read-modify-write 
instructions since the data read corresponds to the 
pin level if the DDR is an input ("0") and corresponds 
to the latched output data when the DDR is an out­
put ("1"). 
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Figure 18: Typical Port 1/0 Circuitry. 

Data 
Direction Output Latched Input 

Register Data Output to 

Bit Bit State MCU 

1 0 0 0 
1 1 1 1 
0 X High-Z" Pin 

• DDR is a wnte-only register and reads as all "1 s" 
•• Ports A (w1th CMOS dnve disabled), B, and C are three state ports Port A has opt1onal1ntemal pull up devices to provide CMOS dnve capability 

See Electncal Characteristics tables for complete 1nformat1on 

Figure 19 : MCU Register Configuration. 

PORT DATA REGISTER 

Port A Addr~ $000 
Port B Addr ~ $001 
Port C Addr~ $002 IB1ts 0-31 

TIMER CONTROL REGISTER ITCAI 

6 5 4 3 2 1 

0 

0 

~~~1_1_1L_~~I_,_IL_,~I_,_L~I$~ 
TCR7- Timer Interrupt Status Bit Set when TOR goes 

to zero, must be cleared by software Cleared to 
0 by reset 

TCR6 Bit 6- T1mer Interrupt Mask B1t 1 = t1mer Inter­
rupt masked ld1sabledl Set to 1 by reset 

TCR BitS 5, 4, 3, 2. 1, 0 read as "Is" - unused bits 
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PORT DATA DIRECTION REGISTER IDDRI 

111 Wnte Only; reads as all "1s" 
121 1 ~Output; 0= Input Cleared to 0 by reset 
131 Port A Addr~ $004 

Port 8 Addr~ $005 
Port G Addr= $006 (BitS 0-31 

TIMER DATA REGISTER ITDAI 

0 

7 0 

MSB LSB I $008 



Figure 20 (a) :Typical Output Mode Port Connections. 

PORT DATA REGISTER 

Port A Addr= $000 
Port B Addr = $001 
Port C Addr= $002 IBrts 0-31 

TIMER CONTROL REGISTER ITCRI 

5 4 3 

0 

0 

~~_LI_1 ~1_1_LI _1 ~1_1~IL-1 ~~Is~ 
TCR7- Trmer Interrupt Status Blt Set when TOR goes 

to zero, must be cleared by software Cleared to 
0 by reset 

TCA6 Brt 6- Trmer Interrupt Mask Brt 1 = umer mter­
rupt masked ldrsabledl. Set to 1 by reset 

TCR Brts 5, 4, 3, 2. 1, 0 read as ""1s" - unused bits 

Figure 20 (b) :Typical Output Mode Port Connections. 
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PORT DATA DIRECTION REGISTER IDDRI 

111 Wrrte Only. reads as all "ls"' 
121 1 =Output, 0= Input. Cleared to 0 by reset 
131 Port A Addr= $004 

Port B Addr = $005 
Port C Addr=$006 IBrts 0-31 

TIMER DATA REGISTER ITDRI 

0 

0 

MSB LSB I $008 
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PC/ 

PC! 

PCO 
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PB5 

P84 

PB3 

PB/ 

PBI 

PBO 

CMOS or TTL dnvmg port 8 directly 

CMOS and TTL dnvmg port C dnectly 
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SOFTWARE 

BIT MANIPULATION 
The EF6805P2 MCU has the ability to set or clear 
any single random access memory or input/output 
bit (except the data direction register, see Caution 
below), with a single instruction (BSET, BCLR). Any 
bit in page zero including ROM, except the DDRs, 
can be tested, using the BRSET and BRCLR ins­
tructions, and the program branches as a result of 
its state. The carry bit equals the value of the bit ref­
erenced by BRSET or BRCLR. A rotate instruction 
may then be used to accumulate serial input data in 
a RAM location or register. The capability to work 
with any bit in RAM, ROM, or 1/0 allows the user to 
have individual flags in RAM or to handle 1/0 bits as 
control lines. 
The coding example in figure 21 illustrates the use­
fulness of the bit manipulation and test instructions. 

Figure 21 : Bit Manipulation Example. 

MCU 

Ready f--
2p 

Senal 0 
Dev1ce Clock 

1 R 
T 

Data-- OA 
'--

ADDRESSING MODES 

The EF6805P2 MCU has 10 addressing modes 
which are explained briefly in the following para­
graphs. For additional details and graphical illustra­
tions, refer to the 6805 Family User's Manual. 

The term "effective address" (EA) is used in describ­
ing the address modes. EA is defined as the address 
from which the argument for an instruction is fetched 
or stored. 

IMMEDIATE- In the immediate addressing mode, 
the operand is contained in the byte immediately fol­
lowing the opcode. The immediate addressing 
mode is used to access constants which do not 
change during program execution (e.g;, a constant 
used to initialize a loop counter). 
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Assume that the MCU is to communicate with an 
external serial device. 

The external device has a data ready signal, a data 
output line, and a clock line to clock data one bit at 
a time. LSB first, out of the device. The MCU waits 
until the data is ready, clocks the external device, 
picks up the data in the carry flag (C bit), clears the 
clock line, and finally accumulates the data bit in a 
RAM location. 

Caution 
The corresponding DDRs for ports A, B, and C 
are write-only registers (registers at $004, 
$005, and $006). A read operation on these 
registers is undefined. Since BSET and BCLR 
are read-modify-write functions, they cannot 
be used to set or clear a DDR bit (all "unaf­
fected" bits would be set). It is recommended 
that all DDR bits in a port be written using a 
single-store instruction. 

SELF BRSET 2, PORTA, SELF 

BSET 1, PORTA 
BRCLR 0, PORTA, CONT 

CONT BCLR 1, PORTA 
ASR RAMLOC 

DIRECT- In the direct addressing mode, the effec­
tive address of the argument is contained in a single 
byte following the opcode byte. Direct addresing 
allows the user to directly address the lowest 256 
bytes in memory with a single 2-byte instruction. 
This includes the on-chip RAM and 1/0 registers and 
128 bytes of ROM. Direct addressing is an effective 
use of both memory and time. 

EXTENDED- In the extended addressing mode, the 
effective address of the argument is contained in the 
two bytes following the opcode. Instructions using 
extended addressing are capable of referencing ar­
guments anywhere in memory with a single 3-byte 
instruction. When using the Motorola assembler, the 
programmer need not specify whether an instruc­
tion uses direct or extended addressing. The as-



sembler automatically selects the shortest for of the 
instruction. 

RELATIVE- The relative addressing mode is only 
used in branch instructions. In relative addressing, 
the contents of the 8-bit signed byte following the 
opcode (the offset) is added to the PC if and only if 
the branch condition is true. Otherwise, control pro­
ceeds to the next instruction. The span of relative 
addressing is from - 126 to + 129 from the opcode 
address. The programmer need not worry about cal­
culating the correct offset when using the Motorola 
assembler since it calculates the proper offset and 
checks to see if it is within the span of the branch. 

INDEXED, NO OFFSET - In the indexed, no offset 
addressing mode, the effective address of the argu­
ment is contained in the 8-bit index register. Thus, 
this addressing mode can access the first 256 mem­
ory locations. These instructions are only one byte 
long. This mode is often used to move a pointer 
through a table or to hold the address of a frequen­
tly referenced RAM or 1/0 location. 

INDEXED, 8-BIT OFFSET- In the indexed, 8-bit off­
set addressing mode, the effective address is the 
sum of the contents of the unsigned 8-bit index reg­
ister and the unsigned byte following the opcode. 
This addressing mode is useful in selecting the kth 
element in an n element table. With this 2-byte ins­
truction, k would typically be in X with the address 
of the beginning of the table in the instruction. As 
such, tables may begin anywhere within the first 256 
addressable locations and could extend as far as lo­
cation 510 ($1 FE is the last location atwhichthe ins­
truction may begin). 

INDEXED, 16-BIT OFFSET- In the indexed, 16-bit 
offset addressing mode, the effective address is the 
sum of the contents of the unsigned 8-bit index reg­
ister and the two unsigned bytes following the op­
code. This addressing mode can be used in a 
manner similar to indexed, 8-bit offset, except that 
this 3-byte instruction allows tables to be anywhere 
in memory. As with direct and extended addressing, 
the Motorola assembler determines the shortest 
form of indexed addressing. 

BIT SET/CLEAR - In the bit set/clear addressing 
mode, the bit to be set or cleared is part of the op­
code, and the byte following the opcode specifies 
the direct address of the byte in which the specified 
bit is to be set or cleared. Thus, any read/write bit in 
the first 256 locations of memory, including 1/0, can 
be selectively set or cleared with a single 2-byte ins­
truction. 

Caution 

The corresponding DDRs for ports A, 8, and C 

EF6805P2 

are write-only registers (registers at $004, 
$005, and $006). A read operation on these 
registers is undefined. Since 8SET and 8CLR 
are read-modify-write functions, they cannot 
be used to set or clear a DDR bit (all "unaf­
fected" bits would be set). It is recommended 
that all DDR bits in a port be written using a 
single-store instruction. 

BIT TEST AND BRANCH - The bit test and branch 
addressing mode is a combination of direct address­
ing and relative addressing. The bit and condition 
(set or clear) which,is to be tested is included in the 
opcode, and the address of the byte to be tested is 
in the single byte immediately following the opcode 
byte. The signed relative 8-bit offset is in the third 
byte and is added to the value ofthe PC if the branch 
condition is true. This single 3-byte instruction allows 
the program to branch based on the condition of any 
readable bit in the first 2561ocations of memory. The 
span of branching is from - 125 to + 130 from the 
opcode address. The state of the tested bit is also 
transferred to the carry bit of the condition code reg­
ister. 

Caution 

The corresponding DDRs for ports A, 8, and C 
are write-only registers (registers at $004, 
$005, and $006). A read operation on these 
registers is undefined. Since 8SET and 8CLR 
are read-modify-write functions, they cannot 
be used to set or clear a DDR bit (all "unaf­
fected" bits would be set). It is recommended 
that all DDR bits in a port be written using a 
single-store instruction. 

INHERENT - In the inherent addressing mode, all 
the information necessary to execute the instruction 
is contained in the opcode. Operations specifying 
only the index register or accumulator, as well as 
control instruction with no other arguments, are in­
cluded in this mode. These instructions are one byte 
long. 

INSTRUCTION SET 

The EF6805P2 MCU has a set of 59 basic instruc­
tions, which when combined with the 10 addressing 
modes produce 207 usable opcodes. They can be 
divided into five different types : register/memory, 
read-modify-write, branch, bit manipulation, and 
control. The following paragraphs briefly explain 
each type. All the instructions within a given type are 
presented in individual tables. 

REGISTER/MEMORY INSTRUCTIONS - Most of 
these instructions use two operands. One operand 
is either the accumulator or the index register. The 
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other operand is obtained from memory using one 
of the addressing modes. The jump unconditional 
(JMP) and jump to subroutine (JSR) instructions 
have no register operands. Refer to tab!e 1. 

READ-MODIFY-WRITE MODIFICATIONS- These 
instructions read a memory location or a register, 
modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is included in 
read-modify-write instructions through it does not 
perform the write. Rfer to table 2. 

Caution 

The corresponding DDRs for ports A, B, and C 
are write-only registers (registers at $004, 
$005, and $006). A read operation on these 
registers is undefined. Since BSET and BCLR 
are read-modify-write functions, they cannot 
be used to set or clear a DDR bit (all "unaf­
fected" bits would be set). It is recommended 
that all DDR bits in a port be written using a 
single-store instruction. 

BRANCH INSTRUCTIONS - The branch instruc­
tions cause a branch from the program when a cer­
tain condition is met. Refer to table 3. 
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BIT MANIPULATION INSTRUCTIONS- These ins­
tructions are used on any bit in the first 256 bytes of 
the memory. One group either sets or clears. The 
other group performs the bit test branch operations. 
Refer to table 4. 

Caution 

The corresponding DDRs for ports A, 8, and C 
are write-only registers (registers at $004, 
$005, and $006). A read operation on these 
registers is undefined. Since BSET and BCLR 
are read-modify-write functions, they cannot 
be used to set or clear a DDR bit (all "unaf­
fected" bits would be set). It is recommended 
that all DDR bits in a port be written using a 
single-store instruction. 

CONTROL INSTRUCTIONS - The control instruc­
tions control the MCU operations during program 
execution. Refer to table 5. 

ALPHABETICAL LISTING - The complete instruc­
tion set is given in alphabetical order in table 6. 

OPCODE MAP SUMMARY- Table 7 is an opcode 
map for the instructions used on the MCU. 
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Table 3 : Branch Instructions. 

Relative Addressing Mode 

Function Mnemonic 
Op # # 

Code Bytes Cycles 

Branch Always BRA 20 2 4 

Branch Never BRN 21 2 4 

Branch IFF Higher BHI 22 2 4 

Branch IFF Lower or Same BLS 23 2 4 

Branch IFF Carry Clear sec 24 2 4 

(branch IFF higher or same) (BHS) 24 2 4 

Branch IFF Carry Set BCS 25 2 4 

(branch IFF lower) (BLO) 25 2 4 

Branch IFF Not Equal BNE 26 2 4 

Branch IFF Equal SEQ 27 2 4 

Branch IFF Half Carry Clear BHCC 28 2 4 

Branch IFF Half Carry Set BHCS 29 2 4 

Branch IFF Plus BPL 2A 2 4 

Branch IFF Minus BMI 2B 2 4 

Branch IFF interrupt mask bit is clear. BMC 2C 2 4 

Branch IFF interrupt mask bit is set. BMS 20 2 4 

Branch IFF interrupt line is low. BIL 2E 2 4 

Branch IFF interrupt line is high. BIH 2F 2 4 

Branch to Subroutine BSR AD 2 8 

Table 4 : Bit Manipulation Instructions. 

Addressing Modes 

Bit Set/clear Bit Test and Branch 
Function Mnemonic Op # # Op # # 

Code Bytes Cycles Code Bytes Cycles 

Branch IFF Bit n is set BRSET n (n = 0 ... 7) 2 • n 3 10 

Branch IFF Bit n is clear BRCLR n (n = 0 ... 7) 01 + 2 • n 3 10 

Set Bit n BSET n (n = 0 ... 7) 10 + 2 • n 2 7 

Clear B1t n BCLR n (n = 0 ... 7) 11 + 2 • n 2 7 
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Table 5 : Control Instructions. 

Inherent 

Function Mnemonic Op # # 
Code Bytes Cycles 

Transfer A to X TAX 97 1 2 

Transfer X to A TXA 9F 1 2 

Set Carry Bit SEC 99 1 2 

Clear Carry Bit CLC 98 1 2 

Set Interrupt Mask Bit SEI 9B 1 2 

Clear Interrupt Mask Bit CLI 9A 1 2 

Software Interrupt SWI 83 1 11 

Return from Subroutine RTS 81 1 6 

Return from Interrupt RTI 80 1 9 

Reset Stack Pointer RSP 9C 1 2 

No-operation NOP 9D 1 2 

Table 6: Instruction Set. 

Addressing Modes Condition Code 

Indexed Indexed Indexed Bit 
811 

Mnem Inherent Immediate Direct Extended Relative 
(no offset) (8 Bits) (16 Bits) Set/Clear 

Test & H I N z c 
Branch 

ADC X X X X X X ;-.. • ;-.. ;-.. ;-.. 

ADD X X X X X X " • " " " 
AND X X X X X X • • " " • 
ASL X X X X • • ;-.. " A 

ASR X X X X • • A A A 

BCC X • • • • • 
BCLR X • • • • • 
BCS X • • • • • 
BEQ X • • • • • 
BHCC X • • • • • 
BHCS X • • • • • 
BHI X • • • • • 
BHS X • • • • • 
BIH X • • • • • 
BIL X • • • • • 
BIT X X X X X X • • " " • 
BLO X • • • • • 
BLS X • • • • • 
BMC X • • • • • 
BMI X • • • • • 
BMS X • • • • • 
BNE X • • • • • 
BPL X • • • • • 
BRA X • • • • • 
BRN X • • • • • 
BRCLR X • • • • ;-.. 

BRSET X • • • • A 

BSET X • • • • • 
BSR X • • • • • 
CLL X • • • • 0 
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Table 6: Instruction Set (continued). 

Mnem Inherent Immediate Direct Extended 

CLI X 

CLR X X 

CMP X X X 

COM X X 

CPX X X X 

DEC X X 

EOR X X X 

INC X X 

JMP X X 

JSR X X 

LOA X X X 

LOX X X X 

LSL X X 

LSR X X 

NEQ X X 

NOP X 

ORA X X X 

ROL X X 

RSP X 

RTI X 

RTS X 

SBC X X X 

SEC X 

SEI X 

STA X X 

STX X X 

SUB X X X 

SWI X 

TAX X 

TST X X 

TXA X 

Condition Code Symbols : 
H Hall Carry (from b1t 3) 
I Interrupt Mask 
N Negat1ve (s1gn b1t) 
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Addressing Modes 

Indexed 
Relative 

(no offset) 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Indexed 

z 
c 

(8 B1ts) 

X 

X 

X 

X 

X 

X 

,X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Condition 

Indexed Bit 
(16 Bits) Set/clear 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Zero 
Carry/borrow 

Bit 
Test & H 
Branch 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
? 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

Test and Set 1f True, Cleared Otherwise 
Not Affected 

I N 

0 • 
• 0 

• " • " 
• " • " 
• " • " 
• • 
• • 
• " 
• " 
• " 
• 0 

• A 

• • 
• " 
• A 

• • 
? ? 

• • 
• A 

• • 
1 • 
• A 

• " • A 

1 • 
• • 
• " 
• • 

Code 

z c 

• • 
1 • 
" " 
" 1 

" " 
" • 
" • 
" • 
• • 
• • 
" • 
A • 
" " 
A A 

A " • • 
" • 
A A 

• • 
? ? 

• • 
" A 

• 1 

• • 
A • 
" • 
A " • • 
• • 
" • 
• • 
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HMOS 6805 FAMILY 

Features EF6805P2 EF6805P6 EF6805R2 EF6805R3 EF6805U2 EF6805U3 

Technology HMOS HMOS HMOS HMOS HMOS HMOS 

Number of Pins 28 28 40 40 40 40 

On-chip RAM (bytes) 64 64 64 112 64 112 

On-chip User ROM (bytes) 1100 1796 2048 3776 2048 3776 

External Bus None None None None None None 

Bidirectional 1/0 Lines 20 20 24 24 24 24 

Unidirectional 1/0 Lines None None 6 Inputs 6 Inputs 8 Inputs 8 Inputs 

Other 1/0 Features Timer Timer Timer, ND Timer, ND Timer Timer 

External Interrupt Inputs 1 1 2 2 2 2 

STOP and WAIT No No No No No No 

25/30 

261 



1\) 
Ol 
1\) 

"' ~ 
0 

~ 
~(I) 
<;ct ,en 
©. 

~:i! 
!,JO 
"'i: ©(I) 
~0 
~z 

Btt Mam ulat10n Branct 

L~' ,;:., .;.,, .,'\, 

~ I J8RSEJ,O~ BSETO _ BRA'" 
10 7 4 

o:i,l I 1BRCL,(f, BCL~~c BA\h 

1 ~RSEJ11, 
4 

2 I? BSEU, BHI,.. 
_I;XI10 

4 

~, BRC~\ I 7 BCL~), BLS,, 

BRSE1f. 
4 

_doo ll BSET2 BCC 

4 ,s,, BRCL~la ll BCL~c ecs," 

'aRsEu, 
4 

ci\ I' BSE1~c BNEm 

1 ;aRCLF,J, 
4 

7 ll BCL~ic BED 
Ill Jill 

I ;sRSEi~, 
4 

~~ I' BSE1~c BHC~" 
I 7 4 

,,ill I 13RCL:fs I 7 BCL~~c BHCS 
R 

1 ~RSET5 
4 

~~c I 7 BSE1~, I 7 BPL, 1 T 
1 ~RCLR5 . 

B ILBC~- BM~U Ill T 

Is.. 'sRSEJ~, BSET8 [~eM~'-' 
1 BRC~60 

4 

~ 1_. BCL~~c BMSRH ,, 7 . 
E BASEJla BSE1;, I ' BILRII '" . 
F BRCLR7 2~Cl~~C 12 BlHRH 1111 J BTl!_ 

AbbrevlatioNT for Addr881 Mod90 

INH 
IMM 
DIR 
EXT 
REL 
esc 
BTB 
IX 
IX1 
IX2 

Inherent 
lmmedrate 
D1rect 
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' I H lXI I " I 
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4 ' ' ' 11 
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I lXI I IX I 
4 ' ] 6 
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FSP JMP JMP JMP JMP I' JMP c 
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7 6 
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' INH l IR J XT IX lXI ' I 111 

LOX LOX LDX LDX LOX LOX E 
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TXA STX STX STX STX STX F 

' INt-l ' D1R 3 EXT l IX? ' lXI ' IX ,,, 
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CB-132 PLASTIC PACKAGE 

CB-520 PLCC28 

11430 

~ 

....Q..M_ 
mm, 

Pin 1 identificatiOn 

0 661 
0,812 

0 331 
0,533 

EF6805P2 

{2) 

( 1 ) Nom1nal d1mensron 

121 True geometncal pos1t1on 

2 8 P1ns 

12,57 

28 Outputs 
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ORDERING INFORMATION 

The information required when ordering a custom 
MCU is listed below. The ROM program may be 
transmitted to SGS-THOMSON on EPROM(s) or an 
EFDOS/MDOS* disk file. 

To initiate a ROM pattern for the MCU, it is necess­
ary to first contact your local SGS-THOMSON re­
presentative or distributor. 

EPROMs 

One 2716 or 2732 type EPROMs, programmed with 
the customer program (positive logic sense for ad­
dress and data), may be submitted for pattern 
generation. 

~ 

080 

XXX~ Customer I D) 

After the EPROM is marked, it should be placed in 
conductive IC carriers and securely packed. Do not 
use styrofoam. 

VERIFICATION MEDIA 

All original pattern media (EPROMs or floppy disk) 
are filed for contractual purposes and are not re­
turned. A computer listing of the ROM code will be 
generated and returned along with a listing verifica­
tion forrn. The listing should be thoroughly checked 
and the verification forrn completed, signed, and re­
turned to SGS-THOMSON. The signed verification 
form constitutes the contractual agreement for cre­
ation of the customer mask. If desired, SGS-THOM-
SON will program on blank EPROM from the data 
file used to create the custom mask and aid in the 
verification process. 

ROM VERIFICATION UNITS (RVUs) 

Ten MCUs containing the customer's ROM pattern 
will be sent for program verification. These units will 
have been made using the custom mask but are for 
the purpose of ROM verification only. For expedi­
ency they are usually unmarked, packaged in ce­
ramic, and tested only at room temperature and 5 
volts. These RVUs are included in the mask change 
and are not production parts. The RVUs are thus not 
guaranteed by SGS THOMSON. Quality Assur­
ance, and should be discarded after verification is 
completed. 

FLEXIBLE DISKS 

The disk media submitted must be single-sided, 
EFDOS/MDOS* compatible floppies. 

The customer must write the binary file name and 
company name on the disk with a felt-lip-pen. The 
minimum EFDOS/MDOS* system files, as well as 
the absolute binary object file (Filename .LO type of 
file) from the 6805 cross assembler, must be on the 
disk. An object file made from a memory dump using 
the ROLLOUT command is also acceptable. Con­
sider submitting a source listing as well as the fol­
lowing files : filename .LX (DEVICE/EXORciser 
loadable format) and filename .SA (ASCII Source 
Code). These files will of course be kept confiden­
tial and are used 1) to speed up the process in­
house if any problems arise, and 2) to speed up the 
user-to-factory interface if the user finds any soft­
ware errors and needs assistance quickly from 
SGS-THOMSON factory representatives. 

EFDOS is SGS-THOMSON Disk Operating System 
available on development systems such as DE­
VICE ... 

MDOS* is MOTOROLA's Disk Operating System 
available on development systems such as EXOR­
ciser ... 

* Requires prior factory approval. 

Whenever ordering a custom MCU is required, please contact your local SGS-THOMSON representative or 
SGS-THOMSON distributor and/or complete and send the attached "MCU customer ordering sheet" to your 
local SGS-THOMSON Microelectronics representative. 
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ORDER CODES 

EF6805P2 J v 
I 

Dev1ce 

Package 

L---- Screen level 

'--------Oper. temp. 

The table below horizontally shows all available suffix combinations for package, operating temperature and 
screening level. Other possibilities on request. 

Device 
Package Oper. Temp 

c I I P I I FN L* I v I T 

EF6805P2 (1.0MHz) I I • I I• • I • I 
Examples : EF6805P2P, EF6805P2FN, EF6805P2PLD, EF6805P2FNLD. 

Package: C: Ceram1c DIL, J : Cerdip DIL, P: Plastic DIL, E: LCCC, FN : PLCC 
Oper. temp. : L * : o·c to+ 70"C, V :- 40 "C to+ 85'C, T :- 40"C to+ 1 05"C, • : may be om1tted 
Screening level: Std :(no-end suff1x), D : NFC 968831evel D, 
EXORc1ser IS a registered trademark of MOTOROLA Inc 

Screening Level 

Std I D I I 
• I • I I 
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EF6805 FAMILY- MCU CUSTOMER ORDERING SHEET 

Commercial reference :1 I I I I I I I I I I 

Customer's marking :I I I I I I I I I I I 

Application 

ROM capacity required : 

Temperature range : 
0 O'C/ + 70'C 
0 - 40'C I + 85'C 
0 -40'Ci+105'C 

Package 
0 Plastic 
0 PLCC 

I I I I lbytes 

PATTERN MEDIA (a listing may be supplied in addition 
for checking purpose) : 
0 EPROM Reference : 
0 EFDOS/MDos• disk file 

0 8"floppy 
U 5" 1 /4 floppy 

0 Other• 

Yearly quantity forecast 

CUSTOMER CONTACT NAME: 

30/30 
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DATE: 

Customer name 
Company 
Address 
Phone 

: ········································ 
: ....................................... . 
: ....................................... . 
: ....................................... . 

Specification reference ; 
0 SGS-THOMSON Microelectronic reference 

0 Special customer data reference• 

Quality level : 
U STD 
0 D 
0 Other• (customer's quality specification ref.) : 

Software developped by : 
0 SGS-THOMSON Microelectronic application lab. 
0 Externallab. 
0 Customer 

OPTION LIST 

-Oscillator 1nput 
0 Xtal 
0 RC 

- Port A output dnve : 
0 CMOS and TTL 
0 TTLonly 

-Timer Prescaler 
0 2' (divide by 1) 
0 21 (divide by 2) 
0 22 (divide by 4) 
0 23 (diVIde by 8) 

-Internal max. clock fre­
quency: 
0 1.0 MHz 

start of production date : 
for a shipment period of : 

-Low voltage inhibit : 
0 Enabled 
0 Disabled 

-Timer clock source : 
0 Internal cp2 clock 
0 TIMER input pin 

0 24 (divide by 16) 
0 25 (divide by 32) 
0 26 (divide by 64) 
U 27 (divide by 128) 

SIGNATURE: 



HARDWARE FEATURES 

• 8-BIT ARCHITECTURE 
. • 64 BYTES OF RAM 
• MEMORY MAPPED 1/0 
• 1796 BYTES OF USER ROM 
• 20 TTUCMOS COMPATIBLE BIDIRECTIONAL 

1/0 LINES (8 lines are LED compatible) 
• ON-CHIP CLOCK GENERATOR 
• SELF-CHECK MODE 
• ZERO CROSSING DETECTION 
• MASTER RESET 
• COMPLETE DEVELOPMENT SYSTEM SUP­

PORT ON I NICE® 
• 5V SINGLE SUPPLY 

SOFTWARE FEATURES 
• SIMILAR TO 6800 FAMILY 
• BYTE EFFICIENT INSTRUCTION SET 
• EASY TO PROGRAM 
• TRUE BIT MANIPULATION 
• BIT TEST AND BRANCH INSTRUCTION 
• VERSATILE INTERRUPT HANDLING 
• VERSATILE INDEX REGISTER 
• POWERFUL INDEXED ADDRESSING FOR 

TABLES 
• FULL SET OF CONDITIONAL BRANCHES 
• MEMORY USABLE AS REGISTER/FLAGS 
• SINGLE INSTRUCTION MEMORY 

EXAMINE/CHANGE 
• 10 POWERFUL ADDRESSING MODES 
• ALL ADDRESSING MODES APPLY TO ROM, 

RAM, AND 1/0 

USER SELECTABLE OPTIONS 
• INTERNAL 8-BIT TIMER WITH SELECTABLE 

CLOCK SOURCE (external timer input or inter­
nal machine clock) 

• TIMER PRESCALER OPTION (7 Bits, 2n) 
• 8 BIDIRECTIONAL 1/0 LINES WITH TTL OR 

TTUCMOS INTERFACE OPTION 
• CRYSTAL OR LOW-COST RESISTOR OSCIL­

LATOR OPTION 
• LOW VOLTAGE INHIBIT OPTION 
• VECTORED INTERRUPTS : TIMER, SOFT­

WARE, AND EXTERNAL 
• PORT 8 OPEN DRAIN DRIVE OPTION 

IN ICE" SGS-THOMSON developmenVemulation tool 

May 1989 

EF6805P6 

8-BIT MICROCOMPUTER UNIT 
ADVANCE DATA 

p 
(Plastic Package) 

0 
FN 

(PLCC28) 

PIN CONNECTIONS 

vss 
iNi' 2 27 PA7 

Vee 3 26 PA6 

EX TAL 4 25 PAS 

XTAL 5 24 PM 

NUM 6 23 PA3 

TIMER 7 

PeO 8 

Pe1 9 

Pe2 10 

Pe3 11 

PBO 12 

PB1 13 

PB1 14 

EXTAL PA6 
INUMI PA4 

1/33 
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DESCRIPTION 

The EF6805P6 Microcomputer Unit (MCU) is a 
member of the 6805 Family of low-cost single-chip 
microcomputers. This 8-bit microcomputer contains 
a CPU, on-chip CLOCK, ROM, RAM, 1/0, and 

TIMER. It is designed for the user who needs an 
economical microcomputer with the proven capa­
bilities of the 6800-based instruction set. The follow­
ing are some of the hardware and software 
high-lights of the EF6805P6 MCU. 

Figure 1 : EF6805P6 HMOS Microcomputer Block Diagram. 

TIMER 

PBO 
Accumulator PBl 

B A CPU Data Port PB2 Port 

Index Control Dir. B PBJ B 

Register Reg Reg PB4 1/0 
PAO B X PB5 Lines 
PAl Cond1t1on PBti 

Port PA2 Code PB7 

A PA3 5 Aeg1ster cc 
J/0 PM CPU 

Lrnes PA5 Stacl< 

PA6 5 
Pointer 

SP PCO Port PA7 Program c PC! 
Counter PC2 1/0 

3 Hogh PCH ALU PCJ L1nes 
Program 
Counter 

116 X B Self- B Low PCL 

Check ROM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vee Supply Voltage -0.3 to+ 7.o· v 
Von Input Voltage {except pm 6) -0.3 to+ 7.0 v 
TA Operating Temperature Range 0 to 70 oc 

Tstg Storage Temperature Range -55 to+ 150 oc 
T, Junction Temperature Plastic 150 oc 

SURPICOP {Plastic chip-carrier) 150 

This device contains circuitry to protect time inputs against damage due to high static voltages or electric fields, however, n is advised that normal 
precautions be taken to avo1d application of any voltage higher than maximum rated voltages to this high-impedance circuit For proper operation it 
IS recommended that V., and Vou be constrained to the range Vss,;; (V., or V""'),;; Vee Reliability of operation is enhanced if unused inputs are tied 
to an appropriate log1c voltage l~vel (e.g. either Vss or Vee). 

THERMAL DATA 

Thermal Resistance Plastic 
SURPICOP {plastic chip-carrier) 
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POWER CONSIDERATIONS 

The average chip-junction temperature, TJ, in ·c 
can be obtained from : 

TJ = T A+ (Po · 8JA) (1) 

Where: 
T A = Ambient Temperature, ·c 
8 JA = Package Thermal Resistance, Junction-to­
Ambient, ·c;w 
Po = PtNT + PPORT 

PtNT = Icc x Vee, Watts- Chip Internal Power 

PPORT =Port Power Dissipation, Watts- User Deter­
mined 

For most applications PPORT << PtNT and can be ne-

EF6805P6 

glected. PPoRT may become significant if the device 
is configured to drive Darlington bases or sink LED 
loads. 
An approximate relationship between Po and TJ (if 
PPoRT is neglected) is : 

Po= K + (TJ + 273'C) (2) 
Solving equations 1 and 2 forK gives : 

K =PO • (TA + 273'C) + 8JA • Po2 (3) 

Where K is a constant pertaining to the particular 
part. K can be determined from equation 3 by 
measuring Po (at equilibrium) for a known T A. Using 
this value of K the values of Po and TJ can be ob­
tained by solving equations (1) and (2) iteratively for 
any value of T A. 

ELECTRICAL CHARACTERISTICS (Vee=+ 5.25 Vdc ± 0.5 Vdc, Vss = 0 Vdc, TA = 0°Cto 70°C 
unless otherwise noted) 

Symbol Parameter Min. Typ. Max. Unit 

V1H lnE.!:!!..!:!!gh Voltage v 
RESET (4.75 :5 Vee :5 5.75) 4.0 Vee 
__{':{ee < 4.75) Vee- 0.5 Vee 
INT (4.75 :5 Vee :5 5.75) 4.0 . Vee 

(Vee< 4.75) Vee- 0.5 . Vee 
All Other 2.0 Vee 

V1H Input High Voltage Timer v 
Timer Mode 2.0 Vee 
Self-check Mode 10.0 15.0 

VtL Input Low Voltage v 
RESET -0.3 0.8 
INT -0.3 . 1.5 
All Other -0.3 0.8 

VIRES+ RESET Hysteresis Voltage v 
VIRES- (See figures 11, 12. and 13) 

"Out of Reset" 2.1 4.0 
"Into Reset" 0.8 2.0 

VINT INT Zero Crossing Input Voltage, Through a 2.0 4.0 Vac P·P 
Capacitor 

PiNT Internal Power Dissipation - No Port Loading 400 690 mW 
Vee= 5.75V, T A = ooc 

Con Input Capacitance pF 
XTAL 25 
All Other 10 

VLvR Low Voltage Recover 4.75 v 
VLvl Low Voltage Inhibit 0 to+ 70°C 2.75 3.5 v 

-40 to+ 85°C 3.1 3.5 

1m Input Current [!A 
TIMER (Von = 0.4V) 20 
INT (V,n = 2.4V to Vee) 20 50 
EXTAL (Von = 2.4V to Vee. crystal option) 10 
__ (Von = 0.4V, crystal option) -1600 
RESET (Von = 0.8V) -4.0 -50 
(external capacitor charging current) 

• Due to internal biasing, this 1nput (when unused) floats to approximately 2 0 Vdc. 
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PORT DC ELECTRICAL CHARACTERISTICS (Vee = + 5.25 Vdc ± 0.5 Vdc, V ss = 0 Vdc, T A = ooc to 
70°C unless otherwise noted) 

PORT A WITH CMOS DRIVE ENABLED 

Symbol Parameter Min. Typ. Max. Unit 

VoL Output Low Voltage, I Load = 1.6mA 0.4 v 
VoH Output High Voltage, I Load =- 10011A 2.4 v 
VoH Output High Voltage, I Load =- 1011A 3.5 v 
VIH Input High Voltage, I Load =- 300!lA (max) 2.0 Vee v 
VIL Input Low Voltage, I Load =- 500!lA (max) 0.3 0.8 v 
I1H Hi-Z State Input Current (V 10 = 2.0V to Vee) -300 !lA 
I1L Hi-Z State Input Current (V 10 = 0.4V) -500 !lA 

PORT B 

Symbol Parameter Min. Typ. Max. Unit 

VoL Output Low Voltage, I Load = 3.2mA 0.4 v 
VoL Output Low Voltage, I Load = 1 OmA (sink) 1.0 v 
VoH Output High Voltage, I Load =- 20011A 2.4 v 
loH Darlington Current Drive (source), Vo = 1.5V -1.0 -10 mA 

V1H Input High Voltage 2.0 Vee v 
V1L Input Low Voltage -0.3 0.8 v 
ITs I Hi-Z State Input Current 2 20 !lA 

PORT B WITH OPEN DRAIN OPTION 

Symbol Parameter Min. Typ. Max. Unit 

VoH Output High Voltage 2.4 13.0 v 
ITs I Hi-Z State Input Current 2 20 !lA 

PORT C AND PORT A WITH CMOS DRIVE DISABLED 

Symbol Parameter Min. Typ. Max. Unit 

VoL Output Low Voltage, I Load = 1.6mA 0.4 v 
VoH Output High Voltage, I Load =- 1 OO!lA 2.<1 v 
V1H Input High Voltage 2.0 Vee v 
V1L Input Low Voltage -0.3 0.8 v 
ITS I Hi-Z State Input Current 2 20 !lA 
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SWITCHING CHARACTERISTICS (V cc = + 5.25 Vdc ± 0.5 Vdc, V88 = 0 Vdc, T A= ooc to 70°C 
unless otherwise noted) 

Symbol Parameter Min. Typ. Max. Unit 

fosc Oscillator Frequency 0.4 4.2 MHz 

tcyc Cycle Time (4/fosc) 0.95 10 JlS 

twL, twH INT and TIMER Pulse Width (see interrupt section) tcyc + 250 ns 

tRWL RESET Pulse Width tcyc + 250 ns 

tRHL RESET Delay Time (external capacitance= 10JlF) 100 ms 

liNT INT Zero Crossing Detection Input Frequency 0.03 1.0 kHz 
(± 5° accuracy) 

External Clock Input Duty Cycle (EXTAL) 40 50 60 % 

Figure 3 :TIL Equivalent Test Load (port B). Figure 4 : CMOS Equivalent Test Load (port A). 

Test 
Point 

40 IJF 
!Totall 

= 

Vcc=5.75v 
MMD6150 

1.25 kDl MMD?CXX) 
or Equtv. 

Figure 5 : TIL Equivalent Test Load 
(ports A and C). 

Test 

Potnt 

30 pF 
!Totan 

Vcc=5.75V 

Test Point o>----1 ...... I 30 pF IT otall 
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SIGNAL DESCRIPTION 

The input and output signals for the MCU, shown in 
figure 1, are described in the following paragraphs. 

Vee AND Vss. Power is supplied to the MCU using 
these two pins. Vee is power and Vss is the ground 
connection. 

INT. This pin provides the capability for asynchron­
ously applying an external interrupt to the MCU. 
Refer to Interrupts section for additional information. 

XTAL AND EXTAL. These pins provide connec­
tions to the on-chip clock oscillator circuit. A crystal, 
a resistor, or an external signal, depending on the 
user selectable manufacturing mask option, can be 
connected to these pins to provide a system clock 
source with various stability/cost tradeoffs. Lead 
lengths and stray capacitance on these two pins 
should be minimized. Refer to Internal Clock Gener­
ator Options section for recommendations about 
these inputs. 

TIMER. This pin allows an external input to be used 
to decrement the internal timer circuitry. Refer to 
Timer section for additional information about the 
timer circuitry. 

RESET. This pin allows resetting of the MCU at 
times other than the automatic resetting capability 
already in the MCU. Refer to Resets section for ad­
ditional information. 

NUM. This pin is not for user application and must 
be connected to Vss. 

INPUT/OUTPUT LINES (PAO-PA7, PBO-PB7, PCO­
PC3). These 20 lines are arranged into two 8-bit 
ports (A and B) and one 4-bit port (C). All lines are 
programmable as either inputs or outputs under 
software control of the data direction registers. Refer 
to Inputs/outputs section for additional information. 
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MEMORY 

As shown in figure 6, the MCU is capable of ad­
dressing 2048 bytes of memory and 110 registers 
with its program counter. The EF6805P6 MCU has 
implemented 1984 of these locations. This consists 
of: 1796 bytes of user ROM, 116 bytes of self-check 
ROM, 64 bytes of user RAM, 6 bytes of port 110, and 
2 timer registers. 

The stack area is used during the processing of in­
terrupt and subroutine calls to save the processor 
state. The register contents are pushed onto the 
stack in the order shown in figure 7. Because the 
stack pointer decrements .during pushes, the low 
order byte (PCL) of the program counter is stacked 
first ; then the high order three bits (PCH) are 
stacked. This ensures that the program counter is 
loaded correctly, during pulls from the stack, since 
the stack pointer increments during pulls. A subrou­
tine call results in only the program counter (PCL, 
PCH) contents being pushed onto the stack. The re­
maining CPU registers are not pushed. 

CENTRAL PROCESSING UNIT 

The CPU of the EF6805 Family is implemented in­
dependently from the 110 or memory configuration. 
Consequently, it can be treated as an independent 
central processor communicating with 1/0 and 
memory via internal address, data, and control 
buses. 

REGISTERS 

The 6805 Family CPU has five registers available 
to the programmer. They are shown in figure 8 and 
are explained in the following paragraphs. 



Figure 6 : MCU Address Map. 

Page Zero 
Acce~~ w1th 

Short 
Instructions 

CXXl 

127 
128 

255 
256 

1923 
1924 

2039 

2041 
2042 Interrupt 2043 ~
2040 

Vectors 2044 
2045 
2046 
2047 

0 

1/0 Ports $<XXl 

T1mer 
RAM 

(128 Bytes) $07F 
$080 

Page Zero 

~FF User ROM 
(128 Bytes! 

$100 

Main User 
ROM 

11008 Bvtesl 

$783 
$784 

Self Check 
ROM 

1116 Bytes) 
$7F7 

T1mer Interrupt $7F8 
$7F9 ------ $7FA External Interrupt S7FB ------ $7FC SWI 

~-----
$7FD 

RESET $7FE 
$7FF 

76543210 

0 PortA 

1 Port B 

2 1 1 1 1 1 Port C 

3 Not Used 

4 PortA DDR 

5 Port B DDR 

6 Not Used I Port C DDR 

7 Not Used 

8 T1mer Data Reg 

9 T1mer Control Reg 

10 
Not Used 

63 
(54 Bytes) 

64 

RAM 
(64 Bytes) 

Stack 
131 Bytes 

Max1muml 

127 t 
• Caution: Data direct1on registers (DDRs) are wnte-only; they read as $FF. 

EF6805P6 

$<XXl 

$001 

$002 

$003 

$004* 

$005* 

sen;• 
$007 

${ffl 

$(nJ 

SOOA 

S03F 
$040 

$07F 
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Figure 7 : Interrupt Stacking Order. 

765432 0 Pull 

n-4 1 1 I Condrtron 
1 Code Regrster n+1 

n-3 Accumulator n+2 

n-2 Index Regrster n+3 

n - 1 1 1 1 1 1 l PCH* n+4 

PCL* n+5 

Push 

• For subroutine calls, only PCL and PCH are stacked. 

ACCUMULATOR (A). The accumulator is a general 
purpose 8-bit register used to hold operands andre­
sults of arithmetic calculations or data manipula­
tions. 

INDEX REGISTER (X). The index register is an 8-
bit register used for the indexed addressing mode. 
It contains an 8-bit value that may be added to an 
instruction value to create an effective address. The 
index register can also be used for data manipula­
tions using the read-modify-write instructions. The 
index register may also be used as a temporary stor­
age area. 

PROGRAM COUNTER (PC). The program counter 
is an 11-bit register that contains the address of the 
next instruction to be executed. 

STACK POINTER (SP). The stack pointer is an 11-
bit register that contains the address of the next free 
location on the stack. Initially, the stack pointer is set 
to location $07F and is decremented as data is 
pushed onto the stack and incremented as data is 
pulled from the stack. The six most significant bits 
of the stack pointer are permanently configured to 
000011. During an MCU reset or the reset stack 
pointer (RSP) instruction, the stack pointer is set to 
location $07F. Subroutines and interrupts may be 
nested down to location $061 (31 bytes maximum) 
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Figure 8 : Programming Model. 

'-----'-A'-----__ __Jj Accumulator 

I Index Reg1ster 
'-----------' 

X 

10 8 7 0 

I PCH : PCL I Program Counter 
'----~------~ 
10 54 

!'-o...J!_o ..... !...co..J.!_o.L!_1.Lj_1.LI_-..:s_P _ __.I Stack Pornter 

Cond•t•on Code Rogrster 

Carry/Borrow 

Zero 

Nt:yd1•ve 

Interrupt Mask 

Half Carry 

which allows the programmer to use up to 15 levels 
of subroutine calls. 

CONDITION CODE REGISTER (CC). The condi­
tion code register is a 5-bit register in which four bits 
are used to indicate the results of the instruction just 
executed. These bits can be individually tested by a 
program and specific action taken as a result of their 
state. Each individual condition code register bit is 
explained in the following paragraphs. 

HALF CARRY (H) - Set during ADD and ADC ins­
tructions to indicate that a carry occurred between 
bits 3 and 4. 

INTERRUPT (I)- This bit is set to mask (disable) the 
timer and external interrupt (I NT). If an interrupt oc­
curs while this bit is set, the interrupt is latched and 
is processed as soon as the interrupt is cleared. 

NEGATIVE (IN)- Used to indicate that the result of 
the last arithmetic, logical, or data manipulation was 
negative (bit 7 in result equal to a logical one). 

ZERO (Z)- Used to indicate that the result of the last 
arithmetic, logical, or data manipulation was zero. 

CARRY/BORROW (C) - Used to indicate that a 
carry or borrow out of the arithmetic logic unit (ALU) 
occurred during the last arithmetic operation. This 
bit is also affected during bit test and branch instruc­
tions plus shifts and rotates. 



TIMER 
The EF6805P6 MCU timer circuitry is shown in 
figure 9. The 8-bit counter may be loaded under pro­
gram control and is decremented toward zero by the 
clock input (prescaler output). When the timer 
reaches zero, the timer interrupt request bit (bit 7) 
in the timer control register (TCR) is set. The timer 
interrupt can be masked (disabled) by setting the 
timer interrupt mask bit (bit 6) in the TCR. The inter­
rupt bit (I bit) in the condition code register also pre­
vents a timer interrupt from being processed. The 
MCU responds to this interrupt by saving the pres­
ent CPU state on the stack, fetching the timer inter­
rupt vector from locations $7FB and $7F9, and 
executing the interrupt routine ; see the Interrupt 
section. THE TIMER INTERRUPT REQUEST BIT 
MUST BE CLEARED BY SOFTWARE. 

The clock input to the timer can be from an external 
source (decrementing of timer counter occurs on a 
positive transition of the external source) applied to 
the TIMER input pin or it can be the internal cp2 sig-

Figure 9 : Timer Block Diagram. 

TIMER 
Input 
Pm .. ------, 

I I 
I I L_ _____ ! 

Manutactunng 
Mask 

OptiOnS Wrrte 

EF6805P6 

nal. The maximum frequencY...Q! a signal that can be 
recognized by the TIMER or INT pin logic is depend­
ent on the parameter labeled twL, twH. The pin logic 
that recognizes the high (or low) state on the pin 
must also recognize the low (or high) state on the 
pin in order to "re-arm" the internal logic. Therefore, 
the period can be calculated as follows : (assumes 
50150 duty cycle for a given period) 

1 
!eye x 2 + 250ns = period = --

freq 

The period is not simply twL + twH. This computation 
is allowable, but it does reduce the maximum allow­
able frequency by defining an unnecessarily longer 
period (250ns twice). 

When the cp2 signal is used as the source, it can be 
gated by an input applied to the TIMER input pin 
allowing the user to easily perform pulse-width 
measurements. (NOTE : For ungated cp2 clock in­
puts to the timer prescaler, the TIMER pin should be 
tied to Vee). The source of the clock input is one of 

Tuner 
Trmer 

\ 

bO 

T1mer Control Reg1ster !TCRJ 

t 
Read Wnte Read 

Internal Data Bu~ 
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the mask options that is specified before manufac­
ture of the MCU. 

A prescaler option can be applied to the clock input 
that extends the timing interval up to a maximum of 
128 counts before decrementing the counter. This 
prescaling mask option is also specified before 
manufacture. 

The timer continues to count past zero, falling 
through to $FF from zero and then continuing the 
count. Thus, the counter can be read at any time by 
reading the timer data register (TOR). This allows a 
program to determine the length of tim~ since a 
timer interrupt has occurred and not disturb the 
counting process. 

At power-up or reset, the prescaler and counter are 
initialized with all logical ones, the timer interrupt re­
quest bit (bit 7) is cleared, and the timer interrupt 
mask bit (bit 6) is set. 

SELF-CHECK 
The self-check capability of the EF6805P6 MCU 
provides an internal check to determine i_f t~e part is 
functional. Connect the MCU as shown 1n f1gure 10 
and monitor the output of port C bit 3 for an oscilla­
tion of approximately 7Hz. A 9-volt level on the 
TIMER input, pin 7, energizes the ROM-based self­
check feature. The self-check program exercises 
the RAM, ROM, TIMER, interrupts, and 1/0 ports. 

RESETS 
The MCU can be reset three wa~nitial power­
up, by the external reset input (RESET), and by an 
optional internal low voltage detect circuit ; see 
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figure 11. The internal circuit connected to the 
RESET pin consists of a Schmitt trigger which sen­
ses the RESET line logic level. The Schmitt trigger 
provides an internal reset voltage if it senses a log_ic 
"0" on the RESET pin. During power-up, the Schmitt 
1.d.ggm:__ switches on (removes reset) when the 
RESET pin voltage rises to ViRES +. When the 
RESET pin voltage falls to a logical "0" for a period 
longer than one !eye, the Schmitt trigger switches off 
to provide an internal reset voltage. The "switch off" 
voltage occurs at ViRES-. A typical reset Schmitt trig­
ger hysteresis curve is shown in figure 12. 

During power~elay of tRHL is needed before 
allowing the RESET input to go high. This time 
allows the internal clock generator to stabilize. Con­
necting a capacitor to the RESET input, as shown 
in figure 13, typically provides sufficient delay. See 
figure 17 under Interrupts section for the complete 
reset sequence. 

INTERNAL CLOCK GENERATOR OPTIONS 
The internal clock generator circuit is designed to 
require a minimum of external components. A crys­
tal, a resistor, a jumper wire, or an external signal 
may be used to generate a system clock with vari­
ous stability/cost tradeoffs. A manufacturing mask 
option is required to select either the crystal oscilla­
tor or the RC oscillator circuit. The oscillator fre­
quency is internally divided by four to produce the 
internal system clocks. 

The different connection methods are shown in 
figure 14. The crystal specifications and suggested 
PC board layouts are given in figure 15. A resistor 
selection graph is given in figure 16. 
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Figure 10 :Self-check Connections. 
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This connection depends on the clock oscillator user selectable mask option Use crystal if that opt1on 1s selected 

The crystal oscillator startup time is a function of 
many variables : crystal parameters (especially Rs), 
oscillator load capacitance, IC parameters, ambient 
temperature, and supply voltage. To ensure rapid 

oscillator startup, neither the crystal characteristics 
nor the load capacitance should exceed recommen­
dations. 

11/33 

277 



EF6805P6 

Figure 11 : Power and RESET Timing. 
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Figure 12: Typical Reset Schmitt Trigger Hyste­
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Figure 13: Power-up Reset Delay Circuit. 
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Figure 14 :Clock Generator Options. 
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scaled as the mverse of the frequency rat1o. For example, With a 2MHz crystal, use approximately 50pF on EXTAL and approximately 
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Figure 15 :Crystal Motional Arm Parameters and Suggested PC Board Layout. 
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Figure 16: Typical Frequency Selection for Resis­
tor Oscillator Option. 
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INTERRUPTS 

The EF6805P6 MCU can be interrupted three dif­
ferent ways : through the external interrupt (!NT) 
input pin, the internal timer interrupt request, ~r the 
software interrupt instruction (SWI). When any Inter­
rupt occurs : processing is suspended, ~he present 
CPU state is pushed onto the stack, the 1nterrupt b1t 
(I) in the condition code register is set, the address 
of the interrupt routine is obtained from the appro­
priate interrupt vector address, and the interrupt rou­
tine is executed. Stacking the CPU registers, setting 
the 1 bit, and vector fetching requires a total of 11 
!eye periods for completion. 
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A flowchart of the interrupt sequence is shown in 
figure 17. The interrupt service routine must end with 
a return from interrupt (RTI) instruction which allows 
the MCU to resume processing of the program prior 
to the interrup.L.(Qy_JJ_nstacking the previous CPU 
state). Unlike RESET, hardware interrupts do not 
cause the current instruction execution to be halted, 
but are considered pending until the current instruc­
tion execution is complete. 

When the current instruction is complete, the pro­
cessor checks all pending hardware interrupts and 
if unmasked, proceeds with interrupt processing ; 
otherwise, the next instruction is fetched and ex­
ecuted. Note that masked interrupts are latched for 
later interrupt service. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the 
external interrupt is serviced first. The SWI is ex­
ecuted as any other instruction. 

The external interrupt is internally S.Y!Jfhronized and 
then latched on the falling edge of INT. A sinusoidal 
input signal (fiNT maximum) can be used to gener­
ate an external interrupt, as shown in figure 18(a), 
for use as a zero-crossing detector. This allows ap­
plications such as servicing time-of-day routines 
and engaging/disengaging ac power control de­
vices. Off-chip full wave rectification provides an in­
terrupt at every zero crossing of the ac signal and 
thereby provides a 2f clock_. _ 
For digital applications, the !NT pin can be driven by 
a digital signal. The maximum frequenc.Y.Qf a signal 
that can be recognized by the TIMER or !NT pin logic 
is dependent on the parameter labeled twL, twH. The 
pin logic that recognizes the high (or low) state on 
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Figure 17: RESET and Interrupt Processing Flowchart. 

Figure 18: Typical Interrupt Circuits. 
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the pin must also recognize the low (or high) state 
on the pin in order to "re-arm" the internal logic. 
Therefore, the period can be calculated as follows : 
(assumes 50/50 duty cycle for a given period). 

1 
!eye x 2 + 250ns = period = --

freq 

The period is not simply twL + twH. This computation 
is allowable, but it does reduce the maximum allow­
able frequency by defining an unnecessarily longer 
period (250ns twice). See figure 18(b). 

A software interrupt (SWI) is an executable instruc­
tion which is executed regardless of the state of the 
I bit in the condition code register. SWis are usually 
used as break-points for debugging or as system 
calls. 

INPUT/OUTPUT 

There are 20 input/output pins. The INT pin may also 
be polled with branch instructions to provide an ad­
ditional input pin. All pins (port A, B, and C) are pro­
grammable as either inputs or outputs under 
software control of the corresponding data direction 
register (DDR). The port 1/0 programming is accom­
plished by writing the corresponding bit in the port 
DDR to a logic "1" for output or a logic "0" for input. 
On reset, all the DDRs are initialized to a logic "0" 
state to put the ports in the input mode. The port out­
put registers are not initialized on reset but may be 
written to before setting the DDR bits to avoid un­
defined levels. When programmed as outputs, the 
latched output data is readable as input data, re-
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gardless of the logic levels at the output pin due to 
output loading ; see figure 19. When port B is pro­
grammed for outputs, it is capable of sinking 1 OmA 
and sourcing 1 mA on each pin. 

All input/output lines are TTL compatible as both in­
puts and outputs. Ports B and C are CMOS com­
patible as inputs. Port A may be made CMOS 
compatible as outputs with a mask option. The ad­
dress map in figure 6 gives the address of data reg­
isters and DDRs. The register configuration is 
provided in figure 20 and figure 21 provides some 
examples of port connections. 

Caution 

The corresponding DDRs for ports A, B, and C 
are write-only registers (registers at $004, 
$005, and $006). A read operation on these 
registers is undefined. Since BSET and BCLR 
are read-modify-write functions, they cannot 
be used to set or clear a DDR bit (all "unaf­
fected" bits would be set). It is recommended 
that all DDR bits in a port be written using a 
single-store instruction. 

The latched output data bit (see figure 19) may al­
ways be written. Therefore, any write to a port writes 
all of its data bits even though the port DDR is set 
to input. This may be used to initialize the data reg­
isters and avoid undefined outputs ; however, care 
must be exercised when using read-modify-write 
instructions since the data read corresponds to the 
pin level if the DDR is an input ("0") and corresponds 
to the latched output data when the DDR is an out­
put ("1 "). 



Figure 19: Typical Port 1/0 Circuitry. 

~ 
c m g 

c u 
§ ~ 
c c 
- 0 

u 

Data 
Direction 
Register 

Bit 

1 
1 
0 

Data 
Direction Aeg1ster 

81t* 

Latched 
Output 

Data 
B1t 

Output 
Data 
Bit 

0 
1 
X 

Output 
State 

0 
1 

Hi-z·· 

• DDR is a wnte-only reg1ster and reads as all ''1 s" 

EF6805P6 

Input 
to 

MCU 

0 
1 

Pin 

•• Ports A (w1th CMOS dnve d1sabled), 8 and Care three state ports Port A has optional internal pull up devices to prov1de CMOS drive capab11ity. 
See Electncal Charactenst1cs tables for complete 1nformat1on 

~ SGS·lliOMSON ... ., I U>JO([:Ii1J@~~ffi([:"U"Ii1J@!ll0([:@ 
17/33 

283 



EF6805P6 

Figure 20 : MCU Register Configuration. 
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Figure 21 (a) :Typical Output Mode Port Connections. 
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Figure 21 (b) :Typical Input Mode Port Connections. 
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SOFTWARE 

BIT MANIPULATION 

The EF6805P6 MCU has the ability to set or clear 
any single random access memory or input/output 
bit (except the data direction register, see Caution 
under Input/Output section), with a single instruction 
(BSET, BCLR). Any bit in page zero including ROM, 
except the DDRs, can be tested, using the BRSET 
and BRCLR instructions, and the program branches 
as a result of its state. The carry bit equals the value 
of the bit referenced by BRSET or BRCLR. A rotate 
instruction may then be used to accumulate serial 

Figure 22 : Bit Manipulation Example. 
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ADDRESSING MODES 

The EF6805P6 MCU has 10 addressing modes 
which are explained briefly in the following para­
graphs. For additional details and graphical illustra­
tions, refer to the 6805 Family User's Manual. 

The term "effective address" (EA) is used in describ­
ing the address modes. EA is defined as the address 
from which the argument for an instruction is fetched 
or stored. 

IMMEDIATE- In the immediate addressing mode, 
the operand is contained in the byte immediately fol­
lowing the opcode. The immediate addressing 
mode is used to access constants which do not 
change during program execution (e.g., a constant 
used to initialize a loop counter). 

DIRECT- In the direct addressing mode, the effec­
tive address of the argument is contained in a single 
byte following the opcode byte. Direct addressing 
allows the user to directly address the lowest 256 
bytes in memory with a single 2-byte instruction. 
This includes the on-chip RAM and 1/0 registers and 

20/33 

286 

input data in a RAM location or register. The capa­
bility to work with any bit in RAM, ROM, or 1/0 allows 
the user to have individual flags in RAM or to handle 
1/0 bits as control lines. 

The coding example in figure 22 illustrates the use­
fulness of the bit manipulation and test instructions. 
Assume that the MCU is to communicate with an 
external serial device. The external device has a 
data ready signal, a data output line, and a clock line 
to clock data one bit at a time, LSB first, out of the 
device. The MCU waits until the data is ready, clocks 
the external device, picks up the data in the carry 
flag (C bit), clears the clock line, and finally accu­
mulates the data bit in a RAM location. 

SELF BRSET 2, PORTA, SELF 

BSET 1, PORTA 
BRCLR 0, PORTA, CONT 

CONT BCLR 1,PORTA 

ROR RAM LOG 

128 bytes of ROM. Direct addressing is an effective 
use of both memory and time. 

EXTENDED -In the extended addressing mode, the 
effective address of the argument is contained in the 
two bytes following the opcode. Instructions using 
extended addressing are capable of referencing ar­
guments anywhere in memory with a single 3-byte 
instruction. When using the assembler, the pro­
grammer need not specify whether an instruction 
uses direct or extended addressing. The assembler 
automatically selects the shortest form of the in­
struction. 

RELATIVE- The relative addressing mode is only 
used in branch instructions. In relative addressing, 
the contents of the 8-bit signed byte following the 
opcode (the offset) is added to the PC if and only if 
the branch condition is true. Otherwise, control pro­
ceeds to the next instruction. The span of relative 
addressing is from - 126 to + 129 from the opcode 
address. The programmer need not worry about cal­
culating the correct offset when using the assembler 



since it calculates the proper offset and checks to 
see if it is within the span of the branch. 

INDEXED, NO OFFSET- In the indexed, no offset 
addressing mode, the effective address of the argu­
ment is contained in the 8-bit index register. Thus, 
this addressing mode can access the first 256 mem­
ory locations. These instructions are only one byte 
long. This mode is often used to move a pointer 
through a table or to hold the address of a frequent­
ly referenced RAM or 1/0 location. 

INDEXED, 8-BIT OFFSET -In the indexed, 8-bit off­
set addressing mode, the effective address is the 
sum of the contents of the unsigned 8-bit index reg­
ister and the unsigned byte following the opcode. 
This addressing mode is useful in selecting the kth 
element in an n element table. With this 2-byte ins­
truction, k would typically be in X with the address 
of the beginning of the table in the instruction. As 
such, tables may begin anywhere within the first 256 
addressable locations and could extend as far as lo­
cation 510 ($1 FE is the last location at which the ins­
truction may begin). 

INDEXED, 16-BIT OFFSET- In the indexed, 16-bit 
offset addressing mode, the effective address is the 
sum of the contents of the unsigned 8-bit index reg­
ister and the two unsigned bytes following the op­
code. This addressing mode can be used in a 
manner similar to indexed, 8-bit offset, except that 
this 3-byte instruction allows tables to be anywhere 
in memory. As with direct and extended addressing, 
the assembler determines the shortest form of in­
dexed addressing. 

BIT SET/CLEAR - In the bit set/clear addressing 
mode, the bit to be set or cleared is part of the op­
code, and the byte following the opcode specifies 
the direct address of the byte in which the specified 
bit is to be set or cleared. Thus, any read/write bit in 
the first 256 locations of memory, including 1/0, can 
be selectively set or cleared with a single 2-byte ins­
truction. See Caution under the Input/Output sec­
tion. 

BIT TEST AND BRANCH - The bit test and branch 
addressing mode is a combination of direct address­
ing and relative addressing. The bit and condition 
(set or clear) which is to be tested is included in the 
opcode, and the address of the byte to be tested is 
in the single byte immediately following the opcode 
byte. The signed relative 8-bit offset is in the third 
byte and is added to the value of the PC if the branch 
condition is true. This single 3-byte instruction allows 
the program to branch based on the condition of any 
readable bit in the first 2561ocations of memory. The 
span of branching is from - 125 to + 130 from the 
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opcode address. The state of the tested bit is also 
transferred to the carry bit of the condition code reg­
ister. See Caution under the Input/Output section. 

INHERENT - In the inherent addressing mode, all 
the information necessary to execute the instruction 
is contained in the opcode. Operations specifying 
only the index register or accumulator, as well as 
control instruction with no other arguments, are in­
cluded in this mode. These instructions are one byte 
long. 

INSTRUCTION SET 

The EF6805P6 MCU has a set of 59 basic instruc­
tions, which when combined with the 10 addressing 
modes produce 207 usable opcodes. They can be 
divided into five different types : register/memory, 
read-modify-write, branch, bit manipulation, and 
control. The following paragraphs briefly explain 
each type. All the instructions within a given type are 
presented in individual tables. 

REGISTER/MEMORY INSTRUCTIONS - Most of 
these instructions use two operands. One operand 
is either the accumulator or the index register. The 
other operand is obtained from memory using one 
of the addressing modes. The jump unconditional 
(JMP) and jump to subroutine (JSR) instructions 
have no register operands. Refer to table 1. 

READ-MODIFY-WRITE INSTRUCTIONS- These 
instructions read a memory location or a register, 
modify or test its contents, and write the modified 
value back to memory or to the register (see cau­
tion under Input/output section). The test for nega­
tive or zero (TST) insruction is included in 
read-modify-write instructions though it does not 
perform the write. Refer to Table 2. 

BRANCH INSTRUCTIONS - The branch instruc­
tions cause a branch from the program when a cer­
tain condition is met. Refer to table 3. 

BIT MANIPULATION INSTRUCTIONS- These ins­
tructions are used on any bit in the first 256 bytes of 
the memory (see caution under Input/output sec­
tion). One group either sets or clears. The other 
group performs the bit test branch operations. Refer 
to table 4. 

CONTROL INSTRUCTIONS - The control instruc­
tions control the MCU operations during program 
execution. Refer to table 5. 

ALPHABETICAL LISTING -The complete instruc­
tion set is given in alphabetical order in table 6. 

OPCODE MAP SUMMARY- Table 7 is an opcode 
map for the instructions used on the MCU. 
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Decrement 
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Logical Shift Left 

Logical Shift Right 

Arithmetic Shift Right 
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load A I rom Memory LOA AS 2 2 B6 2 4 C6 3 5 F6 I 4 EB 2 5 06 3 6 
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Start" A 1n Memor~ S A B7 2 5 C7 3 6 F7 I 5 E7 2 6 07 3 7 

Store X m Me mer~ STX BF 2 5 CF 3 6 FF I 5 EF 2 6 OF 3 7 

Add Memory to A ADD AB 2 2 BB 2 4 CB 3 5 FB I 4 EB 2 5 DB 3 6 
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Table 3 : Branch Instructions. 

Relative Addressing Mode 

Function Mnemonic Op # # 
Code Bytes Cycles 

Branch Always BRA 20 2 4 

Branch Never BRN 21 2 4 

Branch IFF Higher BHI 22 2 4 

Branch IFF Lower or Same BLS 23 2 4 

Branch IFF Carry Clear BCC 24 2 4 

(branch IFF higher or same) (BHS) 24 2 4 

Branch IFF Carry Set BCS 25 2 4 

(branch IFF lower) (BLO) 25 2 4 

Branch IFF Not Equal BNE 26 2 4 

Branch IFF Equal BEQ 27 2 4 

Branch IFF Half Carry Clear BHCC 28 2 4 

Branch IFF Half Carry Set BHCS 29 2 4 

Branch IFF Plus BPL 2A 2 4 

Branch IFF Minus BMI 2B 2 4 

Branch IFF Interrupt Mask 
Bit is Clear BMC 2C 2 4 

Branch IFF Interrupt Mask 
Bit is Set BMS 2D 2 4 

Branch IFF Interrupt Line 
is Low BIL 2E 2 4 

Branch IFF Interrupt Line 
is High BIH 2F 2 4 

Branch to Subroutine BSR AD 2 8 

Table 4 : Bit Manipulation Instructions. 

Addressing Modes 

Bit Set I Clear Bit Test and Branch 
Function Mnemonic Op # # Op # # 

Col de Bytes Cycles Code Bytes Cycles 

Branch IFF Bit n is set BRSET n (n = 0 ... 7) 2 • n 3 10 

Branch IFF Bit n is clear BRCLR n (n = 0 ... 7) 01 + 2 • n 3 10 

Set Bit n BSET n (n = 0 ... 7) 10 + 2 • n 2 7 

Clear Bit n BCLR n (n = 0 ... 7) 11 + 2 • n 2 7 
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Table 5 : Control Instructions. 

Inherent 

Function Mnemonic 
Op # # 

Code Bytes Cycles 

Transfer A to X TAX 97 1 2 

Transfer X to A TXA 9F 1 2 

Set Carry Bit SEC 99 1 2 

Clear Carry Bit CLC 98 1 2 

Set Interrupt Mask Bit SEI 9B 1 2 

Clear Interrupt Mask Bit CLI 9A 1 2 

Software Interrupt SWI 83 1 11 

Return from Subroutine RTS 81 1 6 

Return from Interrupt RTI 80 1 9 

Reset Stack Pointer RSP 9C 1 2 

No-operation NOP 90 1 2 
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Table 6 :Instruction Set. 

Addressing Modes Condition Code 

Indexed J Indexed Indexed Bil 
Bit 

Mnem. Inherent Immediate Direct Extended Relative Test & H I N z c 
(no offset) (8 bits) (16 bits) Set/Clear 

Branch 

ADC X X X X X X A A A A 

ADD X X X X X X A A A A 

AND X X X X X X A A 

ASL X X X X A A A 

ASR X X X X A A A 

BCC X 

BCLR X 

BCS X 

BEO X 

BHCC X 

BHCS X 

BHI X 

BHS X 

BIH X 

BIL X 

BIT X X X X X X A A 

BLO X 

BLS X 

BMC X 

BMI X 

BMS X 

BNE X 

BPL X 

BRA X 

BRN X 

BRCLR X A 

BRSET X A 

BSET X 

BSR X 

CLL X 0 
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Table 6: Instruction Set (continued). 

Mnem. 
Inherent Immediate Direct Extended 

CLI X 

CLR X X 

CMP X X X 

COM X X 

CPX X X X 

OEC X X 

EOR X X X 

INC X X 

JMP X X 

JSR X X 

LOA X X X 

LOX X X X 

LSL X X 

LSR X X 

NEO X X 

NOP X 

ORA X X X 

ROL X X 

RSP X 

RTI X 

RTS X 

SBC X X X 

SEC X 

SEI X 

STA X X 

STX X X 

SUB X X X 

SWI X 

TAX X 

TST X X 

TXA X 

ConditiOn Code Symbols : 
H Half Carry (from bit 3) 
I Interrupt Mask 
N Negative (s1gn bit) 
Z Zero 
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Addressing 

Relative 

Modes 

Indexed 
(no offset) 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

c 
A 

Indexed Indexed Bit Bit 

(8 bits) (16 bitS) Set/Clear Test & 
Branch 

X 

X X 

X 

X X 

X 

X X 

X 

X X 

X X 

X X 

X X 

X 

X 

X 

X X 

X 

X X 

X X 

X X 

X X 

X 

Carry/Borrow 
Test and Set 1f true, cleared otherw1se 
Not affected 
Load CC Register from Stack 

H 

? 

Condition 
Code 

I N z c 

0 

0 1 

""" 
"" 1 

""" 
" " 
"" 
A A 

"" 
"" 
A A A 

0 " " 
" " " 

" " 
""" 

? ? ? ? 

""" 
1 

1 

A A 

" " 
""" 

1 

" " 
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Table 7 : EF6805 HMOS Family OP Code Mape. 

Bit Manipulation Branch Read Modify Write 
BTB BSC REL DIR INH INH IX1 IX 

Hi 0 1 2 3 4 5 6 7 
Low 0000 0001 0010 0011 0100 0101 0110 0111 

0 
10 7 4 6 4 4 7 6 
BRSETO BSETO BRA NEG NEG NEG NEG NEG 

0000 3 BTB 2 BSe 2 REL 2 DIR 1 INH 1 INH 2 IX1 1 IX 

1 
10 7 4 
BRCLRO BCLRO BRN 

0001 3 BTB 2 sse 2 REL 

10 7 4 
2 BRSET1 BSET1 BHI 

0010 3 BTB 2 BSe 2 REL 

10 7 4 6 4 4 7 6 
3 BRCLR1 BCLR1 BLS COM COMA COMX COM COM 

0011 3 BTB _2 BSC 2_ REL _2 DIR INH 1 INH _2_ IX1 IX 

10 7 4 6 4 4 7 6 
4 BRSET2 BSET2 BCC LSR LSRA LSRX LSR LSR 

0100 3_ BTB 2 BSe ? REL 2 OTR 1 INH 1 INH 2 IX1 1 IX 

10 7 4 
5 BRCLR2 BCLR2 BCS 

0101 
" BTB ? BSe ? REL 

6 
10 7 4 6 4 4 7 6 
BRSET3 BSET3 BNE ROR RORA RORX ROR ROR 

0110 3 BTB 2 BSe 2 REL 2 DIR 1 INH 1 INH 2 IX1 1 IX 

10 7 4 6 4 4 7 6 7 BRCLR3 BCLR3 BEQ ASR ASRA ASRX ASR ASR 
0111 3 BTB 2 BSe 2 REL 2 DIR 1 INH 1 INH 2 IX1 1 IX 

10 7 4 6 4 4 7 6 
8 BRSET4 BSET4 BHCC LSL LSLA LSLX LSL LSL 

1000 
3 BTB 2 BSC 2 REL 2 DIR INH INH 2 IX1 IX 

10 7 4 6 4 4 7 6 
9 BRCLRA BCLR4 BHCS ROL ROLA ROLX ROL< ROL 

1001 3 BTB 2 sse 2 REL 2 DIR 1 INH 1 INH 2 IX1 1 IX 

A 
10 7 4 6 4 4 7 6 
BRSET5 BSET5 BPL DEC DECA DECX DEC DEC 

1010 
" BTB ? BSC ? REL ? DIR INH INH 2 IX1 1 IX 

B 
10 7 4 
BRCLR5 BCLR5 BMI 

1011 3 BTB 2 BSe 2 REL 

c 10 7 4 6 4 4 7 6 
BRSET6 BSET6 BMC INC INCA INC X INC INC 

1100 3 BTB 2 sse 2 REL 2 DIR 1 INH 1 INH 2 IX1 1 IX 

D 
10 7 4 6 4 4 7 6 
BRCLR6 BCLR6 BMS TST TSTA TSTX TST TST 

1101 3 BTB 2 BSe 2 REL 2 DIR INH 1 JNH 2 IX1 1 IX 

E 
10 7 4 
BRSET7 BSET7 BIL 

1110 3 BTB 2 BSe 2 REL 

10 7 4 6 4 4 7 6 
F BRCLR7 BCLR7 BIH CLR CLRA CLRX CLR CLR 

1111 J BTB ? BSe ? REL ? DIR 1 INH INH 2 IX1 IX 
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Table 7 :(continued). 

Control 
INH INH 

8 9 
1000 1001 

9 
RTI 

1 INH 

6 
RTS 

INH 

11 
SWI 

INH 

2 
TAX 

INH 

2 
CLC 

1 INH 

2 
SEC 

1 INH 

2 
CLI 

1 INH 

2 
SEI 

INH 

2 
RSP 

1 INH 

2 
NOP 

INH 

2 
TXA 

INH 

Abbrev1a11ons for Address Modes 
INH Inherent 
IMM Immediate 
DIR Direct 
EXT Extended 
REL Relat1ve 
BSC B1t Set/clear 
BTB Bit Test and Branch 
IX Indexed (no offset) 
IX1 Indexed. 1 Byte (B~bit) Offset 

2 

2 
2 

2 
2 

? 

2 

? 

2 

2 
2 

2 
2 

2 

2 

2 
2 

2 
2 

2 
2 

2 

8 

2 

2 

2 

IX2 Indexed. 2 Byte (16-blt) Offset 
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IMM DIR 
A B 

1010 1011 

4 5 
SUB SUB 

IMM 2 DIR 3 
4 5 

CMP CMP 
IMM 2 DIR _3_ 

4 5 
SBC SBC 

IMM ? DIR ' 4 5 
CPX CPX 

IMM ? DIR ' 4 5 
AND AND 

IMM 2 DIR 3 
4 5 

BIT BIT 
IMM 2 DIR 3 

4 5 
LDA LDA 

IMM 2 DIR ' 5 6 
STA 

2 DIR ' 4 5 
EOR EOR 

IMM 2 DIR 3 

4 5 
ADC ADC 

IMM 2 DIR 3 

4 5 
ORA ORA 

IMM 2 DIR 3 
4 5 

ADD ADD 
IMM ? DIR ' 3 4 

JMP 
2 DIR ' 7 8 

BSR JSR 
REL 2 DIR 3 

4 5 
LDX LDX 

IMM 2 DIR 3 
5 6 

STX 
2 DIR 3~ 

Register/Memory 
EXT IX2 IX1 IX 
c D E F Hi 

1100 1101 1110 1111 Low 

6 5 4 
SUB SUB SUB SUB 0 

EXT 3 IX2 2 IX1 1 IX 0000 
6 5 4 

CMP CMP CMP CMP 1 
EXT _3_ IX2 2 IX\ 1 IX 0001 

6 5 4 
SBC SBC SBC SBC 2 

EXT ' IX2 2 IX1 1 IX 0010 
6 5 4 

CPX CPX CPX CPX 3 
EXT ' IX2 ? IX1 IX 0011 

6 5 4 
AND AND AND AND 4 

EXT 3 IX2 2 IX\ 1 IX 0100 
6 5 4 

BIT BIT BIT BIT 5 
EXT 3 IX2 2 IX1 IX 0101 

6 5 4 
LDA LDA LDA LDA 6 

EXT ' IX2 ? IX1 1 IX 0110 
7 6 5 

STA STA STA STA 7 
EXT ' IX2 ? IX1 1 IX 0111 

6 5 4 
EOR EOR EOR EOR 8 

EXT 3 IX2 2 IX1 1 IX 1000 
5 5 4 

ADC ADC ADC ADC 9 
EXT 3 IX2 2 IX1 IX 1001 

6 5 4 
A ORA ORA ORA ORA 

EXT 3 IX2 2 IX1 1 IX 1010 
6 5 4 

B ADD ADD ADD ADD 
EXT ' IX2 ? IX1 1 IX 1011 

5 4 3 c JMP JMP JMP JMP 
EXT ' IX2 ? IX1 1 IX 1100 

9 8 7 
JSR JSR JSR JSR D 

EXT 3 IX2 2 IX1 1 IX 1110 
6 5 4 

LDX LDX LDX LDX E 
EXT 3 IX2 2 IX1 1 IX 1110 

7 6 5 
STX STX STX STX F 

EXT 3 IX2 2 IX1 IX 1111 



PACKAGE MECHANICAL DATA 

DIL-132 PLASTIC PACKAGE 

Datum 

Or 

PLASTIC LEADED CHIP CARRIER 

11.5 

11.5 

' 

0.475 

ttl' 

4.57max. 

Datum 

EF6805P6 

15.24 
(2) 

Ill Nom1nal d1mens1on 

(2) True geometncal pos1t1on 

2 8 PinS 

3.95 
4.15 

28 Outputs 
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EF6805 HMOS FAMILY 

Features EF6805P2 EF6805P6 EF6805R2 EF6805R3 EF6805U2 EF6805U3 
Technology HMOS HMOS HMOS HMOS HMOS HMOS 

Number of Pins 28 28 40 40 40 40 

On-chip RAM (bytes) 64 64 64 112 64 112 

On-chip User ROM (bytes) 1100 1796 2048 3776 2048 3776 

External Bus None None None None None None 

Bidirectional 1/0 Lines 20 20 24 24 24 24 

Unidirectional 1/0 Lines None None 6 Inputs 6 Inputs 8 Inputs 8 Inputs 

Other 1/0 Features Timer Timer Timer, AID Timer, AID Timer Timer 

External Interrupt Inputs 1 1 2 2 2 2 

STOP and WAIT No No No No No No 
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ORDERING INFORMATION 
The information required when ordering a custom 
MCU is listed below. The ROM program may be 
transmitted to SGS-THOMSON Microelectronics 
on EPROM(s) or an EFDOS/MDOS* disk file. 

To initiate a ROM pattern for the MCU, it is necess­
ary to first contact your local SGS-THOMSON re­
presentative or distributor. 

EPROMs 
The ET2716 or ET2732 type EPROMs, pro­
grammed with the customer program (positive logic 
sense for address and data), may be submitted for 
pattern generation. The EPROM must be clearly 
marked to indicate which EPROM corresponds to 
which address space. The recommended marking 
procedure is illustrated below : 

400 

XXX= Customer 10 

XXX =Customer ID 

After the EPROM(s) are marked, they should be 
placed in conductive IC carriers and securely 
packed. Do not use styrofoam. 

VERIFICATION MEDIA 

All original pattern media (EPROMs or floppy disk) 
are filed for contractual purposes and are not re­
turned. A computer listing of the ROM code will be 
generated and returned along with a listing verifica­
tion form. The listing should be thoroughly checked 
and the verification form completed, signed, and re­
turned to SGS-THOMSON. The signed verification 
form constitutes the contractual agreement for cre­
ation of the customer mask. If desired, SGS-THOM-

EF6805P6 

SON will program on blank EPROM from the data 
file used to create the custom mask and aid in the 
verification process. 

ROM VERIFICATION UNITS (RVUs) 

Ten MCUs containing the customer's ROM pattern 
will be sent for program verification. These units will 
have been made using the custom mask but are for 
the purpose of ROM verification only. For expedi­
ency they are usually unmarked, packaged in ce­
ramic, and tested only at room temperature and 5 
volts. These RVUs are included in the mask charge 
and are not production parts. The RVUs are thus 
not guaranteed by SGS THOMSON Quality Assur­
ance, and should be discarded after verification is 
completed. 

FLEXIBLE DISKS 

The disk media submitted must be single-sided, 
single-density, 8-inch, EFDOS/MDOS* compatible 
floppies. The customer must write the binary file 
name and company name on the disk with a felt-lip­
pen. The minimum EFDOS/MDOS* system files, as 
well as the absolute binary object file (Filename .LO 
type of file) from the 6805 cross assembler, must be 
on the disk. An object file made from a memory 
dump using the ROLLOUT command is also ac­
ceptable. Consider submitting a source listing as 
well as the following files : filename .LX (DE­
VICE/EXORciser load able format) and filename .SA 
(ASCII Source Code). These files will of course be 
kept confidential and are used 1) to speed up the 
process in-house if any problems arise, and 2) to 
speed up the user-to-factory interface if the user 
finds any software errors and needs assistance 
quickly from SGS-THOMSON factory repre­
sentatives. 

EFDOS is SGS-THOMSON Microelectronics Disk 
Operating System available on development sys­
tems such as DEVICE ... 

MDOS* is MOTOROLA's Disk Operating System 
available on development systems such as EXOR­
ciser ... 

* Requires prior factory approval. 
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ORDER CODES 

The table below horizontally shows all available suffix combinations for package, operating temperature and 
quality level. Other possibilities on request. 

Part Number 
Package Oper. Temp. 

p I FN L* I v I A 

EF6805P6 . I . . I . I 
Examples: EF6805P6P, EF6805P6FN, EF6805P6PV, EF6805P6FNV 

P :Plastic DIL, FN: SURPICOP (plastic chip-carrier at JEDEC std 0 50" center leaded type A) 
L*: o·c to+ 70'C, v: -40 ·c to+ 85'C, A:- 40'C to+ 1os·c. •: may be omitted 
Quality levels in accordance With NFC 96883- •• : No end-suffiX for standard level products. 

EXORciser IS a registered trademark of MOTOROLA Inc. 
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EF6805 FAMILY- MCU CUSTOMER ORDERING SHEET 

Commercial reference :1 I I I I I I I I I I Customer name 
Company 
Address 

: ....................................... . 
: ....................................... . 
: ....................................... . 

Customer's marking :I I I I I I I I I I I Phone : ....................................... . 

Application 

ROM capacity required : 

Temperature range : 
0 o·c1 + ?o·c 
0 -40'C I+ 85'C 
0 -40'C I+ 105'C 

Package 
0 Plastic 
0 SURPICOP 

PATTERN MEDIA 

0 EPROM Reference : 
0 EFDOSIMDos· disk file 

0 8"floppy 
0 5" 114 floppy 

0 Listing 
0 Other• 

• Requires prior factory approval 

Yearly quantity forecast : 

CUSTOMER CONTACT NAME: 

1 1 1 1 lbytes 

DATE: 

Specification reference ; 
0 SGS-THOMSON Microelectronics reference 

........................................... 
0 Special customer data reference• 

Number of interrupt vectors : 
Quality level : 
0 STD 
0 D 
0 G 
0 8 

Software developped by : 
0 SGS-THOMSON Microelectronics application lab. 
0 Externallab. 
0 Customer 

OPTION LIST 

-Oscillator input 
0 Xtal 
0 RC 

- Port A output drive : 
0 CMOS and TTL 
0 TTL only 

-Timer clock source : 
0 Internal 12 clock 
0 Timer input pin 

- Timer prescaler 

0 1 0 4 
0 2 0 8 

- Low voltage inhibit : 
0 Enabled 
0 Disabled 

- Port 8 output drive : 
0 TTL 
0 Opendrain 

0 16 
0 32 

0 64 
0 128 

start of production date : 
for a shipment penod of : 

SIGNATURE: 

33133 
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EF6808R2 

8-BIT MICROCOMPUTER WITH AID 

HARDWARE FEATURES 
• AID CONVERTER 

- 8-BIT CONVERSION, MONOTONIC 
_ 4 MULTIPLEXED ANALOG INPUTS 
_ RATIOMETRIC CONVERSION 

• 32 TIUCMOS COMPATIBLE 1/0 LINES 
_ 24 BIDIRECTIONAL (8 Lines are LED Com­

patible) 
- 8 INPUT-ONLY 

• 2048 BYTES OF USER ROM 
• 64 BYTES OF RAM 
• SELF-CHECK MODE 
• ZERO-CROSSING DETECT/INTERRUPT 
• INTERNAL 8-BIT TIMER WITH 7-BIT MASK 

PROGRAMMABLE PRESCALER AND CLOCK 
SOURCE 

• 5V SINGLE SUPPLY 

SOFTWARE FEATURES 
• 10 POWERFUL ADDRESSING MODES 
• BYTE EFFICIENT INSTRUCTION SET WITH 

TRUE BIT MANIPULATION, BIT TEST, AND 
BRANCH INSTRUCTIONS 

• SINGLE INSTRUCTION MEMORY 
EXAMINE/CHANGE 

• POWERFUL INDEXED ADDRESSING FOR 
TABLES 

• FULL SET OF CONDITIONAL BRANCHES 
• MEMORY USABLE AS REGISTER/FLAGS 
• COMPLETE DEVELOPMENT SYSTEM SUP­

PORT INICE® 

USER SELECTABLE OPTIONS 
• INTERNAL 8-BIT TIMER WITH SELECTABLE 

CLOCK SOURCE (external timer input or inter­
nal machine clock) 

• TIMER PRESCALER OPTION (7 Bits, 2n) 
• 8 BIDIRECTIONAL 1/0 LINES WITH TIL OR 

TIUCMOS INTERFACE OPTION 
• 8 BIDIRECTIONAL 1/0 LINES WITH TIL OR 

OPEN-DRAIN INTERFACE OPTION 
• CRYSTAL OR LOW-COST RESISTOR OSCIL­

LATOR OPTION 
• LOW VOLTAGE INHIBIT OPTION 
• VECTORED INTERRUPTS : TIMER, SOFT­

WARE, AND EXTERNAL 
• USER CALLABLE SELF-CHECK SUBROU­

TINES 

May 1989 

CB-182 

CB-521 

PSUFFIX 
Plastic Package 

FN SUFFIX 
PLCC44 

PIN CONNECTIONS 

Vss~~PA7 
RESET L .)9~PA6 

lffi J 38 PA5 

vee 

EXTAL 

XTAL 

£Vss!NUM 
TIMER 

PeD 

Pel 

Pe2 

PCJ 

Pe4 

PeS 

Pe6 

Pe7 

PD7 

PD6fi"Nf2 

PD!:l/VRH 

PD41VRL 

< J7 PM 

5 36 PA3 

fi 35 PA2 

I 3< PAl 

8 J] PAO 

9 " PB7 

10 31 PB6 

11 3G PBS 

" " PB< 

lJ 28 P83 

" " P82 

" " PBl 

16 '" PBO 
17 " PDO/ANO 

18 23 PDl/ANl 

19 " PD2/AN1 

"' " P03/AN3 

~ n• 
!! !! 2 ;; r~ :'l ;t n n :::. IS 
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DESCRIPTION 

The EF6805R2 Microcomputer Unit (MCU) is a 
member of the 6805 Family of low-cost single-chip 
Microcomputers. The 8-bit microcomputer contains 
a CPU, on-chip CLOCK, ROM, RAM, 1/0, 4-chan­
nel8-bit AID, and TIMER. It is designed for the user 

who needs an economical microcomputer with the 
proven capabilities of the 6800-based instruction 
set. A comparison of the key features of several 
members of the 6805 Family of Microcomputers is 
shown at the end of this data sheet. The follow­
ing are some of the hardware and software high­
lights of the EF6805R2 MCU. 

Figure 1 : EF6805R2 HMOS Microcomputer Block Diagram. 

Pon 
A 

110 
l1ncs 

cc 
CPU 

Stack 

PBO 
Po1nter 

SP 

Pon 
PBl Program 

8 
P82 Port Data Counter 

1/0 
P83 B D" H1gh PCH 
P84 Reg Reg 

ALU 
Lmes P05 Program 

P86 Counter 

PB7 Low PCL PCO 
PCl 
PC2 Pon 

PC3 c 
PC4 1/0 

PL5 lmes 
PC6 
PC7 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vee Supply Voltage -0.3 to+ 7.0 v 
Vm Input Voltage (except TIMER in self-check mode and - 0.3 to+ 7.0 v 

open-drain inputs) 

Vm Input Voltage (open-drain pins, TIMER pin in self-check mode) -0.3 to+ 15.0 v 
TA Operating Temperature Range 0 to+ 70 oc 

V Suffix -40 to+ 85 
(h lOTH) T Suffix -40 to+ 105 

Tstg Storage Temperature Range -55 to+ 150 oc 

TJ Junction Temperature Plastic Package 150 oc 

PLCC 150 

Th1s dev1ce contams circUitry to protect the Inputs aga1nst damage due to h1gh static voltages or electncal fields ; however, 11 IS advised that normal 
precautions be taken to avoid apphcat1on of any voltage h1gher than maximum rated voltages to th1s high-impedance circuit. For proper operat1on 1t 
IS recommended that Voo and Voo~ be constrained to the range Vss :5 (Voo or v.,,) :5 Vee Reliability of operation IS enhanced 1f unused Inputs except 
EXTAL are t1ed to an appropriate logic voltage level (e g., either Vss or Vee). 

THERMAL DATA 

Thermal Resistance 
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POWER CONSIDERATIONS 

The average chip-junction temperature, TJ, in ·c 
can be obtained from: 

TJ=TA+(PD • 8JA) (1) 

Where: 

T A= Ambient Temperature, ·c 
8 JA = Package Thermal Resistance, Junction-to­
Ambient, 'C/W 

Po = PiNT + PPORT 

PiNT= Icc x Vee, Watts- Chip Internal Power 

PPORT = Port Power Dissipation, Watts- User Deter­
mined 

ELECTRICAL CHARACTERISTICS 

EF6805R2 

For most applications PPoRT << PiNT and can be ne­
glected. PPoRT may become significant if the device 
is configured to drive Darlington bases or sink LED 
loads. 

An approximate relationship between Po and TJ (if 
PPoRT is neglected) is : 

Po = K + (TJ + 273'C) (2) 

Solving equations 1 and 2 for K gives : 

K = PD · (TA + 273'C) + 8 JA · Po2 (3) 

Where K is a constant pertaining to the particular 
part. K can be determined from equation 3 by 
measuring Po (at equilibrium) for a known TA. Using 
this value of K the values of Po and TJ can be ob­
tained by solving equations (1) and (2) iteratively for 
any value of T A. 

(V cc = + 5.25Vdc ± 0.5Vdc, V ss = OVdc, T A = T L to T H unless otherwise noted) 

Symbol Parameter Min. 

VIH ln2.!!!J::!i.9.h Voltage 
RESET (4.75 s Vee s 5.75) 4.0 

(Vee < 4.75) Vee- 0.5 
INT (4.75 s Vee s 5.75) 4.0 

(Vee< 4.75) Vee- 0.5 
All Other (except timer) 2.0 

V1H Input High Voltage Timer 
Timer Mode 2.0 
Self-check Mode 9.0 

V1L Input Low Voltage 
RESET Vss 
INT Vss 
All Other (except AID inputs) Vss 

RESET Hystereris Voltages (see figures 10, 11 and 12) 
VIRES+ "Out of Reset" 2.1 
VIRES- "Into Reset" 0.8 

VINT INT Zero Crossing Input Voltage, Through a 2 
Capacitor 

Po Power Dissipation- (no port loading, Vee = 5.75V) 
TA = ooc 

TA =- 40°C 

Cm Input Capacitance 
EXTAL 
All Other Except Analog Inputs (see note) 

VLvR Low Voltage Recover 

VLvl Low Voltage Inhibit 2.75 

1m Input Current 
TIMER (V 10 = 0.4V) 
INT (V 10 = 2.4V to Vee) 
EXTAL (V10 = 2.4V to Vee -crystal option) 
__ (Vm = 0.4V - crystal option) 
RESET (Vm = O.BV) - External Capacitor Charging -4.0 
Current 

Note : Port D Analog Inputs, when selected, C, = 25pF for the first 5 out of 30 cycles 
• Due to internal biasmg this input (when unused) floats to approximately 2.2V. 

Typ. Max. Unit 

v 
Vee 
Vee 

• Vee . Vee 
Vee 

v 
Vee+ 1.0 

10.0 15.0 

v 
0.8 . 1.5 
0.8 

v 
4.0 
2.0 

4 Vac p·p 

mW 
520 740 
580 800 

pF 
25 
10 

4.75 v 
3.75 4.70 v 

J.1A 
20 

20 50 
10 

-1600 
-40 
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SWITCHING CHARACTERISTICS 
01 cc = + 5.25Vdc ± 0.5Vdc, V ss = OVdc, T A = T L to T H unless otherwise noted) 

Symbol Parameter Min. Typ. Max. Unit 

fosc Oscillator Frequency 0.4 4.2 MHz 

teye Cycle Ti"me (4/fose) 0.95 10 ~s 

twL. twH INT, INT2, and TIMER Pulse Width (see interrupt teye + 250 ns 
section) 

tRWL RESET Pulse Width teye + 250 ns 

f1NT INT Zero-crossing Detection Input Frequency 0.03 1 kHz 

External Clock Input Duty Cycle (EXTAL) 40 50 60 % 

Crystal Oscillator Start-up Time• 100 ms 

• See Figure 16 for typical crystal parameters. 

AiD CONVERTER CHARACTERISTICS 
01 cc = + 5.25Vdc ± 0.5Vdc, V ss = OVdc, T A = T L to T H unless otherwise noted) 

Parameter Comments Min. Typ. Max. Unit 

Resolution 8 8 8 Bits 

Non-linearity For VRH = 4.0 to 5.0V and VRL = OV ± 1/2 LSB 

Quantizing Error ± 1/2 LSB 

Conversion Range VRL VRH v 
VRH AID accuracy may decrease Vee v 
VRL 

proportionately as VRH is reduced Vss 0.2 v 
below 4.0V. The sum of VRH and VRL 
must not exceed Vee. 

Conversion Time Includes Sampling Time 30 30 30 !eye 

Monotonicity Inherent (within total error) 

Zero Input Reading Vm =0 00 00 01 Hexa-
decimal 

Ratiometric Reading V,n = VRH FE FF FF Hexa-
decimal 

Sample Time 5 5 5 teye 

Sample/hold Capacitance, 25 pF 
Input 

Analog Input Voltage Negative transients on any analog VRL VRH v 
lines (pins 19-24) are not allowed at 
any time during conversion 
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PORT ELECTRICAL CHARACTERISTICS 
(V cc = + 5.25Vdc ± 0.5Vdc, V s s = OVdc, T A = T L to T H unless otherwise noted) 

PORT A WITH CMOS DRIVE ENABLED 

Symbol Parameter Min. Typ. Max. Unit 

VoL Output Low Voltage (I Load = 1.6mA) 0.4 v 

VoH Output High Voltage v 
I Load =- 1 OOJlA 2.4 
I Load =- 1 O!lA Vee- 1.0 

v,H Input High Voltage (I Load =- 300J1A max.) 2.0 Vee v 

v,L Input Low Voltage (I Load =- 500J1A max.) Vss 0.8 v 

I1H High Z State Input Current (Vm = 2.0V to Vee) -300 JlA 
I1L High Z State Input Current (Vm = 0.4V) -500 JlA 

PORT B 

Symbol Parameter Min. Typ. Max. Unit 

VoL Output Low Voltage v 
I Load = 3.2mA 0.4 
I Load = 10mA (sink) 1.0 

VoH Output High Voltage I Load =- 20011A 2.4 v 

loH Darlington Current Drive (source) Vo = 1.5V - 1.0 -10 rnA 

v,H Input High Voltage 2.0 Vee v 

v,L Input Low Voltage Vss 0.8 v 

lrs1 High Z State Input Current <2 10 JlA 

PORT C AND PORT A WITH CMOS DRIVE DISABLED 

Symbol Parameter Min. Typ. Max. Unit 

VoL Output Low Voltage I Load = 1.6mA 0.4 v 

VoH Output High Voltage I Load =- 1 0011A 2.4 v 

V1H Input High Voltage 2.0 Vee v 

v,L Input Low Voltage Vss 0.8 v 

lrs1 High Z State Input Current <2 10 JlS 

PORT C (open-drain option) 

Symbol Parameter Min. Typ. Max. Unit 

V1H Input High Voltage 2.0 13.0 v 

v,L Input Low Voltage Vss 0.8 v 

ILOo Input Leakage Current <3 15 JlA 
VoL Output Low Voltage ILoad = 1.6mA 0.4 v 

PORT D (digital inputs only) 

Symbol Parameter Min. Typ. Max. Unit 

v,H Input High Voltage 2.0 Vee v 

v,L Input Low Voltage Vss 0.8 v 

1m Input Current• < 1 5 JlA 
PD4NRL- PDSNRH: The ND convers1on resistor (15kn typical) is connected Internally between these two lines, Impacting their use as digi· 
tal inputs in some applications. 
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Figure 2 :TTL Equivalent Test Load (port B). 

Test 
Pomt 

40 pF 
llotall 

vee=5 75V 
1N916 l,/ 
or Equiv. _, 1.45 kfl 

U12k0 1N4148 
or Equiv. 

Figure 4: TTL Equivalent Test Load (port A and C). 

Test 

Po1nt 

30 pF 
ITotall 

SIGNAL DESCRIPTION 

vee= 5.75 v 

The input and output signals for the MCU, shown in 
figure 1, are described in the following paragraphs. 

Vee and Vss- Power is supplied to the MCU using 
these two pins. Vee is power and Vss is the ground 
connection. 

INT- This pin provides the capability for asynchron­
ously applying an external interrupt to the MCU. 
Refer to Interrupts Section for additional informa­
tion. 

NUM (NON USER MODE)- This pin is not for user 
application and must be connected to Vss. 

XTAL AND EXTAL -These pins provide control 
input for the on-chip clock oscillator circuit. A crys­
tal, a resistor, or an external signal, depending on 
user selectable manufacturing mak option, can be 
connected to these pins to provide a system clock 
with various degrees of stability/costtradeoffs. Lead 
length and stray capacitance on these two pins 
should be minimized. Refer to Internal Clock Gener­
ator Options Section for recommendations about 
these inputs. 

TIMER- The pin allows an external input to be used 
to control the internal timer circuitry and also to in­
itiate the self test program. Refer to Timer Section 
for additional information about the timer circuitry. 

RESET - This pins allows resetting of the MCU at 
times other than the automatic resetting capability 
already in the MCU. The MCU can be reset by pull-
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Figure 3: CMOS Equivalent Test Load (port A). 

TestPotnt~ I 30 pF ITotall 

Figure 5 : Open-Drain Equivalent Test Load 
(port C). 

Test 
Poml 

Vcc=5 75V 
3.34 k!l 

T 30pF ITotall 

ing RESET low. Refer to Resets Section for addi­
tional information. 

INPUT/OUTPUT LINES (PAO-PA7, PBO-PB7, 
PCO-PC7, PDO-PD7)- These 32 lines are arranged 
into four 8-bit ports (A, 8, C, and D). Ports A, 8, and 
C are programmable as either inputs or outputs 
under software control of the data direction registers 
(DDRs). Port D has up to four analog inputs, plus 
two voltage reference inputs when the AID conver­
ter is used (PD5NRH, PD4NRL), and an INT2 input, 
and from one to eight digital inputs. If any analog 
input is used, then the voltage reference pins 
(PD5NRH, PD4NRL) must be used in the analog 
mode. Refer to Input/Output Section, AID Conver­
ter Section, and Interrupts Section for additional in­
formation. 

MEMORY- The MCU is capable of addressing 4096 
bytes of memory and 1/0 registers with its program 
counter. The EF6805R2 MCU has implemented 
2316 of these bytes. This consists of : 2048 user 
ROM bytes, 192 self-check ROM bytes, 64 user 
RAM bytes, 7 port 1/0 bytes, 2 timer registers. 2 AID 
registers, and a miscellaneous register ; see figure 
6 for the Address map. The user ROM has been split 
into three areas. The main user ROM area is from 
$080 to $OFF and from $?CO to $F37. The last 8 
user ROM locations at the bottom of memory are for 
the interrupt vectors. 

The MCU reserves the first 16 memory locations for 
1/0 features, of which 12 have been implemented. 



These locations are used for the ports, the ports 
DDRs, the timer, the INT2 miscellaneous register, 
and the A/D. Of the 64 RAM bytes, 31 bytes are 
shared with the stack area. The stack must be used 
with care when data shares the stack area. 

The shared stack area is used during the process­
ing of an interrupt or subroutine calls to save the 
contents of the CPU state. The register contents are 
pushed onto the stack in the order shown in 

Figure 6 : EF6805R2 MCU Address Map. 

Page Zero 
Access wtth 

Short 
InstructiOns 

7 
000 

127 
128 

255 
256 

1963 
1964 

3895 
3896 

089 
090 

Interrupt 091 

0 

1/0 Ports 
Trmer 
RAM 

1128 Bytes! 

Page Zero 
User ROM 
1128 Bytes! 

Not Used 
11728 Bytes! 

Marn User 
ROM 

{1912 Bytes) 

Self Check 
ROM 

1192 Bytcsl 

Trmer Interrupt 

------
External Interrupt ~

4: 

Vectors 4092 -------
093 

4094 
4095 

SWI -------
RESET 

$000 

$07F 
$080 

1lFF 
$tOO 

$78F 
$7CO 

$F37 
$F38 

$FF7 
SFFB 
$FF9 
$FFA 
$FFB 
$FFC 
$FFD 
$FFE 
$FFF 

0 

t 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

13 

14 

15 
16 

63 
64 

127 

EF6805R2 

figure 7. Since the stack pointer decrements during 
pushes, the low order byte (PCL) of the program 
counter is stacked first, then the high order four bits 
(PCH) are stacked. This ensures that the program 
counter is loaded correctly during pulls from the 
stack since the stack pointer increments when it 
pulls data from the stack. A subroutine call results 
in only the program counter (PCL, PCH) contents 
being pushed onto the stack ; the remaining CPU 
registers are not pushed. 

76543210 

PortA Data 

Port B Data 

Port C Data 

Port D Data 

PortA DDR* 

Port B DDR* 

Port C DDR* 

Not Used 

Trmer Data Reg 

Trmer Control Reg 

MrscReg 

Not Used 
13 Bytes) 

A/D Control Reg1ster 

A/D Result 

Not Used 
148 Bytesl 

RAM 
164 Bytes) 

Stack 
131 Bytes Maxrmuml 

+ 

$000 

$001 

$002 

$003 

$004* 

$005* 

$006* 

$007 

$008 

$009 

SOOA 

SCOB 

$000 
SOOE 

SOOF 

$03F 
$040 

$07F 

*Cautron Data d.recuon reqrsters 

I DORsi are wute only, 

they read us SFF 
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Figure 7 : Interrupt Stacking Order. 

7 6 5 4 3 2 1 0 Pull 

Condrtton 
n-4 1 1 1 I Code Aegrster n+1 

.n-3 Accumulator n+2 

n-2 Index Regrster n+3 

n- 1 1 1 1 1 I PCH* n+4 

n PCL* n+5 

Push 

.._For subroutone CdllS, unly PCH and PCL are stacked 

CENTRAL PROCESSING UNIT 

The CPU of the EF6805 Family is implemented in­
dependently from the 1/0 or memory configuration. 
Consequently, it can be treated as an independent 
central processor communicating with 110 and 
memory via internal address, data, and control 
buses. 

REGISTERS 

The 6805 Family CPU has five registers available 
to the programmer. They are shown in figure 8 and 
are explained in the following paragraphs. 

Figure 8 : Programming Model. 

7 

I A 

7 

I X 

11 8 7 

I PCH : PCL 

11 54 

!o!olol olol1l1l SP 

ACCUMULATOR (A)- The accumulator is a general 
purpose 8-bit register used to hold operands and re­
sults of arithmetic calculations or data manipula­
tions. 

INDEX REGISTER (X) -The index register is an 8-
bit register used for the indexed addressing mode. 
It contains an 8-bit value that may be added to an 
instruction value to create an effective address. The 
index register can also be used for data manipula­
tions using the read-modify-write instructions. The 
Index Register may also be used as a temporary 
storage area. 

0 

) Accumulator 

0 

J ludeA Regrster 

0 

I Program Counter 

0 

I Stack Pornter 

L H J I J N J Z J C J Condrtron Code Regrster 

~arry/Borrow 
Zero 

Negat•ve 

Interrupt Mask 

Half Carry 
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PROGRAM COUNTER (PC)- The program counter 
is a 12-bit register that contains the address of the 
next instruction to be executed. 

STACK POINTER (SP) - The stack pointer is a 12-
bit register that contains the address of the next free 
location on the stack. During an MCU reset or the 
reset stack pointer (RSP) instruction, the stack 
pointer is set to location $07F. 

The stack pointer is then decremented as data is 
pushed onto the stack and incremented as data is 
then pulled from the stack. The seven most signifi­
cant bits of the stack pointer are permanently set to 
0000011. Subroutines and interrupts may be nested 
down to location $061 (31 bytes maximum) which 
allows the programmer to use up to 151evels of sub­
routine calls (less if interrupts are allowed). 

CONDITION CODE REGISTER (CC) - The condi­
tion code register is a 5-bit register in which four bits 
are used to indicate the results of the instruction just 
executed. These bits can be individually tested by a 
program and specific action taken as a result of their 
state. Each bit is explained in the following para­
graphs. 

Half Carry (H) - Set during ADD and ADC oper­
ations to indicate that a carry occurred between bits 
3 and 4. 

Interrupt (I) - Wh_gn_this bit is set, the timer and ex­
ternal interrupt (INT and INT2) are masked (dis­
abled). If an interrupt occurs while this bit is set, the 
interrupt is latched and is processed as soon as the 
interrupt bit is cleared. 

Negative (N) - When set, this bit indicates that the 
result of the last arithmetic, logical, or data manipu­
lation was negative (bit 7 in the result is a logical "1 "). 

Zero (Z)- When set, this bit indicates that the result 
of the last arithmetic, logical, or data manipulation 
was zero. 

Carry/Borrow (C) -When set, this bit indicates that 
a carry or borrow out of the Arithmetic Logic Unit 
(ALU) occurred during the last arithmetic operation. 
This bit is also affected during bit test and branch 
instructions plus shifts and rotates. 

TIMER 

The timer circuitry for the MC6805R2 is shown in 
figure 10. The 8-bit counter may be loaded under 
program control and is decremented toward zero by 
the clock input (or prescaler output). When the timer 
reaches zero, the timer interrupt request bit (bit 7) 
in the timer control register (TCR) is set. The timer 
interrupt can be masked (disabled) by setting the 

EF6805R2 

timer interrupt mask bit (bit 6) in the TCR. The inter­
rupt bit (I bit) in the condition code register also pre­
vents a timer interrupt from being processed. The 
MCU responds to this interrupt by saving the pres­
ent CPU state on the stack, fetching the timer inter­
rupt vector from locations $FF8 and $FF9 and 
executing the interrupt routine (see RESET, 
CLOCK, AND INTERRUPT STRUCTURE SEC­
TIONS). The timer interrupt request bit must be 
cleared by software. The TIMER and INT2 share the 
same interrupt vector. The interrupt routine must 
check the request bits to determine the source of 
the interrupt. 

The clock input to the timer can be from an external 
source (decrementing of timer counter occurs on a 
positive transition of the external source) applied to 
the TIMER input pin, or it can be the internal phase 
two signal. Three machine cycles are required for a 
change in state of the TIMER pin to decrement the 
timer prescaler. The maximum frequency of a sig­
nal that can be recognized by the TIMER pin logic 
is dependent on the parameter labeled twH. The pin 
logic that recognizes the high state on the pin must 
also recognize the low state on the pin in order to 
"re-arm" the internal logic. Therefore, the period can 
be calculated as follows (assumes 50/50 duty cycle 
for a given period) : 

!eye x 2 + 250ns = period = 
freq 

The period is not simply twL + twH. This computation 
is allowable, but it does reduce the maximum allow­
able frequency by defining an unnecessarily longer 
period (250 nanoseconds times two). 

When the phase two signal is used as the source, it 
can be gated by an input applied to the TIMER input 
pin allowing the user to easily perform pulse-width 
measurements. The source of the clock input is one 
of the mask options that is specified before manu­
facture of the MCU. 

NOTE 

For ungated phase two clock input to the timer pres­
caler, the TIMER pin should be tied to Vee. 
A prescaler option, divide by 2n, can be applied to 
the clock input that extends the timing interval up to 
a maximum of 128 counts before decrementing the 
counter. This prescaling mask option is also speci­
fied before manufacture. To avoid truncation errors, 
the prescaler is cleared when bit 3 of the timer con­
trol register is written to a logic one (this bit always 
reads a logic zero). See figure 9. 
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Figure 9 :Timer Register (TCR). 

7 6 5 4 3 2 0 

$009 

TCR7- T1mer Interrupt Request Status B1t. Set when TDR goes to 
zero ; must be cleared by software. Cleared to 0 by Reset. 

TCR6- T1mer Interrupt Mask B1t . 1 = timer Interrupt masked (dis­
abled). Set to 1 by Reset. 

TCR3 - Clear prescaler always reads as a 0 , clears prescaler when 
wntlen to a log1c "1". 

TCR Bits 5, 4, 2, 1, 0 reads "1 s"- unused bits. 

Figure 10: Timer Block Diagram. 

TIMER 

Input 

P1n 

r------1 
I I 
I I 
I I 
I I 
I I L------· 

Manufactunng 
Mask Opt1ons 

Wnte 

The timer continues to count past zero, falling 
through to $FF from $00 and then continuing the 
countdown. Thus, the counter can be read at any 
time by reading the timer data register (TOR). This 
allows a program to determine the length of time 
since a timer interrupt has occurred, and not disturb 
the counting process. 

At power up or reset, the pre scaler and counter are 
initialized with all logic ones ; the timer interrupt re­
quest bit (bit 7) is cleared and the timer interrupt 
mask bit (bit 6) is set. 

SELF-CHECK 

The self-check capability of the EF6805R2 MCU 
provides an internal check to determine if the part is 
functional. Connect the MCU as shown in figure 11 
and monitor the output of Port C bit 3 for an oscilla­
tion of approximately 7Hz. A 1 0-volt level (through 
a 1 Ok resistor) on the timer input, pin 8 and press-
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Clear 

T1mer Timer 
Interrupt Interrupt 
Request Mask 

Not Not 

0 

T1mer Control Reg1ster ITCRJ 

t 
Read Wnte Head 

ing then releasing the RESET button, energizes the 
ROM-based self-check feature. The self-check pro­
gram exercises the RAM, ROM, TIMER, AID, inter­
rupts, and 1/0 ports. 

Several of the self-check subroutines can be called 
by a user program with a JSR or BSR instruction. 
They are the RAM, ROM, and 4-channel AID tests. 
The timer routine may also be called if the timer input 
is the internal Q>2 clock. 

To call those subroutines in customer applications, 
please contact your local SGS THOMSON sales of­
fice in order to obtain the complete description of the 
self-check program and the entrance/exit condi­
tions. 

RAM SELF-CHECK SUBROUTINE - The RAM 
self-check is called at location $F6F and returns with 
the Z bit clear if any error is detected ; otherwise the 
Z bit is set. The walking diagnostic pattern method 
is used on the EF6805R2. 



The RAM test must be called with the stack pointer 
at $07F. When run, the test checks every RAM cell 
except for $07F and $07E which are assumed to 
contain the return address. 

The A and X registers and all RAM locations except 
$07F and $07E are modified. 

Figure 11 : Self-Check Connections. 

~-- ~ RESET 

l_ -
1 r 1.0-'- Vss 

,.FT 2 RESET 

3 INT 

+ 
4 Vee 

.....l....1.0,F 5~25 5 
I ......L't. ·~ 

EXTAL 

- .::r.~ :~ XTAL - 4 - MHz 7 
10 k NUM 
A 8 TIMER 

10V LEDJ"'~~ 9 PeO 
LED -...Qr ...... 4]_~".., v 

+ 

EF6805R2 

ROM CHECKSUM SUBROUTINE- The ROM self­
check is called at location $F8A. If any error is de­
tected, it returns with the Z bit cleared ; otherwise Z 
= 1, X= 0 on return, and A is zero if the test passes. 
RAM location $040 to $043 is overwritten. The 
checksum is the complement of the execution OR 
of the contents of the user ROM. 

PA7 
40 

PAS 
39 

PA5 ~ 

PM tE-
PA3 36 

PA2 35 

PAl 34 

PAO 
33 

PB7 .l2 

31 10 Pel PBS ~- "'YY. EF6805R2 LED., Qr A 47'l_ 11 Pe2 ~ PB5 
470"' ... 

LED Qr AA 12 PC3 PB4 F-... ..,..,.., 
~ Pe4 PB3 28 

_____11 PC5 PB2 27 

15 PCS PB1 ~ -
16 Pe7 PBO ~ 

_____!Z PD7 

~ PD6/!INT21 PDO/ANO 24 

19 PD5/VRH PD1/AN1 
23 

..L. 22 0.1,.F T PD2/AN2 

20 PD41VRL PD3/AN3 21 

-L -

• Th1s connection on clock osc1llator user selectable mask optiOn. Use Jumper 1f the RC mask optiOn IS selected. 
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LED MEANINGS 

PCO PC1 PC2 PC3 Remarks 
[1 : LED ON ; 0 : LED OFF] 

1 0 1 0 Bad 1/0 
0 0 1 0 Bad Timer 
1 1 0 0 Bad RAM 
0 1 0 0 Bad ROM 
1 0 0 0 Bad AID 
0 0 0 0 Bad Interrupts or Request Flag 

Any Flashing Good Device 

Anything else bad Dev1ce. Bad Port C, etc 

ANALOG-TO-DIGITAL CONVERTER SELF­
CHECK - The NO self-check is called at location 
$FA4 and returns with the Z bit cleared if any error 
was found, otherwise Z = 1. 

The A and X register contents are lost. The X regis­
ter must be set to 4 before the call. On return, X= 8 
and NO channel 7 is selected. The A/D test uses 
the internal voltage references and confirms port 
connections. 

TIMER SELF-CHECK SUBROUTINE - The timer 
self-check is called at location $FCF and returns 
with the Z bit cleared if any error was found ; other­
wise Z = 1 .. 

In order to work correctly as a user subroutine, the 
internal 2 clock must be the clocking source and in­
terrupts must be disabled. Also, on exit, the clock is 

Figure 12: Typical Reset Schmitt Trigger Hysteresis. 

Out 
Of 

Reset 

running and the interrupt mask is not set so the cal­
ler must protect from interrupts if necessary. 

The A and X register contents are lost. The timer 
self-check routine counts how many times the clock 
counts in 128 cycles. The number of counts should 
be a power of 2 since the prescaler is a power of 2. 
If not, the timer is probably not counting correctly. 
The routine also detects a timer which is not run­
ning. 

RESET 

The MCU can be reset three wa~nitial power­
up, by the external reset input (RESET) and by an 
optional internal low-voltage detect circuit. The 
RESET input consists mainly of a Schmitt trigger 
which senses the RESET line logic level. A typical 
reset Schmitt trigger hysteresis curve is shown in 
figure 12. The Schmitt trigger provides an internal 
reset voltage if it senses a logical zero on the RESET 
pin. 

Power-On Reset (POR)- An internal reset is gener­
ated upon powerup that allows the internal clock 
generator to stabilize. A delay Q!Jmu._milliseconds 
is required before allowing the RESET input to go 
high. Refer to the power and reset timing diagram 
of figure 13. Connecting a capacitor to the RESET 
input (as illustrated in figure 14) typically provides 
sufficient delay. During powerup, the Schmitt trigger 
switches on (removes reset) when RESET rises to 
ViRES+· 

o.av 2v 4V 

VIRES- VIRES+ 
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Figure 13: Power and Reset Timing. 

RESET 
Pin 

Internal 
R...,t 

Figure 14: RESET Configuration. 

/"I 
POR -= 
Delay 

Capacitor 

• Disable LVI 

Pin 2 

External Reset Input - The MCU will be reset if a 
logical zero is applied to the RESET input for a peri­
od longer than one machine cycle (!eye). Under this 
type of reset, the Schmitt trigger switches off at 
VrREs- to provide an internal reset voltage. 

Low-Voltage Inhibit (LVI}- The optional low-volt­
age detection circuit causes a reset of the MCU if 
the power supply voltage falls below a certain level 
(VLvr). The only requirement is that Vee remains at 
or below the VLvr threshold for one icye minimum. In 
typical applications, the Vee bus filter capacitor will 
eliminate negative-going voltage glitches of less 
than one icye. The output from the low-voltage de­
tector is connected directly to the internal reset cir­
cuitry. It also forces the RESET pin low via a strong 
discharge device through a resistor. The internal 
reset will be removed once the power supply volt­
age rises above a recovery level (VLvR), at which 
time a normal power-on-reset occurs. 

INTERNAL CLOCK GENERATOR OPTIONS 

The internal clock generator circuit is designed to 
require a minimum of external components. A crys-

EF6805R2 

Trigger 

tal, a resistor, a jumper wire, or an external signal 
may be used to generate a system clock with vari­
ous stability/cost tradeoffs. The oscillator frequency 
is internally divided by four to produce the internal 
system clocks. A manufacturing mask option is used 
to select crystal or resistor operation. 

The different connection methods are shown in 
figure 15. Crystal specifications and suggested PC 
board layouts are given in figure 16. A resistor se­
lection graph is given in figure 17. 

The crysial oscillator start-up time is a function of 
many variables :crystal parameters (especially Rs), 
oscillator load capacitances, IC parameters, am­
bient temperature, and supply voltage. To ensure 
rapid oscillator start up, neither the crystal charac­
teristics nor the load capacitances should exceed 
recommendations. 

When utilizing the on-board oscillator, the MCU 
should remain in a reset condition (reset pin voltage 
below VrRES+) until the oscillator has stabilized at its 
operating frequency. Several factors are involved in 
calculating the external reset capacitor required to 
satisfy this condition :the oscillator start-up voltage, 
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the oscillator stabilization time, the minimum VIRES+. 
and the reset charging current specification. 

Once Vee minimum is reached, the external RESET 
capacitor will begin to charge at a rate dependent 
on the capacitor value. The charging current is sup­
plied from Vee through a large resistor, so it appears 

Figure 15: Clock Generator Options. 

External 
Clock 
Input 

6 

EF6805R2 
MCU 

(Crystal Mask 
Option) 

Crystal 

EF6805R2 
MCU 

(Crystal Mask 
Option) 

External Clock 

almost like a constant current source until the reset 

voltage rises above VIRES+· Therefore, the RESET 
pin will charge at approximately : 

(VIRES+) • Cext = IRES • tRHL 

Assuming the external capacitor is initially dis­

charged. 

R 

6 XTAL 

EF6805R2 
MCU 

(Resistor Mask 
Option) 

Approximately 25% to 50% Accuracy 
Typical tcyc= 1 25 ,.s 

External Jumper 

(See Figure 17) 5 
EF6805R2 '. 

EXTAL MCU 
(Resistor Mask 

Option) 

Approximately 10% to 25% Accuracy 
External Res1stor 

!Excludes Res1stor Tolerance) 

Note: The recommended c, value WJth a 4.0MHz crystal is 27pF, maximum, 1ncludmg system d1stnbuted capacitance There IS an Internal ca· 
pacitance of approximately 25pF on the XTAL pin. For crystal frequencies other than 4MHz, the total capacitance on each pin should be 
scaled as the inverse of the frequency raliO For example, with a 2MHz crystal, use approximately 50pF on EXTAL and approximately 
25pF on XTAL The exact value depends on the Mo!lonai·Arm parameters of the crystal used. 
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Figure 16: Crystal Monotial Arm Parameters and Suggested PC Board Layout. 

(bl 

(a) c, 

EXTAL~~XTAL 
b ~w 6 

AT - Cut Parallel Resonance Crystal 
C0 = 7 pF Max 
Freq = 4.0 MHz @ CL = 24 pF 
As= 50 ohms Max. 

Piezoelectric cer.:Jmic re~ondturs 
which have the equivalent speci· 
fications may reused instead of 
crystal oscillators. Follow rera­
mic resonator manufacturer's 
sug~stions for Cu. C1. dnd R!::i 
values. 

EF6805R2 

(cl 

NOTE. Keep crystal leads and c1rcuu connecuons as short as poss•ble 

Figure 17: Typical Frequency Selection for Resistor (oscillator option). 

8.0 ,---,-------------------, 

"N 7.0 
J: 
~ 6.0 
,.. 
~ 5.0 

" g 4.0 
u. 

g 3.0 
~ 
'2 2.0 
0 

1.0 

Ycc=5.25V 

TA =25°C 

Resistance (knJ 
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INTERRUPTS 

The microcomputers can be interrupted four differ­
ent ways :through the external interrupt (I NT) input 
pin, the internal timer interrupt request, the external 
port D bit 6 (INT2) input pin, or the software inter­
rupt instruction (SWI). When any interrupt occurs : 
the current instruction (including SWI) is completed, 
processing is suspended, the present CPU state is 
pushed onto the stack, the interrupt bit (I) in the con­
dition code register is set, the address of the inter­
rupt routine is obtained from the appropriate 
interrupt vector address, and the interrupt routine is 
executed. Stacking the CPU register, setting the 
I bit, and vector fetching require a total of 11 lcyc peri­
ods for completion. A flowchart of the interrupt se­
quence is shown in figure 18. The interrupt service 
routine must end with a return from interrupt (RTI) 

Figure 18 : Reset and Interrupt Processing Flowchard. 
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1-+1 (inCC) 
07F -+SP 
O-+ODRs 

CLR INT Logie 
FF-+Timer 

7F -+ Prescaler 
7f-+TCR 

instruction which allows the MCU to resume pro­
cessing of the program prior to the interrup~­
stacking the previous CPU state). Unlike RESET, 
hardware interrupts do not cause the current in­
struction execution to be halted, but are considered 
pending until the current instruction execution is 
complete. 

When the current instruction is complete, the pro­
cessor checks all pending hardware interrupts and 
if unmasked, proceedswith interrupt processing ; 
otherwise the next instruction is fetched and ex­
ecuted. Note that masked interrupts are latched for 
later interrupt service. 

If both an external interrupt and a timer interupt are 
pending at the end of an instruction execution, the 
external interrupt is serviced first. The SWI is ex­
ecuted as any other instruction. 

lUdd PC From; 
SWI: FFC/FFD' 
I NT: FFAIFFB 

Tim& or 

'i'N'T2: FFB/FF9 



NOTE 
The timer and INT2 interrupts share the same vec­
tor address. The interrupt routine must determine 
the source by examining the interrupt request bits 
(TCR b7 and MR b7). Both TCR b7 and MR b7 can 
only be written to zero by software. 

The external interrupt, INT and INT2, are syn­
chronized and then latched on the falling edge of the 
input signal. The INT2 interrupt has an interrupt re­
quest bit (bit 7) and a mask bit (bit 6) located in the 
miscellaneous register (MR). The INT2 interrupt is 
inhibited when the mask bit is set. The INT2 is al­
ways read as a digital input on port D. The INT2 and 
timer interrupt request bits, if set, cause the MCU to 
process an interrupt when the condition code 1 bit is 
clear. 

Figure 19 : Typical Interrupt Circuits. 

EF6805R2 

A sinusoidal input signal (frNT maximum) can be 
used to generate an external interrupt for use as a 
zero-crossing detector. This allows applications 
~uch. as serv!cing time-of-day routines and engag­
rng/drsengagrng ac power control devices. Off-chip 
full wave rectification provides an interrupt at every 
zero crossing of the ac signal and thereby provides 
a 21 clock. See figure 19. 

NOTE 

The INT (pin 3) is internally biased at approximate­
ly 2.2V due to the internal zero-crossing detection. 

A software interrupt (SWI) is an executable instruc­
tion which is executed regardless of the state of the 
I bit in the condition code register. SWis are usually 
used as break-points for debugging or as systems 
calls. 

AID CONTROL REGISTER IACRI 

76543210 

·I I 1 I 1 I 1 I 1 I I I I $OOE 

Brt 7-Conver!>iun CompJete Status Flag: Set when 
converSI'on is ~ate; cleared onfy on a write 
toACR. 

Readable, not wr1table 

B11S 2. 1. 0 - AID 1nput Mux Sek.-t:trun I Set! T dblt! 21 
Bots 6. 5. 4. 3 read as ""1s""- unused bits 

{al Zero-Crossing Interrupt 

lAC (Current 

nput Limiting) ~ 
(IINTMax.)~ 3 iNT 
R<1 Mu R 
AC Input 0.1 -1.0 

;;;. 1 0 v oocp-p llF 

"' = 

INPUT/OUTPUT CIRCUITRY 

EF6805R2 
MCU 

There are 32 input/output pins. The INT pin may be 
polled will branch instructions to provide an addi­
tional input pin. All pins on ports A, B, and Care pro­
grammable as either inputs or outputs under 
software control of the corresponding data direction 
register (DDR). See below 1/0 port control registers 
configuration. The port 1/0 programming is accom­
plished by writing the corresponding bit in the port 

lbl Digital-Signal Interrupt 

EF6805R2 
MCU 

DDR to a logic one for output or a logic zero for input. 
On reset all the DDRs are initialized to a logic zero 
state, placing the ports in the input mode. The port 
output registers are not initialized on reset and 
should be initialized by software before changing the 
DDRs from input to output. A read operation on a 
port programmed as an output will read the contents 
of the output latch regardless of the logic at the out­
put pin, due to output loading. Refer to figure 20. 
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PORT DATA REGISTER 

7 

Port A Addr ~ $000 
Port B Addr ~ $001 
Port C Addr ~ $002 
Port D Addr ~ $003 

Figure 20 :Typical Port 1/0 Circuitry. 

Data Latched 
Direction Output Output 
Register Data State 

Bit Bit 

1 0 0 
1 1 1 
0 X H1gh-Z .. 

0 

Input 
to 

MCU 

0 
1 

Pin 

All input/output lines are TTL compatible as both in­
puts and outputs. Port A lines are CMOS compatible 
as outputs (mask option) while port B, C, an~ D lines 
are CMOS compatible as inputs. Port D lines are 
input only ; thus, there is no corresponding DDR. 
When programmed as outputs, po_rt B is ~a_pable of 
sinking 10 milliamperes and sourc1ng 1 milliampere 
on each pin. 

Port D provides the reference voltage, INT2, and 
multiplexed analog inputs. All of these lines are 
shared with the port D digital inputs. Port D may al­
ways be used as digital inputs and may also be used 
as analog inputs providing VRH and VRL are con­
nected to the appropriate reference voltages. The 
VRL and VRH lines (PD4 and PD5) are internally con­
nected to the NO resistor. Analog inputs may be 
prescaled to attain the VRL and VRH recommended 
input voltage range. 

The address map (figure 6) gives the addresses of 
data registers and data direction registers. Figure 
21 provides some examples of port connections. 
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PORT DATA DIRECTION REGISTER (DDR) 

7 0 

(1) Write Only ; reads as all ''1 s" 
(2) 1 ~Output, 0 ~ Input Cleared to 0 by Reset 
(3) Port A Addr ~ $004 

Port B Addr ~ $005 
Port c Addr ~ $006 

1!0 
P.n 

DDR is a wnte-only register and reads as all "1s". 
• Ports B and C are three-state ports. 
Port A ha~ optional internal pullup devices to provide CMOS d~ta 
drive capability See Electrical Characteristics tables for complete 1n· 
formation 

CAUTION 

The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, $006). 
A read operation on these registers is undefined. 
Since BSET and BCLR are read-modify-write in 
function, they cannot be used to set or clear a ~ingle 
DDR bit (all "unaffected" bits would be set). It ls_rec­
ommended that all DDR bits in a port be wntten 
using a single-store instruction. 

The latched output data bit (see figure 20) must al­
ways be written. Therefore, any write to a port ~rites 
all of its data bits even though the port DDR IS set 
to input. This may be used to initialize the data reg­
ister and avoid undefined outputs ; however, care 
must be exercised when using read-modify-write 
instructions, since the data read corresponds to the 
pin level if the DDR is an input (zero) and corres­
ponds to the latched output data when the DDR is 
an output (one). 



Figure 21 : Typical Port Connections. 

(a) Output Modes 

ICMOS Loads! 

11 TTL Load! 

Pan. A, bit 7 and bit 4 programmed us output. 
Bit 7 driving CMOS loads and bil 4 driving 
one TTL load direellv using CMOS output op­
tion. 

.------1.-- + v 

Port B. bit 0 and bit 1 programmed as output. drrvmg 
LEOs dlle<:tly 

!b) Input Modes 

TTl driv1ng Port A d•rccUy 

PC7 

PC6 

JO~,_---'-~PC2 

PCl 

CMOS and TTL driving Pou C directly 

EF6805R2 

Port 8, bit 5 programrnerl as output, dnvmg Darlong 

ton base d1rectJy 

• v 

CMOS Lnve•w· 
lvlC14{)49tt4069 

•lq:Jocal• 

POI't C. bits 0-3 program!'Tlt>(j as output dnving CMOS 
loads, using external pullup resistors [reQUired 1f Pan 
C..: IS open-drain! 

CMOS or TTL dnving Pot! B directly 

CMOS or TTL driving Port 0 directly 
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ANALOG-TO-DIGITAL CONVERTER 

The EF6805R2 has an 8-bit analog-to-digital (A/D) 
converter implemented on the chip using a suc­
cessive approximation technique, as shown in 
figure 22. Up to four external analog inputs, via port 
D, are connected to the AID through a multiplexer. 
Four internal analog channels may be selected for 

Figure 22 : AID Block Diagram. 

P051VRH 
PD41VRL ---t-• 
PDO/ANO 

PD1/AN1 

P02/AN2 
PD3/AN3 

AID 

Table 1 : AID Input Mux Selection. 

calibration purposes (VRH-VRL, VRH-VRLi2, VRH­
VRLi4, and VRL). The accuracy of these internal 
channels will not necessarily meet the accuracy 
specifications of the external channels. 

The multiplexer selection is controlled by the AID 
control register (ACR) bits 0, 1, and 2 ; see table 1. 
This register is cleared during any reset condition. 

Control 
Log1c Count 

AID 
Result 

'--....1....---'-..L......J.........JL......_...L..--L~ Reg1ster 

8 

AiD Control Register 
Input Selected 

A/D Output (hex) 

ACR2 ACR1 ACRO Min. Typ. Max. 

0 0 0 AND 
0 0 1 AN1 
0 1 0 AN2 
0 1 1 AN3 
1 0 0 VRH 

. 
1 0 1 VRL 

. 
1 1 0 VRH/4 

1 1 1 VRH/2 

Internal (calibration) levels 

MISCELLANEOUS REGISTER (MR) 

7 6 0 

'----'---=o!=------'---'---.:...._---'-1 -'I $OOA 
MR? B1t 7- INT2 Interrupt Reguest B1t :Set when falling edge 

detected on INT2 p1n, must be cleared by soft· 
ware. Cleared to 0 by Reset 

MR6 Bit 6- INT2 Interrupt Mask Bit · 1 = INT2 Interrupt 
masked (disabled). Set to 1 by Reset. 

MR B1ts 5, 4, 3, 2, 1, 0- Read as "1s"- unused bits. 
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7 

IMSB 

FE FF FF 
00 00 01 
3F 40 41 
7F 80 81 

A/D RESULT REGISTER (ARR) 

0 

LSBI $00F 



Whenever the ACR is written, the conversion in pro­
gress is aborted, the conversion complete flag (ACR 
bit 7) is cleared, and the selected input is sampled 
for five machine cycles and held internally. During 
these five cycles, the analog input will appear ap-

EF6805R2 

proximately like a 25 picofarad (maximum) capaci­
tor (plus approximately 1 OpF for packaging) charg­
ing through a 2.6 kiloohm resistor (typical). Refer to 
figure 23. 

Figure 23 : Effective Analog Input Impedance (during sampling only). 

Device~-· 2.6 kil(Typicall 
Analog 

Input I 25 pF (Maximum) 

Channel = Virtual 
Select Ground 

The converter operates continuously using 30 ma­
chine cycles to complete a conversion of the sam­
pled analog input. When the conversion is complete, 
the digitized sample of digital value is placed in the 
AID result register (ARR), the conversion complete 
flag is set, the selected input is sampled again, and 
a new conversion is started. 

The AID is ratiometric. Two reference voltages (VRH 
and VRL) are supplied to the converter via port D 
pins. An input voltage equal to VRH converts to $FF 
(full scale) and an input voltage equal to VRL con­
verts to $00. An input voltage greater than VRH con­
verts to SFF and no overflow indication is provided. 
Similarly, an input voltage less than VRL, but greater 
than Vss converts to $00. Maximum and minimum 
ratings must not be exceeded. For ratiometric con­
version, the source of each analog input should use 

Figure 24 : Ideal Converter Transfer Characteristic. 

Co1M3'rter 
Output 
(Hex) 

FF 
FE 
FD 
FC 
FB 
FA 
F9 
FB 

DB 
07 
06 
05 
04 
03 
02 
01 

VRH as the supply voltage and be referenced to VRL. 
To maintain the full accuracy on the AID, VRH should 
be equal to or less than Voo, VRL should be equal 
to or greater than Vss but less than the maximum 
specification and (VRH-VRL) should be equal to or 
greater than 4 volts. 

The AID has a built-in LSB offset intended to reduce 
the magnitude of the quantizing error to LSB, rather 
than+ 0, - 1 LSB with no offset. This implies that, ig­
noring errors, the transition point from $00 to $01 
occurs at LSB above VRL. Similarly, the transition 
from $FE to $FF occurs 1 1/2 LSB below VRH, 
ideally. Refer to figure 24 and 25. 

On release of reset, the AID control register (ACR) 
is cleared therefore after reset, channel zero will be 
selected and the conversion complete flag will be 
clear. 

Error Convention 

I ±2LSBs j 
±1 LSB y 

00 ¥L,----,---.-~~~___j'-r-~~~----.---.-~...-+ vjn 

VAL 1x 2x 3x 4x Sx 6x 250x 251x252x253x254x25Sx VRH 

x=2k•(VRH-VRL)=1 L.SB 
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Figure 25 : Types of Conversion Errors. 

(al'lllwt Enur lbl Full Scalo Error (c) Non-Linearity 

Digital 
Output 

FF 

Offset 
(Positive I 

BIT MANIPULATION 

Digital 
Output 

FF 

The EF6805R2 as the ability to set or clear any 
single RAM or 1/0 bit (except the data direction reg­
isters) with a single instruction (BSET, BCLR) (see 
Caution below). Any bit in page zero can be tested 
using the BRSET and BRCLR instructions and the 
program branches as a result of its state. The carry 
bit equals the value of the bit references by BRSET 
or BRCLR. The capability to working with any bit in 
RAM, ROM, or 1/0 allows the user to have individ­
ual flags in RAM or to handle single 1/0 bits as con­
trol lines. 

CAUTION 
The corresponding data direction registers for ports 
A, B, and C are write-only registers locations $004, 
$005, and $006). A read operation on these regis-

Figure 26 : Bit Manipulation Example. 

Full 
Scala 
Error 

Digital 
Output 

FF 

"'---+---!-----'-Input 
Non· (V RH - 1 LSBJ 

Linearity 

ters is undefined. Since BSET and BCLR are read­
modify-write functions, they cannot be used to set a 
data direction register bit (all "unaffected" bits would 
be set). It is recommended that all data direction reg­
ister bits in a port be written using a single-store ins­
truction. 
The coding examples shown in figure 26 illustrate 
the usefulness of the bit manipulation and test in­
struction. Assume that the microcomputer is to com­
municate with an external serial device. The 
external device has a data ready signal, a data out­
put line, and a clock line to clock data one bit at a 
time, least significant bit first out, of the device. The 
microcomputer waits until the data is ready, clocks 
the external device, picks up the data in the carry 
flag, clears the clock line, and finally accumulates 
the data bit in a random-access memory location. 

BRSET WAIT FOR READY MCU 

-BSET 
BRCLR 

NEXT BCLR 
ASR 

2,PORTA,• 

1,PORTA 
0, PORTA, NEXT 
1, PORTA 
RAMLOC 

CLOCK NEXT BIT IN 
PICKUP BIT IN C·BIT 
RETURN CLOCK LINE HIGH 
MOVE C-BIT INTO RAM 

Ready 
2P 

Senal 0 
Oev~cc Clock 

1 R 
T 

Data 
OA 
-
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ADDRESSING MODES 
The EF6805R2 MCU has ten addressing modes 
available for use by the programmer. They are ex­
plained briefly in the following paragraphs. For ad­
ditional details and graphical illustrations, refer to the 
EF6805 Family Users Manual. 

The term "effective address" (EA) is used in describ­
ing the addressing modes. EA is defined as the ad­
dress from which the argument for an instruction is 
fetched or stored. 

IMMEDIATE - In the immediate addressing mode, 
the operand is contained in the byte immediately fol­
lowing the opcode. The immediate addressing 
mode is used to access constants which do not 
change during program execution (e.g., a constant 
used to initialize a loop counter). 

DIRECT- In the direct addressing mode, the effec­
tive address of the argument is contained in a single 
byte following the opcode byte. Direct addressing 
allows the user to directly address the lowest 256 
bytes in memory with a single 2-byte instruction. 
This address area includes all on-chip RAM and 1/0 
registers and 128 bytes of ROM. Direct addressing 
is an effective use of both memory and time. 

EXTENDED- In the extended addressing mode, the 
effective address of the argument is contained in the 
two bytes following the opcode. Instructions with ex­
tended addressing mode are capable of referencing 
arguments anywhere in memory with a single 3-byte 
instruction. When using the assembler, the user 
need not specify whether an instruction uses direct 
or extended addressing. The assembler automati­
cally selects the shortest form of the instruction. 

RELATIVE -The relative addressing mode is only 
used in branch instructions. In relative addressing, 
the contents of the 8-bit signed byte following the 
opcode (the offset) is added to the PC if, and only 
if, the branch condition is true. Otherwise, control 
proceeds to the next instruction. The span of relative 
addressing is from - 126 to + 129 from the opcode 
address. The programmer need not worry about cal­
culating the correct offset if he uses the assembler, 
since it calculates the proper offset and checks to 
see if it is within the span of the branch. 

INDEXED, NO OFFSET- In the indexed, no offset 
addressing mode, the effective address of the argu­
ment is contained in the 8-bit index register. Thus, 
this addressing mode can access the first 256 mem­
ory locations. These instructions are only one byte 
long. This mode is often used to move a pointer 
through a table or to hold the address of a frequen­
tly referenced RAM or 1/0 location. 

EF6805R2 

INDEXED, 8-BIT OFFSET- In the indexed, 8-bit off­
set addressing mode, the effective address is the 
sum of the contents of the unsigned 8-bit index reg­
ister and the unsigned byte following the opcode. 
This addressing mode is useful in selecting the kth 
element in an n element table. With this 2-byte ins­
truction, k would typically be in X with the address 
of the beginning of the table in the instruction. As 
such, tables may begin anywhere within the first 256 
addressable locations and could extend as far as lo­
cation 51 0 ($1 FE is the last location at which the ins­
truction may begin). 

INDEXED, 16-BIT OFFSET- In the indexed, 16-bit 
offset addressing mode, the effective address is the 
sum of the contents of the unsigned 8-bit index reg­
ister and the two unsigned bytes following the op­
code. This addressing mode can be used in a 
manner similar to indexed, 8-bit offset except that 
this 3-byte instruction allows tables to be anywhere 
in memory. As with direct and extended, the assem­
bler determines the shortest form of indexed ad­
dressing. 

BIT SET/CLEAR - In the bit seVclear addressing 
mode, the bit to be set or cleared is part of the op­
code, and the byte following the opcode specifies 
the direct address of the byte in which the specified 
bit is to be set or cleared. Thus, any read/write bit in 
the first 256 locations of memory, including 1/0, can 
be selectively set or cleared with a single 2-byte in­
struction. 

CAUTION 
The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, $006). 
A read operation on these registers is undefined. 
Since BSET and BCLR are read-modify-write in 
function, they cannot be used to set or clear a single 
DDR bit (all "unaffected" bits would be set). It is rec­
ommended that all DDR bits in a port be must writ­
ten using a single-store instruction. 

BIT TEST AND BRANCH- The bit test and branch 
addressing mode is a combination of direct address­
ing and relative addressing. The bit which is to be 
tested and condition (set or clear) is included in the 
opcode, and the address of the byte immediately fol­
lowing the opcode byte. The signed relative 8-bit off­
set in the third byte is added to the PC if the specified 
bit is set or cleared in the specified memory location. 
This single 3-byte instruction allows the program to 
branch based on the condition of any readable bit 
in the first 256 locations of memory. The span of 
branching is from - 125 to + 130 from the opcode 
address. The state of the tested bit is also trans­
ferred to the carry bit of the condition code registers. 
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CAUTION 

The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, $006). 
A read operation on these registers is undefined. 
Since BSET and BCLR are read-modify-write in 
function, they cannot be used to set or clear a single 
DDR bit (all "unaffected" bits would be set). It is rec­
ommended that all DDR bits in a port be must writ­
ten using a single-store instruction. 

INHERENT - In the inherent addressing mode, all 
the information necessary to execute the instruction 
is contained in the opcode. Operations specifying 
only the index register or accumulator, as well as 
control instructions with no other arguments, are in­
cluded in this mode. These instructions are one byte 
long. 

INSTRUCTION SET 

The EF6805R2 MCU has a set of 59 basic instruc­
tions, which when combined with the 10 addressing 
modes produce 207 usable opcodes. They can be 
divided into five different types : register/memory, 
read-modify-write, branch, bit manipulation, and 
control. The following paragraphs briefly explain 
each type. All the instructions within a given type are 
presented in individual tables. 

REGISTER/MEMORY INSTRUCTIONS - Most of 
these instructions use two operands. One operand 
is either the accumulator or the index register. The 
other operand is obtained from memory using one 
of the addressing modes. The jump unconditional 
(JMP) and jump to subroutine (JSR) instructions 
have no register operand. Refer to table 1. 
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READ-MODIFY-WRITE INSTRUCTIONS - These 
instructions read a memory location or a register, 
modify or test its contents, and write the modified 
value back to memory or to the register ; see Cau­
tion under Input/Output section. The test for nega­
tive or zero (TST) instruction is included in the 
read-modify-write instruction though it does not per­
form the write. Refer to table 2. 

BRANCH INSTRUCTIONS - The branch instruc­
tions cause a branch from the program when a cer­
tain condition is met. Refer to table 3. 
BIT MANIPULATION INSTRUCTIONS- The ins­
tructions are used on any bit in the first 256 bytes of 
the memory ; One group either sets or clears. The 
other group performs the bit test and branch oper­
ations. Refer to table 4. 

CAUTION 

The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, $006). 
A read operation on these registers is undefined. 
Since BSET and BCLR are read-modify-write in 
function, they cannot be used to set or clear a single 
DDR bit (all "unaffected" bits would be set). It is rec­
ommended that all DDR bits in a port be must writ­
ten using a single-store instruction. 
CONTROL INSTRUCTION - The control instruc­
tions control the MCU operations during program 
execution. Refer to table 5. 
ALPHABETICAL LISTING - The complete instruc­
tion set is given in alphabetical order in table 6. 
OPCODE MAP- Table 8 is an opcode map for the 
instruction used on the MCU. 
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Function 

Load A from Memory 

Load X from Memory 

Store A In Memory 

Store X In Memory 

~dd Memory to A 

Add Memory and 
Carry to A 

Subtract Memory 

Subtract Memory from 
A with Borrow 

AND Memory to A 

OR Memory with A 

Exclusive OR Memory 
with A 

Arithmetic Compare A 
with Memory 

Arithmetic Compare X 
with Memory 

Bit Test Memory with A 
(logical compare) 

Jump Unconditional 

Jump to Subroutine 

Mnemonic 

LDA 

LDX 

STA 

STX 

ADD 

ADC 

SUB 

SBC 

AND 

ORA 

EOR 

CMP 

CPX 

BIT 

JMP 

JSR 

Immediate Dirac! 

Op # # Op # # 
Code Byles Cycles Code Bytes Cycles 

A6 2 2 86 2 4 

AE 2 2 BE 2 4 

87 2 5 

BF 2 5 

AB 2 2 BB 2 4 

A9 2 2 B9 2 4 

AO 2 2 BO 2 4 

A2 2 2 B2 2 4 

A4 2 2 B4 2 4 

AA 2 2 BA 2 4 

AB 2 2 88 2 4 

A1 2 2 B1 2 4 

A3 2 2 B3 2 4 

AS 2 2 B5 2 4 

BC 2 3 

BD 2 7 

Addressing Modes 

Extended Indexed 
(no offset) 

Op # # Op· II # 
Code Byles Cycles Code Bytes Cycles 

C6 3 5 F6 1 4 

CE 3 5 FE 1 4 

C7 3 6 F7 1 5 

CF 3 6 FF 1 5 

CB 3 5 FB 1 4 

C9 3 5 F9 1 4 

co 3 5 FO 1 4 

C2 3 5 F2 1 4 

C4 3 5 F4 1 4 

CA 3 5 FA 1 4 

ce 3 5 Fa 1 4 

C1 3 5 F1 1 4 

C3 3 5 F3 1 4 

cs 3 5 FS 1 4 

cc 3 4 FC 1 3 

CD 3 8 FD 1 7 

Indexed 
( 8 bit offset) 

Op II # 
Code Bytes Cycles 

E6 2 5 

EE 2 5 

E7 2 6 

EF 2 6 

EB 2 5 

E9 2 5 

EO 2 5 

E2 2 5 

E4 2 5 

EA 2 5 

EB 2 5 

E1 2 5 

E3 2 5 

ES 2 5 

EC 2 4 

ED 2 8 

Indexed 
(1 6 bit offset) 

Op # # 
Code Bytes Cycles 

D6 3 6 

DE 3 6 

D7 3 7 

DF 3 7 

DB 3 6 

D9 3 6 

DO 3 6 

D2 3 6 

D4 3 6 

DA 3 6 

DB 3 6 

D1 3 6 

D3 3 6 

D5 3 6 

DC 3 5 

DD 3 9 

2 
C" 
iii 

::IJ 
CD 
to 
5[ 
CD 

3-
CD 
3 
0 

..;:: 
5" 
~ 
2 
Q. 
i5' 
:J 
~ 

m 
'11 
Ol 
co 
0 
U1 
::0 
1\) 
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@• 
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~0 
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Function 

Increment 

Decrement 

Clear 

Complement 

Negate 
(2's complement) 

Rotate Left Thru Carry 

Rotate Right Thru 
Carry 

Logical Shift Left 

Logical Shift Right 

Arithmetic Shift Right 

Test for Negative or 
Zero 

Mnem 

INC 

DEC 

CLR 

COM 

NEG 

ROL 

ROR 

LSL 

LSR 

ASR 

TST 

Inherent (A) Inherent (X) 

Op II # Op # # 
Code Bytes Cycles Code Bytes Cycles 

4C 1 4 5C 1 4 

4A 1 4 SA 1 4 

4F 1 4 5F 1 4 

43 1 4 53 1 4 

40 1 4 50 1 4 

49 1 4 59 1 4 

46 1 4 56 1 4 

48 1 4 58 1 4 

44 1 4 54 1 4 

47 1 4 57 1 4 

40 1 4 50 1 4 

Addressing Modes 

Direct 
Indexed Indexed 
(no offset) (8 bit offset) 

-1 m 
D> "T1 C" 

Ol iD (X) 
~ 0 .. 01 

Op # # Op II # Op # # 
Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles 

3C 2 6 7C 1 6 6C 2 7 

:Il :::a 
CD N D> 
9-
5: 

3A 2 6 7A 1 6 SA 2 7 0 
9: 

3F 2 6 7F 1 6 SF 2 7 

33 2 6 73 1 6 63 2 7 

-< 
:§: 
=>. 

30 2 6 70 1 6 60 2 7 Cii 
:J 
~ 

39 2 6 79 1 6 69 2 7 2 
36 2 6 76 1 6 66 2 7 

~ 
5" 
:::J 
~ 

38 2 6 78 1 6 68 2 7 

34 2 6 74 1 6 64 2 7 

37 2 6 77 1 6 67 2 7 

3D 2 6 70 1 6 6D 2 7 
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Table 3 : Branch Instructions. 

Relative Addressing Mode 

Function Mnemonic Op # # 
Code Bytes Cycles 

Branch Always BRA 20 2 4 

Branch Never BRN 21 2 4 

Branch IFF Higher BHI 22 2 4 

Branch IFF Lower or Same BLS 23 2 4 

Branch IFF Carry Clear sec 24 2 4 

Branch IFF Higher or Same BHS 24 2 4 

Branch IFF Carry Set BCS 25 2 4 

Branch IFF Lower BLO 25 2 4 

Branch IFF Not Equal BNE 26 2 4 

Branch IFF Equal SEQ 27 2 4 

Branch IFF Half Carry Clear BHCC 28 2 4 

Branch IFF Half Carry Set BHCS 29 2 4 

Branch IFF Plus BPL 2A 2 4 

Branch IFF Minus BMI 28 2 4 

Branch IFF interrupt mask bit is clear. BMC 2C 2 4 

Branch IFF interrupt mask bit is set. BMS 2D 2 4 

Branch IFF interrupt line is low. BIL 2E 2 4 

Branch IFF interrupt line is high. BIH 2F 2 4 

Branch to Subroutine BSR AD .2 8 

Table 4 : Bit Manipulation Instructions. 

Addressing Modes 

Bit Set/Clear Bit Test and Branch 
Function Mnemonic Op # # Op # # 

Code Bytes Cycles Code Bytes Cycles 

Branch IFF bit n is set. BRSET n (n = 0 .. .7) 2 • n 3 10 

Branch IFF bit n is clear. BRCLR n (n = 0 ... 7) 01 + 2 • n 3 10 

Set Bit n BSET n (n = 0 ... 7) 11 + 2 • n 2 7 

Clear Bit n BCLR n (n = 0 ... 7) 11 + 2 • n 2 7 
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Table 5 : Control instructions. 

Inherent 

Function Mnemonic Op # # 
Code Bytes Cycles 

Transfer A to X TAX 97 1 2 

Transfer X to A TXA 9F 1 2 

Set Carry Bit SEC 99 1 2 

Clear Carry Bit CLC 98 1 2 

Set Interrupt Mask Bit SEI 9B 1 2 

Clear Interrupt Mask Bit CLI 9A 1 2 

Software Interrupt SWI 83 1 11 

Return from Subroutine RTS 81 1 6 

Return from Interrupt RTI 80 1 9 

Reset Stack Pointer RSP 9C 1 2 

No-operation NOP 90 1 2 
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Table 6: Instruction Set. 

Addressing Modes 

Indexed 
Mnem Inherent Immediate Direct Extended Relative 

(no offset) 

ADC X X X X 

ADD X X X X 

AND X X X X 

ASL X X X 

ASR X X X 

sec X 

BCLR 

BCS X 

SEQ X 

BHCC X 

BHCS X 

BHI X 

BHS X 

BIH X 

BIL X 

BIT X X X X 

BLO X 

BLS X 

BMC X 

BMI X 

BMS X 

BNE X 

BPL X 

BRA X 

BRN X 

BRCLR 

BRSET 

BSET 

BSR X 

CLL X 

Condition Code Symbols : 
H Half Carry (from b•t3) 
I Interrupt Mask 
N Negative (sign bit) 

Indexed Indexed Bit 
Bit 

(8 Bits) (16 B1ts) Set/Clear 
Test & 
Branch 

X X 

X X 

X X 

X 

X 

X 

X X 

X 

X 

X 

Z Zero 
C Carryiborrow 
A Test and Set1f True, Cleared OtheiWlse 

Not Affected 

EF6805R2 

Condition Code 

H I N z c 

A • A A A 

A • A A A 

• • A A • 
• • A A A 

• • A A A 

• • • • • 
• • • • • 
• • • • • 
• • • • • 
• • • • • 
• • • • • 
• • • • • 
• • • • • 
• • • • • 
• • • • • 
• • A A • 
• • • • • 
• • • • • 
• • • • • 
• • • • • 
• • • • • 
• • • • • 
• • • • • 
• • • • • 
• • • • • 
• • • • A 

• • • • A 

• • • • • 
• • • • • 
• • • • 0 
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Table 6 : Instruction Set (continued). 

Addressing Modes 

Indexed 
Mnem Inherent Immediate Direct Extended Relative 

(no offset) 

CLI X 

CLR X X X 

CMP X X X X 

COM X X X 

CPX X X X X 

DEC X X X 

EOR X X X X 

INC X X X 

JMP X X X 

JSR X X X 

LOA X X X X 

LDX X X X X 

LSL X X X 

LSR X X X 

NEQ X X X 

NOP ·x 

ORA X X X X 

ROL X X X 

RSP X 

RTf X 

RTS X 

SBC X X X X 

SEC X 

SEI X 

STA X X X 

STX X X X 

SUB X X X X 

SWI X 

TAX X 

TST X X X 

TXA X 

Condition Code Symbols : 
H Hall Carry (from bit 3) 
I Interrupt Mask 
N Negat1ve (sign bit) 
Z Zero 
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Indexed Indexed Bit 
Bit 

(8 Bits) (t6 Bits) Set/clear 
Test & 
Branch 

X 

X X 

X 

X X 

X 

X X 

X 

X X 

X X 

X X 

X X 

X 

X 

X 

X X 

X 

X X 

X X 

X X 

X X 

X 

C Carry/borrow 
A Test and Set if True, Cleared Otherwise 

Not Affected 
Load CC Register from Stack 

H 

• 
• 
• 
" • 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
? 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

Condition Code 

I N z c 

0 • • • 
• 0 1 • 
• A A A 

• A A 1 

• A A A 

• A A • 
• A A • 
• A A • 
• • • • 
• • • • 
• A A • 
• A A • 
• A A A 

• 0 A A 

• A A A 

• • • • 
• A A • 
• A A A 

• • • • 
? ? ? ? 

• • • • 
• A A A 

• • • 1 

1 • • • 
• A A • 
• A A • 
• A A A 

1 • • • 
• • • • 
• A A • 
• • • • 
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EF6805 HMOS FAMILY 

Features EF6805P2 EF6805P6 EF6805R2 EF6805R3 EF6805U2 EF6805U3 

Technology Hfi!IOS HMOS HMOS HMOS HMOS HMOS 

Number of Pins 28 28 40 40 40 40 

On-chip RAM (bytes) ' 64 64 64 112 64 112 

On-chip User ROM (bytes) 1100 1796 2048 3776 2048 3776 

External Bus None None None None None None 

Bidirectional 1/0 Lines 20 20 24 24 24 24 

Unidirectional 110 Lines None None 6 Inputs 6 Inputs 8 Inputs 8 Inputs 

Other 1/0 Features Timer Timer Timer, AID Timer, AID Timer Timer 

External Interrupt Inputs 1 1 2 2 2 2 

STOP and WAIT No No No No No No 
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IX 
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Indexed I No Offsell 
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Indexed, 2 8y1e 116·8111 Offset 
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1 I . ~ . .: .. 

I, NEG I' NEG 

1 • 
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I' LSA ' I, LSR,., . ' 
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ORDERING INFORMATION 

The information required when ordering a custom 
MCU is listed below. The ROM program may be 
transmitted to SGS-THOMSON on EPROM(s) or 
an EFDOS/MDOS* disk file. 

To initiate a ROM pattern for the MCU, it is necess­
ary to first contact your local SGS THOMSON re­
presentative or distributor. 

EPROMs 
Two 2716 or one 2732 type EPROMs, programmed 
with the customer program (positive logic sense for 
address and data), may be submitted for pattern 
generation. The EPROM must be clearly marked to 
indicate which EPROM corresponds to which ad­
dress space. The recommended marking proce­
dure is illustrated below : 

D Dxx 

800 

XXX =Customer ID 

After the EPROM(s) are marked, they should be 
placed in conductive IC carriers and securely 
packed. Do not use styrofoam. 

VERIFICATION MEDIA 
All original pattern media (EPROMs or floppy disk) 
are filled for contractual purposes and are not re­
turned. A computer listing of the ROM code will be 
generated and returned along with a listing verifica­
tion form. The listing should be thoroughly checked 
and the verification form completed, signed, and re­
turned to SGS THOMSON. The signed verification 
form constitutes the contractual agreement for cre­
ation of the customer mask. If desired, SGS-THOM­
SON will program on blank EPROM from the data 

file used to create the custom mask and aid in the 
verification process. 

ROM VERIFICATION UNITS (RVUs) 
Ten MCUs containing the customer's ROM pattern 
will be sent for program verification. These units will 
have been made using the custom mask but are for 
the purpose of ROM verification only. For expedi­
ency they are usually unmarked, packaged in ce­
ramic, and tested only at room temperature and 5 
volts. These RVUs are included in the mask charge 
and are not production parts. The RVUs are thus not 
guaranteed by SGS-THOMSON. Quality Assur­
ance, and should be discarded after verification is 
completed. 

FLEXIBLE DISKS 

The disk media submitted must be single-sided, 
EFDOS/MDOS* compatible floppies. 

The customer must write the binary file name and 
company name on the disk with a felt-lip-pen. The 
minimum EFDOS/MDOS* system files, as well as 
the absolute binary object file (Filename .LO type of 
file) from the 6805 cross assembler, must be on the 
disk. An object file made from a memory dump using 
the ROLLOUT command is also acceptable. Con­
sider submitting a source listing as well as the fol­
lowing files : filename .LX (DEVICE/EXORciser 
loadable format) and filename .SA (ASCII Source 
Code). These files will of course be kept confiden­
tial and are used 1) to speed up the process in­
house if any problems arise, and 2) to speed up the 
user-to-factory interface if the user finds any soft­
ware errors and needs assistance quickly from 
SGS-THOMSON factory representatives. 

EFDOS is SGS THOMSON' Disk Operating System 
available on development systems such as DE­
VICE ... 

MOOS* is MOTOROLA's Disk Operating System 
available on development systems such as EXOR­
ciser, ... 

* Requires prior factory approval. 

Whenever ordering a custom MCU is required, please contact your local SGS THOMSON representative or 
SGS THOMSON distributor and/or complete and send the attached "MCU customer ordering sheet" to your 
local SGS THOMSON representative. 
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ORDER CODES 

Screening level 

Package '-------- Oper. temp. 

The table below horizontally shows all available suffix combinations for package, operating and screening 
level. Other possibilities on request. 

Device 
Package Oper. Temp 

c J p E FN L* v 

• • • • 
EF6805R2 

Examples: EF6805R2P, EF6805R2FN, EF6805R2PV, EF6805R2FNV. 

Package: C: Ceramic OIL, J : Cerdip OIL, P: Plastic OIL, E: LCCC, FN: PLCC. 
Oper. temp.: L•: o·c to +70'C, V :-40'C to +85'C, T: -40'Cto +105'C, •: may be omitted. 
Screening level: Std: (no-end suffix), D: NFC 968831evel D, 
G/B : NFC 96883level G, BiB: NFC 96883 level Band MlL-STD-883C level B. 

EXORciser is a registered trademark of MOTOROLA Inc. 

Screening level 

T Std D G/B BIB 

• • • 
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EF6805 FAMILY- MCU CUSTOMER ORDERING SHEET 

Commercial reference =I I I I I I I I I I I 

Customer's marking :I I I I I I I I I I I 

Application 

ROM capacity required : 

Temperature range : 
0 O"C/ + 70"C 
0 - 25"C I+ 70"C 
0 -40"C/+85"C 

Package 
0 Plastic 
0 PLCC 

I I I I lbytes 

PATTERN MEDIA (a listing may be supplied in addition 
for checking purpose) : 
0 EPROM Reference : 
0 EFDOS/MDOS* disk f1le 

0 S"floppy 
0 5" 1/4 floppy 

0 Other· 

• Requires prior factory approval 

Yearly quantity forecast 

CUSTOMER CONTACT NAME: DATE: 
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Customer name 
Company 
Address 
Phone 

: ········································ 
: ....................................... . 
: ....................................... . 
: ········································ 

Specification reference ; 
0 SGS-THOMSON Microelectronic reference 

0 Special customer data reference• 

Quality level : 
0 STD 

0 D 
0 Other• (customer's quality specification ref.) : 

Software developped by : 
0 SGS-THOMSON Microelectronic application lab. 
0 Externallab. 
0 Customer 

OPTION LIST 

-Oscillator input 
0 Xtal 
0 RC 

- Port A output drive : 
0 CMOS and TTL 
0 TTL only 

- Timer clock source : 
0 Internal 12 clock 
0 Timer input pin 

start of production date : 
for a shipment period of : 

- Low voltage inhibit : 
0 Enabled 
0 Disabled 

- Port C output drive : 
0 TTL 
0 Opendrain 

SIGNATURE: 
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8 BIT MICROCOMPUTER WITH AID 

• AID CONVERTER 
8-BIT CONVERSION, MONOTONIC 
4 MULTIPLEXED ANALOG INPUTS 
RATIOMETRIC CONVERSION 

• 32 TTUCMOS COMPATIBLE 1/0 LINES 
24 BIDIRECTIONAL (8 lines are LED com­
patible) 
8 INPUT-ONLY 

• 3776 BYTES OF USER ROM 
• 112 BYTES OF RAM 
• SELF-CHECK MODE 
• ZERO-CROSSING DETECT/INTERRUPT 
• INTERNAL 8-BIT TIMER WITH 7-BIT SOFT­

WARE PROGRAMMABLE PRESCALER AND 
CLOCK SOURCE 

• 5V SINGLE SUPPLY 

SOFTWARE FEATURES 
• 10 POWERFUL ADDRESSING MODES 
• BYTE EFFICIENT INSTRUCTION SET WITH 

TRUE BIT MANIPULATION, BIT TEST, AND 
BRANCH INSTRUCTIONS 

• SINGLE INSTRUCTION MEMORY 
EXAMINE/CHANGE 

• POWERFUL INDEXED ADDRESSING FOR 
TABLES . 

• FULL SET OF CONDITIONAL BRANCHES 
• MEMORY USABLE AS REGISTER/FLAGS 
• COMPLETE DEVELOPMENT SYSTEM SUP­

PORT ON I NICE® 

USER SELECTABLE OPTIONS 
• 8 BIDIRECTIONAL 1/0 LINES WITH TTL OR 

TTUCMOS INTERFACE OPTION 
• 8 BIDIRECTIONAL 1/0 LINES WITH TTL OR 

OPEN-DRAIN INTERFACE OPTION 
• CRYSTAL OR LOW-COST RESISTOR OSCIL­

LATOR OPTION 
• LOW VOLTAGE INHIBIT OPTION 
• VECTORED INTERRUPTS : TIMER, SOFT­

WARE, AND EXTERNAL 
• USER CALLABLE SELF-CHECK SUBROU­

TINES 

IN ICE@ is SGS-THOMSON development/emulation tool. 

May 1989 

PSUFFIX 
(Plastic Package) 

0 
FN SUFFIX 
(PLCC44) 

PIN CONNECTIONS 
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RESET 
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' 
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" 
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1B 

19 

20 
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31 PM 
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35 PA2 
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J3 PAO 
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31 PB6 

"' PBS 

29 PB4 

"' P"J 

21 "' 26 PBl 

25 PBO 

" PDO/ANO 

23 PD1/AN1 

" PD2/AN2 

21 P031AN3 

PC& 15 ,, "'3 

NC 1$ :m J'l!2 

2? P81 
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1/36 

337 



EF6805R3 

DESCRIPTION 
The EF6805R3 Microcomputer Unit (MCU) is a 
member of the 6805 Family of low-cost single-chip 
Microcomputers. The 8-bit microcomputer contains 
a CPU, on-chip CLOCK, ROM, RAM, 1/0, 4-chan­
nel8-bit AID, and TIMER. It is designed for the user 
who needs an economical microcomputer with the 

proven capabilities of the 6800-based instruction 
set. A comparison of the key features of several 
members of the 6805 Family of Microcomputers is 
shown at the end of this data sheet. The following 
are some of the hardware and software highlights 
of the EF6805R3 MCU. 

Figure 1 : EF6805R3 HMOS MICROCOMPUTER BLOCK DIAGRAM. 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vee Supply Voltage - 0.3 to+ 7.0 v 
Vm Input Voltage (except TIMER in self-check mode and - 0.3 to+ 7.0 v 

open-drain inputs) 

Vm Input Voltage (open-drain pins, TIMER pin in self-check mode) - 0.3 to+ 15.0 v 
TA Operating Temperature Range 0 to+ 70 oc 

(TL toT H) V Suffix -40 to+ 85 
T Suffix -40 to+ 105 

Tstg Storage Temperature Range -55 to+ 150 oc 

TJ Junction Temperature Plastic Package 150 oc 

PLCC 150 

This device contams circuitry to protect the inputs against damage due to hrgh static voltages or electrical fields ; however, 
it is advised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this 
high-impedance circuit For proper operation it is recommended that Vm and Vout be constrained to the range Vss ~ (Vm or 
Voo~),; Vee Reliability of operation is enhanced if unused inputs except EXTAL are tied to an appropriate logic voltage level 
(e.g., either Vss or Vee). 

THERMAL DATA 

Thermal Resistance Plastic 
PLCC 

POWER CONSIDERATIONS 
The average chip-junction temperature, TJ, in "C 
can be obtained from : 

TJ=TA+(Po·8JA) (1) 

Where: 

TA =Ambient Temperature, "C 

8JA = Package Thermal Resistance, Junc­
tion-to-Ambient, "C/W 

Po = PrNT + PPoRT 

PrNT =Icc x Vee, Watts- Chip Internal Power 

PPORT =Port Power Dissipation, Watts- User 
Determined 

For most applications PPoRT << PiNT and can be ne­
glected. PPORT may become significant if the device 

50 
80 

is configured to drive Darlington bases or sink LED 
loads. 

An approximate relationship between Po and TJ (if 
PPORT is neglected) is : 

Po= K + (TJ + 273'C) (2) 

Solving equations 1 and 2 forK gives : 

K =Po· {TA + 273'C) + 8JA · Po2 (3) 

Where K is a constant pertaining to the particular 
part. K can be determined from equation 3 by 
measuring Po (at equilibrium) for a known TA. Using 
this value of K the values of Po and TJ can be ob­
tained by solving equations (1) and (2) iteratively for 
any value of T A-
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ELECTRICAL CHARACTERISTICS 
01 cc = + 5.25Vdc ± 0.5Vdc, V s s = OVdc, T A = T L to T H unless otherwise noted) 

Symbol Parameter Min. 

v,H ln~h Voltage 
RESET (4.75,:; Vee:> 5.75) 4.0 

(Vee < 4.75) Vee- 0.5 
!NT (4.75, Vee , 5.75) 4.0 

(Vee< 4.75) Vee- 0.5 
All Other (except TIMER) 2.0 

V1H Input High Voltage Timer 
Timer Mode 2.0 
Self-check Mode 9.0 

V1L Input Low Voltage 
RESET Vss 
!NT Vss 
All Other (except AID inputs) Vss 

RESET Hystereris Voltages (see figures 10, 11 and 12) 
VIRES+ "Out of Reset" 2.1 
VIRES- "Into Reset" 0.8 

VINT INT Zero Crossing Input Voltage, through a Capacitor 2 

Po Power Dissipation- (no port loading, Vee = 5.75V) 
TA = OoC 

TA =- 40oc 

c'" Input Capacitance 
EXTAL 
All Other Except Analog Inputs (see note) 

VLVR Low Voltage Recover 

VLVI Low Voltage Inhibit 2.75 

''" Input Current 
TIMER (V 10 = 0.4V) 
INT (V 10 = 2.4V to Vee) 
EXTAL (V 1n = 2.4V to Vee, crystal option) 
___ (Vm = 0.4V, crystal option) 
RESET (V 10 = 0.8V) -4.0 
(external capacitor charging current) 

Note : Port D Analog Inputs. when selected. c, = 25pF for the f1rst 5 out of 30 cycles. 
• Due to rnternal biasing th1s rnput (when unused) floats to approximately 2.2V. 

SWITCHING CHARACTERISTICS 

Typ. 

. . 

10.0 

• 

520 
580 

25 
10 

3.75 

20 

(V cc = + 5.25Vdc ± 0.5Vdc, V ss = OVdc, T A = T L to T H unless otherwise noted) 

Symbol Parameter Min. Typ. 

fosc Oscillator Frequency 0.4 

!eye Cycle T1me (4/fose) 0.95 

twL. twH !NT, INT2 and TIMER Pulse Width teye + 250 
(see interrupt section) 

tRwL RESET Pulse Width !eye + 250 

f1NT INT Zero-crossing Detection Input Frequency 0.03 

External Clock Input Duty Cycle (EXTAL) 40 50 

Crystal Oscillator Start-up Time• 

• See figure 16 for typical crystal parameters. 
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Max. Unit 

v 
Vee 
Vee 
Vee 
Vee 
Vee 

v 
Vee+ 1 

15.0 

v 
0.8 
1.5 
0.8 

v 
4.0 
2.0 

4 Vae P·P 

mW 
740 
800 

pF 

4.75 v 
4.70 v 

!lA 
20 
50 
10 

-1600 
-40 

Max. Unit 

4.2 MHz 

10 J.lS 

ns 

ns 

1 kHz 

60 % 

100 ms 
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A/D CONVERTER CHARACTERISTICS 
(V cc = + 5.25Vdc ± 0.5Vdc, V s s = OVdc, T A = T L to T H unless otherwise noted) 

Parameter Comments Min. Typ. Max. Unit 

Resolution 8 8 8 Bits 

Non-linearity For VAH = 4.0 to 5.0V and VAL = OV ± 1/2 LSB 

Quantizing Error ± 1/2 LSB 

Conversion Range VAL VRH v 
VRH AID accuracy may decrease Vee v 
VRL proportionately as V RH is reduced 

below 4.0V. The sum of VRH and VAL 
Vss 0.2 v 

must not exceed V cc. 

Conversion Time Includes Sampling Time 30 30 30 tcyc 

Monotonicity Inherent (within total error) 

Zero Input Reading V,n = 0 00 00 01 Hexa-
decimal 

Ratiometric Reading V,n = VAH FE FF FF Hexa-
decimal 

Sample T1me 5 5 5 I eye 

Sample/hold Capacitance, 25 pF 
Input 

Analog Input Voltage Negative transients on any analog VAL VAH v 
lines (pins 19-24) are not allowed at 
any time during conversion. 

PORT ELECTRICAL CHARACTERISTICS 
(V cc = + 5.25Vdc ± 0.5Vdc, V ss = OVdc, T A = T L to T H unless otherwise noted) 

PORT A WITH CMOS DRIVE ENABLED 

Symbol Parameter Min. Typ. Max. Unit 

VoL Output Low Voltage (I Load = 1.6mA) 0.4 v 
VoH Output High Voltage v 

ILoad =- 100~A 2.4 
1Load=-10~A Vcc-1.0 

VIH Input High Voltage (I Load =- 300~A max.) 2.0 Vee v 
VIL Input Low Voltage (I Load =- 500~s max.) Vss 0.8 v 
IIH High-Z State Input Current (V1N = 2.0V to Vee) -300 ~A 

I1L H1gh-Z State Input Current (VIN = 0.4V) -500 ~A 
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PORT ELECTRICAL CHARACTERISTICS (continued) 

PORTS 

Symbol Parameter 

VoL Output Low Voltage 
I Load = 3.2mA 
I Load = 1 OmA (sink) 

VoH Output High Voltage, I Load =- 200J.lA 

loH Darlington Current Drive (source), Vo = 1.5V 

V1H Input High Voltage 

v,L Input Low Voltage 

lrs1 High-Z State Input Current 

PORT C AND PORT A WITH CMOS DRIVE DISABLED 

Symbol Parameter 

VoL Output Low Voltage, I Load= 1.6mA 

VoH Output High Voltage, I Load =- 100J.lA 

V1H Input High Voltage 

v,L Input Low Voltage 

lrs1 High-Z State Input Current 

PORT C (open-drain option) 

Symbol Parameter 

v,H Input High Voltage 

V1L Input Low Voltage 

ILoo Input Leakage Current 

VoL Output Low Voltage ILoad = 1.6mA 

PORT D (digital inputs only) 

Symbol Parameter 

VIH Input High Voltage 

V1L Input Low Voltage 

1m Input Current• 

Min. Typ. Max. Unit 

v 
0.4 
1.0 

2.4 v 

-1.0 -10 mA 

2.0 Vee v 

Vss 0.8 v 

<2 10 J.lA 

Min. Typ. Max. Unit 

0.4 v 

2.4 v 

2.0 Vee v 

Vss 0.8 v 

<2 10 J.lA 

Min. Typ. Max. Unit 

2.0 13.0 v 

Vss 0.8 v 

<3 15 J.lA 
0.4 v 

Min. Typ. Max. Unit 

2.0 Vee v 
Vss 0.8 v 

< 1 5 J.lA 
• PD4NRL- PD5NRH : The AID conversion resistor (I 5kn typ1cal) IS connected Internally between these two lines, 1mpac~ng their use as digital 

Inputs m some applications. 

Figure 2 :TTL Equivalent Test Load (port B). 

Test 
P01nt 

vcc=5 75V 
1N916 V 
or Equiv. ~ 1.45 kSl 

4Upt-,.[' 121<0 1N4148 
or Equiv. notall 

-= 
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Figure 3 : CMOS Equivalent Test Load (port A). 

Test Po1nt o----.1 ! 30 pF oT ooa" 



Figure 4 : TTL Equivalent Test Load 
(ports A and C). 

Test 
Pomt 

30 pF 
-!Totall 

-= 

SIGNAL DESCRIPTION 

Vcc=5.75V 

= 

The input and output signals for the CMU, shown in 
figure 1, are described in the following paragraphs. 

Vee AND Vss. Power is supplied to the MCU using 
these two pins. Vee is power and Vss is the ground 
connection. 

INT. This pin provides the capability for asynchron­
ously applying an external interrupt to the MCU. 
Ref~r to Interrupts Section for additional informa­
tion. 

XTAL AND EXTAL. These pins provide control input 
for the on-chip clock oscillator circuit. A crystal, are­
sister, or an external signal, depending on user se­
lectable manufacturing mask option, can be 
connected to these pins to provide a system clock 
with various degrees of stability/cost tradeoffs. Lead 
lenght and stray capacitance on these two pins 
should be minimized. Refer to Internal Clock Gener­
ator Options Section for recommendations about 
these inputs. 

Note : Pin 7 in DIL package/Pin 8 in PLCC package 
is connected to internal protection. 

TIMER- The pin allows an external input to be used 
to control the internal timer circuitry and also to in­
itiate the self test program. Refer to Timer Section 
for additional information about the timer circuitry. 

RESET. This pin allows resetting of the MCU at 
times other than the automatic resetting capability 
already in the MCU. The MCU can be reset by pull­
ing RESET low. Refer to Resets Section for addi­
tional information. 

INPUT/OUTPUT LINES (PAO-PA7, PBO-PB7, PCO­
PC7, PDO-PD7). These 32 lines are arranged into 
four 8-bit ports (A, 8, C, and D). Ports A, B, and C 
are programmable as either inputs or outputs under 
software control of the data direction registers 

EF6805R3 

Figure 5: Open- Drain Equivalent Test Load 
(port C). 

Vcc=5 75 v 

3.34 k.n 

Test , 

Point T 30 pF (Totall 

(DDRs). Port D has up to four analog inputs, plus two 
voltage reference inputs when the AID converter is 
used (PD5NRH, PD4NRL), and an INT2 input, and 
from one to eight digital inputs. If any analog input is 
used, then the voltage reference pins (PD5NRH, 
PD4NRL) must be used in the analog mode. The two 
analog reference inputs are tied together internally 
with a resistor, therefore, if they are both used as digi­
tal inputs problems may occur. Refer to lnput!Output 
Section, AID Converter Section, and Interrupts Sec­
tion for additional information. 

MEMORY. The MCU is capable of addressing 4096 
bytes of memory and 1/0 registers with its program 
counter. The EF6805R3 MCU has implemented 
4092 of these bytes. This consists of : 3776 user 
ROM bytes, 192 self-check ROM bytes, 112 user 
RAM bytes, 7 port 1/0 bytes, 2 timer registers, 2 AID 
registers, and a miscellaneous register ; see figure 
6 for the Address map. The user ROM has been split 
into two areas. The main user ROM area is from 
$080 to $F37. The last 8 user ROM locations at the 
bottom of memory are for the interrupt vectors. 

The MCU reserves the first 16 memory locations for 
1/0 features, of which 12 have been implemented. 
These locations are used for the ports, the port 
DDRs, the timer, the INT2 miscellaneous register, 
and the AID. Of the 112 RAM bytes, 31 bytes are 
shared with the stack area. The stack must be used 
with care when data shares the stack area. 

The shared stack area is used during the process­
ing of an interrupt or subroutine calls to save the 
contents of the CPU state. The register contents are 
pushed onto the stack in the order shown in figure 7. 
Since the stack pointer decrements during pushes, 
the low order byte (PCL) of the program counter is 
stacked first, then the high order four bits (PCH) are 
stacked. This ensures that the program counter is 
loaded correctly during pulls from the stack since the 
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stack pointer increments when it pulls data from the 
stack. A subroutine call results in only the program 

counter (PCL, PCH) contents being pushed onto the 
stack ; the remaining CPU registers are not pushed. 

Figure 6 : EF6805R3 CMU Address Map. 

Interrupt 
Vector.; 

7 
000 

0 

127 
128 

4(117 

1/0 Ports 
Tomer 
RAM 

(128 Bytesl 

Main User 
ROM 

(3768 Bytes) 

Sell Check 
ROM 

1192 Bytes! 

Tuner Interrupt 

1-------
l:xternallnterrupl 

1-------
SWI 1-------

RESET 

$OOJ 

S07F 
$(8) 

SF37 
SF38 

SFF7 
SFFB 
SFF9 
SFFA 
SFFB 
SFFC 
$FFD 
SFFE 
SFFF 

76543210 

0 PortA Data 

1 Port B Data 

2 Port C Data 

3 PortO Data 

4 PonADDR* 

5 PortBDDR* 

6 PortCDDR* 

7 Not Used 

8 Timer Data Reg 

9 Tiroor Control Reg 

10 MoscReg 

11 . 
Not Used 

13 
13 Bytes! 

14 AID Control Regoster 

15 
AID Result 

16 

RAM 
1112 By!BS) 

Stack 
131 Bytes MaxKTIUml 

127 l 

• Caution : Data direction registers (DDRs) are write-only ; they read as $FF. 

Figure 7 : Interrupt Stacking Order. 

7 6 5 4 3 2 1 0 Pull 

1 I CondltJon 
1 1 Code Reg1ster n-4 n+1 

n-3 Accumulator n+2 

n-2 Index Reg1ster n+3 

n- 1 1 1 1 d PCH* n+4 

n PCL* n+5 

Push 

• For subroutine calls, only PCH and PCL are stacked. 
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sooo 
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CENTRAL PROCESSING UNIT 

The CPU of the EF6805 Family is implemented in­
dependently from the 1/0 or memory configuration. 
Consequently, it can be treated as an independent 
central processor communicating with 1/0 and 
memory via internal address, data, and control 
buses. 

REGISTERS 

The 6805 Family CPU has five registers available 
to the programmer. They are shown in figure 8 and 
are explained in the following paragraphs. 

ACCUMULATOR (A). The accumulator is a general 
purpose 8-bit register used to hold operands and re­
sults of arithmetic calculations or data manipulations. 

INDEX REGISTER (X). The index register is an 8-
bit register used for the indexed addressing mode. 
It contains an 8-bit value that may be added to an 
instruction value to create an effective address. The 
index register can also be used for data manipula­
tions using the read-modify-write instructions. The 
Index Register may also be used as a temporary 
storage area. 

PROGRAM COUNTER (PC). The program counter 
is a 12-bit register that contains the address of the 
next instruction to be executed. 

STACK POINTER (SP). The stack pointer is a 12-
bit register that contains the address of the next free 
location on the stack. During an MCU reset or the 
reset stack pointer (RSP) instruction, the stack 
pointer is set to location $07F. 

The stack pointer is then decremented as data is 
pushed onto the stack and incremented as data is 

Figure 8 : Programming Model. 

7 

I A 

7 

I X 

11 8 7 

I PCH : PCL 

11 54 

ioloioioiolllll SP 

EF6805R3 

then pulled from the stack. The seven most signifi­
cant bits of the stack pointer are permanently set to 
0000011 . Subroutines and interrupts may be nested 
down to location $061 (31 bytes maximum) which 
allows the programmer to use up to 151evels of sub­
routine calls (less if interrupts are allowed). 

CONDITION CODE REGISTER (CC). The condi­
tion code register is a 5-bit register in which four bits 
are used to indicate the results of the instruction just 
executed. These bits can be individually tested by a 
program and specific action taken as a result of their 
state. Each bit is explained in the following para­
graphs. 

Half Carry (H). Set during ADD and ADC operations 
to indicate that a carry occurred between bits 3 
and 4. 

Interrupt (I). When this bit is set, the timer and ex­
ternal interrupts (INT and INT2) are masked (dis­
abled). If an interrupt occurs while this bit is set, the 
interrupt is latched and is processed as soon as the 
interrupt bit is cleared. 

Negative (N). When set, this bit indicates that there­
sult of the last arithmetic, logical, or data manipula­
tion was negative (bit 7 in the result is a logical "1 "). 

Zero (Z).When set, this bit indicates that the result 
of the last arithmetic, logical, or data manipulation 
was zero. 

Carry/Borrow (C).When set, this bit indicates that 
a carry or borrow out of the Arithmetic Logic Unit 
(ALU) occurred during the last arithmetic operation. 
This bit is also affected during bit test and branch in­
structions plus shifts and rotates. 

0 

J Accumulator 

0 

)Index Reg1ster 

0 

J Program Counter 

0 

J Stack Po1nter 

I H r 1 I N I z 1 c I Condt!IOn Code Regtster 

~arry/Borrow 
Zero 

egauve 

Interrupt Mask 

Hall Carry 
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TIMER 

The timer circuitry for the EF6805R3 is shown in 
figure 10. The timer contains a single 8-bit software 
programmable counter with a ?-bit software select­
able prescaler. The counter may be preset under 
program control and decrements toward zero. 
When the counter decrements to zero, the timer in­
terrupt request bit, i.e., bit 7 of the timer control reg­
ister (TCR), is set. Then if the timer interrupt is not 
masked, i.e., bit 6 of the TCR and the I bit in the con­
dition code register are both cleared, the processor 
receives an interrupt. After completion of the current 
instruction, the processor proceeds to store the ap­
propriate registers on the stack, and then fetches 
the timer interrupt vector from locations $FF8 and 
$FF9 in order to begin servicing the interrupt. 

The counter continues to count after it reaches zero, 
allowing the software to determine the number of in­
ternal or external input clocks since the timer inter­
rupt request bit was set. The counter may be read 
at any time by the processor without disturbing the 
count. The contents of the counter become stable 
prior to the read portion of a cycle and do not change 
during the read. The timer interrupt request bit re­
mains set until cleared by the software. If a write oc­
curs before the timer interrupt is serviced, the 
interrupt is lost. TCR? may also be used as a 
scanned status bit in a non-interrupt mode of oper­
ation (TCR6 = 1 ). 

The prescaler is a 7-bit divider which is used to ex­
tend the maximum length of the timer. Bit 0, bit 1, 
and bit 2 of the TCR are programmed to choose the 
appropriate prescaler output which is used as the 
counter input. The processor cannot write into or 
read from the prescaler ; however, its contents are 
cleared to all zeros by the write operation into TCR 
when bit 3 of the written data equals one, which 
allows for truncation-free counting. 

The timer input can be configured for three different 
operating modes, plus a disable mode, depending 
on the value written to the TCR4 and TCR5 control 
bits. For further information see figure 9. · 

Timer Input Mode 1 - If TCR5 and TCR4 are both 
programmed to a zero, the input to the timer is from 
an internal clock and the external TIMER input is 
disabled. The internal clock mode can be used for 
periodic interrupt generation, as well as a reference 
in frequency and event measurement. The internal 
clock is the instruction cycle clock. 
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Timer Input Mode2- WithTCR5 = 0 and TCR4= 1, 
the internal clock and the TIMER input pin are 
ANDed to form the timer input signal. This mode can 
be used to measure external pulse widths. The ex­
ternal timer input pulse simply turns on the internal 
clock for the duration of the pulse widths. 

Timer Input Mode 3 - If TCR5 = 1 and TCR4 = 0, 
then all inputs to the timer are disabled. 

Timer Input Mode 4 - If TCR5 = 1 and TCR4 = 1 , 
the internal clock input to the timer is disabled and 
the TIMER input pin becomes the input to the timer. 
The external TIMER pin can, in this mode, be used 
to count external events as well as external frequen­
cies for generating periodic interrupts. 

7 6 5 4 3 2 1 0 

I TCR?I TCR61 TCR51 TCR41 TCR3'1 TCR21 TCR 1 I TCRO I $009 

• Wnte only (read as zero) 

TCR? - Timer Interrupt Request Bit : 

1 -Set when TOR goes to zero, or under pro­
gram control 

0 - Cleared on external Reset, Power-On­
Reset, or under Program Control. 

TCR6 -Timer Interrupt Mask Bit : 

1 -Timer Interrupt masked (disabled) Set on 
external Reset, Power-On-Reset, or 
under Program Control 

0 - Cleared under Program Control. 

TCR5 - External or Internal Clock Source Bit : 

1 - External Clock Source. Set on external 
Reset, Power-On-Reset, or under Pro­
gram Control 

0 - Cleared under Program Control. 

TCR4- External Enable Bit : 

TCR5 

0 
0 

1 
1 

1 - Enable external TIMER pin. Set on exter­
nal Reset, Power-On-Reset, or under 
Program Control. 

0 - Cleared under Program Control. 

TCR4 Result 

0 Internal Clock to Timer 
1 AND of Internal Clock and TIMER 

Pin to Timer 
0 Input to Timer Disabled 
1 TIMER Pin to Timer 



TCR3 -Timer prescaler reset bit : A read of TCR3 
always indicates a zero. 

1 - Set on external Reset, Power-On-Reset 
or under Program Control. 

0- Cleared under Program Control. 

TCR2, TCR1, and TCRO- Prescaler address bits : 

1 -All set on external Reset, Power-On­
Reset or under Program Control. 

0- Cleared under Program Control. 

Figure 10 :Timer Block Diagram. 

External 
Input 

EF6805R3 

Figure 9 : Timer Control Register (TCR). 

TCR2 TCR1 

0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
1 1 
1 1 

TCRO 

0 
1 
0 
1 
0 
1 
0 
1 

Counter 
8 Bits 

Cleared by Write Read 
TCR3 

Result 

+ 1 
+2 
+4 
+8 
+16 
+ 32 
+ 64 
+ 128 

Interrupt 

Software Functions 

Notes : 1. Pre scaler and 8-bit counter are clocked on the failing edge of the internal clock (AS) or external input 
2. Counter is written to dunng data strobe (OS) and counts down continuously. 

SELF-CHECK 

The self-check capability of the EF6805R3 MCU 
provides an internal check to determine if the part is 
functional. Connect the MCU as shown in figure 11 
and monitor the output of Port C bit 3 for an oscilla­
tion of approximately ?Hz. A 1 0-volt level (through 
a 1 Ok resistor) on the timer input, pin 8 and press­
ing then releasing the RESET button, energizes the 
ROM-based self-check feature. The self-check pro­
gram exercises the RAM, ROM, TIMER, AID, inter­
rupts, and 1/0 ports. 

Several of the self-check subroutines can be called 
by a user program with a JSR or BSR instruction. 
They are the RAM, ROM, and 4-channel AID tests. 
The timer routine may also be called if the timer input 
is the internal o2 clock. 

To call those subroutines in customer applications, 
please contact your local SGS THOMSON sales of­
fice in order to obtain the complete description of the 
self-check program and the entrance/exit condi­
tions. 

RAM SELF-CHECK SUBROUTINE. The RAM self­
check is called at location $F84 and returns with the 
Z bit clear if any error is detected ; otherwise the Z 
bit is set. The RAM test causes each byte·to count 
from 0 up to 0 again with a check after each count. 

The RAM test must be called with the stack pointer 
at $07F and A= 0. When run, the test checks every 
RAM cell except for $07F and $07E which are as­
sumed to contain the return address. 

The A and X registers and all RAM locations except 
$07F and $07E are modified. 
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ROM CHECKSUM SUBROUTINE- The ROM self­
check is called at location $F95. The A register 
should be cleared before calling the routine. If any 
error is detected, it returns with the Z bit cleared ; 

otherwise Z = 1, X= 0 on return, and A is zero if the 
test passes. RAM location $40 to $043 is overwrit­
ten. The checksum is the complement of the execu­
tion OR of the contents of the user ROM. 

Figure 11 :Self-check Connections. 

~- ~ RESET 

l_ -
1 40 r 10 -

Vss PAl 
39 

pFT 2 
RESET 

PA6 

3 iNl' 
PA5 1§...__ 

4 Vee 
PA4 E.. 

...L. 1 OpF PA3 36 
5 25 5 

:::r:: ~ 't ·a EX TAL 
PA2 35 

- :::r::~ 4~ PAl 34 XTAL -
PAD 33 - MHz 7 

10 k NC 

+ 

B TIMER 
10 v LED., .1/ 410 

9 PCO PSI 32 

LED .1/ ~ 470 
lO PCl 31 

.,.LED., Q- 470 EF6805R3 
P86 

11 Pe2 PB5 ~ 
LED 'l 470 

12 PC3 ~ 
~ v PB4 

c...ll Pe4 PB3 28 

--...15. PC5 P82 27 

15 PC6 P81 ~ -
16 PC7 PBO F 

,....-li. PD7 

....!.!! PD6/IINT21 PDO/ANO 24 

19 PD5/VRH PD1/AN1 23 

- Ol,.FT PD2/ AN2 22 

20 PD41VRL PD3/AN3 21 

J... 
-

• This connection depends on clock oscillator user selectable mask option. Use jumper if the RC mask option is selected 

LED Meanings 

PCO PC1 PC2 PC3 Remarks 
[1 :LED ON ; 0 :LED OFF] 

1 0 1 0 Bad 1/0 
0 0 1 0 Bad Timer 
1 1 0 0 Bad RAM 
0 1 0 0 Bad ROM 
1 0 0 0 Bad AID 
0 0 0 0 Bad Interrupts or Request Flag 

All Flashing Good Device 

Anything else bad Device, Bad Port C, etc. 
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ANALOG-TO-DIGITAL CONVERTER SELF­
CHECK. The AJD self-check is called at location 
$FAE. It returns with the Z bit cleared if any error 
was found ; otherwise the Z bit is set. The A and X 
register contents are lost. The X register must be set 
to four before the call. On return, X= 8 and AJD chan­
nel 7 is selected. The AJD test uses the internal volt­
age references and confirms port connections. 

TIMER SELF-CHECK SUBROUTINE. The timer 
self-check is called at location $F6D and returns with 
the Z bit cleared if any error was found ; otherwise 
z = 1. 

In order to work correctly as a user subroutine, the 
internal o2 clock must be the clocking source and 
interrupts must be disabled. Also, on exit, the clock 
is running and the interrupt mask is not set so the 
caller must protect from interrupts if necessary. 

The A and X register contents are lost. This routine 
sets the prescaler for divide-by-128 and the iimer 
data register is cleared. The X register is configured 
to count down the same as the timer data register. 
The two registers are then compared every 128 
cycles until they both count down to zero. Any mis-

Figure 12: Typical Reset Schmitt Trigger Hysteresis. 

Out 
Of 

Reset 

In 
Reset '" I 

O.BV 

VIRES-

I 
I 

2V 

EF6805R3 

match during the count down is considered as an 
error. The A and X registers are cleared on exit from 
the routine. 

RESET 

The MCU can be reset three wa'l§..J2yj_nitial power­
up, by the external reset input (RESET) and by an 
optional internal low-voltage detect circuit. The 
RESET input consists mainly of a Schmitt trigger 
which senses the RESET line logic level. A typical 
reset Schmitt trigger hysteresis curve is shown in 
figure 12. The Schmitt trigger provides an internal 
reset voltage if it senses a logical zero on the RESET 
pin. 

Power-On Reset (POR).An internal reset is gener­
ated upon powerup that allows the internal clock 
generator to stabilize. A delay of tRHL milliseconds 
is required before allowing the RESET input to go 
high. Refer to the power and reset timing diagram 
of figure 13. Connecting a capacitor to the RESET 
input (as illustrated in figure 14) typically provides 
sufficient delay. During powerup, the Schmitt trigger 
switches on (removes reset) when RESET rises to 
VIRES+· 

I 

4V 

VIRES+ 
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Figure 13: Power and Reset Timing. 

RESET 
Pin 

Internal 
Reset 

Figure 14: RESET Configuration. 

Delay 
Capacitor 

"Disable LVI 

Pin 2 

External Reset Input. The MCU will be reset if a 
logical zero is applied to the RESET input for a peri­
od longer than one machine cycle {!eye). Under this 
type of reset, the Schmitt trigger switches off at 
VJRES- to provide an internal reset voltage. 

Low-Voltage Inhibit (LVI). The optional low-volt­
age detection circuit causes a reset of the MCU if 
the power supply voltage falls below a certain level 
(VLvJ). The only requirement is that Vee remains at 
or below the VLvl threshold for one !eye minimum. In 

typical applications, the Vee bus filter capacitor will 
eliminate negative-going voltage glitches of less 
than one !eye. The output from the low-voltage de­
tector is connected directly to the internal reset cir­
cuitry. It also forces the RESET pin low via a strong 
discharge device through a resistor. The internal 
reset will be removed once the power supply volt­
age rises above a recovery level (VLvR), at which 
time a normal power-on-reset occurs. 

14/36 
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INTERNAL CLOCK GENERATOR OPTIONS 
The internal clock generator circuit is designed to 
require a minimum of external components. A crys­
tal, a resistor, a jumper wire, or an external signal 
may be used to generate a system clock with vari­
ous stability/cost tradeoffs. The oscillator frequency 
is internally divided by four to produce the internal 
system clocks. A manufacturing mask option is used 
to select crystal or resistor operation. 

The different connection methods are shown in 
figure 15. Crystal specifications and suggested PC 
board layouts are given in figure 16. A resistor se­
lection graph is given in figure 17. 

The crystal oscillator start-up time is a function of 
many variables: crystal parameters (especially Rs), 
oscillator load capacitances, IC parameters, am­
bient temperature, and supply voltage. To ensure 
rapid oscillator start up, neither the crystal charac­
teristics nor the load capacitances should exceed 
recommendations. 

Figure 15: Clock Generator Options. 

ISecNotel 

External 
Clock 
Input 

6 XTAL 

EF6805R3 
MCU 

(CrystBI Mask 
Option) 

Crystal 

EF6805R3 
MCU 

(Crystal Mask 
Option) 

External Clock 

EF6805R3 

When utilizing the on-board oscillator, the MCU 
should remain in a reset condition (reset pin voltage 
below ViRES+) until the oscillator has stabilized at its 
operating frequency. Several factors are involved in 
calculating the external reset capacitor required to 
satisfy this condition: the oscillator start-up voltage, 
the oscillator stabilization time, the minimum ViRES+, 
and the reset charging current specification. 

Once Vee minimum is reached, the external RESET 
capacitor will begin to charge at a rate dependent 
on the capacitor value. The charging current is sup­
plied from Vee through a large resistor, so it appears 
almost like a constant current source until the reset 
voltage rises above ViRES+· Therefore, the RESET 
pin will charge at approximately : 

(ViRES+) • Cext = IRES ·tRHL 

Assuming the external capacitor is initially dis­
charged. 

6 XTAL 

EF6805R3 
MCU 

( Ae5istor Mask 
Option) 

Aooroximately Ji% to 50% Accuracy 
T yp;ca1 'eve= t 25 ~ 
ExtemaiJu~ 

vee 
'-"VV'V--....:;.6-l XT A l 

R 
(Seo Flgu,..17) 5 EX TAL EF6805R3 

MCU 
IResistDf"MB5k 

Option) 

Appfoxrmately 10% to 25% Accuracy 
Ext~ ReSIStor 

I Excludes R=stor T oeanceJ 

Note : The recommended e, value With a 4.0MHz crystal is 27pF, maximum, including system distributed capacitance. There is an internal ca· 
pacitance of approximately 25pF on the XTAL p1n. For crystal frequencies other than 4MHz, the total capac1tance on each pin should be 
scaled as the inverse of the frequency ratio. For example, with a 2M Hz crystal, use approximately SOpF on EXTAL and approximately 
25pF on XTAL The exact value depends on the Motional-Arm parameters of the crystal used. 
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Figure 16 :Crystal Monotional Arm Parameters and Suggested PC Board Layout. 

(b) 

(al c, 

CD-EXTAL S XTAL 
5 ~ 6 

AT - Cut Parallel Resonance Crystal 
C0 =7pFMax 
Freq ~ 4 0 MHz@ CL ~ 24 pF 
Rs=50 ohms Max 

Prezoelectric ceramic resonators 
which have the equivalent speci 
ficat1ons may reused mstead of 
crystal oscillators. Follow cera­
mic resonator manufacturer's 
sugg::stions for Co. C 1, and Rs 
values 

Note :Keep crystal leads and c~rcuit connections as short as possible. 

Figure 17 : Typical Frequency Selection for Resistor (oscillator option). 
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INTERRUPTS 
The microcomputers can be interrupted four differ­
ent ways :through the external interrupt (I NT) input 
pin, the internal timer interrupt request, the external 
port D bit 6 (INT2) input pin, or the software inter­
rupt instruction (SWI). When any interrupt occurs : 
the current instruction (including SWI) is completed, 
processing is suspended, the present CPU state is 
pushed onto the stack, the interrupt bit (I) in the con­
dition code register is set, the address of the inter­
rupt routine is obtained frorn the appropriate 
interrupt vector address, and the interrupt routine is 
executed. Stacking the CPU register, setting the I 
bit, and vector fetching require a total of 11 !eye peri­
ods for colpletion. A flowchart of the interrupt se­
quence is hown in figure 18. The interrupt service 
routine m t end with a return from interrupt (RTI) 
instruction which allows the MCU to resume pro-

EF6805R3 

cessing of the program prior to the interrupt..(Qyjm­
stacking the previous CPU state). Unlike RESET, 
hardware interrupts do not cause the current in­
struction execution to be halted, but are considered 
pending until the current instruction execution is 
complete. 

When the current instruction is complete, the pro­
cessor checks all pending hardware interrupts and 
if unmasked, proceeds with interrupt processing ; 
otherwise the next instruction is fetched and ex­
ecuted. Note that masked interrupts are latched for 
later interrupt service. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the 
external interrupt is serviced first. The SWI is ex­
ecuted as any other instruction. 

Figure 18: RESET and Interrupt Processing Flochward. 

O~ODRs 

CLR INT Logic 

Lood PC 
From 

FFE/FFF 

Load PC Frum. 
SWI: FFC/FFD' 
I NT: FFNFFB 

Tim~ or 

iNT2: FF8/FF9 
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NOTE 

The timer and INT2 interrupts share the same vec­
tor address. The interrupt routine must determine 
the source by examining the interrupt request bits 
(TCR b7 and MR b7). Both TCR b7 and MR b7 can 
only be written to zero by software. 

The external interrupt, INT and INT2, are syn­
chronized and then latched on the falling edge of the 
input signal. The INT2 interrupt has an interrupt re­
quest bit (bit 7) and a mask bit (bit 6) located in the 
miscellaneous register (MR). The INT2 interrupt is 
inhibited when the mask bit is set. The INT2 is al­
ways read as a digital input on port D. The INT2 and 
timer interrupt request bits, if set, cause the MCU to 
process an interrupt when the condition code I bit is 
clear. 

Figure 19 : Typical Interrupt Circuits. 

A sinusoidal input signal (liNT maximum) can be 
used to generate an external interrupt for use as a 
zero-crossing detector. This allows applications 
such as servicing time-of-day routines and engag­
ing/disengaging ac power control devices. Off-chip 
full wave rectification provides an interrupt at every 
zero crossing of the ac signal and thereby provides 
a 2f clock. See figure 19. 

NOTE 

The INT (pin 3) is internally biased at approximate­
ly 2.2V due to the internal zero-crossing detection. 

A software interrupt (SWI) is an executable instruc­
tion which is executed regardless of the state of the 
I bit in the condition code register. SWis are usually 
used as break-points for debugging or as system 
calls. 

A/0 CONTROL REGISTER !ACAI 

7 6 5 4 3 2 1 0 

I I 1 I 1 I 1 I 1 I I I I $DOE 

B1t 7- Convers1on Complete Status Flag Set when 

conversmn is complete, cleared only on a wnte 
toACR 

Readable, not wntable 

B1ts 2, 1, 0 - A/0 mput Mux Select•on I See Table 21 
B•ts 6, 5, 4, 3 road as "ls" -unused b1ts 

(a) Zero-Crossing Interrupt (b) Digital-Signal Interrupt 

AC 
(Current =.~ Input 

""'~~- EF6805R3 
Level 3 _ 

EF6605R3 
~·· mT Digital INT 

R<1 Mfi R MCU MCU 

AC Input 0.1 -1.0 
Input 

~ 10 V acp-p p.F 

l_~ 'V '---.../" ~ 

INPUT/OUTPUT CIRCUITRY 

There are 32 input/output pins. The INT pin rnay be 
polled with branch instructions to provide an addi­
tional input pin. All pins on ports A, B, and Care pro­
grammable as either inputs or outputs under 
software control of the corresponding data direction 
register (DDR). See below 1/0 port control registers 
configuration. The port 1/0 programming is accom­
plished by writing the corresponding bit in the port 
DDR to a logic one for output or a logic zero for input. 
On reset all the DDRs are initialized to a logic zero 
state, placing the ports in the input mode. The port 
output registers are not initialized on reset and 
should be initialized by software before changing the 
DDRs from input to output. A read operation on a 
port programmed as an output will read the contents 
of the output latch regardless of the logic levels at 

the output pin, due to output loading. Refer to 
figure 20. 

7 

7 
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PORT DATA REGISTER 

Port A Addr = $000 
Port B Addr = $001 
Port C Addr = $002 
Port D Addr = $003 

PORT DATA DIRECTION REGISTER (DDR) 

(1) Write Only. reads as all "1 s" 
(2) 1 =Output, 0 = Input Cleared to 0 by Reset 
(3) Port A Addr = $004 

Port B Addr = $005 
Port C Addr = $006 

0 

0 



Figure 20 :Typical Port 1/0 Circuitry. 
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All input/output lines are TTL compatible as both in­
puts and outputs. Port A lines are CMOS compatible 
as outputs (mask option) while port B, C, and D lines 
are CMOS compatible as inputs. Port D lines are 
input only ; thus, there is no corresponding DDR. 
When programmed as outputs, port B is capable of 
sinking 1 0 milliamperes and sourcing 1 milliampere 
on each pin. 

Port D provides the reference voltage, INT2, and 
multiplexed analog inputs. All of these lines are 
shared with the port D digital inputs. Port D may al-

CAUTION 

The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, $006). 
A read operation on these registers is undefined. 
Since BSET and BCLR are read-modify-write in 
function, they cannot be used to set or clear a single 
DDR bit (all "unaffected" bits would be set). It is rec­
ommended that all DDR bits in a port be written 
using a single-store instruction. 

The latched output data bit (see figure 20) must al­
ways be written. Therefore, any write to a port writes 

EF6805R3 

*DDR rs a wntc--only reqrster and reads as all "ls" 
**Ports B,and Care three-state ports_ 
P"ort A has opt ronal Internal pullup devices to provide CMOS data 
dnve capabrlrty See Electnct:~l Characteusucs tables for complete 
rnforrPation 

ways be used as digital inputs and may also be used 
as analog inputs providing VRH and VRL are con­
nected to the appropriate reference voltages. The 
VRLand VRH lines (PD4 and PD5) are internally con­
nected to the AID resistor. Analog inputs may be 
prescaled to attain the VRL and VRH recommended 
input voltage range. 

The address map (figure 6) gives the addresses of 
data registers and data direction registers. Figure 
21 provides some examples of port connections .. 

all of its data bits even though the port DDR is set 
to input. This may be used to initialize the data reg­
ister and avoid undefined outputs ; however, care 
must be exercised when using read-modify-write in­
structions, since the data read corresponds to the 
pin level if the DDR is an input (zero) and corre­
sponds to the latched output data when the DDR is 
an output (one). 
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Figure 21 :Typical Port Connections. 

PBl 

(a) Output Modes 

!CMOS Loads) 

11 TTL Loadl 

Port A, bit 7 and bit 4 programmed as output. 
Bit 7 driving CMOS loads and bit 4 driving 
one TTL load directly using CMOS output op­
tion. 

.-----10~- + '1 

Port B. bit 0 and bit 1 programmed as output, dnv1ng 
LEOs d1rectlv 

P87 

PC7 

PC6 

PC5 

PCo\ 

PC3 

PC2 

PCl 

PCO 

(b) Input Modes 

SN74LS04 (Typical) 

TTL driving Port A directly 

CMOS and TTL dn-.mg Port C d1rectlv 
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Port B, t::it 5 programmed as output. dri .. ing Darlmg­
ton- base di rcctly 

• v 

CMOS Inverter 
MC14049f14D69 

!Ty~;call 

Port C, bits 0-3 programmed as mJiput, dnving CMOS 
leads, usmg external pullup resistors !requ1red if Port 
C IS open-drain) 

CMOS or TTL driving Port B directly 

Port 0 used as 4-channcl AID input V11th b1t 7 used as 
CMOS diQitLJI input 



ANALOG-TO-DIGITAL CONVERTER 
The EF6805R2 has an 8-bit analog-to-digital (A/D) 
converter implemented on the chip using a suc­
cessive approximation technique, as shown in 
figure 22. Up to four external analog inputs, via port 
D, are connected to the AID through a multiplexer. 
Four internal analog channels may be selected for 
calibration purposes (VRH-VRL, VRH-VRLi2, VRH-

Figure 22 : AID Block Diagram. 

POSIVRH 
PD41VRL --+ ....... 

PDO/ANO 

POllAN I 

PD2/AN2 

PD3/AN3 

Table 1 : AID Input Mux Selection. 

EF6805R3 

VRL14, and VRL). The accuracy of these internal 
channels will not necessarily meet the accuracy 
specifications of the external channels. 

The multiplexer selection is controlled by the AID 
control register (ACR) bits 0, 1, and 2 ; see table 1. 
This register is cleared during any reset condition. 

AID 
Result 

.__....__..____._..__....._ ....... _...__. Reg.ster 

8 

AID Control Register 
Input Selected 

AID Output (hex) 

ACR2 ACR1 ACRO 

0 0 0 AND 
0 0 1 AN1 
0 1 0 AN2 
0 1 1 AN3 
1 0 0 VRw 

1 .Q 1 VAL" 
1 1 0 VRH/4" 
1 1 1 VRH/2" 

• Internal (calibration) levels. 

MISCELLANEOUS REGISTER (MR) 
7 6 0 

L...-.__LI _...J...I ......:....1 _ _;_____:_ _ __:__.:....__1 --'1 $ooA 

Min. Typ. Max. 

FE FF FF 
00 00 01 
3F 40 41 
7F 80 81 

M R7 Bit 7 -INT2 interrupt request bit :set when fall­
ing edge detected on INT2 pin, must be 
cleared by software. Cleared to 0 by 
reset. 

MR6 Bit 6 -INT2 interrupt mask bit: 1 = INT2 inter-AID RESULT REGISTER (ARR) 
7 o rupt masked (disabled). Set to 1 by 

MSB LSB I $OOF reset. · 
L-----------------' MR Bits 5, 4, 3, 2, 1, 0- Read as "1 s"- unused bits. 
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Whenever the ACR is written, the conversion in pro­
gress is aborted, the conversion complete flag (ACR 
bit 7) is cleared, and the selected input is sampled 
for five machine cycles and held internally. During 
these five cycles, the analog input will appear ap-

proximately like a 25 picofarad (maximum) capaci­
tor (plus approximately 1 OpF for packaging) charg­
ing through a 2.6 kiloohm resistor (typical). Refer to 
figure 23. 

Figure 23 : Effective Analog Input Impedance (during sampling only). 

Device~2.6 kil(Typical) 
Analog 

Input I 25 pF (Maximum) 

Channel -= Virtual 
Select Ground 

The converter operates continuously using 30 ma­
chine cycles to complete a conversion of the sam­
pled analog input. When the conversion is complete, 
the digitized sample of digital value is placed in the 
AJD result register (ARR), the conversion complete 
flag is set, the selected input is sampled again, and 
a new conversion is started. 

The AiD is ratiometric. Two reference voltages (VRH 
and VRL) are supplied to the converter via port D 
pins. An input voltage equal to VRH converts to $FF 
(full scale) and an input voltage equal to VRL con­
verts to $00. An input voltage greater than VRH con­
verts to SFF and no overflow indication is provided. 
Similarly, an input voltage less than VRL, but greater 
than Vss converts to $00. Maximum and minimum 
ratings must not be exceeded. For ratiometric con­
version, the source of each analog input should use 

Figure 24 : Ideal Converter Transfer Characteristic. 

Convener 
Output 
(Hex) 

FF 
FE 
FO 
FC 
FB 
FA 
F9 
FB 

08 
07 
06 
05 
04 
OJ 
02 
01 

VRH as the supply voltage and be referenced to VRL. 
To maintain the full accuracy on the AiD, VRH should 
be equal to or less than Voo, VRL should be equal 
to or greater than Vss but less than ttte maximum 
specification and (VRH-VRL) should be equal to or 
greater than 4 volts. 
The AiD has a built-in 1/2 LSB offset intended to re­
duce the magnitude of the quantizing error to 1/2 
LSB, rather than + 0, - 1 LSB with no offset. This im­
plies that, ignoring errors, the transition point from 
$00 to $01 occurs at 1/2 LSB above VRL. Similarly, 
the transition from $FE to $FF occurs 1 1/2 LSB 
below VRH, ideally. Refer to figure 24 and 25. 
On release of reset, the AiD control register (ACR) 
is cleared therefore after reset, channel zero will be 
selected and the conversion complete flag will be 
clear. 

Error Convention 

I ±2LSBs I 
±1 LSB y 

00 -t"'..,--,.-r--,-....,-r--"v-r-.--...--..--,---r--,~ vjn 

VAL 1x 2x 3x 4x 5x 6x 250x 251x252x253x254x255x VRH 

x=~.tVRH-VRL)=1 LSB 
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Figure 25 : Types of Conversion Errors. 

(a) Offset Error (b) Full Scale Error (c) Non-Linearity 
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BIT MANIPULATION 

Digital 
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FF 

The EF6805R3 has the ability to set or clear any 
single RAM or 1/0 bit (except the data direction reg­
isters) with a single instruction (BSET, BCLR) (see 
Caution below). Any bit in page zero can be tested 
using the BRSET and BRCLR instructions and the 
program branches as a result of its state. The carry 
bit equals the value of the bit references by BRSET 
or BRCLR. The capability to working with any bit in 
RAM, ROM, or 1/0 allows the user to have individ­
ual flags in RAM or to handle single 1/0 bits as con­
trol lines. 

CAUTION 

The corresponding data direction registers for ports 
A, B, and C are write-only registers (locations $004, 
$005, and $006). A read operation on these regis-

Figure 26 : Bit Manipulation Example. 

Ready 

Seroal 
Devoce _Clock 

Data _ 

* 2, PORTA,* 

1, PORTA 

Full 
Scale 
Error 

Digital 
Output 

FF 

Non­
Lmearity 

ters is undefined. Since BSET and BCLR are read­
modify-write functions, they cannot be used to set a 
data direction register bit (all "unaffected" bits would 
be set). It is recommended that all data direction reg­
ister bits in a port be written using a single-store in­
struction. 

The coding examples shown in figure 26 illustrate 
the usefulness of the bit manipulation and test in­
struction. Assume that the microcomputer is to com­
municate with an external serial device. The 
external device has a data ready signal, a data out­
put line, and a clock line to clock data one bit at a 
time, least significant bit first, out of the device. The 
microcomputer waits until the data is ready, clocks 
the external device, picks up the data in the carry 
flag, clears the clock line, and finally accumulates 
the data bit in a random-access memory location. 

MCU 

~ 

2P 
0 

1 R 
T 

OA 
~ 

WAIT FOR READY 

NEXT 

BRSET 

BSET 
BRCLR 
BCLR 
ASR 

0, PORTA, NEXT 
1, PORTA 
RAMLOC 

CLOCK NEXT BIT IN 
PICKUP BIT IN C-BIT 
RETURN CLOCK LINE HIGH 
MOVE C-BIT INTO RAM 
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ADDRESSING MODES 

The EF6805R3 MCU has ten addressing modes 
available for use by the programmer. They are ex­
plained briefly in the following paragraphs. For ad­
ditional details and graphical illustrations, refer to the 
EF6805 Family Users Manual. 

The term "effective address" (EA) is used in describ­
ing the addressing modes. EA is defined as the ad­
dress from which the argument for an instruction is 
fetched or stored. 

IMMEDIATE. In the immediate addressing mode, 
the operand is contained in the byte immediately fol­
lowing the opcode. The immediate addressing 
mode is used to access constants which do not 
change during program execution (e.g., a constant 
used to initialize a loop counter). 

DIRECT. In the direct addressing mode, the effec­
tive address of the argument is contained in a single 
byte following the opcode byte. Direct addressing 
allows the user to directly address the lowest 256 
bytes in memory with a single 2-byte instruction. 
This address area includes all on-chip RAM and 1/0 
registers and 128 bytes of ROM. Direct addressing 
is an effective use of both memory and time. 

EXTENDED. In the extended addressing mode, the 
effective address of the argument is contained in the 
two bytes following the opcode. Instructions with ex­
tended addressing mode are capable of referencing 
arguments anywhere in memory with a single 3-byte 
instruction. When using the assembler, the user 
need not specify whether an instruction uses direct 
or extended addressing. The assembler automati­
cally selects the shortest form of the instruction. 

RELATIVE. The relative addressing mode is only 
used in branch instructions. In relative addressing, 
the contents of the 8-bit signed byte following the 
opcode (the offset) is added to the PC if, and only 
if, the branch condition is true. Otherwise, control 
proceeds to the next instruction. The span of relative 
addressing is from- 126 to + 129 from the opcode 
address. The programmer need not worry about cal­
culating the correct offset if he uses the assembler, 
since it calculates the proper offset and checks to 
see if it is within the span of the branch. 

INDEXED, NO OFFSET. In the indexed, no offset 
addressing mode, the effective address of the argu­
ment is contained in the 8-bit index register. Thus, 
this addressing mode can access the first 256 mem­
ory locations. These instructions are one byte long. 
This mode is often used to move a pointer through 
a table or to hold the address of a frequently ref­
erenced RAM or 1/0 location. 
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INDEXED, 8-BIT OFFSET. In the indexed, 8-bit off­
set addressing mode, the effective address is the 
sum of the contents of the unsigned 8-bit index reg­
ister and the unsigned byte following the opcode. 
This addressing mode is useful in selecting the kth 
element in an n element table. With this 2-byte in­
struction, k would typically be in X with the address 
of the beginning of the table in the instruction. As 
such, tables may begin anywhere within the first 256 
addressable locations and could extend as far as lo­
cation 510 ($1 FE is the last location at which the in­
struction may begin). 

INDEXED, 16-BIT OFFSET. In the indexed, 16-bit 
offset addressing mode, the effective address is the 
sum of the contents of the unsigned 8-bit index reg­
ister and the two unsigned bytes following the op­
code. This addressing mode can be used in a 
manner similar to indexed, 8-bit offset except that this 
3-byte instruction allows tables to be anywhere in 
memory. As with direct and extended, the assembler 
determines the shortest form of indexed addressing. 

BIT SET/CLEAR. In the bit seVclear addressing 
mode, the bit to be set or cleared is part of the op­
code, and the byte following the opcode specifies 
the direct address of the byte in which the specified 
bit is to be set or cleared. Thus, any read/write bit in 
the first 256 locations of memory, including 1/0, can 
be selectively set or cleared with a single 2-byte in­
struction. 

CAUTION 

The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, $006). 
A read operation on these registers is undefined. 
Since BSET and BCLR are read-modify-write in 
function, they cannot be used to set or clear a single 
DDR bit (all "unaffected" bits would be set). It is rec­
ommended that all DDR bits in a port must be writ­
ten using a single-store instruction. 

BIT TEST AND BRANCH. The bit test and branch 
addressing mode is a combination of direct address­
ing and relative addressing. The bit which is to be 
tested and condition (set or clear) is included in the 
opcode, and the address of the byte to be tested is 
in the single byte immediately following the opcode 
byte. The signed relative 8-bit offset in the third byte 
is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single 3-byte 
instruction allows the program to branch based on 
the condition of any readable bit in the first 256 loca­
tions of memory. The span of branching is from -125 
to + 130 from the opcode address. The state of the 
tested bit is also transferred to the carry bit of the con­
dition code registers. 



CAUTION 

The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, $006). 
A read operation on these registers is undefined. 
Since BSET and BCLR are read-modify-write in 
function, they cannot be used to set or clear a single 
DDR bit (all "unaffected" bits would be set). It is rec­
ommended that all DDR bits in a port must be writ­
ten using a single-store instruction. 

INHERENT. In the inherent addressing mode, all 
the information necessary to execute the instruction 
is contained in the opcode. Operations specifying 
only the index register or accumulator, as well as 
control instructions with no other arguments, are in­
cluded in this mode. These instructions are one byte 
long. 

INSTRUCTION SET 

The EF6805R3 MCU has a set of 59 basic instruc­
tions, which when combined with the 10 addressing 
modes produce 207 usable opcodes. They can be 
divided into five different types : register/memory, 
read-modify-write, branch, bit manipulation, and 
control. The following paragraphs briefly explain 
each type. All the instructions within a given type are 
presented in individual tables. 

REGISTER/MEMORY INSTRUCTIONS. Most of 
these instructions use two operands. One operand 
is either the accumulator or the index register. The 
other operand is obtained from memory using one 
of the addressing modes. The jump unconditional 
(JMP) and jump to subroutine (JSR) instructions 
have no register operand. Refer to table 1. 

EF6805R3 

READ-MODIFY-WRITE INSTRUCTIONS. These 
instr~ctions re~d a memory location or a register, 
mod1fy or test 1ts contents, and write the modified 
~alue back to memory or to the register ; see Cau­
t!on under Input/Output section. The test for nega­
tive or zero (TST) instruction is included in the 
read-modify-write instruction though it does not per­
form the write. Refer to table 2. 

BRANCH INSTRUCTIONS. The branch instruc­
tions cause a branch from the program when a cer­
tain condition is met. Refer to table 3. 

BIT MANIPULATION INSTRUCTIONS. The in­
structions are used on any bit in the first 256 bytes 
of the memory ; One group either sets or clears. The 
other group performs the bit test and branch oper­
ations. Refer to table 4. 

CAUTION 

The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, $006). 
A read operation on these registers is undefined. 
Since BSET and BCLR are read-modify-write in 
function, they cannot be used to set or clear a single 
DDR bit (all "unaffected" bits would be set). It is rec­
ommended that all DDR bits in a port must be writ­
ten using a single-store instruction. 
CONTROL INSTRUCTION. The control instruc­
tions control the MCU operations during program 
execution. Refer to table 5. 

ALPHABETICAL LISTING. The complete instruc­
tion set is given in alphabetical order in table 6. 
OPCODE MAP. Table 8 is an opcode map for the 
instruction used on the MCU. 
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~ 
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~ 
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~g: 

!:i! 
~CI 

I !I -o 
~z 

Function 

Load A from Memory 

Load X from Memory 

Store A in Memory 

Store X in Memory 

Add Memory to A 

Add Memory and 
Carry to A 

Subtract Memory 

Subtract Memory from 
A with Borrow 

AND Memory to A 

OR Memory with A 

Exclusive OR Memory 
with A 

Arithmetic Compare A 
with Memory 

Arithmetic Compare X 
with Memory 

Bit Test Memory with A 
(logical compare) 

Jump Unconditional 

Jump to Subroutine 

Mnemonic 

LDA 

LDX 

STA 

STX 

ADD 

ADC 

SUB 

S8C 

AND 

ORA 

EOR 

CMP 

CPX 

BIT 

JMP 

JSR 

Immediate Direct 

Op # # Op # II 
Code Bytes Cycles Code Bytes Cycles 

A6 2 2 B6 2 4 

AE 2 2 BE 2 4 

B7 2 5 

BF 2 5 

AB 2 2 BB 2 4 

A9 2 2 B9 2 4 

AO 2 2 BO 2 4 

A2 2 2 82 2 4 

A4 2 2 84 2 4 

AA 2 2 BA 2 4 

AS 2 2 88 2 4 

A1 2 2 B1 2 4 

A3 2 2 B3 2 4 

AS 2 2 85 2 4 

BC 2 3 

BD 2 7 

Addressing Modes 

Extended Indexed Indexed Indexed 
(no offset) (8 bit offset) (16 bit offset) 

-1 m 
Ill "T1 0" CJ) iii 00 .... 0 .. (11 

Op # # Op II # Op # # Op # # 
Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles 

C6 3 5 F6 1 4 E6 2 5 D6 3 6 

:D ::c 
(!) c.l cc 
~ 
(!) 

~ 

CE 3 5 FE 1 4 EE 2 5 DE 3 6 3 
(!) 

C7 3 6 F7 1 5 E7 2 6 D7 3 7 3 
0 

CF 3 6 FF 1 5 EF 2 6 DF 3 7 -< 
CB 3 5 FB 1 4 EB 2 5 DB 3 6 :J 

gj. 

C9 3 5 F9 1 4 E9 2 5 09 3 6 2 g_ 
0 

co 3 5 FO 1 4 EO 2 5 DO 3 6 
:::J 
~ 

C2 3 5 F2 1 4 E2 2 5 D2 3 6 

C4 3 5 F4 1 4 E4 2 5 D4 3 6 

CA 3 5 FA 1 4 EA 2 5 DA 3 6 

ca 3 5 Fa 1 4 Ea 2 5 DB 3 6 

C1 3 5 F1 1 4 E1 2 5 D1 3 6 

C3 3 5 F3 1 4 E3 2 5 D3 3 6 

C5 3 5 F5 1 4 E5 2 5 D5 3 6 

cc 3 4 FC 1 3 EC 2 4 DC 3 5 

CD 3 8 FD 1 7 ED 2 ~ DD 3 9 
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Function 

Increment 

Decrement 

Clear 

Complement 

Negate 
(2's complement) 

Rotate Left Thru Carry 

Rotate Right Thru 
Carry 

Logical Shift Left 

Logical Shift Right 

Arithmetic Shift Right 

Test for Negative or 
Zero 

Mnam 

INC 

DEC 

CLR 

COM 

NEG 

ROL 

ROR 

LSL 

LSR 

ASR 

TST 

Inherent (A) Inherent (X) 

Op # # Op # # 
Coda Bytes Cycles Code Bytes Cycles 

4C 1 4 sc 1 4 

4A 1 4 SA 1 4 

4F 1 4 SF 1 4 

43 1 4 53 1 4 

40 1 4 50 1 4 

49 1 4 59 1 4 

46 1 4 56 1 4 

48 1 4 58 1 4 

44 1 4 54 1 4 

47 1 4 57 1 4 

40 1 4 SD 1 4 

Addressing Modes 

Direct 
Indexed 
(no offset) 

Op # # Op # 
Coda Bytes Cycles Coda Bytes 

3C 2 6 7C 1 

3A 2 6 7A 1 

3F 2 6 7F 1 

33 2 6 73 1 

30 2 6 70 1 

39 2 6 79 1 

36 2 6 76 1 

38 2 6 78 1 

34 2 6 74 1 

37 2 6 77 1 

3D 2 6 . 7D 1 

Indexed 
(8 bit offset) 

# Op # # 
Cycles Code Bytes Cycles 

6 6C 2 7 

6 6A 2 7 

6 SF 2 7 

6 63 2 7 

6 60 2 7 

6 69 2 7 

6 66 2 7 

6 68 2 7 

6 64 2 7 

6 67 2 7 

6 6D 2 7 

gj 
0" 
iD 
N 

JJ 
([) 
Sll 
0. 

3 
0 
0. 

~ 
~­
~ 

m 
'"T1 
0) 
Q) 
0 
U1 
:JJ 
w 
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Table 3 : Branch Instructions. 

Relative Addressing Mode 

Function Mnemonic 
Op # # 

Code Bytes Cycles 
Branch Always BRA 20 2 4 
Branch Never BRN 21 2 4 
Branch IFF Higher BHI 22 2 4 
Branch IFF Lower or Same BLS 23 2 4 
Branch IFF Carry Clear BCC 24 2 4 
Branch IFF Higher or Same BHS 24 2 4 
Branch IFF Carry Set BCS 25 2 4 
Branch IFF Lower BLO 25 2 4 
Branch IFF Not Equal BNE 26 2 4 
Branch IFF Equal BEQ 27 2 4 
Branch IFF Half Carry Clear BHCC 28 2 4 
Branch IFF Half Carry Set BHCS 29 2 4 
Branch IFF Plus BPL 2A 2 4 
Branch IFF Minus BMI 2B 2 4 
Branch IFF interrupt mask bit is clear. BMC 2C 2 4 
Branch IFF interrupt mask bit is set. BMS 20 2 4 
Branch IFF interrupt line is low. BIL 2E 2 4 
Branch IFF interrupt line is high. BIH 2F 2 4 
Branch to Subroutine BSR AD 2 8 

Table 4 : Bit Manipulation Instructions. 

Addressing Modes 
Bit Set/clear Bit Test and Branch 

Function Mnemonic Op # # Op # # 
Code Bytes Cycles Code Bytes Cycles 

Branch IFF Bit n is set BRSET n (n = 0 ... 7) 2•n 3 10 
Branch IFF Bit n is clear BRCLR n (n = 0 ... 7) 01 + 2 • n 3 10 
Set Bit n BSET n (n = 0 ... 7) 10 + 2 • n 2 7 
Clear Bit n BCLR n (n = 0 ... 7) 11 + 2 • n 2 7 

Table 5 : Control Instructions. 

Inherent 

Function Mnemonic Op # # 
Code Bytes Cycles 

Transfer A to X TAX 97 1 2 
Transfer X to A TXA 9F 1 2 
Set Carry Bit SEC 99 1 2 
Clear Carry Bit CLC 98 1 2 
Set Interrupt Mask Bit SEI 9B 1 2 
Clear Interrupt Mask Bit CLI 9A 1 2 
Software Interrupt SWI 83 1 11 
Return from Subroutin~ RTS 81 1 6 
Return from Interrupt RTI 80 1 g 
Reset Stack Pointer RSP 9C 1 2 
No-operation NOP 90 1 2 
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Table 6: Instruction-set. 

Mnem Inherent Immediate Direct Extended 

ADC X X X 

ADD X X X 

AND X X X 

ASL X X 

ASR X X 

BCC 

BCLR 

BCS 

BEQ 

BHCC 

BHCS 

BHI 

BHS 

BIH 

BIL 

BIT X X X 

BLO 

BLS 

BMC 

BMI 

BMS 

BNE 

BPL 

BRA 

BRN 

BRCLR 

BRSET 

BSET 

BSR 

CLL X 

Condition Code Symbols : 
H Half Carry (From Bit 3) 
I Interrupt Mask 
N Negative (S1gn B1t) 
Z Zero 

Addressing Modes 

Indexed 
Relative 

(no offset) 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

EF6805R3 

Condition Code 

Indexed Indexed Bit 
Bit 

(8 B1ts) (16 B1ts) Set/clear 
Test & H 
Branch 

X X " 
X X " 
X X • 
X • 
X • 

• 
X • 

• 
• 
• 
• 
• 
• 
• 
• 

X X • 
• 
• 
• 
• 
• 
• 
• 
• 
• 

X • 
X • 

X • 
• 
• 

C Carry/Borrow 
/\ Test and Set if True, Cleared Otherw1se 

Not Affected 

I N z c 

• " " " • " " A 

• A " • • A A A 

• " A A 

• • • • 
• • • • 
• • • • 
• • • • 
• • • • 
• • • • 
• • • • 
• • • • 
• • • • 
• • • • 
• A A • 
• • • • 
• • • • 
• • • • 
• • • • 
• • • • 
• • • • 
• • • • 
• • • • 
• • • • 
• • • A 

• • • A 

• • • • 
• • • • 
• • • 0 
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Table 6 : Instruction Set (continued). 

Mnem Inherent Immediate Direct Extended 

CLI X 

CLR X X 

CMP X X X 

COM X X 

CPX X X X 

OEC X X 

EOR X X X 

INC X X 

JMP X X 

JSR X X 

LOA X X X 

LOX X X X 

LSL X X 

LSR X X 

NEQ X X 

NOP X 

ORA X X X 

ROL X X 

RSP X 

RTI X 

RTS X 

SBC X X X 

SEC X 

SEI X 

STA X X 

STX X X 

SUB X X X 

SWI X 

TAX X 

TST X X 

TXA X 

Cond1t1on Code Symbols : 

30136 

366 

H Half Carry (From B1t 3) 
I Interrupt Mask 
N Negative (Sign Bit) 
Z Zero 

Addressing Modes Condition Code 

Indexed Indexed Indexed Bit 
Bit 

Relative 
(no offset) (8 Bits) (16 Bits) Set/clear 

Test & H I N z c 
Branch 

• 0 • • • 
X X • • 0 1 • 
X X X • • " " " 
X X • • " " 1 

X X X • • " " " 
X X • • " " • 
X X X • • " " • 
X X • • " " • 
X X X • • • • • 
X X X • • • • • 
X X X • • " " • 
X X X • • " " • 
X X • • " " " 
X X • • 0 " " 
X X • • " " " • • • • • 
X X X • • " " • 
X X • • " " A 

• • • • • 
? ? ? ? ? 

• • • • • 
X X X • • A A A 

• • • • 1 

• 1 • • • 
X X X • • A A • 
X X X • • A A • 
X X X • • A A A 

• 1 • • • 
• • • • • 

X X • • A A • 
• • • • • 

C Carry/Borrow 
Test and Set if True, Cleared Otherwise 

• Not Affected 
Load CC Register From Stack 

~ SGS·ntOMSON 
... ..,, ~OilDII@rnD.lillii'IRI©IliOIC~ 
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EF6805 HMOS FAMILY 

Features EF6805P2 EF6805P6 EF6805R2 EF6805R3 EF6805U2 EF6805U3 

Technology HMOS HMOS HMOS HMOS HMOS HMOS 

Number of Pins 28 28 40 40 40 40 

On-chip RAM (bytes) 64 64 64 112 64 112 

On-chip User ROM (bytes) 1100 1796 2048 3776 2048 3776 

External Bus None None None None None None 

Bidirectional 1/0 Lines 20 20 24 24 24 24 

Unidirectional 1/0 Lines None None 6 Inputs 6 Inputs 8 Inputs 8 Inputs 

Other 1/0 Features Timer Timer Timer, AID Timer, AID Timer Timer 

External Interrupt Inputs 1 1 2 2 2 2 

STOP and WAIT No No No No No No 

31/36 

367 



w 
Ol 
(X) 

c.> 

~ 
en 

~ 
~~ 
~'!' 
~;! 
~0 
"'I: 
~en -o 
!lz 

~ 

B~Ma~lltlon 

0 

"""" 
1 

CCCI 

Br1nch 

z 
"'"" 

J 

""" 
• 

"'"" 

RIIJd.ModlfvoWrito 

• 0101 • 0110 
I 

0111 

NEG 

• _llDI_ 

Control 

• --"""-
A 

__11llll 

Oi -.­
__!llll_ 

Regllter/Mernory 

~ 
_lliXl 

~ 
__llliL 

-i-
tnn 

F 
t111 

SUB SUB SUB 

HI~ 
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D 
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I ~· I' I' BRSETI BSETI BHI 
BTB 2 BSC 2 REl 

I '" I, l' BRC .. LRI BCLRI BLS .J COM 
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_BTB 2 __ sse_ _2_ ___ AEL_ 2 CIA 1 _ _ IN~ I IN 

I ·~RCLR3 I 'BCLR3 I' BEO I" ASR I' ASRA I' ASRX I' 
~2 ~·~~2 ~~ ~· ~ 
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B.TB_ 2 BSC 2 AEL 2 CIA I INH I INI-4 J 2 

I,. I' I' BRSET7 BSET7 BIL 
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ROR 
lXIII 

ROR 
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LSL f'~ LSL 
01.1 I IX 

ROL!XI 11 ROL 

DEC 
lXI Jl 

DEC 

• 
INCI)CI \, INC LX 

TST I' TST 
!ltl I IX 

• 
CLRIXI \, CLR IX 

Abbreviation• for Addreu Modes 

INH 
IMM 
DIR 
EXT 
REL 
BSC 
BTB 
IX 
lXI 
IX2 

Inherent 
lmmedtate 
Drrect 
Extended 
Rolalovo 
Bot Sot/Clear 
Bit Test and Branch 
Indexed I No Offsotl 
Indexed, I Byte IB·B•tl Offset 
Indexed, 2 Byte 116·B•II Offset 

RTS 
1 ___ft.ltl 

II 
SWI 

I tNH 

2 

TAX 

'"" 
CLC 

ONH 

SEC 
I INH 

CLI 
I INH 

2 

SEI 
ONH 

ASP 
-"'" 

NOP 

'"" 

TXA 

'"" 

~1. I'~ I' sec ec sec sec sec sec 
IMM _ _Difl 3 _____ E_l(T L IX lXI 1 IX 

' I' I' I.---I'--, . CPX CPX CPX CPX CPX CPX 
!MM 2 DIR 3 EXT 3 1)(2 2 IX1_ __ 1 lX 

I' I' I' ['- . I' ANO AN.. AND AND ANO AND 
IMM .1. • tnh 3 EXT 3 ___ IX2 L__jXl 1 IX 

2 I' I" I' I' I' BIT BIT BIT BIT BIT BIT 
IMM 2 DIR 3 EXT 3 IX2 __ .2_ _ JX1 1 IX 

2 • 
LOA LOA 

lXI 1 IX 

I ' STA I' STA I STA I - STA 1- STA 
2 OIR 3 EXT 3 IX2 2 lXI 1 IX 

I. I' I' EOR EOR EOR EOR EOR EOR 
IMM \2 DLA l EXT 3 IX2 2_ lXIII IX 

ADC ADC ADC ADC ADC ADC ,-J. I' I'~~ IM: L__Q!!!__ 3 EXT __ 3 ~:::,; IX 

I. I' I' I' I' ORA ORA ORA ORA ORA ORA 
IMM _2 _ DIR __ 3 EXT 3 1.<2 2 lXI 1 IX 

ADD ADD ADD ADD ADD • ADD J ' 1'- I' I' _l_M_M Z OLR 3 EXT 3 IX2 2 lXI J, IX 

JMP JMP JMP JMP JMP 13 1'- 1' - l' 
2 CIA ] EXT 3 LX2 _2 lXI I I IX 

BSR I JSR I" JSR I , JSR I" JSR I JSR 
AEL 2 DLA 3 EXT 3 LX2 2 lXI 1 IX 

LOX LOX LOX LOX LOX LOX I' I' l' I' IMM I 2 DIR 3 EXT 3 IX2_ 2_ lXI I IX 

I ' STX I' STX I ' STX I' STX I - STX 
2 OIR 3 EXT 3 IX2 2 LXI 1 IX 

LEGEND 

I 
can 

2 
~o_ 

3 
_till 

4 
_lllCC 

5 
-0101 

6 
0110 

7 
om 

B 
ICM 

9 
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1010 

B 
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c 
IIClO 

D 
1101 

E 
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F 
1111 

''""'" j 0 ,f,,5 :r::: •~'"" """""'m' 
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Bytes 1 IX 0000 
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'--------- Address Mode 

~ 
tT 
CD' 
...... 

Ol 
(X) 
0 
01 

I 
s:: 
0 
Cfl 

~ 
~--< 
5" 
~ 
2 n. 
6" 
::J 

Cfl 
!!l. 
0 

8 a. 
m 
s:: 
Dl 
1' 

m ., 
0) 
CXl 
0 
CJ1 
::JJ 
(,) 



PACKAGE MECHANICAL DATA 

P SUFFIX- PLASTIC PACKAGE 

mm 

FN SUFFIX - PLCC44 

39 

ea 1,27 
Typ. 

I --i--

~ 
min. 

max 

1524 .. 
(2) 

(1) Nom mal dimension 

(2) True geomet,.cal P<><•!lon 

40 pms 

17 40 
17,65 

44 pins 

EF6805R3 
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ORDERING INFORMATION 
The information required when ordering a custom 
MCU is listed below. The ROM program may be 
transmitted to SGS-THOMSON on EPROM(s) or an 
EFDOS/MDOS* disk file. 

To initiate a ROM pattern for the MCU, it is necess­
ary to first contact your local SGS-THOMSON rep­
resentative or distributor. 

EPROMs 

Two 2716 or one 2732 type EPROMs, programmed 
with the customer program (positive logic sense for 
address and data), may be submitted for pattern 
generation. The EPROM must be clearly marked to 
indicate which EPROM corresponds to which ad­
dress space. The recommended marking proce­
dure is illustrated below : 

~ 
XXX 

BOO 

XXX= Customer ID 

After the EPROM(s) are marked, they should be 
placed in conductive IC carriers and securely 
packed. Do not use styrofoam. 

VERIFICATION MEDIA 

All original pattern media (EPROMs or floppy disk) 
are filed for contractual purposes and are not re­
turned. A computer listing of the ROM code will be 
generated and returned along with a listing verifica­
tion form. The listing should be thoroughly checked 
and the verification form completed, signed, and re­
turned to SGS THOMSON. The signed verification 
form constitutes the contractual agreement for cre­
ation of the customer mask. If desired, SGS-THOM­
SON will program on blank EPROM from the data 

file used to create the custom mask and aid in the 
verification process. 

ROM VERIFICATION UNITS (RVUs) 

Ten MCUs containing the customer's ROM pattern 
will be sent for program verification. These units will 
have been made using the custom mask but are for 
the purpose of ROM verification only. For expedi­
ency they are usually unmarked, packaged in ce­
ramic, and tested only at room temperature and 5 
volts. These RVUs are included in the mask charge 
and are not production parts. The RVUs are thus not 
guaranteed by SGS THOMSON. Quality Assur­
ance, and should be discarded after verification is 
completed. 

FLEXIBLE DISKS 

The disk media submitted must be single-sided, 
EFDOS/MDOS* compatible floppies. 

The customer must write the binary file name and 
company name on the disk with a felt-tip-pen. The 
minimum EFDOS/MDOS* system files, as well as 
the absolute binary object file (Filename .LO type of 
file) from the 6805 cross assembler, must be on the 
disk. An object file made from a memory dump using 
the ROLLOUT command is also acceptable. Con­
sider submitting a source listing as well as the fol­
lowing files : filename .LX (DEVICE/EXORciser 
loadable format) and filename .SA (ASCII Source 
Code). These files will of course be kept confiden­
tial and are used 1) to speed up the process in­
house if any problems arise, and 2) to speed up the 
user-to-factory interface if the user finds any soft­
ware errors and needs assistance quickly from 
SGS-THOMSON factory representatives. 

EFDOS is SGS-THOMSON' Disk Operating Sys­
tem available on development systems such as DE­
VICE, ... 

MDOS* is MOTOROLA's Disk Operating System 
available on development systems such as EXOR­
ciser, ... 

* Requires prior factory approval. 

Whenever ordering a custom MCU is required, please contact your local SGS-THOMSON representative or 
SGS-THOMSON distributor and/or complete and send the. attached "MCU customer ordering sheet" to your 
local SGS-THOMSON Microelectronics representative. 
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ORDER CODES 

EF6805R3 I p v 

Oe~ice _j 
Package 

Screenmg level 

Oper. temp. 

The table below horizontally shows all available suffix combinations for package, operating temperature and 
screening level. Other possibilities on request. 

Device 
Package Oper. Temp 

c J p E FN L* v T 

• • • • • 
EF6805R3 

Examples : EF6805R3P, EF6805R3FN, EF6805R3PV, EF6805R3FNV. 

Package: C :Ceramic OIL, J : Cerdip OIL, P: Plastic OIL, E: LCCC, FN: PLCC. 
Oper. temp. : * : O'C to +70'C, V : -40'C to +85'C, T : -40'C to+ 1 os·c, * : may be omitted. 
Screening level: Std: (no-end suffix), D : NFC 96883 level 0, 
G/8 : NFC 96883 level G, 8/8 : NFC 96883 level 8 and MIL-STD-883C level B. 

EXORciser IS a registered trademark of MOTOROLA Inc. 

Screening Level 

Std D G/B BiB 

• • 
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EF6805 FAMILY- MCU CUSTOMER ORDERING SHEET 

Commercial reference =I I I I I I I I I I I 

Customer's marking :I I I I I I I I I I I 

Application 

ROM capacity required : 

Temperature range : 
0 O'CI + 70'C 
0 - 40'C I + 85'C 
0 -40'C I+ 105'C 

Package 
0 Plastic 
0 PLCC 

I I I I lbytes 

PATTERN MEDIA (a listing may be supplied in addition 
for checking purposes) : 
0 EPROM Reference : 
0 EFDOSIMDOS' disk file 

0 8"floppy 
0 5" 1 14 floppy 

0 Other' 

• Requires prior factory approval 

Yearly quantity forecast : 

CUSTOMER CONTACT NAME: DATE: 

36136 

372 

Customer name 
Company 
Address 
Phone 

: ....................................... . 
: ....................................... . 
: ....................................... . 
: ....................................... . 

Specification reference ; 
0 SGS-THOMSON Microelectronics reference 

0 Special customer data reference' 

Number of interrupt vector : Ll _ _j_I _ _JI 

Quality level : 
0 STD 
0 D 
0 Other' (customer's quality specification ref.) : 

Software developped by : 
0 SGS-THOMSON Microelectronics application lab. 
0 External lab. 
0 Customer 

OPTION LIST 

-Oscillator input 
0 Xtal 
0 RC 

- Port A output drive : 
0 CMOS and TTL 
0 TTLonly 

start of production date : 
for a shipment period of : 

- Low voltage inhibit 
0 Enabled 
0 Disabled 

- Port C output drive : 
0 TTL 
0 Opendrain 

SIGNATURE: 



HARDWARE FEATURES 

• 32 TTUCMOS COMPATIBLEI/0 LINES 
• 24 BIDIRECTIONAL (8 lines are LED com-

patible) 
• 8 INPUT-ONLY 
• 2048 BYTES OF USER ROM 
• 64 BYTES OF RAM 
• SELF-CHECK MODE 
• ZERO-CROSSING DETECT/INTERRUPT 
• INTERNAL 8-BIT TIMER WITH 7-BIT MASK 

PROGRAMMABLE PRESCALER AND CLOCK 
SOURCE 

• 5V SINGLE SUPPLY 

SOFTWARE FEATURES 

• 10 POWERFUL ADDRESSING MODES 
• BYTE EFFICIENT INSTRUCTION SET WITH 

TRUE BIT MANIPULATION, BIT TEST, AND 
BRANCH INSTRUCTIONS 

• SINGLE INSTRUCTION MEMORY 
EXAMINE/CHANGE 

• POWERFUL INDEXED ADDRESSING FOR 
TABLES 

• FULL SET OF CONDITIONAL BRANCHES 
• MEMORY USABLE AS REGISTER/FLAGS 
• COMPLETE DEVELOPMENT SYSTEM SUP­

PORT ON I NICE® 

USER SELECTABLE OPTIONS 

• INTERNAL 8-BIT TIMER WITH SELECTABLE 
CLOCK SOURCE (External Timer Input or Inter­
nal Machine Clock) 

• TIMER PRESCALER OPTION (7 Bits, 2n) 
• 8 BIDIRECTIONAL 1/0 LINES WITH TTL OR 

TTUCMOS INTERFACE OPTION 
• 8 BIDIRECTIONAL 1/0 LINES WITH TTL OR 

OPEN-DRAIN INTERFACES OPTION 
• CRYSTAL OR LOW-COST RESISTOR OSCIL­

LATOR OPTION 
• LOW VOLTAGE INHIBIT OPTION 
• VECTORED INTERRUPTS TIMER, SOFT­

WARE, AND EXTERNAL 
• USER CALLABLE SELF-CHECK SUBROU­

TINES 

I NICE! rs SGS-THOMSON's development/emulation tool. 

May 1989 

EF6805U2 

8-BIT MICROCOMPUTER 
ADVANCE DATA 

CB-182 
P SUFFIX 

(Plastic Package) 

CB-521 
L SUFFIX 

PLCC44 

PIN CONNECTION 

Vss~PA7 
RESET "2 :;g PA6 

1m 3 39 PA5 

Vee . 37 PM 

EXTAL ; 36 PA3 

XTAL ' 3; PA2 

IVSS) NUM ' 34 PAl 

TIMER 8 33 PAO 

PeO 9 32 PB7 

PC1 10 31 P86 

Pe2 " "' PB5 

PC3 " " P84 

PC4 " "' PB3 

Pe5 " " PB2 

Pe6 <5 '" PB1 

Pe7 " ,; PBO 

PD7 " " POO 

PD611Nfi 18 23 PDI 

PD5 19 , PD2 

PD4 "' " PD3 

Pes t! 

2'11 PBI 
~:!!~;;~n:;n~~n 
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DESCRIPTION 
The EF6805U2 Microcomputer Unit (MCU) is a 
member of the 6805 Family of low-cost single-chip 
Microcomputers. The 8-bit microcomputer contains 
a CPU, on-chip CLOCK, ROM, RAM, 1/0, and 

TIMER. It is designed for the user who needs an 
economical microcomputer with the proven capa­
bilities of several members of the 6805 Family of 
microcomputers is shown at the end of this data 
sheet. The following are some of the hardware and 
software highlights of the EF6805U2 MCU. 

Figure 1 : EF6805U2 HMOS Microcomputer Block Diagram. 

NUM iN'f 

Port 
A 

110 
Lmes 

cc 
CPU 

Stack 

PBO Po.n1er 
SP 

PB1 Program Port PS2 Port Data Counter B PB3 B D" H1gh PCH 110 PB4 Reg Reg ALU 
lmes PBS Program 

PB6 Counter 
PB7 Low PCL 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vee Supply Voltage 

Vm Input Voltage (except TIMER in sell-check mode and 
open-drain inputs) 

V,n Input Voltage (open-drain pins, TIMER pin in self-check mode) 

TA Operating Temperature Range 
V Suffix 

(TL to TH) T Suffix 

Ts1g Storage Temperature Range 

Ti Junction Temperature Plastic Package 
PLCC 

Data 

D" 
Reg 

PCO 
PC1 

Port PC2 

c PC3 
PC4 

Port D 
Input 
Lmes 

Port 
c 

1/0 Reg 
PCS L1ncs 
PC6 
PC7 

Value 

-0.3 to+ 7.0 

- 0.3 to+ 7.0 

- 0.3 to+ 15.0 

o to+ 70 
-40 to+ 85 
-40 to+ 105 

-55 to+ 150 

150 
150 

Unit 

v 
v 

v 
oc 

oc 
oc 

ThiS deVICe contams CirCuitry to protect the mputs aga1nst damage due to high statiC voltages or electncal fields, however, it is adv1sed 
that normal precautions be taken to avo1d applicatiOn of any voltage higher than max1mum rated voltages to th1s h1gh Impedance c~rcuit. 
For proper operation 1t 1s recommended that Vm and V'"' be constramed to the range Vss s (Vm or Voo~) s Vee. Reliability of operation is 
enhanced 1f unused mputs except EXTAL are lied to an appropnate logic voltage level (e g. either Vss or Vee). 

THERMAL DATA 

Thermal Resistance 

2/33 

374 

Plastic 
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50 
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POWER CONSIDERATIONS 

The average chip-junction temperature, TJ, in 'C 
can be obtained from : 

TJ = TA +(Po · 8JA) (1) 
Where: 

TA =Ambient Temperature, 'C 
8JA = Package Thermal Resistance, Juntion­
to-Ambient, 'C/W 
Po = PiNT + PPORT 
PiNT= Icc x Vee, Watts- Chip Internal Power 
PPoRT =Port Power Dissipation, Watts- User 
Determined 

For most applications PPORT:;; PiNT and can be ne­
glected. PPORT may become significant if the device 

EF6805U2 

is configured to drive Darlington bases or sink LED 
loads. 

An approximate relationship between Po and TJ (if 
PPoRT is neglected) is : 

Po= K + (TJ + 273'C) (2) 

Solving equations 1 and 2 for K gives : 
K = Po· (T A+ 273'C) + 8JA • Po2 (3) 

Where K is a constant pretaining to the particular 
part. K can be determined from equation 3 by 
measuring Po (at equilibrium) for a known TA. Using 
this value of K the values of Po and TJ can be ob­
tained by solving equations (1) and (2) iteratively for 
any value of T A· 

ELECTRICAL CHARACTERISTICS (V cc = + 5.25Vdc ± 0.5Vdc, Vss = OVdc, T A= TL toT H unless 
otherwise noted) 

Symbol Parameter Min. Typ. Max. Unit 

V1H ln2!!!J::!jgh Voltage v 
RESET (4.75 <>Vee <> 5.75) 4.0 Vee 

- (Vee < 4.75) Vee- 0.5 Vee 
INT (4.75 <;Vee <; 5.75) 4.0 . Vee 

(Vee< 4.75) Vee- 0.5 . Vee 
All Other (except timer) 2.0 Vee 

V1H Input High Voltage Timer v 
Timer Mode 2.0 Vee+ 1.0 
Self-check Mode 9.0 10.0 15.0 

V1L Input Low Voltage v 
RESET Vss 0.8 
INT Vss . 1.5 
All Other Vss 0.8 

VIRES+ RESET Hystereris Voltages (see figures 10, 11 and 12) v 
VIRES- "Out of Reset" 2.1 4.0 

"Into Reset" 0.8 2.0 

VINT INT Zero Crossing Input Voltage, Through a 2 4 Vac p·p 
Capacitor 

Po Power Dissipation- (no port loading, Vee = 5.75V) mW 
TA = ooC 520 740 

TA=-40°C 580 800 

Cm Input Capacitance pF 
EXTAL 25 
All Other 10 

VLvR Low Voltage Recover 4.75 v 
VLv1 Low Voltage Inhibit 2.75 3.75 4.70 v 
1, Input Current J.!A 

TIMER (V, = 0.4V) 20 
INT (V, = 2.4V to Vee) 20 50 
EXTAL (V, = 2.4V to Vee -crystal option) 10 
__ (V 10 = 0.4V - crystal option) -1600 
RESET (V 10 = 0.8V) - External Capacitor Charging -40.0 -40 

Current 

• Due to rnternal bms1ng this 1nput (when unused) floats to approximately 2.2V. 
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SWITCHING CHARACTERISTICS 
(V cc = + 5.25Vdc ± 0.5Vdc, V s s = OVdc, T A = T L to T H unless otherwise noted) 

Symbol Parameter Min. Typ. Max. Unit 

fosc Oscillator Frequency 0.4 4.2 MHz 

!eye Cycle Time (4/fose) 0.95 10 J.lS 

lwL, lwH INT, INT2, and TIMER Pulse Width (see interrupt !eye + 250 ns 
section) 

IRWL RESET Pulse Width !eye + 250 ns 

f1NT INT Zero-crossing Detection Input Frequency 0.03 1 kHz 

External Clock Input Duty Cycle (EXTAL) 40 50 60 % 

Crystal Oscillator Start-up Time• 100 ms 

• See figure 16 for typical crystal parameters 

PORT ELECTRICAL CHARACTERISTICS 
(V cc = + 5.25Vdc ± 0.5Vdc, V ss = OVdc, T A = T L to T H unless otherwise noted) 

PORT A WITH CMOS DRIVE ENABLED 

Symbol Parameter Min. Typ. Max. Unit 

VOL Output Low Voltage (I Load = 1.6mA) 0.4 v 

VoH Output High Voltage v 
ILoad =-100J.lA 2.4 
I Load =- 1 OJ.lA Vee -1.0 

V1H Input High Voltage (I Load =- 300J.lA max.) 2.0 Vee v 

v,L Input Low Voltage (I Load =- 500J.lS max.) Vss 0.8 v 

I1H High Z State Input Current (V 10 = 2.0V to Vee) -300 J.lA 

ilL High Z State Input Current (V 10 = 0.4V) -500 J.lA 

PORT B 

Symbol Parameter Min. Typ. Max. Unit 

VoL Output Low Voltage v 
I Load = 3.2mA 0.4 
I Load= 10mA (sink) 1.0 

VoH Output High Voltage I Load =- 200J.lA 2.4 v 

loH Darlington Current Drive (source) Vo = 1.5V - 1.0 - 10 mA 

v,H Input High Voltage 2.0 Vee v 

V1L Input Low Voltage Vss 0.8 v 

ITS I High Z State Input Current <2 10 I.IA 

PORT C AND PORT A WITH CMOS DRIVE DISABLED 

Symbol Parameter Min. Typ. Max. Unit 

VoL Output Low Voltage I Load = 1.6mA 0.4 v 

VoH Output High Voltage I Load =- 1 OOJ.lA 2.4 v 

V1H Input High Voltage 2.0 Vee v 

v,L Input Low Voltage Vss 0.8 v 

ITS I High Z State Input Current <2 10 J.lS 
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PORT ELECTRICAL CHARACTERISTICS (continued) 

PORT C (open-drain option) 

Symbol Parameter 

V1H Input High Voltage 

V1L Input Low Voltage 

ILOo Input Leakage Current 

VoL Output Low Voltage !Load = 1.6mA 

PORTO 

Symbol Parameter 

VIH Input High Voltage 

V1L Input Low Voltage 

''" 
Input Current 

Figure 2 : TTL Equivalent Test Load (port B). 

Test 
Potnt 

4() pF * 
llotall 

vee=575V 
1N916 v 
or Equiv. ...--: 1.45 kn 

12k0 1N4148 
or Equiv. 

~ 

Figure 4 :TTL Equivalent Test Load 
(ports A and C). 

Test 
Pomt 

:ll pF 
notall 

-= 

1N916 
or Equiv. 

24 kO 

SIGNAL DESCRIPTION 

vee= 5.75 v 

The input and output signals for the MCU, shown in 
figure 1, are described in the following paragraphs. 

Vee AND Vss- Power is supplied to the MCU using 
these two pins. Vee is power and Vss is the ground 
connection. 

INT- This pin provides the capability for asynchron­
ously applying an external interrupt to the MCU. 

Min. Typ. Max. Unit 

2.0 13.0 v 
Vss 0.8 v 

<3 15 flA 

0.4 v 

Min. Typ. Max. Unit 

2.0 Vee v 
Vss 0.8 v 

< 1 5 flA 

Figure 3 : CMOS Equivalent Test Load (port A). 

Test Poant o>----1~ I 30 pf IT a< all 

Figure 5 :Open-drain Equivalent Test Load 
(port C). 

Test 
Point 

vcc=575v 
3.34 k.n 

r 30 pF !Total! 

Refer to Interrupts Section for additional informa­
tion. 

XTAL AND EXTAL - These pins provide control 
input for the on-chip clock oscillator circuit. A crys­
tal, a resistor, or an external signal, depending on 
user selectable manufacturing mask option, can be 
connected to these pins to provide a system clock 
with various degrees of stability/cost tradeoffs. Lead 
length and stray capacitance on these two pins 
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should be minimized. Refer to Internal Clock Gener­
ator Options Section for recommendations about 
these inputs. 

NUM (NON USER MODE) - This pin is not for user 
application and must be connected to Vss. 

TIMER- The pin allows an external input to be used 
to control the internal timer circuitry and also to in­
itiate the self test program. Refer to Timer Selection 
for additional information about the timer circuitry. 

RESET - This pin allows resetting of the MCU at 
times other than the automatic resetting capability 
already in the MCU. The MCU can be reset by pull­
ing RESET low. Refer to Resets Section for addi­
tional information. 

INPUT/OUTPUT LINES (PAO-PA7, PBO-PB7, PCO­
PC7, PDO-PD7) - These 32 lines are arranged into 
four 8-bit ports (A, B, C, and D). Ports A, B, and C 
are programmable as either inputs or outputs under 
software control of the data direction registers 
(DDRs). Port D is for digital input only and bit 6 may 
be used for a second interrupt INT2. Refer to 
Input/Output Section and Interrupts Section for ad­
ditional information. 

Figure 6 : EF6805U2 MCU Address Map. 

Page Zero 
Access wtth 

Shon 
InstruCtions 

7 
coo 

127 
t28 

255 
256 

t983 
1964 

3895 
3896 

4089 

Interrupt 4090 

Vectors :~~ 

I 0 Ports 
T•mer 
RAM 

1128 Bvtesl 

Page ...Zero 
User ROM 
1128 8vtesl 

Not Used 
11728 Bvtesl 

Mam User 
ROM 

11912 Bytes! 

Self-Check 
ROM 

tl92 Bytes! 

Ttmer Interrupt 

----------
External Interrupt 

----------
SWI 

{:: 
4093 
4094 
4095 

1----------
RESET 

sooo 

S07F 
$080 

~F 
$100 

S78F 
S7CO 

$F37 
SF38 

SFF7 
SFF8 
SFF9 
SFFA 
SFFB 
SFFC 
SFFD 
SFFE 
SFFF 

MEMORY- The MCU is capable of addressing 4096 
bytes of memory and 1/0 registers with its program 
counter. The EF6805U2 MCU has implemented 
2314 of these bytes. This consists of 2048 user 
ROM bytes, 192 self-check ROM bytes, 64 user 
RAM bytes, 7 port 1/0 bytes, 2 timer registers, and 
a miscellaneous register ; see figure 6 for the Ad­
dress map. The user ROM has been split into three 
areas. The main user ROM area is from $080 to 
$OFF and from $7CO to $F37. The last 8 user ROM 
locations at the bottom of memory are for the inter­
rupt vectors. 

The MCU reserves the first 16 memory locations for 
110 features, of which 1 0 have been implemented. 
These locations are used for the ports, the port 
DDRs, the timer and the INT2 miscellaneous regis­
ter, and the 64 RAM bytes, 31 bytes are shared with 
the stack area. The stack must be used with care 
when data shares the stack area. 

The shared stack area is used during the process­
ing of an interrupt or subroutine calls to save the 
contents of the CPU state. The register contents are 
pushed onto the stack in the order shown in 
figure 7. Since the stack pointer decrements during 
pushes, the low order byte (PCL) of the program. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

t1 

63 
64 

127 

76543210 

Pan A Data 

Port 8 Data 

Port C Data 

PonD Data 

Port A DDR'* 

Port B DDR* 

Port C DDR* 

Not Used 

T •mer Data Reg 

T1mer Control Heg 

M•sc Reg 

Reserved 
(53 Bytes) 

RAM 
164 Bytes! 

Stack 
131 Bytes 
Maxtmuml 

t 

sooo 
$001 

$002 

$003 

S004* 

$005* 

S006* 

$007 

$008 

$009 

SODA 

SOOB 

$03F 
$040 

S07F 

*Caut•on Data D•rect•on Aegtsters !DORsi are wnte-only, they read as SFF 
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Figure 7 : Interrupt Stacking Order. 

765432 0 Pull 

1 I Condoloon 
1 1 Code Regosler n-4 n+1 

n-3 Accumulator n+2 

n-2 Index Regzs1er n+3 

n- 1 1 1 1 11 PCH* n+4 

n PCL* n+5 

Push 

• For subrouline calls, only PCH and PCL are stacked 

CENTRAL PROCESSING UNIT 

The CPU of the EF6805 Family is implemented in­
dependently from the 1/0 or memory configuration. 
Consequently, it can be treated as an independent 
central processor communicating with 1/0 and 
memory via internal address, data, and control 
buses. 

REGISTERS 

The 6805 Family CPU has five registers available 
to the programmer. They are shown in figure 8 and 
are explained in the following paragraphs. 

ACCUMULATOR (A)- The accumulator is a general 
purpose 8-bit register used to hold operands andre-

Figure 8 : Programming Model. 

7 

I A 

7 

I X 

11 B 7 

I PCH l PCL 

11 54 

lololololol1l11 SP 

suits of arithmetic calculations or data manipula­
tions. 

I NOES REGISTER (X) -The index register is an 8-
bit register used for the indexed addressing mode. 
It contains an 8-bit value that may be added to an 
instruction value to create an effective address. The 
index register can also be used for data manipula­
tions using the read-modify-write instructions. The 
Index Register may also be used as a temporary 
storage area. 

PROGRAM COUNTER (PC) - The Program 
Counter is a 12 bit register that contains the address 
of the next instruction to be executed. 

0 

I Accumulalor 

0 

I Index Regzster 

0 

I Program Counter 

0 

I Slack Poonter 

I H l I I N I z 1 cJ Condzuon Code Regosler L.: any/Borrow 

Zero 

egatzve 

lnterrupl Mask 

Half Carry 
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STACK POINTER (SP)- The stack pointer is a 12-
bit register that contains the address of the next free 
location on the stack. During an MCU reset or the 
reset stack pointer (ASP) instruction, the stack 
pointer is set to location $07F. The stack pointer is 
then decremented as data is pushed onto the stack 
and incremented as data is then pulled from the 
stack. The seven most significant bits of the stack 
pointer are permanently set to 0000011. Subrou­
tines and interrupts may be nested down to location 
$061 (31 bytes maximum) which allows the pro­
grammer to use up to 15 levels of subroutine calls 
(less if interrupts are allowed). 

CONDITION CODE REGISTER (CC) - The condi­
tion code register is a 5-bit register in which four bits 
are used to indicate the results of the instruction just 
executed. These bits can be individually tested by a 
program and specific action taken as a result of their 
state. Each bit is explained in the following para­
graphs. 
Half Carry (H) - Set during ADD and ADC oper­
ations to indicate that a carry occurred between bits 
3 and 4. 
Interrupt (I) -When this bit is set, the timer and ex­
ternal interrupts (INT and INT2) are masked (dis­
abled). If an interrupt occurs while this bit is set, the 
interrupt is latched and is processed as soon as the 
interrupt bit is cleared. 
Negative (N) - When set, this bit indicates that the 
result of the last arithmetic, logical, or data manipu­
lation was negative (bit 7 in the result is a logical "1 "). 
Zero (Z)- When set, this bit indicates that the result 
of the last arithmetic, or data manipulation was zero. 
Carry/Borrow (C) -When set, this bit indicates that 
a carry or borrow out of the Arithmetic Logic Unit 
(ALU) occurred during the last arithmetic operation. 
This bit is also affected during bit test and branch 
instructions plus shifts and rotates. 

TIMER 

The timer circuitry for the MC6805U2 is shown in 
figure 10. The 8-bit counter may be loaded under 
program control and is decremented toward zero by 
the clock input (or prescaler output). When the timer 
reaches zero, the timer interrupt request bit (bit 7) 
in the timer control register (TCR) is set. The timer 
interrupt can be masked (disabled) by setting the 
timer interrupt mask bit (bit 6) in the TCR. The inter­
rupt bit (I bit) in the condition code register also pre­
vents a timer interrupt from being processed. The 
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MCU responds to this interrupt by saving the pres­
ent CPU state on the stack, fetching the timer inter­
rupt vector from locations $FF8 and $FF9 and 
executing the interrupt routine (see RESET, 
CLOCK, AND INTERRUPT STRUCTURE SEC­
TIONS). The timer interrupt request bit must be 
cleared by software. The interrupt request bit must 
be cleared by software. The TIMER and INT2 share 
the same interrupt vector. The interrupt routine must 
check the request bits to determine the source of 
the interrupt. 

The clock input to the timer can be from an external 
source (decrementing of timer counter occurs on a 
positive transition of the external source) applied to 
the TIMER input pin, or it can be the internal phase 
two signal. Three machine cycles are required for a 
change in state of the TIMER pin to decrement the 
timer prescaler. The maximum frequency of a sig­
nal that can be recognized by the TIMER pin logic 
is dependent on the parameter labeled twH. The pin 
logic that recognizes the high state on the pin must 
also recognize the low state on the pin in order to 
"re-arm" the internal logic. Therefore, the period can 
be calculated as follows (assumes 50/50 duty cycle 
for a given period) : 

tcyc x 2 + 250ns = period = _ 1_ 
freq 

The periods is not simply twH + twL. This computa­
tion is allowable, but it does reduce the maximum 
allowable frequency by defining an unnecessarily 
longer period (250 nanoseconds times two). 

When the phase two signal is used as the source, it 
can be gated by an input applied to the TIMER input 
pin allowing the user to easily perform pulse-width 
measurements. The source of the clock input is one 
of the mask options that is specified before manu­
facture of the MCU. 

NOTE 
For ungated phase two clock input to the timer pres­
caler, the TIMER pin should be tied to Vee. 
A prescaler option, divide by 2n, can be applied to 
the clock input that extends the timing interval up to 
a maximum of 128 counts before decrementing the 
counter. This prescaling mask option is also speci­
fied before manufacture. To avoid truncation errors, 
the prescaler is cleared when bit 3 of the timer con­
trol register is written to a logic one (this bit always 
reads a logic zero). See figure 9. 
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Figure 9: Timer Control Register (TCR). 

7 6 5 4 3 2 0 

I'------' l __ '-----'--'---'-......__,1 $009 

TCR7 - T1mer Interrupt Request Status B1t Set when TOR goes to zero, must 
be cleared by software Cleared to 0 by Reset 

TCR6 - T1mer Interrupt Mask B1t : t ~ t1mer mterrupt masked (disabled) 
Set to 1 by Reset 

TCR3 - Clear prescaler always reads as a 0, clears prescaler when written 
to a logic '"1"" 

TCR Bits 5, 4, 2, 1, 0 reads "1 s"- unused bits 

The timer continues to count past zero, falling 
through to $FF from $00 and then continuing the 
count down. Thus the counter can be read at any 
time by reading the timer data register (TOR). This 
allows a program to determine the length of time 
since a timer interrupt has occured, and not disturb 
the counting process. 

Figure 10: Timer Block Diagram. 

At power up or reset, the prescaler and counter are 
initialized with all logic ones ; the timer interrupt re­
quest bit (bit 7) is cleared and the timer interrupt 
mask bit (bit 6) is set. 

Prescaler Clear 

2" 

TIMER 
Input 
Pm 

r------, 
I I 
I I 
I I 
I I 
I I L------• 

Manufactunng 
Mask Optrons 

Wnte 

SELF-CHECK 

The self-check capability of the EF6805U2MCU 
provides an internal check to determine if the part is 
functional. Connect the MCU as shown in Figure 11 
and monitor the output of Port C bit 3 for an oscilla­
tion of approximately 7Hz. A 1 0-volt level (through 
a 1 Ok resistor) on the timer input, pin 8 and press­
ing then releasing the RESET button, energizes the 
ROM-based self-check feature. The self-check pro-

T1mer Trmer 
Interrupt Interrupt 
Request Mask 

Not Not 
Used 

~ 

0 

f 
Read Wnte Read 

Internal Data Bus 

gram exercises the RAM, ROM, TIMER, interrupts, 
and 1/0 ports. 

Several of the self-check subroutines can be called 
by a user program with a JSR or BSR instruction. 
They are the RAM, ROM, tests. The timer routine 
may also be called if the timer input is the internal 0 
2 clock. 

To call those subroutines in customer applications, 
please contact your SGS-THOMSON Microelectro-
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nics sales office in order to obtain the complete dis­
cription of the self-check program and the en­
trance/exit conditions. 

RAM SELF-CHECK SUBROUTINE- The RAM self­
check is called at location $F6F and returns with the 
Z bit clear if any error is detected ; otherwise the Z 
bit is set. The walking diagnostic pattern method is 
used on the EF6805U2. 

The RAM test must be called with the stack pointer 
at $07F. When run, the test checks every RAM cell 
except for $07F and $07E which are assumed to 
contain the return address. 

Figure 11 : Self-check connections. 

--
RESET 

j_ 

j_ -
1 r V::,::, 

10-
,.Fy 2 RESET 

3 !NT 

4 Vee 
_..I_ 1.0 ,.F 5 25 5 
:r. ......L~ •c5 

EXTAL 

- :r.~ 4~ - XTAL 

+ 

- MHz 7 NC 10 k ... B TIMER 
·~· 10V LED_./,-- ~~ 9 PCO 

LED .. 'l ~4}_0vv 
lO PCl ..,_ ._vv,. 

LEO., /,-- il~ ll PC2 

LED_., 'l _A 4J..O..."' T 12 PC3 ... vvv 

+ 

cJ]_ 
Pe4 

----.!.1 Pe5 

15 Pe6 

16 Pe7 

~ PD7 

The A and X registers and all RAM locations except 
$07F and $07E are modified. 

ROM CHECf<SUM SUBROUTINE- The ROM self­
check is called at location $FBA. If any error is de­
tected, it returns with the Z bit cleared ; otherwise Z 
= 1, X= 0 on return, and A is zero if the test passes. 
RAM location $040 to $043 is overwritten. The 
checksum is the complement of the execution OR 
of the contents of the user ROM. 

40 
PA7 

39 
PA6 

PA5 ~ 
PA4 ~ 
PA3 36 

PA2 35 

PAl 34 

PAO 
33 

PB7 
32 

PB6 31 

EF6805U2 PB5 ~ 

PB4 ~ 

PB3 28 

PB2 27 

PBl ~ -
PBO ~ 

_...!Q PD6/!INT21 PDO 24 

19 PD5 POl 23 

..L 22 O.l,.FT PD2 

20 PD4 PD3 21 

J_ 
-

• Th1s connection depends on clock oscillator user selectable mask option Use jumper if the RC mask option is selected 
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LED MEANINGS 

PCO PC1 PC2 PC3 Remarks 
(1 :LED ON ;0 :LED OFF) 

1 0 1 0 Bad 1/0 
0 0 1 0 Bad Timer 
1 1 0 0 Bad RAM 
0 1 0 0 Bad ROM 
0 0 0 0 Bad Interrupts or Request Flag 

All Flashing Good Device 

Note :Anything else bard Device, bad Port C, etc. 

TIMER SELF-CHECK SUBROUTINE - The timer 
self-check is called at location $FCF and returns 
with the Z bit cleared if any error was found ; other­
wise Z = 1. 

In order to work correctly as a user subroutine, the 
internal 0 2 clock must be the clocking source and 
interrupts must be disabled. Also, on exit, the clock 
is running and the interrupt mask is not set so the 
caller must protect from interrupts if necessary. 

The A and X register contents are lost. The timer 
self-check routine counts how many times the clock 
counts in 128 cycles. The number of counts should 
be a power of 2 since the prescaler is a power of 2. 
If not, the timer is probably not counting correctly. 
The routine also detects a timer which is not run­
ning. 

RESET 

The MCU can be reset three wa~nitial power­
up, by the external reset input (RESET) and by an 

Figure 13 : Power and Reset Timing. 

RESET 
Pin 

Internal 
Reset 

EF6805U2 

optional internal low-voltage detect circuit. The 
RESET input consists mainly of a Schmitt trigger 
which senses the RESET line logic level. A typical 
reset Schmitt trigger hysteresis curve is shown in 
figure 12. The Schmitt trigger provides an internal 
reset voltage if it senses a logical zero on the RESET 
pin. 

Power-On Reset (POR)- An internal reset is gener­
ated upon powerup that allows the internal clock 
generator to stabilize. A delay of tRHL milliseconds 
is required before allowing the RESET input to go 
high. Refer to the power and reset timing diagram 
of figure 13. Connecting a capacitor to the RESET 
input (as illustrated in figure 14) typically provides 
sufficient delay. During poerup, the Schmitt trigger 
switches on (remove reset) when RESET rises to 
ViRES+· 

Figure 12: Typical Reset Schmitt Trigger 
Hysteresis 

Out 
Of 

Reset 

In 
R~t L-+-~4--L~------

O.BV 2V 4V 

VIRES- VIRES+ 

11/33 

383 



EF6805U2 

Figure 14: RESET Configuration. 

1.0 JlF _ _..,,__H 
Typical 

Delay 
Capacitor 

• Disable LV I 

Pin 2 

External Reset Input - The MCU will be reset if a 
logical zero is applied to the RESET input for a peri­
od longer than one machine cycle (!eye). Under this 
type of reset, the Schmitt trigger switches off at VtRES 
to provide an internal voltage. 

Low-voltage Inhibit (LVI)- The optional low-volta­
ge detection circuit causes a reset of the MCU if the 
power supply voltage falls below a certain level 
(VLvt). The only requirement is that Vee remains at 
or below the VLvt threshold for one !eye minimum. In 
typical applications, the Vee bus filter capacitor will 
eliminate negative-going voltage glitches of less 
than one !eye. The output from the low voltage de­
tector is connected directly to the internal reset cir­
cuitry. It also forces the RESET pin low via a strong 
discharge device through a resistor. The internal 
reset will be removed once the power supply volt­
age rises above a recovery level (VLvR), at which 
time a normal power-on-reset occurs. 

INTERNAL CLOCK GENERATOR OPTIONS 

The internal clock generator circuit is designed to 
require a minimum of external components. A crys­
tal, a resistor, a jumper wire, or an external signal 
may be used to generate a system clock with vari­
ous stability/costtrade-offs. The oscillator frequency 
is internally divided by four to produce the internal 
system clocks. A manufacturing mask option is used 
to select crystal or resistor operation. 

The different connection methods are shown in 
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Trigger 

figure 15. Crystal specifications and suggested PC 
board layouts are given in figure 16. A resistor se­
lection graph is given in figure 17. 

The crystal oscillator start-up time is a functions of 
many variables: crystal parameters (especially Rs), 
oscillator load cpacitances, IC parameters, ambient 
temperature, and supply voltage. To ensure rapid 
oscillator start up, neither the crystal characteristics 
nor the load capacitances should exceed recom­
mendations. 

When utilizing the on-board oscillator, the MCU 
should remain in a reset condition (reset pin voltage 
below VtRES+) until the oscillator has stabilized at its 
operating frequency. Several factors are involved in 
calculating the external reset capacitor required to 
satisfy this condition :the oscillator start-up voltage, 
the oscillator stabilization time, the minimum VtRES+, 
and the reset charging current specification. 

Once Vee minimum is reached, the external RESET 
capacitor will begin to charge at a rate dependent 
on the capacitor value. The charging current is sup­
plied from V cc through a large resistor, so it appears 
almost like a constant current source until the reset 
voltage rises above VtRES+· Therefore, the RESET 
pin will charge at approximately : 

(VtRES+) • Cext = IRES • tRHL 

Assuming the external capacitor is initially dis­
charged. 



EF6805U2 

Figure 15: Clock Generator Options. 

I See Note) 

Exrernal 
Clock 
Input 

6 

6 

EF6805U2 
MCU 

(Crystal Mask 
Option) 

Crystal 

EF6805U2 
MCU 

(Crystal Mask 
Option) 

External Clock 

R 

6 XTAL 

EF6805U2 
MCU 

(Resistor Mask 
Option) 

Approx1mately 25% to 50% Accuracy 
Typ1cal 'eve= 1.251's 

External Jumper 

(See Figure 17) 5 EF6805U2 
MCU 

(Resistor Mask 
Option) 

Approximately 10% to 25% Accuracy 
External Res•stor 

!Excludes ReSIStor Tolerance) 

Note : The recommended c, value with a 4.0MHz crystal is 27pF maximum, includ1ng system distnbuted capac1tance There is an In· 

ternal capacitance of approximately 25pF on the XTAL pin For crystal frequencies other than 4MHz, the total capacitance on 
each p1n should be scaled as the 1nverse of the frequency ratio. For example, with a 2M Hz crystal, use approximately 50pF on 
EXTAL and approximately 25pF on XTAL The exact value depends on the Mollonai-Arm parameters of the crystal used. 

Figure 16 :Crystal Motional ARM Parameters and Suggested PC Board Layout. 

(b) 

(a) 

c, 

EXTAL~~XTAL 
5 ~ 6 

AT- Cut Parallel Resonance Crystal 
Co= ?pF Max. 
Freq. = 4.0MHz @ c, = 24pF 
Rs =50 ohms Max. 

Prezoelectnc ceramrc resonators which have the 
equivalent specifrcations may be used rnstead of 
crystaloscrllators.Followceramicresonatormanu­
facturer's suggestrons for Co, C1, and As values. 

(c) 

Note : Keep crystal leads and crrcwt connectrons as short as possrble 
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Figure 17 : Typical Frequency Selection for Resistor (oscillator option). 

8.0 .--,-----------------....., 

-7.0 
N 
:I: 
~ 6.0 

> :! 5.0 .. 
::J 
g 4.0 
.t 
g 3.0 
.!!! 
~ 20 c5 . 

1.0 

Vcc=5.25 v 
TA =25°C 

Resistance lkHI 

INTERRUPTS 

The microcomputers can be interrupted four differ­
ent ways :through the external interrupt (I NT) input 
pin, the internal timer interrupt request, the external 
port D bit 6 (INT2) input pin, or the software inter­
rupt instruction (SWI). When any interrupt occurs : 
the current instruction (including SWI) is completed, 
processing is suspended, the present CPU state is 
pushed onto the stack, the interrupt bit (1) in the con­
dition code register is set, the address of the inter­
rupt roL.iine is obtained from the appropriate 
interrupt vector address, and the interrupt routine is 
executed. Stacking the CPU register, setting the I 
bit, and vector fetching require a total of 11 lcyc peri­
ods for completion. A flowchart of the interrupt se­
quence is shown in figure 18. The interrupt service 
routine must end with a return from interrupt (RTI) 
instruction which allows the MCU to resume pro­
cessing of the program prior to the interrupU!2Y....L!.!!­
stacking the previous CPU state). Unlike RESET, 
hardware interrupts do not cause the current ins-
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!ruction execution to be halted, but are considered 
pending until the current instruction execution is 
complete. 

When the current instruction is complete, the pro­
cessor checks all pending hardware interrupts and 
if unmasked, proceeds with interrupt processing ; 
otherwise the next instruction is fetched and ex­
ecuted. Note that masked interrupts are latched for 
later interrupt service. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the 
external interrupt is serviced first. The SWI is ex­
ecuted as any other instruction. 

NOTE 

The timer and INT2 interrupts share the same vec­
tor address. The interrupt routine must determine 
the source by examining the interrupt request bits 
(TCR b7 and MR b7). Both b7 and MR b7 can only 
be written to zero by software. 



Figure 18: Reset and Interrupt Processing Flowchard. 

t-+1 lin CCI 
D7F-+SP 
0->DDRs 

CLR INT l.Dgic 
FF-+Ti,.... 

7F -+P,.,.,.Ier 
7F -+TCR 
7F-+MR 

Load PC 
From 

FFE/FFF 

The external interrupt, INT and INT2, are syn­
chronized and then latched on the falling edge of the 
input signal. The INT2 interrupt has an interrupt re­
quest bit (bit?) and a mask bit (bit 6) located in the 
miscellaneous register (MR). The INT2 interrupt is 
inhibited when the mask bit is set. The INT2 is al­
ways read as a digital input on port D. The INT2 and 
timer interrupt request bits, if set, cause the MCU to 
process an interrupt when the condition code I bit is 
clear. 

A sinusoidal input signal (frNT maximum) can be 
used to generate an external interrupt for use as a 
zero-crossing detector. This allows applications 
such as servicing time-of-day routines and engag-

EF6805U2 

Load PC From: 
SWI; FFC/FFD' 
INT: FFA/FFB 

T1meror 

iNTI: FFB/FF9 

ing/disengaging ac power control devices. Off-chip 
full wave rectification provides an interrupt at every 
zero crossing of the ac signal and thereby provides 
a 2f clock. See figure 19. 

NOTE 

The INT (pin 3) is internally biased at approximate­
ly 2.2V due to the internal zero-crossing detection. 

A software interrupt (SWI) is an executable instruc­
tion which is executed regardless of the state of the 
I bit in the condition code register. SWis are usually 
used as break-points for debugging or as systems 
calls. 
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Figure 19 :Typical Interrupt Circuits. 

AID CONTROL REGISTER (ACR) 

7 6 5 4 3 2 0 

L---~--_J----~--~----~--~----~--~~$00E 
B1t 7- Conversion Complete Status Flag . Set when conversion 1s complete, 

cleared only on a wnte to ACR. 
Readable, not wntable. 
B1ts 2, 1, 0 - AiD 1nput Mux Selection (see table 2). 
B1ts 6, 5, 4, 3 read as "ts"- unused b1ts. 

(a) Zero-Crossing Interrupt 

1 AC (Current 
nput Limiting) 3 -

lfiNTMax.l~ INT 
R,;;;lM!l R 
AC Input 0.1-1.0 

~ 10 V acp-p /1F 

"' = 

INPUT/OUTPUT CIRCUITRY 

EF6805U2 
MCU 

There are 32 input/output pins. The INT pin may be 
polled with branch instructions to provide an addi­
tional input pin. All pins on ports A, B, and Care pro­
grammable as either inputs or outputs under 
software control of the corresponding data direction 
register (DDR). See below 1/0 port control registers 
configuration. The port 1/0 programming is accom­
plished by writing the corresponding bit in the port 
DDR to a logic one for output or a logic zero for input. 
On reset all the DDRs are initialized to a logic zero 
state, placing the ports in the input mode. 

The port output registers are not initialized on reset 
and should be initialized by software before chang­
ing the DDRs from input to output. A read operation 
on a port programmed as an output will read the 
contents of the output latch regardless of the logic 
levels at the output pin, due to output loading. Refer 
to figure 20. 
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(b) Digital-Signal Interrupt 

vee 

TTL 4.7 K 

level 3 !NT 
D lgital----4..,_-t 
Input 

lJ 

EF6805U2 

MeU 

PORT DATA REGISTER 

7 0 

Port A Addr = $000 
Port B Addr = $001 
Port C Addr = $002 
Port D Addr = $003 

PORT DATA DIRECTION REGISTER (DDR) 

7 0 

(t) Wnte only, reads as all "ts" 
(2) t = Output, 0 = Input Cleared to 0 by Reset 
(3) Port A Addr = $004 

Port 8 Addr = $005 
Port C Addr = $006 



Figure 20 :Typical Port 1/0 Circuitry. 

Data 
Direction 
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Bit 

1 
1 
0 

Data 
Orrectrori Regrster 

811* 

Latched 
Oulput 

Data 
Bit 

Latched 
Output 

Data 
Bit 

0 
1 
X 

Output 
State 

0 
1 

High-Z** 

Input 
to 

MCU 

0 
1 

Pin 

All input/output lines are TTL compatible as both in­
puts and outputs. Port A lines are CMOS compatible 
as outputs (mask option) while port B, C, and D lines 
are CMOS compatible as inputs. Port D lines are 
input only ; thus, there is no corresponding DDR. 
When programmed as outputs, port B is capable of 
sinking 10 milliamperes and sourcing 1 milliampere 
on each pin. 

The address map (figure 6) gives the addresses of 
data registers and data direction registers. Figure 
21 provides some examples of port connections. 

CAUTION 

The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, $006). 
A read operation on these registers is undefined 

EF6805U2 

* DDR IS a wnte-only register and reads as all""1 s" 
•• Ports B. and C are three-state ports 
Port A has opt1onalmternal pullup dev1ces to prov1de CMOS data 
dnve capability. See Electncal Charactenst1cs tables for complete 
mformat1on 

Since BSET and BCLR are read-modify write in 
function, they cannot be used or clear a single DDR 
bit (all "unaffected" bits would be set). It is recom­
mended that all DDR bits in a port be written using 
a single-store instruction. 

The latched output data bit (see figure 20) must al­
ways be written. Therefore, any write to a port writes 
all of its data bits even though the port DDR is set 
to input. This may be used to initialize the data reg­
ister and avoid undefined outputs ; however, care 
must be exercised when using read-modify-write 
instructions, since the data read corresponds to the 
pin level if the DDR is an input (zero) and corres­
ponds to the latched output data when the DDR is 
an output (one). 
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Figure 21 :Typical Port Connections. 

(a) Output Modes 
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10.40$ loads! 

11 TTL load! 

Port A. bit 7 and bil4 programmed as output. 
Bit 7 driving CMOS loods and bit 4 driving 
one TTL load d~rectly using CMOS outrmt op­
tion, 

• v 

\\ 

Port B. brl 0 and bit 1 p10grammcd as output. duVJng 
l EDs d~tectlv 

PCI 

PC6 

PC5 

PC4 

PO 

PC2 

PC! 

(b) Input Modes 

SN74LS04 (Typical) 

TTL driving Pan A duectlv 

CMOS and TTL driving Pon C directly 

b1t 5 programmed as outrHJI d11vmu Oat!,ng 
lon base doreclly 

• v 

CMOS lnve<te• 
MC14049114()59 

•l \0•(311 

Port C, bits 0-3 programmed as oulpul, d11ving CMOS 
loads. using external pu!lup resistors lreqwrctl it Purl 
C r.:. open drarnl 

(typical) 

CMOS or TTL driv1ng Pori B directly 

PDQ 

rot 

PD2 

PDJ 

PD4 

PD5 

POl 

CMOS or TTL dnving Port D directly 



BIT MANIPULATION 

The EF6805U2 as the ability to set or clear any 
single RAM or 1/0 bit (except the data direction reg­
isters) with a single instruction (BSET, BCLR) (see 
Caution below). Any bit in page zero can be tested 
using the BRSET and BRCLR instructions and the 
program branches as a result of its state. The carry 
bit equals the value of the bit references by BRSET 
or BRCLR. The capability to working with any bit in 
RAM, ROM, or 1/0 allows the user to have individ­
ual flags in RAM or to handle single 1/0 bits as con­
trol lines. 

CAUTION 

The corresponding data direction registers for ports 
A, B, and C are write-only registers (locations $004, 
$005, and $006). A read operation on these regis-

Figure 22 : Bit Manipulation Example. 

BRSET 2, PORTA,* WAIT FOR READY 

BSET 1, PORTA CLOCK NEXT BIT IN 
BRCLR 0, PORTA, NEXT PICKUP BIT INC-BIT 

NEXT BCLR 1, PORTA RETURN CLOCK LINE HIGH 
ASR RAMLOC MOVE C-BIT INTO RAM 

ADDRESSING MODES 

The EF6805U2 MCU has ten addressing modes 
available for use by the programmer. They are ex­
plained briefly in the following paragraphs. For ad­
ditional details and graphical illustrations, referto the 
EF6805 Family Users Manual. 

The term "effective address" (EA) is used in describ­
ing the addressing modes. EA is defined as the ad­
dress from which the argument for an instruction is 
fetched or stored. 

Immediate -In the immediate addressing mode, the 
operand is contained in the byte immediately follow­
ing the opcode. The immediate addressing mode is 
used to access constants which do not change dur­
ing program execution (e.g., a constant used to in­
itialize a loop counter). 

Direct- In the direct addressing mode, the effective 
address of the argument is contained in a single byte 
following the opcode byte. Direct addressing allows 
the user to directly address the lowest 256 bytes in 

EF6805U2 

ters is undefined. Since BSET and BCLR are read­
modify-write functions, they cannot be used to set a 
data direction register bit (all "unaffected" bits would 
be set).lt is recommended that all data direction reg­
ister bits in a port be written using a single-store in­
struction. 

The coding examples shown in figure 22 illustrates 
the usefulness of the bit manipulation and test ins­
truction. Assume that the microcomputer is to com­
municate with an external serial device. The 
external device has a data ready signal, a data out­
put line, and a clock line to clock data one bit at a 
time, least significant bit first out of the device. The 
microcomputer waits until the data is ready, clocks 
the external device, picks up the data in the carry 
flag, clears the clock line, and finally accumulates 
the data bit in a random-access memory location. 

MCU 

Ready -
2 p 

Senal 0 
Dev1ce Clock 

1 R 
T 

Data 
OA 
f--

memory with a single 2-byte instruction. This ad­
dress area includes all on-chip RAM and 1/0 regis­
ters and 128 bytes of ROM. Direct addressing is an 
effective use of both memory and time. 

Extended - In the extended addressing mode, the 
effective address of the argument is contained in the 
two bytes following the opcode. Instructions with ex­
tended addressing mode are capable of referencing 
arguments anywhere in memory with a single 3-byte 
instruction. When using the assembler, the user 
need not specify whether an instruction uses direct 
or extended addressing. The assembler automati­
cally selects ths hortest form of the instruction. 

Relative - The relative addressing mode is only 
used in branch instructions. In relative addressing, 
the contents of the 8-bit signed byte following the 
opcode (the offset) is added to the PC if, and only 
if, the branch condition is true. Otherwise, control 
proceeds to the next instruction. The span of relative 
addressing is from - 126 to + 129 from the opcode 
address. The programmer need not worry about cal-

ID SGS·THOMSON ="'!I lilJD©Iiii@~~~!:'iiliii@lllD©~ 
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culating the correct offset if he uses the assembler, 
since it calculates the proper offset and checks to 
see if it is within the span of the branch. 

Indexed, no Offset - In the indexed, no offset ad­
dressing mode, the effective address ~f the argu­
ment is contained in the 8-bit index reg1ster. Thus, 
this addressing mode can access the first 256 mem­
ory locations. These instructions are only one ?yte 
long. This mode is often used to move a pomter 
through a table or to hold the address of a frequen­
tly referenced RAM or 110 location. 

Indexed 8-bit Offset - In the indexed, 8-bit offset 
addressi~g mode, the effective address is the sum 
of the contents of the unsigned 8-bit index register 
and the unsigned byte following the opcode. This 
addressing mode is useful in selecting the kth ele­
ment in an n element table. With this 2-byte instruc­
tion, k would typically be in X with the address of the 
beginning of the table in the instruction. As such, ta­
bles may begin anywhere within the first 256 ad­
dressable locations and could extend as far as 
location 510 ($1 FE is the last location at which the 
instruction may begin). 

Indexed 16-bit Offset - In the indexed, 16-bit off­
set addr~ssing mode, the effective address is the 
sum of the contents of the unsigned 8-bit index reg­
ister and the two unsigned bytes following the op­
code. This addressing mode can be used in a 
manner similar to indexed, 8-bit offset except that 
this 3-byte instruction allows tables to be anywhere 
in memory. As with direct and extended, the assem­
bler determines the shortest form of indexed ad­
dressing. 

Bit Set/clear- In the bit set/clear addressing mode, 
the bit to be set or cleared is part of the opcode, and 
the byte following the opcode specifies the direct ad­
dress of the byte in which the specified bit is to be 
set or cleared. Thus, any read/write bit in the first 
256 locations of memory, including 1/0, can be se­
lectively set or cleared with a single 2-byte instruc­
tion. 

CAUTION 

The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, $006). 
A read operation on these registers is undefined. 
Since BSET and BCLR are read-modify-write in 
function, they cannot be used to set or clear a ~ingle 
DDR bit (all "unaffected" bits would be set). It IS re~­
ommended that all DDR bits in a port must be wnt­
ten using a single-store instruction. 

Bit Test and Branch - The bit test and branch ad­
dressing mode is a combination of direct address-
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ing and relative addressing. The bit which is to be 
tested and condition (set or clear) is included in the 
opcode, and the address of the byte to be tested is 
in the single byte immediately following the opcode 
byte. The signed relative 8-bit offset in the third byte 
is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single 3-byte 
instruction allows the program to branch based on 
the condition of any readable bit in the first 256 lo­
cations of memory. The span of branching is from -
125 to + 130 from the opcode address. The state of 
the tested bit is also transferred to the carry bit of 
the condition code registers. 

CAUTION 

The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at_$004, _$005, $?06). 
A read operation on these registers 1s undefined. 
Since BSET and BCLR are read-modify-write in 
function, they cannot be used to set or clear a single 
DDR bit (all "unaffected" bits would be set). It is re~­
ommended that all DDR bits in a port must be wnt­
ten using a single-store i~struction. 

Inherent - In the inherent addressing mode, all the 
information necessary to execute the instruction is 
contained in the opcode. Operations specifying only 
the index register or accumulator, as well as control 
instructions with no other arguments, are included 
in this mode. These instructions are one byte long. 

INSTRUCTION SET 

The EF6805U2 MCU has a set of 59 basic instruc­
tions, which when combined with the 10 addressing 
modes produce 207 usable opcodes. They can be 
divided into five different types : register/memory, 
read-modify-write, branch, bit manipulation, and 
control. The following paragraphs briefly explain 
each type. All the instructions within a given type are 
presented in individual tables. 

Register/memory Instructions - Most of t~es~ in­
structions use two operands. One operand IS e1ther 
the accumulator or the index register. The other 
operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) 
and jump to subroutine (JSR) instructions have no 
register operand. Refer to table 1. 

Read-modify-write Instructions - These instruc­
tions read a memory location or a register, modify 
or test its contents, and write the modified value 
back to memory or to the register ; see Caution 
under Input/Output section. The test for negative or 
zero (TST) instruction is included in the read-mod­
ify-write instruction though it does not perform the 
write. Refer to table 2. 



Branch Instructions - The Branch Instructions 
cause a branch from the program when a certain 
condition is met. Refer to table 3. 

Bit Manipulation Instructions - The instructions 
are used on any bit in the first 256 bytes of the mem­
ory. One group either sets or clears. The other group 
performs the bit test and branch operations. Refer 
to Table 4. 

CAUTION 

The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, $006). 
A read operation on these registers is undefined. 

EF6805U2 

Since BSET and BCLR are read-modify-write in 
function, they cannot be used to set or clear a single 
DDR bit (all "unaffected" bits would be set). It is rec­
ommended that all DDR bits in a port must be writ­
ten using a single-store instruction. 

Control Instruction - The control instructions con­
trol the MCU operations during program execution. 
Refer to table 5. 

Alphabetical Listing- The complete instruction set 
is given in alphabetical order in table 6. 

Opcode Map- Table 7 is an opcode map for the in­
struction used on the MCU. 
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Function 

Load A from Memory 

Load X from Memory 

Store A in Memory 

Store X In Memory 

Add Memory to A 

Add Memory and 
Carry to A 

Subtract Memory 

Subtract Memory from 
A with Borrow 

AND Memory to A 

OS Memory with A 

Exclusive OR Memory 
with A 
Arithmetic Compare A 
with Memory 

Arithmetic Compare X 
with Memory 

Bn Test Memory with A 
{logical compare) 

Jump Unconditional 

Jump to Subroutine 

Immediate 

LOA AG 2 2 

LOX AE 2 2 

STA 

STX 

ADD AB 2 2 

ADC A9 2 2 

SUB AO 2 2 

SBC A2 2 2 

AND I A4 I 2 2 

ORA I AA I 2 2 

EOR IASI2 2 

CMP I A1 I 2 2 

CPX IA312 2 

BIT IA51 2 2 

JIVP 
JSR 

Direct 

R6 2 4 

BE 2 4 

B7 2 5 

SF 2 5 

BB 2 4 

89 2 4 

so 2 4 

82 2 4 

B4 I 2 4 

BA I 2 4 

B8 I 2 4 

81 I 2 4 

83 I 2 4 

85 I 2 4 

BC I 2 3 

BD I 2 7 

Addressing Modes 

Extended Indexed I Indexed I Indexed 
{no offset) {8 bit offset) {16 bit offset) 

C6 3 5 F6 4 E6 2 5 D6 3 6 

CE 3 5 FE 4 EE 2 5 DE 3 6 

C7 3 6 F7 5 E7 2 6 D7 3 7 

CF 3 6 FF 5 EF 2 6 DF 3 7 

CB 3 5 FB 4 EB 2 5 DB 3 6 

C9 3 5 F9 4 E9 2 5 D9 3 6 

co 3 5 FO 4 EO 2 5 DO 3 6 

C2 3 5 F2 4 E2 2 5 D2 3 6 

C4 I 3 5 F4 I 1 4 E4 I 2 5 04 I 3 6 

CA I 3 5 FA I 1 4 EA I 2 5 DA I 3 6 

C8 I 3 5 FB I 1 4 E8 I 2 5 DB I 3 6 

C1 I 3 5 F1 I 1 4 E1 I 2 5 D1 I 3 6 

C3 I 3 5 F3 I 1 4 E3 I 2 5 D3 I 3 6 

C5 I 3 5 F5 I 1 4 E5 I 2 5 D5 I 3 6 

cc I 3 4 FC I 1 3 EC I 2 4 DC I 3 5 

CD I 3 8 FD I 1 7 ED I 2 8 DD I 3 9 
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Function 

Increment 

Decrement 

Clear 

Complement 

Negate 
(2'S complement) 

Rotate Left Thru Carry 

Rotate Right Thru 
Carry 

Logical Shift Left 

Logical Shift Right 

Ari!hmedc Shift Right 

Test for Negadve or 
Zero 

Mnem 

INC 

DEC 

CLR 

COM 

NEG 

ROL 

ROR 

LSL 

LSR 

ASR 

TST 

lnharanl (A) lnharanl (X) 

Op II I# Op II II 
Code Byles Cycles Code Bylas Cycles 

4C 1 4 5C 1 4 

4A 1 4 SA 1 4 

4F 1 4 SF 1 4 

43 1 4 53 1 4 

40 1 4 50 1 4 

49 1 4 59 1 4 

46 1 4 56 1 4 

48 1 4 58 1 4 

44 1 4 54 1 4 

47 1 4 57 1 4 

40 1 4 50 1 4 

Addressing Modes 

Dlracl lndaxad 
(no offset) 

Op II # Op II I# 
Code Byles Cycles Code Byles Cycles 

3C 2 6 7C 1 6 

3A 2 6 7A 1 6 

3F 2 6 7F 1 6 

33 2 6 73 1 6 

30 2 6 70 1 6 

39 2 6 79 1 6 

36 2 6 76 1 6 

38 2 6 78 1 6 

34 2 6 74 1 6 

37 2 6 77 1 6 

3D 2 6 70 1 6 

lndaxad 
( 8 bit offset) 

Op II I# 
Code Byles Cycles 

6C 2 7 

6A 2 7 

6F 2 7 

63 2 7 

60 2 7 

69 2 7 

66 2 7 

68 2 7 

64 2 7 

67 2 7 

6D 2 7 
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Table 3 : Branch Instructions. 

Relative Addressing Mode 

Function Mnemonic Op # # 
Code Bytes Cycles 

Branch Always BRA 20 2 4 

Branch Never BRN 21 2 4 

Branch IFF Higher BHI 22 2 4 

Branch IFF Lower or Same BLS 23 2 4 

Branch IFF Carry Clear sec 24 2 4 

(Branch IFF Higher or Same) (BHS) 24 2 4 

Branch IFF Carry Set BCS 25 2 4 

(Branch IFF Lower) (BLO) 25 2 4 

Branch IFF Not Equal BNE 26 2 4 

Branch IFF Equal SEQ 27 2 4 

Branch IFF Half Carry Clear BHCC 28 2 4 

Branch IFF Half Carry Set BHCS 29 2 4 

Branch IFF Plus BPL 2A 2 4 

Branch IFF Minus BMI 2B 2 4 

Branch IFF interrupt mask bit is clear. BMC 2C 2 4 

Branch IFF interrupt mask bit is set. BMS 20 2 4 

Branch IFF interrupt line is low. BIL 2E 2 4 

Branch IFF interrupt line is high. BIH 2F 2 4 

Branch to Subroutine BSR AD 2 8 

Table 4 : Bit Manipulation Instructions. 

Addressing Modes 

Bit Set/clear Bit Test and Branch 
Function Mnemonic Op # # Op # # 

Code Bytes Cycles Code Bytes Cycles 

Branch IFF bit n is set. BRSET n (n = 0 ..... 7) 2 • n 3 10 

Branch IFF bit n is clear. BRCLR n (n = 0 ..... 7) 01 + 2 • n 3- 10 

Set Bit n BSET n (n = 0 ..... 7) 1 o + 2 • n 2 7 

Clear B1t n BCLR n (n = 0 ..... 7) 11 + 2 • n 2 7 
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Table 5 : Control Instructions. 

Inherent 

Function Mnemonic Op # #. 
Code Bytes Cycles 

Transfer A to X TAX 97 1 2 

Transfer X to A TXA 9F 1 2 

Set Carry Bit SEC 99 1 2 

Clear Carry Bit CLC 98 1 2 

Set Interrupt Mask Bit SEI 9B 1 2 

Clear Interrupt Mask Bit CLI 9A 1 2 

Software Interrupt SWI 83 1 11 

Return from Subroutine RTS 81 1 6 

Return from Interrupt RTI 80 1 9 

Reset Stack Pointer RSP 9C 1 2 

No-operation NOP 90 1 2 
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Table 6 : Instruction Set. 

Addressing Modes 

Indexed 
Mnem Inherent Immediate Direct Extended Relative 

(no offset) 

ADC X X X X 

ADD X X X X 

AND X X X X 

ASL X X X 

ASR X X X 

BCC X 

BCLR 

BCS X 

BEQ X 

BHCC X 

BHCS X 

BHI X 

BHS X 

BIH X 

BIL X 

BIT X X X X 

BLO X 

BLS X 

BMC X 

BMI X 

BMS X 

BNE X 

BPL X 

BRA X 

BRN X 

BRCLR 

BRSET 

BSET 

BSR X 

CLL X 

Condition Code Symbols : 
H Half Carry (from bit 3) 
I Interrupt Mask 
N Negat1ve (sign bit) 
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Indexed 

z 
c 

(8 Bits) 

X 

X 

X 

X 

X 

X 

Condition Code 

Indexed Bit 
(16 B1ts) Set/clear 

X 

X 

X 

X 

Zero 
Carry/borrow 

X 

X 

Bit 
Test & H I 
Branch 

" • 
" • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

X • • 
X • • 

• • 
• • 
• • 

Test and Set if True, Cleared Otherwise 
Not Affected 

N z c 

" " " 
A A A 

A A • 
" " " 
" " " 
• • • 
• • • 
• • • 
• • • 
• • • 
• • • 
• • • 
• • • 
• • • 
• • • 
" " • 
• • • 
• • • 
• • • 
• • • 
• • • 
• • • 
• • • 
• • • 
• • • 
• • " 
• • A 

• • • 
• • • 
• • 0 



Table 6 : Instruction Set (continued). 

Mnem Inherent Immediate Direct Extended 

CLI X 

CLR X X 

CMP X X X 

COM X X 

CPX X X X 

DEC X X 

EOR X X X 

INC X X 

JMP X X 

JSR X X 

LDA X X X 

LDX X X X 

LSL X X 

LSR X X 

NEQ X X 

NOP X 

ORA X X X 

ROL X X 

RSP X 

RTI X 

RTS X 

SBC X X X 

SEC X 

SEI X 

STA X X 

STX X X 

SUB X X X 

SWI X 

TAX X 

TST X X 

TXA X 

Cond1t1on Code Symbols : 
H Half Carry (from bit 3) 
I Interrupt Mask 
N Negative (sign b1t) 

Addressing Modes 

Indexed 
Relative 

(no offset) 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Indexed 
(8 Bits) 

z 
c 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

EF6805U2 

Condition Code 

Indexed Bit 

(16 Bits) Set/clear 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Zero 
Carry/borrow 

Bit 

Test & 
Branch 

H I 

• 0 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
? ? 

• • 
• • 
• • 
• 1 

• • 
• • 
• • 
• 1 

• • 
• • 
• • 

Test and Set if True Cleared Otherwise 
Not Affected 

N z c 

• • • 
0 1 • 
" " " 
" " 1 

" " " 
" " • 
" " • 
A A • 
• • • 
• • • 
A A • 
A A • 
A A A 

0 A " 
" " " 
• • • 
" A • 
" A A 

• • 0 

? ? ? 

• • • 
A " " 
• • 1 

• • • 
A A • 
" " • 
A A A 

• • • 
• • • 
" A • 
• • • 
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EF6805 HMOS FAMILY 

Features EF6805P2 EF6805P6 EF6805R2 EF6805R3 EF6805U2 EF6805U3 

Technology HMOS HMOS HMOS HMOS HMOS HMOS 

Number of Pins 28 28 40 40 40 40 

On-chip RAM (bytes) 64 64 64 112 64 112 

On-chip User ROM (bytes) 1100 1796 2048 3776 2048 3776 

External Bus None None None None None None 

Bidirectional 1/0 Lines 20 20 24 24 24 24 

Unidirectional 1/0 Lines None None 6 Inputs 6 Inputs 8 Inputs 8 Inputs 

Other 1/0 Features Timer Timer Timer, AID Timer, AID Timer Timer 

External Interrupt Inputs 1 1 2 2 2 2 

STOP and WAIT No No No No No No 

28/33 

400 



-1:>-
0 
~ 

~ 
~In 

~~ 
@. 

E:i! 
!;!0 
1!j!: 
~In -o :::lz 

1\) 

~ 
"' 

~ 
0 

rrm 

I 
0001 

2 

"'" 
3 

.Jm_l 

4 
_OJC:XL 

5 
0101 

6 
on 

7 
0111 

B 

'""' 
9 

I <XII 

A 
1010 

B 
1011 

c 
""' 
0 

1101 

E 

"' 
F 

1111 
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ATH 1 BSC: 2 .REL 2 0:~- l __ tNM I l"iH 2 lXI It -,.-- , .. ,----r. 

BACLRO BCLRO 
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1BRSETt f'BsEn-- 1 • 
BT91_2__________B_S_c_ 

BAN 
REl 

BHI 

"" 

NEG 

,., I' BACLAI BCLRI 
AT8 'J BSC: 

4 I' BLS COM COMA COMX 
.RH I, OtR I I INM 1 _. ___ INH 

a COM .. COM 
txlll 

LSR .,-------- ., ,-- I' I ' I' I' L' BASET2 BSET2 BCC LSA LSAA LSRX LSA 
_BJA ? BSC: 2 REt 2 OTR I tNH I _ INH.. __ ___jJf_ll I 
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'fRSETJ I' asET3 I' BNE j ' . non 1..-n~~A ·1· nonx 
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BTB 2 8SC: 2__. ___f!_fL l___Cl_q 1 INH 1 tNH 
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• ASR ' .. 
'&nsET4 f ';SET4 I' BHCC~-, LS~ I' L~L.A I' LSLX 
~· _, _, ~· -· - LSLI 6 LSL 

llCl 1 IIC 

1[ACL~~ 1 1 BCLR4 ,. BHCS 16 ROL ,. ROLA -,-r;OLX I f ROL 
BTB 2 BSC 2 REL 2 _ .. DHL _1 __ IN"' I ''-'" 2 I)( I I 1 

BSETS BPL DEC CECA DECX DEC ~~.-T- r·- -,. I' ~· 
2 ____ ____BSC_ 2 REL] PIA 1 INh I INH 2 I){ I I I -.o----r,- .,. 
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111111 
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ROL 
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lXI I I 
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Abbreviations for Address Modes 

INH 
IMM 
DIR 
EXT 
REL 
esc 
BTB 
IX 
!XI 
IX2 

Inherent 
lmmedrate 
Otrect 
Extended 
Relative 
Btt Set/ Clear 
Btt Test and Branch 
Indexed INo Offset! 
Indexed, 1 Byte 18· Boll Offset 
Indexed. 2 Byte 116-Botl Olfset 

Control Reatster/Memory 
lli!:! 

B 
_!liD_ 

RT! 

''" 
RTS 

''" 

SW! 

''" 

9 
_lOOL 

TAX 
ONH 

CLC 

'"" 

A 
-"''"-
SUB 

'"" 

OIR • _!D_!_I 
c 

.lliXL 
_,~ I ·~· 1101 1110 "" . - ·r·-- - I' SUB SUB SUB SUB SUB 

ntR I 1 o:r I 1 1x2 2 tXT ' •w · 1· ~·-·-r··-- 1·- 1· CMP CMP CMP CMP CMP CMP 
t~1U 2 CtA l EXT l 1)(2 2 lXI _ I UC 

' I' I' I. I' ,. sac sac sac sac sac sac 
tUM 2 OIA ] EXT ] IX2 2 1)(1 1 IX 

• I' I ' I' CPX CPX CPX CPX CPX CPX 
1 tMM I 2 OIR ) EXT 3 IX1 2 lXI I ' IX 

AND ANt' ANO AND AND AND 4 ,. ,. r·----L: 
'"'"·"'1. .:·1~) E_XT ) ___ IX2 2 _!XLI _____ p( . I' ,. r,-- --~· BIT BIT BIT BIT BIT BIT 
IMU I 2 DIR ] E)CT ] -- - 012 2 lXI 1 IX 

2 ,. I' ,. r,-- -,. LOA LOA LOA LOA LOA LOA 
IMM 2 __IDR ] __ EXT _3 IX7 2 !XI 1 IX 

I ' 1· I' 1· I , STA STA STA STA STA 
2 OIR 3 EXT 3 llt2 2 1)(1 1 IX 

. I' I. I' ,. EOR EOR EOA EOA EOR EOA 
IMM I 2 DtR 3 EXT 3 IX2 2 lXI _, IX 

SEC AOC AOC ADC AOC - AOC ADC ,-·J· I' I. I' I' 
tNH 12 !MM 2 DtR _ 3 EXT 3 _ tX2 2 lXI I IX 

CL! ORA ORA ORA ORA ORA ORA · - -r· -1· 1 ·- -~· 
'"'H I, "JI\ot I 2 OtR 3 EXT 3 I.IC2. 2 lXI I IX 

SE! 
ONH 

ASP 
ONH 

. I' I" I' ADD ADD ADO ADD ADD • ADD 
IM'-4 I } OtR 3 E)tT J IX2 2 lXI II IX 

2 -~~~I]_ JM~XT I J JMPIX212 JMPIXIII JMP IX 

NOP BSR JSA JSR JSR JSR JSA . I' I' tNH !2 _B_f\.1 2__ 0111 13 EXT J _ _IX2_ 2 lXI II IX 

TXA 
ONH 

LOX LOX LOX LOX LOX LOX 1.• I' ,. ~J' 12 tMM 2 OLR J ___ EX_!__] IX2 2 lXI I IX 

r,. sTx -1 "sT~- .,.,-sTx 1• sTx 1 • sTx 
2 OIR 3 EXT 3 IX2 2 lXI 1 IX' 
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PACKAGE MECHANICAL DATA 

CB-182 PLASTIC 

mm 

CB-521 
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14 
(1) 

1524 
(2) • 

(1) Nom mal d•mension 

(2) True geometrical pcx1taon 
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ORDERING INFORMATION 
The information required when ordering a custom 
MCU is listed below. The ROM program may be 
transmitted to SGS THOMSON on EPROM(s) or an 
EFDOS/MDOS* disk file. 

To initiate a ROM pattern for the MCU, it is necess­
ary to first contact your local SGS-THOMSON rep­
resentative or distributor. 

EPROMs 

Two 2716 or one 2732 type EPROMs, programmed 
with the customer program (positive logic sense for 
address and data), may be submitted for pattern 
generation. The EPROM must be clearly marked to 
indicate which EPROM corresponds to which ad­
dress space. The recommended marking proce­
dure is illustrated below : 

After the EPROM(s) are marked, they should be 
placed in conductive IC carriers and securely 
packed. Do not use styrofoam. 

VERIFICATION MEDIA 

All original pattern media (EPROMs or floppy disk) 
are filled for contractual purposes and are not re­
turned. A computer listing of the ROM code will be 
generated and returned along with a listing verifica­
tion form. The listing should be thoroughly checked 
and the verification form completed, signed, and re­
turned to SGS-THOMSON. The signed verification 
form constitutes the contractual agreement for cre­
ation of the customer mask. If desired, SGS THOM­
SON will program on blank EPROM from the data 
file used to create the custom mask and aid in the 
verification process. 

ROM VERIFICATION UNITS (RVUs) 

Ten MCUs containing the customer's ROM pattern 
will be sent for program verification. These units will 

EF6805U2 

have been made using the custom mask but are for 
the purpose of ROM verification only. For expedi­
ency they are usually unmarked, packaged in ce­
ramic, and tested only at room temperature and 5 
volts. These RVUs are included in the mask charge 
and are not production parts. The RVUs are thus not 
guaranteed by SGS THOMSON. Quality Assur­
ance, and should be discarded after verification is 
completed. 

FLEXIBLE DISKS 

The disk media submitted must be single-sided. 
EFDOS/MDOS* compatible floppies. 

The customer must write the binary file name and 
company name on the disk with a felt-tip-pen. The 
minimum EFDOS/MDOS* system files, as well as 
the absolute binary object file (Filename .LO type of 
file) from the 6805 cross assembler, must be on the 
disk. An object file made from a memory dump using 
the ROLLOUT command is also acceptable. Con­
sider submitting a source listing as well as the fol­
lowing files : filename .LX (DEVICE/EXORciser 
loadable format) and filename .SA (ASCII Source 
Code). These files will of course be kept confiden­
tial and are used 1) to speed up the process in­
house if any problems arise, and 2) to speed up the 
user-to-factory interface if the user finds any soft­
ware errors and needs assistance quickly from 
SGS-THOMSON factory representatives. 

EFDOS is SGS-THOMSON Disk Operating Sys­
tem available on development systems such as DE­
VICE ... 

MOOS* is MOTOROLA's Disk Operating System 
available on development systems such as EXOR­
ciser ... 

* Requires prior factory approval. 

Whenever ordering a custom MCU is required, please contact your local SGS-THOMSON representative 
or SGS-THOMSON distributor and/or complete and send the attached "MCU customer ordering sheet" to 
your local SGS-THOMSON Microelectronics representative. 
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ORDER CODES 

EF6805U2 p v 

Dev1ce 
'-------- Screen level 

Package '---------- Oper. temp. 

The table below horizontally shows all available suffix combinations for package, operating temperature and 
screening level. Other possibilities on request. 

Device 
Package Oper. Temp 

c J p E FN L* v T 

• • • • • 
EF6805U2 

Examples : EF6805U2P, EF6805U2FN, EF6805U2PV, EF6805U2FNV 

Package : C : Ceramic OIL, J : Cerd1p OIL, P : Plastic OIL, E : LCCC, FN : PLCC. 
Oper. temp. : L • : a·c to+ 70'C, V :- 40'C to + 85'C, T :- 4D'C to+ 1 os·c. • : may be omitted 
Screening level :Sid :(no-end suff1x), D : NFC 96883 level D, 

G/B : NFC 968831evel G, B/B : NFC 96883 level Band MIL-STD-883C level 8 

EXORciser is a registered trademark of MOTOROLA Inc. 
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EF6805U2 

EF6805 FAMILY- MCU CUSTOMER ORDERING SHEET 

Commercial reference =I I I I I I I I I I I 

Customer's marking :I I I I I I I I I I I 

Application 

ROM capacity required : 

Temperature range : 
0 o·c; + 1o·c 
0 - 40"C I+ 85"C 
0 -40"C/ + 105"C 

Package 
0 Plastic 
0 PLCC 

I I I I lbytes 

PATTERN MEDIA (a listing may be supplied in addition 
for checking purpose) : 
0 EPROM Reference : 
0 EFDOS/MDos· disk frle 

0 a·· floppy 
0 5" 1/4 floppy 

0 Other• 

• Requires prior factory approval 

Yearly quantity forecast : 

CUSTOMER CONTACT NAME DATE: 

Customer name 
Company 
Address 

: ....................................... . 
: ....................................... . 
: ....................................... . 

Phone : ....................................... . 

Specification reference ; 
0 SGS-THOMSON Microelectronics reference 

0 Special customer data reference• 

Number of interrupt vector : '-l_..._l_--'1 
Quality level : 
0 STD 
0 D 
0 Other· (customer"s quality specification ref.) : 

Software developped by : 
0 SGS-THOMSON Microelectronics application lab. 
0 Externallab. 
0 Customer 

OPTION LIST 

-Oscillator input 
0 Xtal 
0 RC 
TTL 
- Port A output drive : 
0 CMOS and TTL 

-Timer clock source 
0 Internal !(>2 clock 
0 Timer input pin 

-Timer prescaler 

- Low voltage inhibit 
0 Enabled 
0 Disabled 

- Port C output drive : 
0 TTL 

0 1 
0 2 

0 4 
0 8 

0 16 
0 32 

0 64 
0 128 

start of production date : 
for a shipment period of : 

SIGNATURE: 

33/33 

405 





HARDWARE FEATURES 

• 32 TTUCMOS COMPATIBLE 1/0 LINES 
_ 24 BIDIRECTIONAL (8 lines are LED com­

patible) 
_ 8 INPUT-ONLY 

• 3776 BYTES OF USER ROM 
• 112 BYTES OF RAM 
• SELF-CHECK MODE 
• ZERO-CROSSING DETECT/INTERRUPT 
• INTERNAL 8-BIT TIMER WITH ?-BIT SOFT­

WARE PROGRAMMABLE PRESCALER AND 
CLOCK SOURCE 

• 5V SINGLE SUPPLY 

SOFTWARE FEATURES 

• 10 POWERFUL ADDRESSING MODES 
• BYTE EFFICIENT INSTRUCTION SET WITH 

TRUE BIT MANIPULATION, BIT TEST, AND 
BRANCH INSTRUCTIONS 

• SINGLE INSTRUCTION MEMORY 
EXAMINE/CHANGE 

• POWERFUL INDEXED ADDRESSING FOR 
TABLES 

• FULL SET OF CONDITIONAL BRANCHES 
• MEMORY USABLE AS REGISTER/FLAGS 
• COMPLETE DEVELOPMENT SYSTEM SUP­

PORT ON !NICE® 

USER SELECTABLE OPTIONS 

• 8 BIDIRECTIONAL 1/0 LINES WITH TTL OR 
TTUCMOS INTERFACE OPTION 

• 8 BIDIRECTIONAL 1/0 LINES WITH TTL OR 
OPEN-DRAIN INTERFACE OPTION 

• CRYSTAL OR LOW-COST RESISTOR OSCIL­
LATOR OPTION 

• LOW VOLTAGE INHIBIT OPTION 
• VECTORED INTERRUPTS : TIMER, SOFT­

WARE, AND EXTERNAL 
• USER CALLABLE SELF-CHECK SUBROU­

TINES 

DESCRIPTION 

The EF6805U3 Microcomputer Unit (MCU) is a 
member of the 6805 Family of low-cost single-chip 
Microcomputers. The 8-bit microcomputer contains 

INICE' IS SGS-THOMSON development/emulation tool 

May 1989 

EF6805U3 

8-BIT MICROCOMPUTER UNIT 
ADVANCE DATA 

p 
(Piast1c Package) 

0 
FN 

(PLCC44) 

PIN CONNECTIONS 

Vss~PA7 
RESET ' 3'1 PA6 

iNl J J8 PA5 

Vee . 37 PA4 

fXTAl 5 36 PAJ 

XTAL ' 35 PAl 

Ne 1 34 PAl 

TIMER ' D PAO 

PCO 9 

Pel >0 " PB6 

Pe2 " D PB5 

PC3 11 29 PB4 

Pe4 ,, 
"' PBJ 

pa; 14 11 PB2 

PC6 15 26prs1 
Pe7 ,. 25 PBO 

P07 17 
,. POO 

I"D6/iNf2 IB 23 ~POl 
PD5 19 72~PD2 
PD-1 "' 21~PD3 

g ~ >'d I! li >tJ, : : : : g 
., ........ -;·~·~ 

0 
NC I 3!1 P.0.2 

TIMER I 31 PAl 

79 PBI 
':!' ~ ~ ;; 1:: 1:: ~ Pl ~;:; 1'l 

~ f 1 ~ ~ >~~ ~ ~ ~ f 

1/34 
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EF6805U3 

a CPU, on-chip CLOCK, ROM, RAM, 1/0, and 
TIMER. It is designed for the user who needs an 
economical microcomputer with the proven capa­
bilities of the 6800-based instruction set. A compari­
son of the key features of several members of the 

6805 Family of Microcomputers is shown at the end 
of this data sheet. The following are some of the 
hardware and software highlights of the EF6805U3 
MCU. 

Figure 1 : EF6805U3 HMOS Microcomputer Block Diagram. 

INT2 
Port 

A 
110 

POO 
L1nes POl 

P02 Port 

PD3 0 

PD4 lnput 
cc 

CPU P05 lmes 

Stack PD61Ti'i"f1 

P80 
Pomter 

SP 
PD7 

P81 Program Port P82 
8 

Port Data Counter 
P83 8 D" H1gh PCH 110 P84 ALU 

L1nes P85 
Reg Reg 

Program 

P86 
P87 PLU 

PCl 
PC2 Port 

Data Pan c 
D" c PC3 

Reg Reg PC4 110 
PC5 l.1nes 

PC6 
PC7 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vee Supply Voltage - 0.3 to+ 7.0 v 
v'" Input Voltage (except TIMER in self-cl1eck mode and - 0.3 to+ 7.0 v 

open-drain inputs) 

v'" Input Voltage (open-drain pins, TIMER pin in self-check mode) - 0.3 to+ 15.0 v 
TA Operating Temperature Range o to+ 70 oc 

(T L toT H) V Suffix -40 to+ 85 
T Suffix -40 to+ 105 

Tstg Storage Temperature Range -55 to+ 150 oc 
TJ Junction Temperature oc 

Plastic Package 150 
PLCC 150 

This device contains circuitry to protect the inputs against damage due to high static voltages or electrical fields, however, it is advised that normal 
precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high impedance circuit. For proper operation it 
is recommended that V, and Voo~ be constrained to the range Vss,;: (V, or Vo"),;: Vee. Reliability of operation is enhanced if unused inputs except 
EXT AL are tied to an appropriate logic voltage level (e g , etther Vss or Vee). 

THERMAL DATA 

Thermal Resistance 

2/34 
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Plastic 
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POWER CONSIDERATIONS 

The average chip-junction temperature, TJ, in ·c 
can be obtained from : 
TJ = TA+ (PD. 9JA) (1) 
Where: 
TA= Ambient Temperature, ·c 
9 JA = Package Thermal Resistance, Junction-to­
Ambient, 'C/W 
Po = PINT + PPORT 
PINT= Icc x Vee, Watts - Chip Internal Power 
PPORT= Port Power Dissipation, Watts- User Deter­
mined 

For most applications PPoRT << PrNT and can be ne­
glected. PPORT may become significant if the device 

ELECTRICAL CHARACTERISTICS 

EF6805U3 

is configured to drive Darlington bases or sink LED 
loads. 

An approximate relationship between Po and TJ (if 
PPORT is neglected) is : 
Po= K + (TJ + 273'C) (2) 
Solving equations 1 and 2 for K ~ives : 
K =Po· (TA + 273'C) + 9JA ·Po (3) 

Where K is a constant pertaining to the particular 
part. K can be determined from equation 3 by 
measuring Po (at equilibrium) for a known T A· Using 
this value of K the values of Po and TJ can be ob­
tained by solving equations (1) and (2) iteratively for 
any value of T A. 

(V cc = + 5.25Vdc ± 0.5Vdc, V ss = OVdc, T A = T L toT H unless otherwise noted) 

Symbol Parameter Min. Typ. Max. Unit 

V1H ln2!:!!J::!!gh Voltage v 
RESET (4.75 ::;; Vee ::;; 5.75) 4.0 Vee 

- (Vee< 4.75) Vee- 0.5 Vee 
INT (4.75::;; Vee::;; 5.75) 4.0 * Vee 

(Vee< 4.75) Vee- 0.5 * Vee 
All Other (except timer) 2.0 Vee 

V1H Input High Voltage Timer v 
Timer Mode 2.0 Vee+ 1.0 
Self-check Mode 9.0 10.0 15.0 

V1L Input Low Voltage v 
RESET Vss 0.8 
INT Vss * 1.5 
All Other Vss 0.8 

VIRES+ RESET Hystereris Voltages (see figures 10, 11 and 12) v 
VIRES- "Out of Reset" 2.1 4.0 

"Into Reset" 0.8 2.0 

V1NT INT Zero Crossing Input Voltage, Through a 2 4 Vac P·P 
Capacitor 

Po Power Dissipation - (no port loading, Vee = 5.75V) mW 
TA =0°C 520 740 

TA =- 40°C 580 800 

Cm Input Capacitance pF 
EXTAL 25 
All Other 10 

VLvR Low Voltage Recover 4.75 v 
VLVI Low Voltage Inhibit 2.75 3.75 4.70 v 

1m Input Current j.!A 
TIMER (Vm = 0.4V) 20 
INT (Vm = 2.4V to Vee) 20 50 
EXTAL (Vm = 2.4V to Vee -crystal option) 10 
__ (Vm = 0.4V- crystal option) -1600 
RESET (Vm = 0.8V) - External Capacitor Charging -4.0 -40 
Current 

• Due to internal b1as1ng th1s 1nput (when unused) floats to approximately 2.2V. 

3134 
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SWITCHING CHARACTERISTICS 
(V cc = + 5.25Vdc ± 0.5Vdc, V 88 = OVdc, T A = T L to T H unless otherwise noted) 

Symbol Parameter Min. Typ. Max. Unit 

fosc Oscillator Frequency 0.4 4.2 MHz 

tcyc Cycle Time (4/fosc) 0.95 10 JlS 

lwL. lwH INT. INT2, and TIMER Pulse Width (see mterrupt lcyc + 250 ns 
section) 

IRWL RESET Pulse Width tcyc + 250 ns 

f1NT INT Zero-crossing Detection Input Frequency 0.03 1 kHz 

External Clock Input Duty Cycle (EXTAL) 40 50 60 % 

Crystal Oscillator Start-up Time* 100 ms 

* See figure 16 for typical crystal parameters 

PORT ELECTRICAL CHARACTERISTICS 
(V cc = + 5.25Vdc ± 0.5Vdc, V 8 s = OVdc, T A = T L to T H unless otherwise noted) 

PORT A WITH CMOS DRIVE ENABLED 

Symbol Parameter Min. Typ. Max. Unit 

VoL Output Low Voltage (I Load = 1.6mA) 0.4 v 

VoH Output High Voltage v 
I Load =- 1 OOJ.lA 2.4 
I Load =- 1 OJ.lA Vee- 1.0 

v,H Input High Voltage (I Load =- 300JlA max.) 2.0 Vee v 

v,L Input Low Voltage (I Load =- 500JlS max.) Vss 0.8 . v 

I1H High Z State Input Current (Vm = 2.0V to Vee) -300 11A 

I,L High Z State Input Current (Vm = 0.4V) -500 11A 

PORT B 

Symbol Parameter Min. Typ. Max. Unit 

VoL Output Low Voltage v 
I Load = 3.2mA 0.4 
ILoad = 10mA (sink) 1.0 

VoH Output High Voltage I Load =- 200JlA 2.4 v 

loH Darlington Current Drive (source) Vo = 1.5V -1.0 - 10 mA 

v,H Input High Voltage 2.0 Vee v 

v,L Input Low Voltage Vss 0.8 v 

ITS I High Z State Input Current <2 10 JlA 

PORT C AND PORT A WITH CMOS DRIVE DISABLED 

Symbol Parameter Min. Typ. Max. Unit 

VoL Output Low Voltage I Load = 1.6mA 0.4 v 

VoH Output High Voltage I Load =- 1 OOJ.lA 2.4 v 

v,H Input High Voltage 2.0 Vee v 

v,L Input Low Voltage Vss 0.8 v 

ITs I High Z State Input Current <2 10 JlS 
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PORT C (open-drain option) 

Symbol Parameter 

V1H Input High Voltage 

VIL Input Low Voltage 

ILQD Input Leakage Current 

VoL Output Low Voltage I Load = 1.6mA 

PORT D 

Symbol Parameter 

V1H Input High Voltage 

VIL Input Low Voltage 

ion Input Current 

Figure 2 :TIL Equivalent Test Load (port B). 

Test 

Pomt 

vcc=5 75V 

1N916 V 
or Equiv. ----: 1.45 kn 

40pF;;:[' 12k0 1N4148 
or Equiv_ !l otan 

Figure 4 : TIL Equivalent Test Load 
(port A and C). 

Test 

Po1nt 

30 pF 
notal} 

Vcc=5.75v 

EF6805U3 

Min. Typ. Max. Unit 

2.0 13.0 v 
Vss 0.8 v 

<3 15 JlA 
0.4 v 

Min. Typ. Max. Unit 

2.0 Vee v 
Vss 0.8 v 

< 1 5 JlA 

Figure 3 :CMOS Equivalent Test Load (port A). 

Test Pomt o---1..., I 30 pF IT otoll 

Figure 5 : Open-drain Equivalent Test Load 
(port C). 

Test 
Point 

vee= 5.75 v 
3.34 kn 

T 30 pF (T otall 
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SIGNAL DESCRIPTION 
The input and output signals for the MCU, shown in 
figure 1, are described in the following paragraphs. 

Vee AND Vss- Power is supplied to the MCU using 
these two pins. Vee is power and Vss is the ground 
connection. 

INT- This pin provides the capability for asynchron­
ously applying an external interrupt to the MCU. 
Refer to Interrupts Section for additional informa­
tion. 

XTAL AND EXTAL - These pins provide control 
input for the on-chip clock oscillator circuit. A crys­
tal, a resistor, or an external signal, depending on 
user selectable manufacturing mask option, can be 
connected to these pins to provide a system clock 
with various degrees of stability/cost tradeoffs. Lead 
length and stray capacitance on these two pins 
should be minimized. Refer to Internal Clock Gener­
ator Options Section for recommendations about 
these inputs. 

NOTE : Pin 7 in OIL package/pin 8 in PLCC pack­
age is connected to internal protection. 

TIMER- The pin allows an external input to be used 
to control the internal timer circuitry and also to in­
itiate the self test program. Refer to Timer Section 
for additional information about the timer circuitry. 

RESET - This pin allows resetting of the MCU at 
times other than the automatic resetting capability 
already in the MCU. The MCU can be reset by pull­
ing RESET low. Refer to Resets Section for addi­
tional information. 

INPUT/OUTPUTLINES (PAO-PA7, PBO-PB7, PCO­
PC7, PDO-PD7) -These 32 lines are arranged into 
four 8-bit ports (A, B, C, and D). Ports A, B, and C 
are programmable as either inputs or outputs under 
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software control of the data direction registers 
(DDRs). Port Dis for digital input only and bit 6 may 
be used for a second interrupt INT2. Refer to 
Input/Output Section and Interrupts Section for ad­
ditional information. 

MEMORY- The MCU is capable of addressing 4096 
bytes of memory and 110 registers with its program 
counter. The EF6805U3 MCU has implemented 
4090 of these bytes. This consists of : 3776 user 
ROM bytes, 192 self-check ROM bytes, 112 user 
RAM bytes, 7 port 1/0 bytes, 2 timer registers, and 
a miscellaneous register ; see figure 6 for the Ad­
dress map. The user ROM has been split into two 
areas. The main user ROM area is from $080 to 
$F37. The last 8 user ROM locations at the bottom 
of memory are for the interrupt vectors. 

The MCU reserves the first-16 memory locations for 
110 features, of which 1 0 have been implemented. 
These locations are used for the ports, the port 
DDRs, the timer and the INT2 miscellaneous regis­
ter, and the 112 RAM bytes, 31 bytes are shared 
with the stack area. The stack must be used with 
care when data shares the stack area. 

The shared stack area is used during the process­
ing of an interrupt or subroutine calls to save the 
contents of the CPU state. The register contents are 
pushed onto the stack in the order shown in 
figure 7. Since the stack pointer decrements during 
pushes, the low order byte (PCL) of the program 
counter is stacked first, then the high order four bits 
(PCH) are stacked. This ensures that the program 
counter is loaded correctly during pulls from the 
stack since the stack pointer increments when it 
pulls data from the stack. A subroutine call results 
in only the program counter (PCL, PCH) contents 
being pushed onto the stack ; the remaining CPU 
registers are not pushed. 



Figure 6 : EF6805U3 MCU Address Map. 

7 
000 

127 
128 

3895 
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4087 
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Figure 7 : Interrupt Stacking Order. 

$000 

$07F 
$080 

SF37 
SF38 

SFF7 
$FFB 
SFF9 
SFFA 
SFFB 
SFFC 
SFFD 
SFFE 
$FFF 

6 5 4 3 2 

1 I Condr1ron 
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CENTRAL PROCESSING UNIT 

The CPU of the EF6805 Family is implemented in­
dependently from the 1/0 or memory configuration. 
Consequently, it can be treated as an independent 
central processor communicating with 1/0 and 
memory via internal address, data, and control 
buses. 

REGISTERS 
The 6805 Family CPU has five registers available 
to the programmer. They are shown in figure 8 and 
are explained in the following paragraphs. 

Figure 8 : Programming Model. 

ACCUMULATOR (A)- The accumulator is a general 
purpose 8-bit register used to hold operands and re­
sults of arithmetic calculations or data manipula­
tions. 

INDEX REGISTER (X) - The index register is an 
8-bit register used for the indexed addressing mode. 
It contains an 8-bit value that may be added to an 
instruction value to create an effective address. The 
index register can also be used for data manipula­
tions using the read-modify-write instructions. The 
Index Register may also be used as a temporary 
storage area. 

A Accumulator 

7 0 

Ll ____ x __ ___,l h1de"' Reg1ster 

11 8 7 0 

I PCH PCL I Program Counter 

11 54 0 

I 0 I 0 I 0 I 0 I 0 I 1 I 1 I SP I Stack Poomec 

PROGRAM COUNTER (PC) - The Program 
Counter is a 12 bit register that contains the address 
of the next instruction to be executed. 

STACK POINTER (SP)- The stack pointer is a 
12-bit register that contains the address of the next 
free location on the stack. During an MCU reset or 
the reset stack pointer (RSP) instruction, the stack 
pointer is set to location $07F. The stack pointer is 
then decremented as data is pushed onto the stack 
and incremented as data is then pulled from the 
stack. The seven most significant bits of the stack 
pointer are permanently set to 0000011. Subrou­
tines and interrupts may be nested down to location 
$061 (31 bytes maximum) which allows the pro­
grammer to use up to 15 levels of subroutine calls 
(less if interrupts are allowed). 

CONDITION CODE REGISTER (CC) -The condi­
tion code register is a 5-bit register in which four bits 
are used to indicate the results of the instruction just 
executed. These bits can be individually tested by a 
program and specific action taken as a result of their 
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ond•t•on Code Regoste• 

arry/Borrow 

e•o 

Negat1ve 

nterruot Mask 

Half Carry 

state. Each bit is explained in the following para­
graphs. 

Half Carry (H)- Set during ADD and ADCoperations 
to indicate that a carry occurred between bits 3 and 
4. 

Interrupt (I) - Whe..o...!bis bit is set, the timer and ex­
ternal interrupts (INT and INT2) are masked (dis­
abled). If an interrupt occurs while this bit is set, the 
interrupt is latched and is processed as soon as the 
interrupt bit is cleared. 

Negative (N) - When set, this bit indicates that the 
result of the last arithmetic, logical, or data manipu­
lation was negative (bit 7 in the result is a logical "1 "). 

Zero (Z) - When set, this bit indicates that the result 
of the last arithmetic, logical, or data manipulation 
was zero. 

Carry/Borrow (C) - When set, this bit indicates that 
a carry or borrow out of the Arithmetic Logic Unit 
(ALU) occurred during the last arithmetic operation. 
This bit is also affected during bit test and branch 
instructions plus shifts and rotates. 



TIMER 
The timer circuitry for the EF6805U3 is shown in 
figure 10. The timer contains a single 8-bit software 
programmable counter with a 7-bit software select­
able prescaler. The counter may be preset under 
program control and decrements toward zero. 
When the counter decrements to zero, the timer in­
terrupt request bit, i.e., bit 7 of the timer control reg­
ister (TCR), is set. Then if the timer interrupt is not 
masked, i.e., bit 6 of the TCR and the I bit in the con­
dition code register are both cleared, the processor 
receives an interrupt. After completion of the current 
instruction, the processor proceeds to store the ap­
propriate registers on the stack, and then fetches 
the timer interrupt vector from locations $FF8 and 
$FF9 in order to begin servicing the interrupt. 

The counter continues to count after it reaches zero, 
allowing the software to determine the number of in­
ternal or external input clocks since the timer inter­
rupt request bit was set. The counter may be read 
at any time by the processor without disturbing the 
count. The contents of the counter become stable 
prior to the read portion of a cycle and do not change 
during the read. The timer interrupt request bit re­
mains set until cleared by the software. If a write oc­
curs before the timer interrupt is serviced, the 
interrupt is lost. TCR7 may also be used as a 
scanned status bit in a non-interrupt mode of oper­
ation (TCR6 = 1 ). 

The prescaler is a 7-bit divider which is used to ex­
tend the maximum length of the timer. Bit 0, bit 1, 
and bit 2 of the TCR are programmed to choose the 
appropriate prescaler output which is used as the 
counter input. The processor cannot write into or 
read from the prescaler ; however, its contents are 
cleared to all zeros by the write operation into TCR 
when bit 3 of the written data equals one, which 
allows for truncation-free counting. 

The timer input can be configured for three different 
operating modes, plus a disable mode, depending 
on the value written to the TCR4 and TCR5 control 
bits. For further information see figure 9. 

Timer Input Mode 1 - If TCR5 and TCR4 are both 
programmed to a zero, the input to the timer is from 
an internal clock and the external TIMER input is 
disabled. The internal clock mode can be used for 
periodic interrupt generation, as well as a reference 
in frequency and event measurement. The internal 
clock is the instruction cycle clock. 

Timer Input Mode 2 -With TCR5 = 0 and TCR4 
= 1, the internal clock and the TIMER input pin are 
ANDed to form the timer input signal. This rnode can 
be used to measure external pulse widths. The ex-

EF6805U3 

lerna! timer input pulse simply turns on the internal 
clock for the duration of the pulse widths. 

Timer Input Mode 3 - If TCR5 = 1 and TCR4 = 0, 
then all inputs to the timer are disabled. 

Timer Input Mode 4- If TCR5 = 1 and TCR4 = 1, the 
internal clock input to the timer is disabled and the 
TIMER input pin becomes the input to the timer. The 
external TIMER pin can, in this mode, be used to 
count external events as well as external frequen­
cies for generating periodic interrupts. 

7 6 54 3 210 

I TCR?j TCR6j TcRsl TCR41TCR3·1 TCR21 TCRt lrcRoj $009 

• Wnte only (read as zero). 

TCR7 -Timer Interrupt Request Bit : 
1 -Set when TOR goes to zero, or under pro­
gram control 
0 - Cleared on external Reset, Power-On­
Reset, or under Program Control. 

TCR6 -Timer Interrupt Mask Bit : 
1 - Timer Interrupt masked (disabled) Set on 
external Reset, Power-On-Reset, or under 
Program Control 
0 - Cleared under Program Control. 

TCR5 - External or Internal Clock Source Bit : 
1 - External Clock Source. Set on external 
Reset, Power-On-Reset, or under Program 
Control 
0 - Cleared under Program Control. 

TCR4 - External Enable Bit : 
1 -Enable external TIMER pin. Set on external 
Reset, Power-On-Reset, or under Program 
Control. 
0- Cleared under Program Control. 

TCRS TCR4 Result 

0 0 Internal Clock to Timer 
0 1 AND of Internal Clock and TIMER 

Pin to Timer 
1 0 Input to timer disabled. 
1 1 TIMER Pin to Timer 

TCR3 - Timer prescaler reset bit : A read of TCR3 
always indicates a zero. 

1 - Set on external Reset, Power-On-Reset or 
under Program Control. 
0 - Cleared under Program Control. 
TCR2, TCR1, and TCRO - Prescaler address 
bits: 
1 -All set on external Reset, Power-On-Reset 
or under Program Control. 
0 - Cleared under Program Control. 
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Figure 9 :Timer Control Register (TCR). 

TCR2 TCR1 TCRO Result TCR2 TCR1 

0 0 0 + 1 1 0 
0 0 1 +2 1 0 
0 1 0 +4 1 1 
0 1 1 +8 1 1 

Figure 10: Timer Block Diagram. 

External 
Input 

TCRO 

0 
1 
0 
1 

Result 

+16 
+ 32 
+ 64 
+ 128 

Software Functions 

Notes : 1. Prescaler and 8·bil counter are clocked on the falling edge of the mternal clock (AS) or externalmput. 
2 Counter IS wntten to dunng data strobe (OS) and counts down continuously. 

SELF-CHECK - The self-check capability of the 
EF6805U3 MCU provides an internal check to 
determine if the part is functional. Connect the MCU 
as shown in figure 11 and monitor the output of Port 
C bit 3 for an oscillation of approximately 7Hz. A 1 a­
volt level (through a 1 Ok resistor) on the timer input, 
pin 8 and pressing then releasing the RESET but­
ton, energizes the ROM-based self-check feature. 
The self-check program exercices the RAM, ROM, 
TIMER, interrupts, and 1/0 ports. 

Several of the self-check subroutines can be called 
by a user program with a JSR or BSR instruction. 
They are the RAM, ROM. The timer routine may also 
be called if the timer input is the internal <Jl2 clock. 

To call those subroutines in customer application, 
please contact your local SGS-THOMSON sales of­
fice in order to obtain the complete description of the 
self-check program and the entrance/exit condi­
tions. 
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RAM SELF-CHECK SUBROUTINE- The RAM self­
check is called at location $F84 and returns with the 
Z bit clear if any error is detected ; otherwise the Z 
bit is set. The RAM test causes each byte to count 
from 0 up to 0 again with a check after each count. 

The RAM test must be called with the stack pointer 
at $07F and A= 0. When run, the test checks every 
RAM cell except for $07F and $07E which are as­
sumed to contain the return address. 

The A and X registers and all RAM locations except 
$07F and $07E are modified. 

ROM CHECKSUM SUBROUTINE- The ROM self­
check is called at location $F95. The A register 
should be cleared before calling the routine. If any 
error is detected, it returns with the Z bit cleared ; 
otherwise Z = 1, X= 0 on return, and A is zero if the 
test passes. RAM location $040 to $043 is overwrit­
ten. The checksum is the complement of the execu­
tion OR of the contents of the user ROM. 



EF6805U3 

Figure 11 : Self-check Connections. 

-- ~ RESET 

l. 
-

1 40 r v~~ PA7 
1 0-'- 39 
~FT 2 RESET 

PA6 
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PA5 F!-

4 Vee 
PA4 ~ 

..L. 1 0 pF PA3 36 
5 25 5 :r. ....L'!; -~ 

EXTAL 
PA2 35 

- .:r:r;; 4~ PAl 34 
XTAL - 33 - MHz 7 PAD 

lOk Ne 

+ 

A 8 
TIMER 

+ lOV LEO • -7 ;zo g PCO PB7 32 

LEO -7- 470" 
10 PC1 PB6 31 

-LED.~ 470 11 PC2 EF6805U3 PB5 F!-
LED• Q-- 47c;. 12 PC3 PB4 F - ....1l PC4 PB3 28 

~ PC5 PB2 27 

15 Pe6 1'81 ~ -
16 PC7 PBO F. 

,-------!.?. PD7 

,...!!! PD6/11Nl21 PDO 24 

19 PD5 POl 23 

O.l,.FT PD2 22 

20 PD4 PD3 21 

-b -

• Thrs connectron depends on clock oscrllator user selectable mask oplron. Use JUmper rf the RC mask optron is selected 

LED MEANINGS 

PCO PC1 PC2 PC3 Remarks 
(1 :LED ON ; 0 :LED OFF) 

1 0 1 0 Bad 1/0 
0 0 1 0 Bad Timer 
1 1 0 0 Bad RAM 
0 1 0 0 Bad ROM 
0 0 0 0 Bad Interrupts or Request Flag 

All Flashing Good Device 

Anythrng else bad devrce. Bad Port C, etc 
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TIMER SELF-CHECK SUBROUTINE - The timer 
self-check is called at location $F6D and returns with 
the z bit cleared if any error was found ; otherwise 
Z= 1. 

In order to work correctly as a user subroutine, the 
internal <jl2 clock must be the clocking source and 
interrupts must be disabled. Also, on exit, the clock 
is running and the interrupt mask is not set so the 
caller must protect from interrupts if necessary. 

The A and X register contents are lost. This routine 
sets the prescaler for divide-by-128 and the timer 
data register is cleared. The X register is configured 
to count down the same as the timer data register. 
The two registers are then compared every 1 ~8 
cycles until they both count down to zero. Any mis­
match during the count down is considered as an 
error. The A and X registers are cleared on exit from 
the routine. 

Figure 12 : Typical Reset Schmitt Trigger Hysteresis. 

Out 
Of 

Reset 

RESET 

The MCU can be reset three wa~nitial power­
up, by the external reset input (RESET)_ and by an 
optional internal low-voltage detect c1rcu1t. The 
RESET input consists mainly of a Schmitt trigger 
which senses the RESET line logic level. A typical 
reset Schmitt trigger hysteresis curve is shown in 
figure 12. The Schmitt trigger provides an internal 
reset voltage if it senses a logical zero on the RESET 
pin. 

POWER-ON RESET (POR) - An internal reset is 
generated upon powerup that allows the i~t~rnal 
clock generator to stabilize. A delay of tRHL millisec­
onds is required before allowing the RE~E: inp~t to 
go high. Refer to the power and reset t1m1ng diag­
ram of figure 13. Connecting a capacitor to the 
RESET input (as illustrated in figure 14) typically 
provides sufficient delay. During powerup, the 
Schmitt trigger switches on (removes reset) when 
RESET rises to VIRES+· 

In I 
R~t L-~~--t-~-t--------

Figure 13: Power and Reset Timing. 

RESET 
Pin 

Internal 
Reset 
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Figure 14: RESET Configuration. 

Delay 
Capacitor 

• Disable LVI 

Pin 2 

Charging 
Current 
Source 

EXTERNAL RESET INPUT- The MCU will be reset 
if a logical zero is applied to the RESET input for a 
period longer than one machine cycle (!eye). Under 
this type of reset, the Schmitt trigger switches off at 
ViRES- to provide an internal reset voltage. 

LOW-VOLTAGE INHIBIT (LVI)- The optional low­
voltage detection circuit causes a reset of the MCU 
if the power supply voltage falls below a certain level 
(VLvl). The only requirement is that Vee remains at 
or below the VLvl threshold for one !eye minimum. In 
typical applications, the Vee bus filter capacitor will 
eliminate negative-going voltage glitches of Jess 
than one !eye. The output from the low-voltage de­
tector is connected directly to the internal reset cir­
cuitry. It also forces the RESET pin low via a strong 
discharge device through a resistor. The internal 
reset will be removed once the power supply volt­
age rises above a recovery level (VLvR), at which 
time a normal power-on-reset occurs. 

INTERNAL CLOCK GENERATOR OPTIONS 

The internal clock generator circuit is designed to 
require a minimum of external components. A crys­
tal, a resistor, a jumper wire, or an external signal 
may be used to generate a system clock with vari­
ous stability/cost tradeoffs. The oscillator frequency 
is internally divided by four to produce the internal 
system clocks. A manufacturing mask option is used 
to select crystal or resistor operation. 

EF6805U3 

(Optionall 

The different connection methods are shown in 
figure 15. Crystal specifications and suggested PC 
board layouts are given in figure 16. A resistor se­
lection graph is given in figure 17. 

The crystal oscillator start-up time is a function of 
many variables: crystal parameters (especially Rs), 
oscillator load capacitances, JC parameters, am­
bient temperature, and supply voltage. To ensure 
rapid oscillator start up, neither the crystal charac­
teristics nor the load capacitances should exceed 
recommendations. 

When utilizing the on-board oscillator, the MCU 
should remain in a reset condition (reset pin voltage 
below ViRES+) until the oscillator has stabilized at its 
operating frequency. Several factors are involved in 
calculating the external reset capacitor required to 
satisfy this condition : the oscillator start-up voltage, 
the oscillator stabilization time, the minimum ViRES+, 
and the reset charging current specification. 

Once Vee minimum is reached, the external RESET 
capacitor will begin to charge at a rate dependent 
on the capacitor value. The charging current is sup­
plied from Vee through a large resistor, so it appears 
almost like a constant current source until the reset 
voltage rises above VIRES+· Therefore, the RESET 
pin will charge at approximately : 

(VIRES+) • Cext = IRES • tRHL 

Assuming the external capacitor is initially dis­
charged. 
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Figure 15 :Clock Generator Options. 
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EF6805U3 
MCU 

(Crystal Mask 
Option) 

External Clock 

R 

6 XTAL 

EF6805U3 
MCU 

(Resistor Mask 
Option) 

Approximately 25% to 50% Accuracy 

Typ1cal lcyc = 1 25 ,..s 
External Jumper 

(See Figure 17) 5 EF6805U3 
EXTAL MCU 

(Resistor Mask 
Option) 

Approx,mately 10% to 25% Accuracy 

External Res1stor 

I Excludes Res1stor Tolerance) 

Note : The recommended CL value With a 4.0MHz crystal IS 27pF, max1mum, mclud1ng system distnbuted capacitance. There 1s an mternal ca· 
pac1tance of approximately 25pF on the XTAL p1n For crystal frequencies other than 4MHz, the total capac1tance on each p1n should be 
scaled as the inverse of the frquency ratio. For example, With a 2M Hz crystal, use approximately 50pF on EXTAL and approximately 
25pF on XTAL The exact value depends on the Mot1onai-Arm parameters of the crystal used. 

Figure 16: Crystal Motional Arm Parameters and Suggested PC Board Layout. 
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Figure 17: Typical Frequency Selection for Resistor (oscillator option). 
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INTERRUPTS 

The microcomputers can be interrupted four differ­
ent ways :through the external interrupt (I NT) input 
pin, the internal timer interrupt request, the external 
port D bit 6 (INT2) input pin, or the software inter­
rupt instruction (SWI). When any interrupt occurs : 
the current instruction (including SWI) is completed, 
processing is suspended, the present CPU state is 
pushed onto the stack, the interrupt bit (I) in the con­
dition code register is set, the address of the inter­
rupt routine is obtained from the appropriate 
interrupt vector address, and the interrupt routine is 
executed. Stacking the CPU register, setting the I 
bit, and vector fetching require a total of 111cyc peri­
ods for completion. A flowchart of the interrupt se­
quence is shown in figure 18. The interrupt service 
routine must end with a return from interrupt (RTI) 

instruction which allows the MCU to resume pro­
cessing of the program prior to the interrup~­
stacking the previous CPU state). Unlike RESET, 
hardware interrupts do not cause the current ins­
truction execution to be halted, but are considered 
pending until the current instruction execution is 
complete. 

When the current instruction is complete, the pro­
cessor checks all pending hardware interrupts and 
if unmasked, proceeds with interrupt processing ; 
otherwise the next instruction is fetched and ex­
ecuted. Note that masked interrupts are latched for 
later interrupt service. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the 
external interrupt is serviced first. The SWI is ex­
ecuted as any other instruction. 
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Figure 18 : RESET and Interrupt Processing Flowchard. 
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FFE/FFF 
Execute All 
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The timer and INT2 interrupts share the same vec­
tor address. The interrupt routine must determine 
the source by examining the interrupt request bits 
(TCR b7 and MR b7). Both TCR b7 and MR b7 can 
only be written to zero by software. 

The external interrupt, INT and INT2, are syn­
chronized and then latched on the falling edge of the 
input signal. The INT2 interrupt has an interrupt re­
quest bit (bit 7) and a mask bit (bit 6) located in the 
miscellaneous register (MR). The INT2 interrupt is 
inhibited when the mask bit is set. The INT2 is al­
ways read as a digital input on port D. The INT2 and 
timer interrupt request bits, if set, cause the MCU to 
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LUdd PC From: 
SWI· FFC/FFD' 
I NT: FFNFFB 

Timer or 

iiiiT2: FF8/FF9 

process an interrupt when the condition code I bit is 
clear. 

A sinusoidal input signal (liNT maximum) can be 
used to generate an external interrupt for use as a 
zero-crossing detector. This allows applications 
such as servicing time-of-day routines and engag­
ing/disengaging ac power control devices. Off-chip 
full wave rectification provides an interrupt at every 
zero crossing of the ac signal and thereby provides 
a 21 clock. See figure 19. 

NOTE 

The INT (pin 3) is internally biased at approximate­
ly 2.2V due to the internal zero-crossing detection. 
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A software ·interrupt (SWI) is an executable instruc­
tion which is executed regardless of the state of the 
I bit in the condition code register. SWis are usually 

used as break-points for debugging or as system 
calls. 

Figure 19 :Typical Interrupt Circuits. 
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INPUT/OUTPUT CIRCUITRY 

EF6805U3 
MCU 

-

7 

lJ 

EF6805U3 
MCU 

PORT DATA REGISTER 

Port A Addr = $000 
Port B Addr = $001 
Port C Addr = $002 
Port D Addr = $003 

0 There are 32 input/output pins. The INT pin may be 
polled with branch instructions to provide an addi­
tional input pin. All pins on ports A, B, and Care pro­
grammable as either inputs or outputs under 
software control of the corresponding data direction 
register (DDR). See below 110 port control registers 
configuration. The port 110 programming is accom­
plished by writing the corresponding bit in the port 
DDR to a logic one for output or a logic zero for input. 
On reset all the DDRs are initialized to a logic zero 
state, placing the ports in the input mode. The port 
output registers are not initialized on reset and 
should be initialized by software before changing the 
DDRs from input to output. A read operation on a 
port programmed as an output will read the contents 
of the output latch regardless of the logic levels at 
the output pin, due to output loading. Refer to figure 
20. 

PORT DATA DIRECTION REGISTER (DDR) 

7 

(1) Write only, reads as all"1s" 
(2) 1 = Output. 0 = Input Cleared to 0 by Reset 
(3) Port A Addr = $004 

Port B Addr = $005 
Port C Addr = $006 

0 
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Figure 20 : Typical Port 1/0 Circuitry. 
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All input/output lines are TTL compatible as both in­
puts and outputs. Port A lines are CMOS compatible 
as outputs (mask option) while port B, C, and D lines 
are CMOS compatible as inputs. Port D lines are 
input only ; thus, there is no corresponding DDR. 
When programmed as outputs, port B is capable of 
sinking 10 milliamperes and sourcing 1 milliampere 
on each pin. 

The address map (figure 6) gives the addresses 
of data registers and data direction registers. 
Figure 21 provides some examples of port con­
nections. 

CAUTION 

The corresponding DDRs for ports A, B, and Care 
write-only registers (registers at $004, $005, $006). 
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• DDR IS a write-only regoster and reads as all "Is''. 
•• Ports B, and C are three-state ports 
Port A has optoonalonternal pullup devoces to provode CMOS data dnve 
capaboloty. See Electncal Charactenstics tables for complete inlorma-
tion 

A read operation on these registers is undefined. 
Since BSET and BCLR are read-modify-write in 
function, they cannot be used to set or clear a single 
DDR bit (all "unaffected" bits would be set). It is rec­
ommended that all DDR bits in a port be written 
using a single-store instruction. 

The latched output data bit (see figure 20) must al­
ways be written. Therefore, any write to a port writes 
all of its data bits even though the port DDR is set 
to input. This may be used to initialize the data reg­
ister and avoid undefined outputs ; however, care 
must be exercised when using read-modify-write 
instructions, since the data read corresponds to the 
pin level if the DDR is an input (zero) and corres­
ponds to the latched output data when the DDR is 
an output (one). 



Figure 21 :Typical Port Connections. 
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BIT MANIPULATION 

The EF6805U3 has the ability to set or clear any 
single RAM or 1/0 bit (except the data direction reg­
isters) with a single instruction (BSET, BCLR) (see 
Caution below). Any bit in page zero can be tested 
using the BRSET and BRCLR instructions and the 
program branches as a result of its state. The carry 
bit equals the value of the bit references by BRSET 
or BRCLR. The capability to working with any bit in 
RAM, ROM, or 1/0 allows the user to have individ­
ual flags in RAM or to handle single 1/0 bits as con­
trol lines. 

CAUTION 
The corresponding data direction registers for ports 
A, B, and Care write-only registers (locations $004, 
$005, and $006). A read operation on these regis-

Figure 22 : Bit Manipulation Example. 

MCU 

Ready 1---
2 p 

Senal 0 
Dev1ce Clock 

1 R 

ters is undefined. Since BSET and BCLR are read­
modify-write functions, they cannot be used to set a 
data direction register bit (all "unaffected'" bits would 
be set). It is recommended that all data direction reg­
ister bits in a port be written using a single-store ins­
truction. 

The coding examples shown in figure 22 illustrate 
the usefulness of the bit manipulation and test ins­
truction. Assume that the microcomputer is to com­
municate with an external serial device. The 
external device has a data ready signal, a data out­
put line, and a clock line to clock data one bit at a 
time, least significant bit first out of the device. The 
microcomputer waits until the data is ready, clocks 
the external device, picks up the data in the carry 
flag, clears the clock line, and finally accumulates 
the data bit in a random-access memory location. 

BRSET, 
BSET 
BRCLR 

2, PORTA,* WAIT FOR READY 
1,PORTA CLOCKNEXTBITIN 
0, PORTA, NEXT PICKUP BIT INC-BIT 

T 
Data 

OA 

NEXT BCLR 
ASR 

1, PORTA RETURN CLOCK LINE HIGH 
RAMLOC MOVE C-BIT INTO RAM 

f--

ADDRESSING MODES 
The EF6805U3 MCU has ten addressing modes 
available for use by the programmer. They are ex­
plained briefly in the following paragraphs. For ad­
ditional details and graphical illustrations, refer to the 
EF6805 Family Users Manual. 

The term "effective address" (EA) is used in describ­
ing the addressing modes. EA is defined as the ad­
dress from which the argument for an instruction is 
fetched or stored. 

IMMEDIATE - In the immediate addressing mode, 
the operand is contained in the byte immediately fol­
lowing the opcode. The immediate addressing 
mode is used to access constants which do not 
change during program execution (e.g., a constant 
used to initialize a loop counter). 

DIRECT- In the direct addressing mode, the effec­
tive address of the argument is contained in a single 
byte following the opcode byte. Direct addressing 
allows the user to directly address the lowest 256 
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bytes in memory with a single 2-byte instruction. 
This address area includes all on-chip RAM and 1/0 
registers and 128 bytes of ROM. Direct addressing 
is an effective use of both memory and time. 

EXTENDED -In the extended addressing mode, the 
effective address of the argument is contained in the 
two bytes following the opcode. Instructions with ex­
tended addressing mode are capable of referencing 
arguments anywhere in memory with a single 3-byte 
instruction. When using the assembler, the user 
need not specify whether an instruction uses direct 
or extended addressing. The assembler automati­
cally selects the shortest form of the instruction. 

RELATIVE - The relative addressing mode is only 
used in branch instructions. In relative addressing, 
the contents of the 8-bit signed byte following the 
opcode (the offset) is added to the PC if, and only 
if, the branch condition is true. Otherwise, control 
proceeds to the next instruction. The span of relative 
addressing is from -126 to+ 129 from the opcode 



address. The programmer need not worry about cal­
culating the correct offset if he uses the assembler, 
since it calculates the proper offset and checks to 
see if it is within the span of the branch. 

INDEXED, NO OFFSET- In the indexed, no offset 
addressing mode, the effective address of the argu­
ment is contained in the 8-bit index register. Thus, 
this addressing mode can access the first 256 mem­
ory locations. These instructions are only one byte 
long. This mode is often used to move a pointer 
through a table or to hold the address of a frequent­
ly referenced RAM or 1/0 location. 

INDEXED, 8-BIT OFFSET -In the indexed, 8-bit off­
set addressing mode, the effective address is the 
sum of the contents of the unsigned 8-bit index reg­
ister and the unsigned byte following the opcode. 
This addressing mode is useful in selecting the kth 
element in an n element table. With this 2-byte ins­
truction, k would typically be in X with the address 
of the beginning of the table in the instruction. As 
such, tables may begin anywhere within the first 
256 addressable locations and could extend as far 
as location 51 0 ($1 FE is the last location at which 
the instruction may begin). 

INDEXED, 16-BIT OFFSET- In the indexed, 16-bit 
offset addressing mode, the effective address is the 
sum of the contents of the unsigned 8-bit index reg­
ister and the two unsigned bytes following the op­
code. This addressing mode can be used in a 
manner similar to indexed, 8-bit offset except that 
this 3-byte instruction allows tables to be anywhere 
in memory. As with direct and extended, the assem­
bler determines the shortest form of indexed ad­
dressing. 

BIT SET/CLEAR - In the bit seVclear addressing 
mode, the bit to be set or cleared is part of the op­
code, and the byte following the opcode specifies 
the direct address of the byte in which the specified 
bit is to be set or cleared. Thus, any read/write bit in 
the first 256 locations of memory, including 1/0, can 
be selectively set or cleared with a single 2-byte in­
struction. 

CAUTION 
The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, $006). 
A read operation on these registers is undefined. 
Since BSET and BCLR are read-modify-write in 
function, they cannot be used to set or clear a single 
DDR bit (all "unaffected" bits would be set). It is rec­
ommended that all DDR bits in a port must be writ­
ten using a single-store instruction. 

EF6805U3 

BIT TEST AND BRANCH -The bit test and branch 
addressing mode is a combination of direct address­
ing and relative addressing. The bit which is to be 
tested and condition (set or clear) is included in the 
opcode, and the address of the byte to be tested is 
in the single byte immediately following the opcode 
byte. The signed relative 8-bit offset in the third byte 
is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single 3-
byte instruction allows the program to branch based 
on the condition of any readable bit in the first 256 
locations of memory. The span of branching is from 
-125 to+ 130 from the opcode address. The state 
of the tested bit is also transferred to the carry bit of 
the condition code registers. 

CAUTION 
The corresponding DDRs for ports A, B, and Care 
write-only registers (registers at $004, $005, $006). 
A read operation on these registers is undefined. 
Since BSET and BCLR are read-modify-write in 
function, they cannot be used to set or clear a single 
DDR bit (all "unaffected" bits would be set). It is rec­
ommended that all DDR bits in a port must be writ­
ten using a single-store instruction. 

INHERENT - In the inherent addressing mode, all 
the information necessary to execute the instruction 
is contained in the opcode. Operations specifying 
only the index register or accumulator, as well as 
control instructions with no other arguments, are in­
cluded in this mode. These instructions are one byte 
long. 

INSTRUCTION SET 

The EF6805U3 MCU has a set of 59 basic instruc­
tions, which when combined with the 10 addressing 
modes produce 207 usable opcodes. They can be 
divided into five different types : register/memory, 
read-modify-write, branch, bit manipulation, and 
control. The following paragraphs briefly explain 
each type. All the instructions within a given type are 
presented in individual tables. 

REGISTER/MEMORY INSTRUCTIONS- Most of 
these instructions use two operands. One operand 
is either the accumulator or the index register. The 
other operand is obtained from memory using one 
of the addressing modes. The jump unconditional 
(JMP) and jump to subroutine (JSR) instructions 
have no register operand. Refer to table 1. 

READ-MODIFY-WRITE INSTRUCTIONS - These 
instructions read a memory location or a register, 
modify or test its contents, and write the modified 
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value back to memory or to the register ; see Cau­
tion under Input/Output section. Th.e test for nega­
tive or zero (TST) instruction is included in the 
read-modify-write instruction though it does not per­
form the write. Refer to table 2. 

BRANCH INSTRUCTIONS - The branch instruc­
tions cause a branch from the program when a cer­
tain condition is met. Refer to table 3. 

BIT MANIPULATION INSTRUCTIONS - The ins­
tructions are used on any bit in the first 256 bytes of 
the memory. One group either sets or clears. The 
other group performs the bit test and branch oper­
ations. Refer to table 4. 
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CAUTION 
The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, $006). 
A read operation on these registers is undefined. 
Since BSET and BCLR are read-modify-write in 
function, they cannot be used to set or clear a single 
DDR bit (all "unaffected" bits would be set). It is rec­
ommended that all DDR bits in a port must be writ­
ten using a single-store instruction. 
CONTROL INSTRUCTION - The control instruc­
tions control the MCU operations during program 
execution. Refer to table 5. 
ALPHABETICAL LISTING- The complete instruc­
tion set is given in alphabetical order in table 6. 
OPCODE MAP -Table 7 is an opcode map for the 
instruction used on the MCU. 
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Function 

Load A from Memory 

Load X from Memory 

Store A in Memory 

Store X in Memory 

Add Memory to A 

Add Memory and 
Carry to A 

Subtract Memory 

Subtract Memory from 
A with Borrow 

AND Memory to A 

OR Memory with A 

Exclusive OR Memory 
with A 

Arithmetic Compare A 
with Memory 

Arithmetic Compare X 
with Memory 

Bit Test Memory with A 
(logical compare) 

Jump Unconditional 

L_~ump to !3_ll_broutine 

Mnemonic 

LOA 

LOX 

STA 

STX 

ADD 

ADC 

SUB 

SBC 

AND 

ORA 

EOR 

CMP 

CPX 

BIT 

JMP 

JSR 

Immediate Direct 

Op # # Op # # 
Code Bytes Cycles Code Bytes Cycles 

A6 2 2 B6 2 4 

AE 2 2 BE 2 4 

B7 2 5 

BF 2 5 

AB 2 2 BB 2 4 

A9 2 2 B9 2 4 

AO 2 2 BO 2 4 

A2 2 2 B2 2 4 

A4 2 2 B4 2 4 

AA 2 2 BA 2 4 

AB 2 2 BB 2 4 

A1 2 2 B1 2 4 

A3 2 2 B3 2 4 

AS 2 2 BS 2 4 

BC 2 3 

BD 2 7 

Addressing Modes 

Extended 
Indexed 

(no offset) 

Op # # Op # # 
Code Bytes Cycles Code Bytes Cycles 

C6 3 5 F6 1 4 

CE 3 5 FE 1 4 

C7 3 6 F7 1 5 

CF 3 6 FF 1 5 

CB 3 5 FB 1 4 

C9 3 5 F9 1 4 

co 3 5 FO 1 4 

C2 3 5 F2 1 4 

C4 3 5 F4 1 4 

CA 3 5 FA 1 4 

CB 3 5 FB 1 4 

C1 3 5 F1 1 4 

C3 3 5 F3 1 4 

cs 3 5 FS 1 4 

cc 3 4 FC 1 3 

CD 3 8 FD 1 7 

Indexed 
( 8 bit offset) 

Op # # 
Code Bytes Cycles 

E6 2 5 

EE 2 5 

E7 2 6 

EF 2 6 

EB 2 5 

E9 2 5 

EO 2 5 

E2 2 5 

E4 2 5 

EA 2 5 

EB 2 5 

E1 2 5 

E3 2 5 

ES 2 5 

EC 2 4 

ED 2 8 
-------

Indexed 
( 16 bit offset) 

Op # # 
Code Bytes Cycles 

06 3 6 

DE 3 6 

07 3 7 

OF 3 7 

DB 3 6 

09 3 6 

DO 3 6 

02 3 6 

04 3 6 

DA 3 6 

DB 3 6 

01 3 6 

03 3 6 

OS 3 6 

DC 3 5 

DO 3 9 
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Q. 
a· 
::J 
~ 

m 
"'T1 
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~0 
~z 

Function 

Increment 

Decrement 

Clear 

Complement 

Negate 
(2'S complement) 

Rotate Left Thru Carry 

Rotate Right Thru 
Carry 

Logical Shift Left 

Logical Shift Right 

Arithmetic Shift Right 

Test for Negative or 
Zero 

Mnem 

INC 

DEC 

CLR 

COM 

NEG 

ROL 

ROR 

LSL 

LSR 

ASR 

TST 

Inherent (A) Inherent (X) 

Op # # Op # # 
Code Bytes Cycles Code Bytes Cycles 

4C 1 4 sc 1 4 

4A 1 4 SA 1 4 

4F 1 4 SF 1 4 

43 1 4 53 1 4 

40 1 4 50 1 4 

49 1 4 59 1 4 

46 1 4 56 1 4 

48 1 4 58 1 4 

44 1 4 54 1 4 

47 1 4 57 1 4 

4D 1 4 SD 1 4 

-~-

Addressing Modes 

Direct 
Indexed Indexed 

(no offset) ( 8 bit offset) 

-1 m 
Ill "11 C" en iD co 
1\) 0 .. (11 

Op # # Op # # Op # # 
Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles 

:D c 
<Tl (,.) Ill c. 

3C 2 6 7C 1 6 6C 2 7 s: 
3A 2 6 7A 1 6 6A 2 7 0 

c. 
3F 2 6 7F 1 6 6F 2 7 

33 2 6 73 1 6 63 2 7 

~ 
~ 
:::>. 

30 2 6 70 1 6 60 2 7 co 
5" 
~ 

39 2 6 79 1 6 69 2 7 2 
0 

36 2 6 76 1 6 66 2 7 g· 
:J 
!" 

38 2' 6 78 1 6 68 2 7 

34 2 6 74 1 6 64 2 7 

37 2 6 77 1 6 67 2 7 

3D 2 6 7D 1 6 6D 2 7 
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Table 3 : Branch Instructions. 

Relative Addressing Mode 

Function Mnemonic Op # # 
Code Bytes Cycles 

Branch Always BRA 20 2 4 

Branch Never BRN 21 2 4 

Branch IFF Higher BHI 22 2 4 

Branch IFF Lower or Same BLS 23 2 4 

Branch IFF Carry Clear BCC 24 2 4 

(Branch IFF Higher or Same) (BHS) 24 2 4 

Branch IFF Carry Set BCS 25 2 4 

(Branch IFF Lower) (BLO) 25 2 4 

Branch IFF Not Equal BNE 26 2 4 

Branch IFF Equal BEQ 27 2 4 

Branch IFF Half Carry Clear BHCC 28 2 4 

Branch IFF Half Carry Set BHCS 29 2 4 

Branch IFF Plus BPL 2A 2 4 

Branch IFF Minus BMI 2B 2 .4 

Branch IFF interrupt mask bit is clear. BMC 2C 2 4 

Branch IFF interrupt mask bit is set. BMS 20 2 4 

Branch IFF interrupt line is low. BIL 2E 2 4 

Branch IFF interrupt line is high. BIH 2F 2 4 

Branch to Subroutine BSR AD 2 8 

Table 4 : Bit Manipulation Instructions. 

Addressing Modes 

Bit Set/Clear Bit Test and Branch 
Function Mnemonic Op # # Op # # 

Code Bytes Cycles Code Bytes Cycles 

Branch IFF bit n is set. BRSET n (n = 0 7) 2•n 3 10 

Branch IFF bit n is clear. BRCLR n (n = 0 7) 01 + 2 • n 3 10 

Set Bit n BSET n (n = 0 7) 10 + 2 • n 2 7 

Clear Bit n BCLR n (n =0 7) 11 + 2 • n 2 7 
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Table 5 : Control Instructions. 

Inherent 

Function Mnemonic Op # # 
Code Bytes Cycles 

Transfer A to X TAX 97 1 2 

Transfer X to A TXA 9F 1 2 

Set Carry Bit SEC 99 1 2 

Clear Carry Bit CLC 98 1 2 

Set Interrupt Mask Bit SEI 9B 1 2 

Clear Interrupt Mask Bit CLI 9A 1 2 

Software Interrupt SWI 83 1 11 

Return from Subroutine RTS 81 1 6 

Return from Interrupt RTI 80 1 9 

Reset Stack Pointer RSP 9C 1 2 

No Operation NOP 90 1 2 
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Table 6: Instruction Set. 

Mnem Inherent Immediate 

ADC X 

ADD X 

AND X 

ASL X 

ASR X 

BCC 

BCLR 

BCS 

SEQ 

BHCC 

BHCS 

BHI 

BHS 

BIH 

BIL 

BIT X 

BLO 

BLS 

BMC 

BMI 

BMS 

BNE 

BPL 

BRA 

BRN 

BRCLR 

BRSET 

BSET 

BSR 

CLL X 

Condition Code Symbols : 
H Half Carry (from bit 3). 
I Interrupt Mask. 
N Negat1ve (sign bit). 

Direct Extended 

X X 

X X 

X X 

X 

X 

X X 

Addressing Modes 

Indexed 
Relative 

(no offset) 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Indexed 

z 
c 

(8 Bits) 

X 

X 

X 

X 

X 

X 

EF6805U3 

Condition 

Indexed Bit 
(16 Bits) Set/clear 

X 

X 

X 

X 

Zero. 
Carry/Borrow. 

X 

X 

Bit 
Test & 

Branch 

X 

X 

H I 

" • 
" • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

Test and Set if True. Cleared Otherwise. 
Not Affected. 

N 

" 
" 
" 
" 
" 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
" 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

Code 

z c 

" " 
" " 
" • 
" " 
" " 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
" • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• " 
• " 
• • 
• • 
• 0 
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Table 6: Instruction Set (continued). 

Addressing Modes 

Indexed Indexed 
Mnem Inherent Immediate Direct Extended Relative 

(no offset) (B Bits) 

CLI X 

CLR X X X X 

CMP X X X X X 

COM X X X X 

CPX X X X X X 

DEC X X X X 

EOR X X X X X 

INC X X X X 

JMP X X X X 

JSR X X X X 

LOA X X X X X 

LOX X X X X X 

LSL X X X X 

LSR X X X X 

NEQ X X X X 

NOP X 

ORA X X X X X 

ROL X X X X 

RSP X 

RTI X 

RTS X 

SBC X X X X X 

SEC X 

SEI X 

STA X X X X 

STX X X X X 

SUB X X X X X 

SWI X 

TAX X 

TST ·x X X X 

TXA X 
.. 

Cond1llon Code Symbols : c 
H Half Carry (from bit 3) 
I Interrupt Mask. 
N Negat1ve (sign bit). 
Z Zero 
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Condition 

Indexed Bit 
Bit 

(16 Bits) Set/clear 
Test & H 
Branch 

• 
• 

X • 
• 

X • 
• 

X • 
• 

X • 
X • 
X • 
X • 

• 
• 
• 
• 

X • 
• 
• 
? 

• 
X • 

• 
• 

X • 
X • 
X • 

• 
• 
• 
• 

Carry/Borrow. 
Test and Set 1f True. Cleared Otherw1se 
Not Affected. 
Load CC Reg1ster from Stack. 

I N 

0 • 
• 0 

• A 

• A 

• A 

• A 

• A 

• A 

• • 
• • 
• A 

• A 

• A 

• 0 

• A 

• • 
• A 

• A 

• • 
? ? 

• • 
• A 

• • 
1 • 
• A 

• A 

• A 

1 • 
• • 
• A 

• • 

Code 

z c 

• • 
1 • 
A A 

A 1 

A A 

A • 
A • 
A • 
• • 
• • 
A • 
A • 
A A 

A A 

A A 

• • 
A • 
A A 

• • 
? ? 

• • 
A A 

• 1 

• • 
A • 
A • 
A A 

• • 
• • 
A • 
• • 
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EF6805 HMOS FAMILY 

Features EF6805P2 EF6805P6 EF6805R2 EF6805R3 EF6805U2 EF6805U3 

Technology HMOS HMOS HMOS HMOS HMOS HMOS 

Number of Pins 28 28 40 40 40 40 

On-chip RAM (bytes) 64 64 64 112 64 112 

On-chip User ROM (bytes) 1100 1796 2048 3776 2048 3776 

External Bus None None None None None None 

Bidirectional 1/0 Lines 20 20 24 24 24 24 

Unidirectional 1/0 Lines None None 6 Inputs 6 Inputs 8 Inputs 8 Inputs 

Other 1/0 Features Timer Timer Timer, A/D Timer, A/D Timer Timer 

External Interrupt Inputs 1 1 2 2 2 2 

STOP and WAIT No No No No No No 
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PACKAGE MECHANICAL DATA 

40 PINS- PLASTIC PACKAGE 

mm 

44 PINS- PLASTIC PACKAGE 

Pin l"d~nrificalion 

16 10 
16,662 

e- 1.27 
Typ. 

...Q&.!_ 
min. 

1524 
(2) 

(11 Nom•nar d1mension 

(2) True geomet:-1cal PO'ilt•on 

40 pons 

1740 
17,65 

44 pins 

EF6805U3 
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ORDERING INFORMATION 

The information required when ordering a custom 
MCU is listed below. The ROM program may be 
transmitted to SGS-THOMSON on EPROM(s) or an 
EFDOS/MDOS* disk file. 

To initiate a ROM pattern for the MCU, it is necess­
ary to first contact your local SGS-THOMSON re­
presentative or distributor. 

EPROMs 

Two 2716 or one 2732 type EPROMs, programmed 
with the customer program (positive logic sense for 
address and data), may be submitted for pattern 
generation. The EPROM must be clearly marked to 
indicate which EPROM corresponds to which ad­
dress space. The recommended marking proce­
dure is illustrated below : 

n n w bd 
XXX = Customer ID 

After the EPROM(s) are marked, they should be 
placed in conductive IC carriers and securely 
packed. Do not use styrofoam. 

VERIFICATION MEDIA 
All original pattern media (EPROMs or floppy disk) 
are filed for contractual purposes and are not re­
turned. A computer listing of the ROM code will be 
generated and returned along with a listing verifica­
tion form. The listing should be thoroughly checked 
and the verification form completed, signed, and re­
turned to SGS-THOMSON. The signed verification 
form constitutes the contractual agreement for cre­
ation of the customer mask. If desired, SGS-THOM­
SON will program on blank EPROM from the data 

file used to create the custom mask and aid in the 
verification process. 

ROM VERIFICATION UNITS (RVUs) 

Ten MCUs containing the customer's ROM pattern 
will be sent for program verification. These units will 
have been made using the custom mask but are for 
the purpose of ROM verification only. For expedi­
ency they are usually unmarked, packaged in ce­
ramic, and tested only at room temperature and 5 
volts. These RVUs are included in the mask charge 
and are not production parts. The RVUs are thus not 
guaranteed by SGS-THOMSON. Quality Assur­
ance, and should be discarded after verification is 
completed. 

FLEXIBLE DISKS 
The disk media submitted must be single-sided, 
EFDOS/MDOS* compatible floppies. 

The customer must write the binary file name and 
company name on the disk with a felt-lip-pen. The 
minimum EFDOS/MDOS* system files, as well as 
the absolute binary object file (Filename .LO type of 
file) from the 6805 cross assembler, must be on the 
disk. An object file made from a memory dump using 
the ROLLOUT command is also acceptable. Con­
sider submitting a source listing as well as the fol­
lowing files : filename .LX (DEVICE/EXORciser 
loadable format) and filename .SA (ASCII Source 
Code). These files will of course be kept confiden­
tial and are used 1) to speed up the process in­
house if any problems arise, and 2) to speed up the 
user-to-factory interface if the user finds any soft­
ware errors and needs assistance quickly from 
SGS-THOMSON factory representatives. 

EFDOS is SGS-THOMSON' Disk Operating Sys­
tem available on development systems such as DE­
VICE ... 

MOOS* is MOTOROLA's Disk Operating System 
available on development systems such as EXOR­
ciser, ... 

* Requires prior factory approval. 

Whenever ordering a custom MCU is required,please contact your local SGS-THOMSON representative or 
SGS-THOMSON distributor and/or complete and send the attached "MCU customer ordering sheet" to your 
local SGS-THOMSON Microelectronics. representative. 
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ORDER CODES 

EF6805U3 p v 
I 

Dev1ce 
I._ ______ Screen level 

Package '--------- Oper temp 

The table below horizontally shows all available suffix combinations for package, operating temperature and 
screening level. Other possibilities on request. 

Device 
Package Oper. Temp 

c J p E FN L* v 

• • • • 
EF6805U3 

Examples : EF6805U3P, EF6805U3FN, EF6805U3PV, EF6805U3FNV 

Package: C : Ceram1c OIL, J : Cerd1p OIL, P: Plastic OIL, E: LCCC, FN : PLCC 
Oper.temp.: L*: o·c to+ 7o·c, v: -40'C to+ 85'C, T :-40'C to+ tos·c, •: may be omitted. 
Screening level: Sid :(no-end suff1x), D : NFC 968831evel D, 

G/B : NFC 968831evel G, BIB : NFC 96883 level 8 and MIL-STD-883C level 8 

EXORciser is a registered trademark of MOTOROLA Inc 

T 

• 
Screening Level 

Std D G/B BiB 

• • 
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EF6805 FAMILY- MCU CUSTOMER ORDERING SHEET 

Commercial reference :1 I I I I I I I I I I 

Customer's marking :I I I I I I I I I I I 

Application 

ROM capacity required : 

Temperature range : 
0 O'C/+70'C 
0 -40'C/+85'C 
0 -40'C I+ 105'C• 

Package 
0 Plastic 
0 PLCC 

I I I I lbytes 

PATTERN MEDIA (a list1ng may be supplied in addition 
for checking purpose) : 
0 EPROM Reference : 
0 EFDOS/MDOS• disk file 

0 8"floppy 
0 5" 1 /4 floppy 

0 Other• 

• Requires prior factory approval 

Yearly quantity forecast : 

CUSTOMER CONTACT NAME 

34/34 
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DATE: 

Customer name 
Company 
Address 
Phone 

: ········································ 
: ········································ 
: ....................................... . 
: ....................................... . 

Specification reference ; 
0 SGS-THOMSON Microelectronics reference 

0 Special customer data reference• 

Number of interrupt vector :'-I _ _,_I _ _JI 

Quality level : 
0 STD 
0 D 
0 Other• (customer's quality specification ref.) :. 

Software developed by : 
0 SGS-THOMSON Microelectronics application lab. 
0 Externallab. 
0 Customer 

OPTION LIST 

-Oscillator input 
0 Xtal 
0 RC 

- Port A output drive : 
0 CMOS and TTL 
0 TTLonly 

start of production date : 
for a shipment period of : 

- Low voltage inhibit 
0 Enabled 
0 Disabled 

- Port C output drive : 
0 TTL 
0 Open drain 

SIGNATURE: 
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TSTIN48 

DEVELOPMENT AND EMULATION TOOL 

TSTIN48 is a support for: 

• EF6805, EF6804 and TS68HC04 MCU Families 

SOFTWARE DEVELOPMENT ON IBM-PC 

DEVELOPMENT WITH TSTIN48 

TSTIN48 is a powerful, lowcostand user friendly stand 
alone development tool, fully dedicated to support the 
complete range of 4 and 8 bit MCU's manufactured 
by SGS-THOMSON Microelectronics. 

TSTIN48 offers 2 RS 232 C Serial communication 
lines: 

- one to interface to a host computer IBM-PC which 
provides functions of human interface and soft­
ware development. 

- the other is used for auxiliary systems such as a 
line printer. Eprom programmer or centralized 
mainframe. 

The whole development station comprises the host 
computer IBM-PC, TSTIN48 and a probe dedicated 
for MCU family. 

SOFTWARE DEVELOPMENT ON IBM-PC 

The choice of a standard personnal computer for 
Software purposes (MS DOS operating system) and 
for hardware (IBM-PC bus) is an important key to 
obtaining a full evolutive and open system. 

It offers access to a very large Software library. 

Full screen editor : word, wordstar ... (2) 

Full range of development software 

- MPU and MCU cross assembler 

- linking editor. 

(2) Software available in library for IBM-PC. 

TSTIN48 INTERACTIVE SOFTWARE 

Software supplied to control TSTIN48 offers the 
ability to use the advantages of the powerful archi­
tecture hardware. 

• Meaningful mnemonics 
• Wide choice for characterising values 

(Decimal, Hexa, ASCII) 
• Aids to the operator when in difficulty 
• Full range of debugging aides 

- On line assembler/disassembler 

- 8 hardware breakpoints 

- 8 software breakpoints 

- Logic analyser triggered breakpoints 

-Execution program step by step in RAM and 
ROM area 

- Echo on line printer 

- Load and save program through RS 232 C 
connection 

- Memory check 

- Operator keyboard entry request can be 
chained in a command file 

- Self test of the entire system TSTIN48 +emu­
lator probe at power up 

- Possibility to temporarily leave control of emu­
lation session to access DOS routines, 
through the emulation session keeps acting. 

IBM-PC : is a registered trade mark of International Business Machine Corp. 

April1989 1/2 
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TSTIN48 

TSTMU 94 

EMULATION WITH TSTIN48 (*) OPEN ENDED 

An advanced architecture for total transparency and 
dynamic emulation. 

Thanks to the dual processor architecture (System 
bus and emulation bus), the emulated MPU or MCU 
operates independently of the other system proces­
sors. 

Therefore, it is possible during execution, to list or 
modify emulator probe control parameters. 

REAL TIME EMULATION 

-Switching from one MPU or MCU to another 
by changing only the emulator probe 

- Program execution without existing final ap­
plication 

-Shared overlay memory (16 Kbytes) in blocks 
of 256 bytes 

- Write protect facility for individual blocks 
- 8 hardware and 8 software breakpoints over 

entire emulation space. 

With the transparency feature, the emulated proces­
sor operates at 100% of the maximum speed spe­
cified by the manufacturer. 

LOGIC ANALYSER 

The logic analyser operates with 1 024 words of 32 
bits (16 address, 8 data bits, 8 available to user). 

(*) Each emulator probe is delivered with an interac­
tive software specific to each MPU or MCU family. 

With sampling and trigger or recognition of mask­
able words. Five operating modes are available. 

USER'S SELECTION GUIDE 

Family MCU Development Emulator Emulator Interactive Software• Emulator 
System Chip Board Probe 

EF6805 EF6805P2 TSTIN48 MC68705P3 TSR6805 TSTMUPS 
MC68705P3 

EF6805U2 MC68705U3 
EF6805R2 MC6805R2 
EF6805U3 MC68705U3 
EF6805R3 MC68705R3 

EF6804 EF6804P2 MC68704P3 TSR6804 EFTMUP4 
EF68HC04P3 TSTEV04 

• Cross assembler included. 
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TSTEV04 

PIGGY-BACK EMULATION TOOL 

The EMU-04 is a printed board module, built around 
EF68HC04P3, and a standard EPROM. 

It fully emulates de EF68HC04P3 in the final appli­
cations, with the customer program stored in the 
board EPROM. 
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CONTROL t 
LOGIC 

May 1989 

The EMU-04 includes MICRO, RAM, STACK, 1/0 
parts EPROM Data and Program Space. 

The following block diagram describes it. 

~ 

EPROM 

t 1/0 f-+ 

ADDRESS 

DECODING 

1/6 

445 



TSTEV04 

BLOCK DIAGRAM 
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TSTEV04 
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TSTEV04 

SOFTWARE 
Instructions STOP & WAIT correctly work on piggy­
back. Due to PAL & LS components of P.C. board, 
supply current does not meet Micro's spec. It stands 
around 800mA as it does in RUN mode. 

2732 EPROM have been chosen (access time 
<X300nS) but 2764 or 27128 ones may be used, 

DESCRIPTION 
All EF68HC04P3 fonctions are restored. Thus ap­
plication is emulated in real time and user program 
may be modified. 

taking into account that : 
_ upper address bit must be correctly setted 
_ program codes must stand in the lower 4Kbytes 

space 
_ one have to wire a socket adaptor between 

EPROM & piggy-back EPROM socket. 

The DATA space and PROGRAM space are in 
EPROM space. ADDRESS $00 to $17 and $60 to 
$95F are unknown. 

EPROM MAPPING 

CLOCK 

ROM 
PROGRAM SPACE 

VECTORS 

$ FF7 

$FFF 

Instead of using EF68HC04P3 one can plug the 
piggy-back and use application clock, either quartz 

(pin EXTAL-XTAL) or CMOS levels (pin XTAL). 
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SELECTABLE OPTIONS 
As EF68HC04P3 device you can choose maskable 
option on piggy-back board : 
_ CLOCK : division by 1, 2, 4 
_ IRQ : level or negative going edge. 

Two ways are available to supply the piggy-back : 
_ Application supply (pin 3 of EF68CH02P3 

socket) 

EXTERNAL 
POWER 

SUPPLY 
PLUGS 

POWER 
,...., 
• • • 

EXT. APPLI 

TSTEV04 

_ External power supply through DC supply plugs 
on piggy-back board. 

Due to bipolar components V supply must be 5 volts. 
(0,8A). 

The following diagram shows where jumpers are lo­
cated. 

+1 2 4 

[. . . 
• • • I CLOCK DIVISION 

~ 

... D q ~I ~=~ D D D 
0 Elo~DDooo 

IRQ r· • 
• • 

LEVEL EDGE 
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TSTEV04 

SELF-CHECK 
A self-check program is available in EPROM to ver­
ify piggy-back. To use it you must connect pins ac-

cording to the following diagram. (Piggy-back self­
check program is different than monochip one). 

+5V 

330(1 

TIM CO Ct 

+5V 

LSOO (6) 

LSOO (81 LS126 
TIM C1 cs 

0 0 0 Bad 1/0 

0 0 Bad Rom Data Space 

0 0 Bad Timer/in 

X 0 OK Timer/out 

Push on IRQ 
X X X All Flashing OK 

X = Flashing (1 S) 

Jiii SGS·THOMSON ="f/ Jlj]UICD\I@Ill!.~~@!illUC!l 
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SALES OFFICES 

AUSTRALIA 

NSW 2027 EDGECLIFF 
Sutte 211. Edgecl!ff centre 
203-233. New South Head Road 
Tel (61-2) 327 39 22 
Telex 071 126911 TCAUS 
Telefax (61-2) 327 61 76 

BRAZIL 

05413 SAO PAULO 
R Hennque Schaumann 286-CJ33 
Tel (55-11) 883-5455 
Telex (39-11) 37988 "UMBR BR" 

CANADA 

BRAMPTON, ONTARIO 
341 Ma1n St North 
Tel (416) 455-0505 
T elefax 416-455-2606 

CHINA 

BEIJING 
BeiJing No 5 Semiconductor 
Dev1ce Factory 
14 Wu Lu Tong Road 
Da Shang Mau Wat 
Tel (861) 2024378 
Telex 222722 STM CH 

DENMARK 

2730 HERLEV 
Herlev Torv. 4 
Tel (45-2) 94 85 33 
Telex 35411 
Telefax (45-2) 948694 

FRANCE 

94253 GENTILL Y Cedex 
7 - avenue Galltent - BP 93 
Tel (33-1) 47 40 75 75 
Telex 632570 STMHQ 
Telefax (33-1) 47 40 79 10 

67000 STRASBOURG 
20, Place des Hailes 
Tel (33) 88 25 49 90 
Telex 870001 F 
T elefax (33) 88 22 29 32 

HONG KONG 

WANCHAI 
22nd Floor - Hopewell centre 
183 Queen's Road East 
Tel (852-5) 8615788 
Telex 60955 ESGIES HX 
Telefax (852-5) 8656589 

INDIA 

NEW DELHI 110048 
Ltason Offtce 
S114, Greater Katlash Part 2 
Tel (91) 6414537 
Telex 31-62000 SGSS IN 

ITALY 

20090 ASSAGO (MI) 
V le Mllanofton - Strada 4 - Palazzo A/4/A 
TeL (39-2) 89213 1 (10 ltnee) 
Telex 330131 -330141 SGSAGR 
Telefax (39-2) 8250449 

40033 CASALECCHIO Dl RENO (BO) 
V1a R Fuctnt, 12 
Tel (39-51) 591914 
Telex 512442 
Telefax (39-51) 591305 

00161 ROMA 
V1a A T orlon1a, 15 
Tel (39-6) 8443341/2/3/4/5 
Telex 620653 SGSATE I 
Telefax (39-6) 8444474 

JAPAN 

TOKYO 108 
N1ssek1 - Takanawa Bid 4F 
2-18-10 Takanawa 
M1nato-Ku 
Tel (81-3) 280-4121 
Telefax (81-3) 280-4130 

KOREA 

SEOUL 121 
8th floor Shtnwon Butld1ng 
823-14, Yuksam-Dong 
Kang-Nam-Gu 
Tel (82-2) 552-0399 
Telex SGSKOR K29998 
Telefax (82-2) 552-1051 

NETHERLANDS 

5612 AM EINDHOVEN 
01llenburgstraat 25 
Tel (31-40) 550015 
Telex 51186 
Telefax (31-40) 528835 

SINGAPORE 

SINGAPORE 2056 
28 Ang Mo Kto - lndustnal Park 2 
Tel (65) 4821411 
Telex RS 55201 ESGIES 
Telefax (65) 4820240 

SPAIN 

08021 BARCELONA 
Calle Platon. 6 4th Floor, 5th Door 
Tel (34-3) 2022017-2020316 
Telefax (34-3) 2021461 

28027 MADRID 
Calle Albacete, 5 
Tel (34-1) 4051615 
Telex 27060 TCCEE 
Telefax (34-1) 4031134 

SWEDEN 

S-16421 KISTA 
BorgarfJordsgatan, 13- Box 1094 
Tel (46-8) 7939220 
Telex 12078 THSWS 
Telefax (46-8) 7504950 

SWITZERLAND 

1218 GRAND-SACONNEX (GENEVE) 
Chem1n Franyo1s-Lehmann, 18/A 
Tel (41-22) 7986462 
Telex 415493 STM CH 
Telefax (41-22) 7984869 

TAIWAN 

TAIPEI 
12th Floor 
571, Tun Hua South Road 
Tel (886-2) 755-4111 
Telex 10310 ESGIE TW 
Telefax (886-2) 755-4008 

UNITED KINGDOM 

MARLOW, BUCKS 
Planar House. Parkway 
Globe Park 
Tel (44-628) 890800 
Telex 84 7 458 
Telefax (44-628) 890391 



U.S.A. 

NORTH & SOUTH AMERICAN 
MARKETING HEADQUARTERS 
1000 East Bell Road 
PhoeniX, AZ 85022-2699 
(1)-(602) 867-6340 

SALES COVERAGE BY STATE 

ALABAMA 
Huntsville · (205) 533-5995 

ARIZONA 
Phoemx · (602) 867-6340 

CALIFORNIA 
lrv1ne · (714) 250-0455 
San Jose • (408) 452·8585 

COLORADO 
Boulder (303) 449-9000 

GEORGIA 
Norcross· (404) 242-7444 

ILLINOIS 
Schaumburg· (312) 517·1890 

MARYLAND 
Columbia· (301) 995-6952 

MASSACHUSSETTS 
Waltham · (617) 890-6688 

NEW JERSEY 
Voorhees · (609) 772-6222 

OREGON 
T1gard · (503) 620-5517 

TEXAS 
Austm · (512) 339-4191 
Carrollton · (214) 466-8844 

WASHINGTON 
Seattle - (206) 524-6421 

FOR RF AND MICROWAVE 
POWER TRANSISTORS CONTACT 
THE FOLLOWING REGIONAL 
OFFICES IN THE U SA 

CALIFORNIA 
Hawthorne· (213) 675-0742 

NEW JERSEY 
Totowa· (201) 890-0884 

PENNSYLVANIA 
Montgomeryville · (215) 362-8500 

TEXAS 
Carrollton · (214) 466-8844 

SALES OFFICES 

WEST GERMANY 

6000 FRANKFURT M1 
Gutleutstrabe 322 
Tel (49-69) 237492 
Telex 176997 689 
Telefax (49-69) 231957 
Teletex 6997689~STVBP 

8011 GRASBRUNN 
Breton1scher R1ng 4 
Neukeferloh Technopark 
Tel. (49-89) 460060 
Telex 528211 
Telefax (49·89) 4605454 
Teletex 897107~STDISTR 

3000 HANNOVER 1 
Eckenerstrasse 5 
Tel (49-511) 634191 
Telex 175118418 
Teletex 5118418 csfbeh 
Telefax (49·511) 633552 

8500 NURNBERG 20 
Erlenstegenslrasse. 72 
Tel (49·911) 597032 
Telex 626243 
Telefax (49-911) 5980701 

5200 SIEGBURG 
Frankfurter Sir 22a 
Tel (49-2241) 660 84-86 
Telex 889510 
Telefax (49·2241) 67584 

7000 STUTTGART 1 
Oberer K~rchhaldenweg 135 
Tel (49-711) 692041 
Telex 721718 
Telefax (49·711) 691408 



Information furnished 1s believed to be accurate and reliable However, SGS~THOMSON M1croelectromcs assumes no responsibility for 
the consequences of use of such information nor for any mfnngement of patents or other nghts of th1rd part1es wh1ch may result from 
its use No l1cense is granted by 1mpl1cat1on or otherw1se under any patent or patent rights of SGS-THOMSON Microelectronics Spec1f1ca­
t1ons mentioned m th1s publication are subJect to change without not1ce Th1s publicatiOn supersedes and replaces all information prevJOu~ 
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