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TOSHIBA TMP68HC05C4

1. INTRODUCTION
1.1 GENERAL

The TMP68HC05C4 CMOS Microcomputer is a member of the 68HC05 Family of
low-cost single-chip microcomputers. This 8-bit microcomputer unit (MCU) contains an
on-chip oscillator, CPU, RAM, ROM, I/O, two serial interface systems, and timer. The
fully static design allows operation at frequencies down to dc, further reducing its
already low-power consumption.

1.2 FEATURES

The following are some of the hardware and software highlights of the
TMP68HC05C4.

HARDWARE FEATURES
(] CMOS Technology
. 8-Bit Architecture
° Power Saving Stop, Wait, and Data Retention Modes
. Fully Static Operation
. 176 Bytes of On-Chip RAM
° 4160 Bytes of On-Chip ROM
. 24 Bidirectional I/O Lines
(] 2.1 MHz Internal Operating Frequency at 5 Volts;1.0 MHz at 3 Volts
o Internal 16-Bit Timer Similar to MC6801 Timer
° Serial Communications Interface System
. Serial Peripheral Interface System
®  Self-Check Mode

] External, Timer, Serial Communications Interface, and Serial Peripheral
Interface Interrupts

° Master Reset and Power-On Reset

®  Single 3- to 6-Volt Supply (2 Volt Data Retention Mode)

®  On-Chip Oscillator with RC or Crystal/Ceramic Resonator Mask Options
] 40-Pin Dual-In-Line Package

®  44-Lead PLCC (Plastic Leaded Chip Carrier) Chip Carrier Also Available

MCUO05-1




TOSHIBA TMP68HCO05C4

SOFTWARE FEATURES
° Similar to MC6800
(] 8 X 8 Unsigned Multiply Instruction
e  Efficient Use of Program Space
®  Versatile Interrupt Handling
° True Bit Manipulation
J Addressing Modes with Indexed Addressing for Tables
° Efficient Instruction Set
e  Memory Mapped I/O
° Two Power-Saving Standby Modes
° Upward Software Compatible with the M146805 CMOS Family
o Complete Development System Support on EXOR ciser and HDS-200
TCMP iternal | OSC1 05€2
a
T Processor ‘ L Plnteer:al
Clock . — Processor
_TC_AL_P., Timer System oc (1src,glitgr Clock
- RESET
L TR
4_::%?_, Accumulator 1_%,
Port W Pzrt D[a)itra — CPU D;itra Pcért TG Port
A PA3 Reg Reg y .ex Control | Reg Reg P c
70 PA4 | Register PC4 [7/e]
Lines PAS ey PCS Lines
I ad Cogg:jtéon ~—pce
PA7 Register PC7
-~ CPU | e————>
Stack PD7
PBO Pointer e PortD [
“PB1 PDI (PDO)
<S> Program
Port PB2 | Port | Data Counter T scl TDO (PD1)
B PB3 B Dir High ALU MISO (PD2)
WO _PBA_| Reg | Reg M MOSI (PD3)
X Program
Lines  PBS Counter a4 SPI SCK (PD4,
g:g Low S5 (PD5)
? 1 Baud Rate
? 1 Generator
4160x8 1 S76 x 8 I}
ROM ;Zl:/cl Internal
240x 8 Pr%?es;or
Self-Check o¢
ROM

Figure 1.1 TMP68HC05C4 Microcomputer Block Diagram

MCUO05-2



TOSHIBA TMP68HC05C4

2.

2.1

FUNCTIONAL PIN DESCRIPTION, INPUT/OUTPUT
PROGRAMMING, MEMORY, CPU REGISTERS, AND SELF-
CHECK

This section provides a description of the functional pins, input/output programming,
memory, CPU registers, and self-check.

FUNCTIONAL PIN DESCRIPTION

2.1.1 Vpp and Vgg

Power is supplied to the MCU using these two pins. Vpp is power and Vgg is ground.

2.1.2 IRQ (Maskable Interrupt Request)

IRQ is a mask programmable option which provides two different choices of interrupt
triggering sensitivity. These options are: 1) negative edge-sensitive triggering only, or
2) both negative edge-sensitive and level-sensitive triggering. In the latter case, either
type of input to the IRQ pin will produce the interrupt. The MCU completes the current
instruction before it responds to the interrupt request. When the IRQ pin goes low for at
least one trr1H, a logic one is latched internally to signify an interrupt has been
requested. When the MCU completes its current instruction, the interrupt latch is
tested. If the interrupt latch contains a logic one, and the interrupt mask bit (1 bit) in
the condition code register is clear, the MCU then begins the interrupt sequence.

If the option is selected to include level-sensitive triggering, then the IRQ input
requires an external resistor to Vpp for “wire-OR” operation. See INTERRUPTS in
Section 3 for more detail concerning interrupts.

2.1.3 RESET

The RESET input is not required for startup but can be used to reset the MCU
internal state and provide an orderly software startup procedure. Refer to RESETS in
Section 3 for a detailed description.

2.14 TCAP

The TCAP input controls the input capture feature for the on-chip programmable
timer system. Refer to INPUT CAPTURE REGISTER in Section 4 for additional

information.

2.1.5 TCMP

The TCMP pin provides an output for the output compare feature of the on-chip timer
system. Refer to OUTPUT COMPARE REGISTER in Section 4 for additional

information.

MCUO05-3




TOSHIBA TMP68HCO5C4

2.1.6 OSC1, 0SC2

The TMP68HCO05C4 can be configured by mask option to accept either a
crystal/ceramic resonator input or an RC network to control the internal oscillator. The
internal clocks are derived by a divide-by-two of the internal oscillator frequency (fogc).

2.1.6.1 CRYSTAL.

The circuit shown in Figure 2.1(b) is recommended when using a crystal. The
internal oscillator is designed to interface with an AT-cut parallel resonant quartz
crystal resonator in the frequency range specified for fog (refer to paragraph 9.7 or 9.8
Control Timing). Use of an external CMOS oscillator is recommended when crystals
outside the specified ranges are to be used. The crystal and components should be
mounted as close as possible to the input pins to minimize output distortion and startup
stabilization time. Refer to paragraph 9.5 or 9.6 for Vpp specifications.

Crystal Ceramic Resonator
2MHz 4 MHz Units 2-4 MHz Units
RsmaAx 400 75 Q Rs (typical) 10 Q
Co 5 7 pF Co 40 pF
G 0.008 | 0012 | < 43 pF
Cosc1 15-40 15-30 pF Cosc1 30 pF
Cosc2 15-30 15-25 pF ’ Cosc2 30 pF
Rp 10 10 MQ Rp 1-10 MQ
Q 30 40 K Q 1250 -
(a) Crystal/Ceramic Resonator Parameters
TMP68HC0O5C4
C
0sC1 0sC2 oL Rs
osc2 ——{—vW—osci
Rp |
Co

=

0sC2 0OscC1

at

(c) Equivalent Crystal Circuit

Cosc2

Cosc I

(b) Crystal/Ceramic Resonator Oscillator Connections

iH

TMP68HC05C4 TMP68HC05C4
0sC1 0sc2 0scC1t 0sc2
R ' Unconnected
———— < External Clock

(d) RCOscillator Connections

(e) External Clock Source Connections
(Either Crystal or RC Mask Options)

Figuer 2.1 Oscillator Connections

MCU05-4



TOSHIBA TMP68HC05C4

2.1.6.2 CERAMIC RESONATOR.

A ceramic resonator may be used in place of the crystal in cost-sensitive applications.
The circuit in Figure 2.1(b) is recommended when using a ceramic resonator. Figure
2.1(a) lists the recommended capacitance and feedback resistance values. The
manufacturer of the particular ceramic resonator being considered should be consulted
for specific information.

2.1.6.3 RC.

If the RC oscillator option is selected, then a resistor is connected to the oscillator pins
as shown in Figure 2.1(d). The relationship between R and fy4 is shown in Figure 2.2.

~
I 5
é i
> 2 B
e
< 1
3
o
v 0.5
[T [N
= 0.2
e 0.1 ===
o)
S 005
& 002
0.01

1 2 S 10 20 50 100 200 500 1000
Resistance(KQ)

Figure 2.2 Typical Frequency vs Resistance for RC Oscillator Option Only(Vpp=5.0V)
2.1.6.4 EXTERNAL CLOCK.

An external clock should be applied to the OSC1 input with the OSC2 pin not
connected, as shown in Figure 2.1(e). An external clock may be used with either the RC
or crystal oscillator option. The toxov or tir,cH specifications do not apply when using
an external clock input. The equivalent specification of the external clock source should
be used in lieu of toxov or tiLcH-

2.1.7 PAO-PA7

These eight I/0 lines comprise port A. The state of any pin is software programmable
and all port A lines are configured as input during power-on or reset. Refer to
INPUT/OUTPUT PROGRAMMING paragraph for a detailed description of I/0
programming.

MCU05-5
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2.1.8 PB0-PB7

These eight lines comprise port B. The state of any pin is software programmable and
all port B lines are configured as input during power-on or reset. Refer to
INPUT/OUTPUT PROGRAMMING paragraph for a detailed description of I/0
programming.

2.1.9 PCO-PC7

These eight lines comprise port C. The state of any pin is software programmable and
all port C lines are configured as input during power-on or reset. Refer to
INPUT/OUTPUT PROGRAMMING paragraph for a detailed description of I/O

programming.
2.1.10 PDO-PD5, PD7

These seven lines comprise port D, a fixed input port that is enabled during power-on.
All enabled special functions (SPI and SCI) affect the pins on this port. Four of these
lines, PD2/MISO, PD3/MOSI, PD4/SCK, and PD5/SS, are used in the serial peripheral
interface (SPI) discussed in Section 6. Two of these lines, PD0/PDI and PD1/TDO, are
used in the serial communications interface (SCI) discussed in Section 5. Refer to 2.2
INPUT/OUTPUT PROGRAMMING for a detailed description of I/O programming.

2.2 INPUT/OUTPUT PROGRAMMING
2.2.1 Parallel Ports

Ports A, B, and C may be programmed as an input or an output under software
control. The direction of the pins is determined by the state of the corresponding bit in
the port data direction register (DDR). Each 8-bit port has an associated 8-bit data
direction register. Any port A, port B, or port C pin is configured as an output if its
corresponding DDR bit is set to a logic one. A pin is configured as an input if its
corresponding DDR bit is cleared to a logic zero. At power-on or reset, all DDRs are
cleared, which configure all port A, B, and C pins as inputs. The data direction registers
are capable of being written to or read by the processor. Refer to Figure 2.3 and Table
2.1. During the programmed output state, a read of the data register actually reads the
value of the output data latch and not the I/O pin.

Table 2.1 I/O Pin Functions

RAV* DDR I/0 Pin Function
0 0 The I/O pin is in input mode. Data is written into the output data latch.
0 1 Data is written into the output data latch and output to the I/O pin.
1 0 The state of the I/0 pin is read.
1 1 The I/0 pinisin an output mode. The output data latch is read.

* is an internal signal.

MCU05-6



TOSHIBA TMP68HC05C4

2.2.2 Fixed Port

Port D is a 7-bit fixed input port (PD0-PD5, PD7) that continually monitors the
external pins whenever the SPI or SCI systems are disabled. During power-on reset or
external reset all seven bits become valid input ports because all special function output
drivers are disabled. For example, with the serial communications interface (SCI)
system enabled, (RE=TE=1) PDO and PD1 inputs will read zero. With the serial
peripheral interface (SPI) system disabled (SPE=0) PD2 through PD5 will read the
state of the pin at the time of the read operation. No data register is associated with the
port when it is used as an input.

Note: It is recommended that all unused inputs and I/O ports be tied to an
appropriate logic level (e.g., either Vpp or Vgg).

2.2.3 Serial Port (SCI and SPI)

The serial communications interface (SCI) and serial peripheral interface (SPI) use
the port D pins for their functions. The SCI function requires two of the pins (PD0-PD1)
for its receive data input (RDI) and transmit data output (TDO) respectively, whereas
the SPI function requires four of the pins (PD2-PD5) for its serial data input/output
(MISO), serial data output/input (MOSI), system clock (SCK), and slave select (SS)
respectively. Refer to SECTION 5 SERIAL COMMUNICATIONS INTERFACE and
SECTION 6 SERIAL PERIPHERAL INTERFACE for a more detailed discussion.

MCU05-7
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TMP68HC05C4

/0 Pin

/ Data Direction
> Register
Bit
Latched
Internal Outp;ittData ! ly’ .
TMP68HC05C4
Connections
Typical Port

Data Direction | ppRr7 | pDRS | DDRS | DDR4 | DDR3 | DDR2 | DDR1 | DDRO |

e T T T T T T T
I

Typical Port

pestort | I
S I T T R T R I

I/O Port
Lines Px7 Px6 Px5 Px4 Px3 Px2 Pxi Px0
(b)
Port Data
Internal
Logic

(c)

Notes:
1. *Denotes devices have same physical size, and are enhancement type.
2. IP=Input protection.
3. Latch-up protection not shown.

Figure 2.3 Parallel Port I/O Circuitry
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2.3 MEMORY

As shown in Figure 2.4, the MCU is capable of addressing 8192 bytes of memory and
I/O registers with its program counter. The TMP68HC05C4 MCU has implemented
4601 bytes of these locations. The first 256 bytes of memory (page zero) include: 25
bytes of I/O features such as data ports, the port DDRs, timer, serial peripheral interface
(SPI), and serial communication interface (SCI);48 bytes of user ROM, and 176 bytes of
RAM. The next 4096 bytes complete the user ROM. The self-check ROM (224 bytes) and
self-check vectors (16 bytes) are contained in memory locations $1F00 through $1FEF.
The 16 highest address bytes contain the user defined reset and the interrupt vectors.
Seven bytes of the lowest 32 memory locations are unused and the 176 bytes of user
RAM include up to 64 bytes for the stack. Since most programs use only a small part of

the allocated stack locations for interrupts and/or subroutine stacking purposes, the
unused bytes are usable for program data storage.

$0000 0000 0000 Port A Data Register $00
Ports
Reai
Vo 7 Bytes Port B Data Register $01
32 Bytes Port C Data Register $02
Port D Fixed Input Register $03
001F 0031
:0020 10032 “;';;Z: Port A Data Direction Register $04
User \ o B
ROM '\ Port B Data Direction Register $05
$004F 48 Bytes 067 9 Port C Data Direction Register $06
$0050 0080 spl Unused $07
\ 3 Bytes Unused $08
RAM \ U
\ nused $09
176 Bytes \
\ Serial Peripheral Control Register $0A
$00BF 0191\ sCl Serial Peripheral Status Register $08
_______________ \
$00C0 Stack 0192 \ 5 Bytes Serial Peripheral Data I/0 Register $0C
\
$S00FF 648Bytes | o255 \ Serial Communications Baud Rate Register $0D
1 \ i ication i
$0100 0256 \ Timer Serial C Control Reg 1 $O0E
User \ 10 Bytes Serial C ications Control Register2 $0F
ROM \\ ial C s Reqi
4096 Bytes | Seria ons Status Reg $10
ial C icatio i
$10FF 4351 \ Unused Serial ns Data Reg $11
$1100 4352 \ 4 Bytes Timer Control Register $12
\
Unused \ 0031 Timer Status Register $13
3584 Bytes \ Input Capture High Register $14
$1EFF 7935 \ N
$1F00 7936 3 \ Input Capture Low Register $15
\ Output Compare High Register $16
\
Self Check ‘\ Output Compare Low Register $17
$1FDF \ Counter High Register $18
_______________ \
$1FEQ \ Counter Low Register $19
If-Check Vi
Self-Check Vectors > 256 Bytes ‘\‘ Alternate Counter High Register $1A
$1FEF 8175 \ Alternate Counter Low Register $18
\
$1FFO Unused 8176 \ Unused $1C
$1FF3 4 Bytes 8179 \ Unused $10
$1FF4 User 8180 ‘\\ Unused $1E
Vectors \
&1FFF 12 Bytes 8191 ) Unused $1F

Figure 2.4 TMP68HC05C4 Memory Map
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2.4 CPU REGISTERS

The TMP68HC05C4 CPU contains five registers, as shown in the programming
model of Figure 2.5. The interrupt stacking order is shown in Figure 2.6.

7 0
| A J Accumulator
7 0
I X l Index Register
12 0
|7 PC J Program Counter
12 7 0
[oJo]Jofofo|1]1] sP | stack Pointer
cC 0
I H | 1 | N [ Z | C l Condition Code Register
~ L Carry/Borrow
L———— Zero
Negative
Interrupt Mask
Half Carry
Figure 2.5 Programming Model
7 o Stack
= 1i1J 1 l Condition Code Register :
o« Accumulator o
Increasing Memory > Index Register « Decreasing Memory
Addresses = o Addresses
wlofo]fo] PCH w
e« PCL ;
Unstack -

Note: Since the Stack Pointer decrements during pushes, the PCL is stacked first, followed by
PCH, etc. Pulling from the stack is in the reverse order.

Figure 2.6 Stacking Order

2.4.1 Accumulator (A)

The accumulator is an 8-bit general purpose register used to hold operands, results of
the arithmetic calculations, and data manipulations.

2.4.2 Index Register (X)

The X register is an 8-bit register which is used during the indexed modes of
addressing. It provides an 8-bit value which is used to create an effective address. The
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index register is also used for data manipulations with the read-modify-write type of
instructions and as a temporary storage register when not performing addressing
operations.

2.4.3 Program Counter (PC)

The program counter is a 13-bit register that contains the address of the next
instruction to be executed by the processor.

2.4.4 Stack Pointer (SP)

The stack pointer is a 13-bit register containing the address of the next free locations
on the push-down/pop-up stack. When accessing memory, the seven most significant
bits are permanently configured to 0000011. These seven bits are appended to the six
least significant register bits to produce an address within the range of $00FF to $00CO0.
The stack area of RAM is used to store the return address on subroutine calls and the
machine state during interrupts. During external or power-on reset, and during a reset
stack pointer (RSP) instruction, the stack pointer is set to its upper limit ($00FF).
Nested interrupt and/or subroutines may use up to 64 (decimal) locations. When the 64
locations are exceeded, the stack pointer wraps around and points to its upper limit
($00FF), thus, losing the previously stored information. A subroutine call occupies two
RAM bytes on the stack, while an interrupt uses five RAM bytes.

2.4.5 Condition Code Register (CC)

The condition code register is a 5-bit register which indicates the results of the
instruction just executed as well as the state of the processor. These bits can be
individually tested by a program and specified action taken as a result of their state.
Each bit is explained in the following paragraphs.

2.4.5.1 HALF CARRY BIT (H).

The H bit is set to a one when a carry occurs between bits 3 and 4 of the ALU during
an ADD or ADC instruction. The H bit is useful in binary coded decimal subroutines.

2.4.5.2 INTERRUPT MASK BIT (I).

When the I bit is set, all interrupts are disabled. Clearing this bit enables the
interrupts. If an external interrupt occurs while the I bits is set, the interrupt is latched
and is processed after the I bit is next cleared;therefore, no interrupts are lost because of
the I bit being set. An internal interrupt can be lost if it is cleared while the I bit is set
(refer to SECTION 4 PROGRAMMABLE TIMER, SECTION 5 SERIAL
COMMUNICATIONS INTERFACE, and SECTION 6 SERIAL PERIPHERAL
INTERFACE for more information).
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2.4.5.3 NEGATIVE (N).
When set, this bit indicates that the result of the last arithmetic, logical, or data

manipulation is negative (bit 7 in the result is a logic one).

2.4.5.4 ZERO (Z).
When set, this bit indicates that the result of the last arithmetic, logical, or data

manipulation is zero.

2.4.5.5 CARRY/BORROW (C).

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, shifts, and rotates.

2.5 SELF-CHECK

The self-check capability of the TMP68HC05C4 MCU provides an internal check to
determine if the device is functional. Self-check is performed using the circuit shown in
the schematic diagram of Figure 2.7. As shown in the diagram, port C pins PC0-PC3 are
monitored (light emitting diodes are shown but other devices could be used) for the self-
check results. The self-check mode is entered by applying a 9 V dc input (through a 4.7
KQ resistor) to the IRQ pin and 5 V dc input (through a 4.7 KQ resistor) to the TCAP pin
and then depressing the reset switch to execute a reset. After reset, the following seven
tests are performed automatically:

I/0 —Functionally exercises ports A, B, and C

RAM —Counter test for each RAM byte

Timer — Tracks counter register and checks OCF flag
SCI—Transmission Test;checks for RDRF, TDRE, TC, and FE flags
ROM —Exclusive OR with odd ones parity result

SPI—Transmission test with check for SPIF, WCOL, and MODF flags
INTERRUPTS —Tests external, timer, SCI, and SPI interrupts.

Self-check results (using the LEDs as monitors) are shown in Table 2.2. The
following subroutines are available to user programs and do not require any external
hardware.

2.5.1 Timer Test Subroutine

This subroutine returns with the Z bit cleared if any error is detected;otherwise, the Z
bit is set.
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This subroutine is called at location $1FOE. The output compare register is first set to
the current timer state. Because the timer is free running and has only a divide-by-four
prescaler, each timer count cannot be tested. The test reads the timer once every 10
counts (40 cycles) and checks for correct counting. The test tracks the counter until the
timer wraps around, triggering the output compare. flag in the timer status register.
RAM locations $0050 and $0051 are overwritten. Upon return to the user’s program,

X =40. If the test passed, A=0.

2.5.2 ROM Checksum Subroutine

This subroutine returns with the Z bit cleared if any error is detected;otherwise, the Z

bit is set.

This subroutine is called at location $1F93 with RAM location $0053 equal to $01 and
A=0. A short routine is set up and executed in RAM to compute a checksum of the
entire ROM pattern. Upon return to the user’s program, X=0. If the test passed, A=0.

RAM locations $0050 through $0053 are overwritten.

+9V

S

RESET

Voo
0scC1

TCAP

TMP68HCO05C4
PA7 0sc2
PAS
PAS PD7
PA4 TCMP
PA3 PD5/5S
PA2 PD4/SCK
PA1 PD3/MOSI
PAO PD2/MISO

PD1/TDO

PDO/PD1
PBO PCO
PB1 PC1
PB2 PC2
PB3 PC3
PB4 pca
PBS PC5
PB6 PC6
PB7 Vss PC7

(See Note)

=

1M
WA= g0k

= AN\V

1

+5V
4.7K
N3904

{

3

7 %z

—|
A

|

Note: The RC Oscillator Option may also be used in this circuit.

Figuer 2.7 Self-Check Circuit Schematic Diagram

x7| 7
g
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Table 2.2 Self-Check Results

PC3 | PC2 | PC1 | PCO Remarks
1 0 0 1 Bad /O
1 0 1 0 }Bad RAM
1 0 1 1__|Bad Timer
1 1 0 0 _|Badsci
1 1 0 1 Bad ROM
1 1 1 0 |BadSPI
1 1 1 1 |Bad Interrupts or IRQ Request
Flashing Good Device
Ail Others Bad Device, Bad Port C, etc.

0 Indicates LED on;1 Indicates LED is off.
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3. RESETS, INTERRUPTS, LOW POWER, AND DATA RETENTION
MODES

3.1 RESETS

The TMP68HC05C4 has two reset modes:an active low external reset pin (RESET)
and a power-on reset function;refer to Figure 3.1.

3.1.1 RESET Pin

The RESET input pin is used to reset the MCU to provide an orderly software startup
procedure. When using the external reset mode, the RESET pin must stay low for a
minimum of one and one half tyc. The RESET pin contains an internal Schmitt Trigger
as part of its input to improve noise immunity.

3.1.2 Power-On Reset

The power-on reset occurs when a positive transition is detected on Vpp. The power-
on reset 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 for a power-down reset. The
power-on circuity provides for a 4064 tey. delay from the time that the oscillator becomes
active. If the external RESET pin is low at the end of the 4064 tcy time out, the
processor remains in the reset condition unit RESET goes high. The user must ensure
that Vpp has risen to a point where the MCU can operate properly prior to the time the
4064 POR reset cycles have elapsed. If there is doubt, the external RESET pin should
remain low until such time that Vpp has risen to the minimum operating voltage
specified.

Table 3.1 shows the actions of the two resets on internal circuits, but not necessarily
in order of occurrence (X indicates that the condition occurs for the particular reset).

3.2 INTERRUPTS

Systems often require that normal processing be interrupted so that some external
event may be serviced. The TMP68HC05C4 may be interrupted by one of five different
methods:either one of four maskable hardware interrupts ITRQ, SPI, SCI, or Timer) and
one non-maskable software interrupt (SWI). Interrupts such as Timer, SPI, and SCI
have several flags which will cause the interrupt. Generally, interrupt flags are located
in read-only status registers, whereas their equivalent enable bits are located in
associated control registers. The interrupt flags and enable bits are never contained in
the same register. If the enable bit is a logic zero it blocks the interrupt from occurring
but does not inhibit the flag from being set. Reset clears all enable bits to preclude
interrupts during the reset procedure.

The general sequence for clearing an interrupt is a software sequence of first
accessing the status register while the interrupt flag is set, followed by a read or write of
an associated register. When any of these interrupts occur, and if the enable bitis a
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logic one, normal processing is suspended at the end of the current instruction execution.
Interrupts cause the processor registers to be saved on the stack (see Figure 2.6) and the
interrupt mask (I bit) set to prevent additional interrupts. The appropriate interrupt
vector then points to the starting address of the interrupt service routine (refer to Figure
2.4 for vector location). Upon completion of the interrupt service routine, the RTI
instruction (which is normally a part of the service routine) causes the register contents
to be recovered from the stack followed by a return to normal processing. The stack
order is shown in Figure 2.6.

Note : The interrupt mask bit (I bit) will be cleared if and only if the corresponding
bit stored in the stack is zero.

A discussion of interrupts, plus a table listing vector addressés for all interrupts
including reset, in the TMP68HCO05C4 is provided in Table 3.2.

—>| Je—tvDDR
i
1
;
Voo {- VoD Thershold (1-2V Typical)
1

oscr ,,,////////////////////////////////////////////////////////////
1] ! 4064 o !

e
toxoved 1 1 t
v :<—-—¥L>I
1
Processor
Clock*
%g';g:s' wewpcx )4 XJLFE_X ere D 1ere X 1rre X 1ere Xuew PCX
Bus* .
Internal G e~ SO OO o)A &)
Bus* <——tRL —
RESET 3 *kk {

* Internal timing signal and bus information not available externally.
** OSC1 line is not meant to represent frequency. Itisonly used to represent time.
#** The next rising edge of the internal processor clock following the rising edge of RESET

initiates the reset sequence.

Figure 3.1 Power-On Reset and RESET
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Table 3.1 Reset Action on Internal Circuit

Condition RE,iS:T Ponei; ? n
Timer Prescaler reset to zero state X
Timer counter configured to $FFFC X X
Timer output compare (TCMP) bit reset to zero X X
All timer interrupt enable bits cleared (ICIE, OCIE, and TOIE) to disable timer interrupts. X X
The OLVL timer bit is also cleared by reset.
All data direction registers cleared to zero (input) X X
Configure stack pointer to $00FF X X
Force internal address bus to restart vector ($1FFE-$1FFF) X x
Set bit in condition code register to a logic one X x
Clear STOP latch x* X
Clear external interrupt latch X X
Clear WAIT latch X X
Disable SCI (serial control bits TE = 0 and RE = 0). Other SCl bits cleared by reset include: TIE, X X
TCIE, RIE, ILIE, RWU, SBK, RDRF, IDLE, OR, NF, and FE.
Disable SPI (serial output enable condtrol bit SPE = 0). Other SPI bits cleared by reset include: X X
SPIE, MSTR, SPIF, WCOL, and MODF.
Set serial status bits TDRE and TC X x
Clear all serial interrupt enable bits (SPIE, TIE, and TCIE) x X
Place SPI system in slave mode (MSTR = 0) X X
Clear SCI prescaler rate control bits SCPO-SCP1 X X

*Indicates that timeout still occurs.

Table 3.2 Vector Address for Interrupts and Reset
Flag CPU Vector

Re?iaer Name Interrupts Interrupt Address |

N/A N/A | Reset RESET | $1FFE-$1FFF |

N/A N/A | Software SWI | $1FFC-$1FFD |
N/A N/A Exdternal Interrupt RQ $1FFA-$1FFB
Timer Status ICF Input Capture TIMER | $1FF8-$1FF9

OCF Output Compare
TOF Timer Overflow
SCl Status TDRE | Transmit Buffer Empty scl $1FF6-$1FF7
TC Transmit Complete
RDRF | Receiver Buffer Full
IDLE Idle Line Detect
OR Overrun
SPI Status SPIF | Transfer Complete SPl $1FF4-$1FFS
MODF [ Mode Fault
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3.2.1 Hardware Controlled Interrupt Sequence

The following three functions (RESET, STOP, and WAIT) are not in the strictest
sense an interrupt;however, they are acted upon in a similar manner. Flowcharts for
hardware interrupts are shown in Figure 3.2, and for STOP and WAIT are provided in
Figure 3.3. A discussion is provided below.

(a) —A low input on the RESET input pin causes the program to vector to its
starting address which is specified by the contents of memory locations $1FFE and
$1FFF. The I bit in the condition code register is also set. Much of the MCU is
configured to a known state during this type of reset as previously described in
RESETS paragraph 3.1.

(b) STOP—The STOP instruction causes the oscillator to be turned off and the
processor to “sleep” until an external interrupt (IRQ) or reset occurs.

(c) WAIT —The WAIT instruction causes all processor clocks to stop, but leaves the
Timer, SCI, and SPI clocks running. This “rest” state of the processor can be
cleared by reset, an external interrupt (IRQ), Timer interrupt, SPI interrupt, or
SCI interrupt. There are no special wait vectors for these individual interrupts.

3.2.2 Software Interrupt (SWI)

The software interrupt is an executable instruction. The action of the SWI
instruction is similar to the hardware interrupts. The SWI is executed regardless of the
state of the interrupt mask (I bit) in the condition code register. The interrupt service
routine address is specified by the contents of memory location $1FFC and $1FFD.

3.2.3 External Interrupt

If the interrupt mask (I bit) of the condition code register has been cleared and the
external interrupt pin (IRQ) has gone low, then the external interrupt is recognized.
When the interrupt is recognized, the current state of the CPU is pushed onto the stack
and the I bit is set. This masks further interrupts until the present one is serviced. The
interrupt service routine address is specified by the contents of memory location $1FFA
and $1FFB. Either a level-sensitive and negative edge-sensitive trigger, or a negative
edge-sensitive only trigger are available as a mask option. Figure 3.4 shows both a
functional and mode timing diagram for the interrupt line. The timing diagram shows
two different treatments of the interrupt line (TIRQ) to the processor. The first method
shows single pulses on the interrupt line spaced far enough apart to be serviced. The
minimum time between pulses is a function of the number of cycles required to execute
the interrupt service routine plus 21 cycles. Once a pulse occurs, the next pulse should
not occur until the MCU software has exited the routine (an RTI occurs). The second
configuration shows several interrupt lines “wire-ORed” to form the interrupts at the
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processor. Thus, if after servicing one interrupt the interrupt line remains low, then the
next interrupt is recognized.

Note : The internal interrupt latch is cleared in the first part of the service
routine;therefore, one (and only one) external interrupt pulse could be latched
during tyy 1, and serviced as soon as the I bit is cleared.

From RESET

Is1Bit Set

’RQ
External
Interrupt

ClearTRQ
Request Latch

Stack
PC,X,A,CC
Timer
Internal
Interrupt Set|Bit

___ Load PCFrom:
IRQ : $1FFA~S$1FFH
Timer : $1FF8~$1FF9|

sa

Internal SCl : $1FF6~$1FF7,
Interrupt SPI : $1FF4~$1FFS
Complete

Interrupt Routine
and Execute
RTI

SPI
Internal
Interrupt

No

Fetch Next
Instruction

Execute
Instruction

Figure 3.2 Hardware Interrupt Flowchart

MCUO05-19




TOSHIBA

( Stop

D =D

!

!
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Oscillator Active
Timer, SCI, And SPI

And All Clocks Clocks Active
Processor Clocks
Clear 1 Bit Stopped
T -

External
Interrupt

(IRQ)

External
Interrupt
(IRQ)

Turn On Oscillator
Wait for Time

Delay to Stabilize

Restart
Processor Clock
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l
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b. SetlBit
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Interrupt Routine

(1) Fetch Reset Vector or
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Interrupt Routine

Figure 3.3 STOP/WAIT Flowcharts
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Level-Sensitive Trigger

External
Interrupt
Request

1Bit (CC)

Power-On Reset
External Reset
External Interrupt

Being Serviced (Read of Vectors)

Interrupt Pin

(a)Interrupt Function Diagram

R Edge-Sensitive Trigger Condition
—_— - 1,
IRQ I-—-I ILIH I—J The minimum pulse width (tjyu) is either
I tiuL } 125ns (Vpp = 5V) or 250ns (Vpp =3V) .

The period t; . should not be less than the
number of teyc cycles it takes to execute the
interrupt service routine plus 21ty cycles.

\
R LJ— — tun Level.-S.ensltlv.e Trigger Comﬂ_on '
. If after servicing an interrupt the IRQ remains
L] . . .
e ______.I I— low, then the next interrupt is recognized.
IRQn Normally Used with

Wire-ORed Connection

J

(b)Interrupt Mode Diagram
Figure 3.4 External Interrupt

3.2.4 Timer Interrupt

There are three different timer interrupt flags that will cause a timer interrupt
whenever they are set and enabled. These three interrupt flags are found in the three
most significant bits of the timer status register (TSR, location $13) and all three will
vector to the same interrupt service routine (§1FF8-$1FF9).

All interrupt flags have corresponding enable bits (ICIE, OCIE, and TOIE)in the
timer control register (TCR, location $12). Reset clears all enable bits, thus preventing
an interrupt from occurring during the reset time period. The actual processor interrupt
is generated only if the I bit in the condition code register is also cleared. When the
interrupt is recognized, the current machine state is pushed onto the stack and I bit is
set. This masks further interrupts until the present one is serviced. The interrupt
service routine address is specified by the contens of memory location $1FF8 and $1FF9.
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The general sequence for clearing an interrupt is a software sequence of accessing the
status register while the flag is set, followed by a read or write of an associated register.
Refer to SECTION 4 PROGRAMMABLE TIMER for additional information about the

timer circuitry.
3.2.5 Serial Communications Interface (SCI) Interrupts

An interrupt in the serial communications interface (SCI) occurs when one of the
interrupt flag bits in the serial communications status register is set, provided the I bit
in the condition code register is clear and the enable bit in the serial communications
control register 2 (location $0F) is enabled. When the interrupt is recognized, the
current state of the machine is pushed onto the stack and the I bit in the condition code
register is set. This masks further interrupts until the present one is serviced. The SCI
interrupt causes the program counter to vector to memory location $1FF6 and $1FF7
which contains the starting address of the interrupt service routine. Software in the
serial interrupt service routine must determine the priority and cause of the SCI
interrupt by examining the interrupt flags and the status bits located in the serial
communications status register (location $10). The general sequence for clearing an
interrupt is a software sequence of accessing the serial communications status register
while the flag is set followed by a read or write of an associated register. Refer to
SECTION 5 SERIAL COMMUNICATIONS INTERFACE for a description of the SCI
system and its interrupts.

3.2.6 Serial Peripheral Interface (SPI) Interrupts

An interrupt in the serial peripheral interface (SPI) occurs when one of the interrupt
flag bits in the serial peripheral status register (location $0B) is set, provided the I bit in
the condition code register is clear and the enable bit in the serial peripheral control
register (location $0A) is enabled. When the interrupt is recognized, the current state of
the machine is pushed onto the stack and the I bit in the condition code register is set.
This masks further interrupts until the present one is serviced. The SPI interrupt
causes the program counter to vector to memory location $1FF4 and $1FF5 which
contains the starting address of the interrupt service routine. Software in the serial
peripheral interrupt service routine must determine the priority and cause of the SPI
interrupt by examining the interrupt flag bits located in the SPI status register. The
general sequence for clearing an interrupt is a software sequence of accessing the status
register while the flag is set, followed by a read or write of an associated register. Refer
to SECTION 6 SERIAL PERIPHERAL INTERFACE for a description of the SPI system
and its interrupts.
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3.3

LOW POWER MODES

3.3.1 STOP Instruction

The STOP instruction places the TMP68HCO05C4 in its lowest power consumption
mode. In the STOP mode the internal oscillator is turned off, causing all internal
processing to be halted;refer to Figure 3.3. During the STOP mode, the I bit in the
condition code register is cleared to enable external interrupts. All other registers and
memory remain unaltered and all input/output lines remain unchanged. This continues
until an external interrupt TIRQ) or reset is sensed at which time the internal oscillator
is turned on. The external interrupt or reset causes the program counter to vector to
memory location $1FFA and $1FFB or $1FFE and $1FFF which contains the starting
address of the interrupt or reset service routine respectively.

3.3.2 WAIT Instruction

3.4

The WAIT instruction places the TMP68HCO05C4 in a low power consumption mode,
but the WAIT mode consumes somewhat more power than the STOP mode. In the WAIT
mode, the internal clock remains active, and all CPU processing is stopped;however, the
programmable timer, serial peripheral interface, and serial communications interface
systems remain active. Refer to Figure 3.3. During the WAIT mode, the I bit in the
condition code register is cleared to enable all interrupts. All other registers and
memory remain unaltered and all parallel input/output lines remain unchanged. This
continues until any interrupt or reset is sensed. At this time the program counter
vectors to the memory location ($1FF4 through $1FFF) which contains the starting
address of the interrupt or reset service routine.

DATA RETENTION MODE

The contents of RAM and CPU registers are retained at supply voltages as low as 2.0
Vdec. This is referred to as the data retention mode, where the data is held, but the
device is not guaranteed to operate.
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PROGRAMMABLE TIMER
INTRODUCTION

The programmable timer, which is preceded by a fixed divide-by-four prescaler, can
be used for many purposes, including input waveform measurements while
simultaneously generating an output waveform. Pulse widths can vary from several
microseconds to many seconds. A block diagram of the timer is shown in Figure 4.1 and
timing diagrams are shown in Figures 4.2 through 4.5.

Because the timer has a 16-bit architecture, each specific functional segment
(capability) is represented by two registers. These registers contain the high and low
byte of that functional segment. Generally, accessing the low byte of a specific timer
function allows full control of that function;however, an access of the high byte inhibits
that specific timer function until the low byte is also accessed.

Note : The I bit in the condition code register should be set while manipulating both
the high and low byte register of a specific timer function to ensure that an
interrupt does not occur. This prevents interrupts from occurring between the
time that the high and low bytes are accessed.

The programmable timer capabilities are provided by using the following ten
addressable 8-bit registers (note the high and low represent the significance of the byte).
A description of each register is provided below.

Timer Control Register (TCR) location $12,

Timer Status Register (TSR) location $13,

Input Capture High Register location $14,

Input Capture Low Register location $15,

Output Comparé High Register location $16,
Output Compare Low Register location $17,
Counter High Register location $18,

Counter Low Register location $19,

Alternate Counter High Register location $1A, and

Alternate Counter Low Register location $1B.
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Figure 4.1 Programmable Timer Block Diagram

Edge
Input
(TCAP)

MCU05-25




TOSHIBA TMP68HCO05C4

Internal
Processor
Clock

(Internal Reset) N\
TOO I l ' l I | I I

m
-

m
.
1

Internal
Timer
Clocks | T10

]

=
W M M

C(‘;g";ﬁ; $FFFC X $FFFD X $FFFE X SFFFF

PUPNPIGE PRPUVHUR U -

1

]
RESET ]
(External or _M
End of POR)

Note: The Counter Register and Timer Control Register are the only ones affected by RESET.

Figure 4.2 Timer State Timing Diagram for Reset
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Figure 4.3 Timer State Timing Diagram for Input Capture
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Timer
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Count
(e srree X $FFEC X $FFED D4 SFFEE > sFFEF
(Note 1) —\

Compare -
Register CPU Writes $FFED X SFFED

Compare (Note 2) —\

Register % | W,

atch
Output Compare (Note 3)—\
Flag (OCF) and /

TCMP (Pin 35)

Notes:

1. The CPU write to the compare register may take place at any time, but a compare only occurs
at timer state TO1. Thus, a 4-cycle difference may exist between the write to the compare
register and the actual compare.

2. Internal compare takes place during timer state TO1.

3. OCF is set at the timer state T11 which follows the comparison match ($FFED in this
example). o

Figure 4.4 Timer State Timing Diagram for Output Compare
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Processor
Clock
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4.2

Timer
Clocks

10 [ [ [ [1

M M M M
Gey Tsrree X SFFFF X $0000 X $0001 X $0002

Timer
Overflow /
Flag (TOF)

Note: The TOF bit is set at timer state T11 (transition of counter from $FFFF to $0000). It is
cleared by a read of the timer status register during the internal processor clock high time
followed by a read of the counter low register.

Figure 4.5 Timer State Diagram for Timer Overflow

COUNTER

The key element in the programmable timer is a 16-bit free running counter, or
counter register, preceded by a prescaler which divides the internal processor clock by
four. The prescaler gives the timer a resolution of 2.0 microseconds if the internal
processor clock is 2.0 MHz. The counter is clocked to increasing values during the low
portion of the internal processor clock. Software can read the counter at any time
without affecting its value.

The double byte free running counter can be read from either of two locations $18-$19
(called counter register at this location), or $1A-$1B (counter alternate register at this
location). A read sequence containing only a read of the least significant byte of the free
running counter ($19, $1B) will receive the count value at the time of the read. If a read
of the free running counter or counter alternate register first addresses the most
significant byte ($18, $1A) it causes the least significant byte ($19, $1B) to be
transferred to a buffer. This buffer value remains fixed after the first most significant
byte “read” even if the user reads the most significant byte several times. This buffer is
accessed when reading the free running counter or counter alternate register least
significant byte ($19 or $1B), and thus completes a read sequence of the total counter
value. Note that in reading either the free running counter or counter alternate
register, if the most significant byte is read, the least significant byte must also be read
in order to complete the sequence.
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4.3

The free running counter is configured to $FFFC during reset and is always a read-
only register. During a power-on-reset (POR), the counter is also configured to $FFFC
and begins running after the oscillator startup delay. Because the free running counter
is 16 bits preceded by a fixed divide-by-four prescaler, the value in the free running
counter repeats every 262, 144 MPU internal processor clock cycles. When the counter
rolls over from $FFFF to $0000, the timer overflow flag (TOF) bit is set. An interrupt
can also be enabled when counter rollover occurs by setting its interrupt enable bit
(TOIE).

OUTPUT COMPARE REGISTER

The output compare register is a 16-bit register, which is made up of two 8-bit
registers at locations $16 (most significant byte) and $17 (least significant byte). The
output compare register can be used for several purposes such as, controlling an output
waveform or indicating when a period of time has elapsed. The output compare register
is unique in that all bits are readable and writable and are not altered by the timer
hardware. Reset does not affect the contents of this register and if the compare function
is not utilized, the two bytes of the output compare register can be used as storage
locations.

The contents of the output compare register are compared with the contents of the
free running counter once during every four internal processor clocks. If a match is
found, the corresponding output compare flag (OCF) bit is set and the corresponding
output level (OLVL) bit is clocked (by the output compare circuit pulse) to an output
level register. The values in the output compare register and the output level bit should
be changed after each successful comparison in order to control an output waveform or
establish a new elapsed timeout. An interrupt can also accompany a successful output
compare provided the corresponding interrupt enable bit, OCIE, is set.

After a processor write cycle to the output compare register containing the most
significant byte ($16), the output compare function is inhibited until the least
significant byte ($17) is also written. The user must write both bytes (locations) if the
most significant byte is written first. A write made only to the lest significant byte ($17)
will not inhibit the compare function. The free running counter is updated every four
internal processor clock cycles due to the internal prescaler. The minimum time
required to update the output compare register is a function of the software program
rather than the internal hardware.

A processor write may be made to either byte of the output compare register without
affecting the other byte. The output level (OLVL) bit is clocked to the input of the output
level register regardless of whether the output compare flag (OCF) is set or clear. A
valid output compare must occur before the OLVL bit becomes available at the output
compare pin (TCMP).
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4.4

Because neither the output compare flag (OCF bit) or output compare register is
affected by reset, care must be exercised when initializing the output compare function
with software. The following procedure is recommended:

1) Write to the high byte of the output compare register to inhibit further
compares until the low byte is written.

(2 Read the timer status register to arm the OCF if it is already set.

3) Write to the low byte of the output compare register to enable the output
compare function with the flag clear.

The advantage of this procedure is to prevent the OCF bit from being set between the
time it is read and the write to the output compare register. A software example is
shown below.

B7 16 STA OCMPHI INHIBIT OUTPUT COMPARE

B6 13 LDA TSTAT ARM OCF BIT IF SET

BF 17 STX OCMPLD READY FORNEXT COMPARE
INPUT CAPTURE REGISTER

The two 8-bit registers which make up the 16-bit input capture register are read-only
and are used to latch the value of the free running counter after a defined transition is
sensed by the corresponding input capture edge detector. The level transition which
triggers the counter transfer is defined by the corresponding input edge bit (IEDG).
Reset does not affect the contents of the input capture register.

The result obtained by an input capture will be one more than the value of the free
running counter on the rising edge of the internal processor clock preceding the external
transition (refer to timing diagram shown in Figure 4.3). This delay is required for
internal synchronization. Resolution is affected by the prescaler allowing the timer to
only increment every four internal processor clock cycles.

The free running counter contents are transferred to the input capture register on
each proper signal transition regardless of whether the input capture flag (ICF) is set or
clear. The input capture register always contains the free running counter value which
corresponds to the most recent input capture.

After a read of the most significant byte of the input capture register ($14), counter
transfer is inhibited until the least significant byte ($15) of the input capture register is
also read. This characteristic forces the minimum pulse period attainable to be
determined by the time used in the capture software routine and its interaction with the
main program. The free running counter increments every four internal processor clock
cycles due to the prescaler.
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4.5

A read of the least significant byte ($15) of the input capture register does not inhibit
the free running counter transfer. Again, minimum pulse periods are ones which allow
software to read the least significant byte ($15) and perform needed operations. There is
no conflict between the read of the input capture register and the free running counter
transfer since they occur on opposite edges of the internal processor clock.

TIMER CONTROL REGISTER (TCR)

The timer control register (TCR, location $12) is an 8-bit read/write register which
contains five control bits. Three of these bits control interrupts associated with each of
the three flag bits found in the timer status register (discussed below). The other two
bits control: 1) which edge is significant to the input capture edge detector (i.e., negative
or positive), and 2) the next value to be clocked to the output level register in response to
a successful output compare. The timer control register and the free running counter
are the only sections of the timer affected by reset. The TCMP pin is forced low during
external reset and stays low until a valid compare changes it to a high. The timer
control register is illustrated below followed by a definition of each bit.

7 6 5 4 3 2 1 0
[ ce J ocie T 10E T 0o [ o [ o [ IEDG | oLvL |$12
B7,ICIE If the input capture interrupt enable (ICIE) bit is set, a timer interrupt

is enabled when the ICF status flag (in the timer status register) is set. If
the ICIE bit is clear, the interrupt is inhibited. The ICIE bit is cleared by
reset.

B6, OCIE If the output compare interrupt enable (OCIE) bit is set, a timer
interrupt is enabled whenever the OCF status flag is set. If the OCIE bit is
clear, the interrupt is inhibited. The OCIE bit is cleared by reset.

B5, TOIE If the timer overflow interrupt enable (TOIE) bit is set, a timer
interrupt is enabled whenever the TOF status flag (in the timer status
register) is set. If the TOIE bit is clear, the interrupt is inhibited. The
TOIE bit is cleared by reset.

B1,IEDG The value of the input edge (IEDG) bit determines which level
transition on TCMP pin will trigger a free running counter transfer to the
input capture register. Reset does not affect the IEDG bit.

O0O=negative edge

1=positive edge
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B0,OLVL The value of the output level (OLVL) bit is clocked into the output level
register by the next successful output compare and will appear at TCMP
pin. This bit and the output level register are cleared by reset.

0=Iow output
1=high output
4.6 TIMER STATUS REGISTER (TSR)

The timer status register (TSR) is an 8-bit register of which the three most significant
bits contain read-only status information. These three bits indicate the following:

1) A proper transition has taken place at TCAP pin with an accompanying
transfer of the free running counter contents to the input capture register,

2) A match has been found between the free running counter and the output
compare register, and

3) A free running counter transition from $FFFF to $0000 has been sensed
(timer overflow).

The timer status register is illustrated below followed by a definition of each bit.
Refer to timing diagrams shown in Figure 4.2, 4.3, and 4.4 for timing relationship to the
timer status register bits.

7 6 5 4 3 2 1 0
[ wecF T ocFk TTO0F T o J o J o [ o [ o ]33
B7,ICF The input capture flag (ICF) is set when a proper edge has been sensed

by the input capture edge detector. It is cleared by a processor access of the
timer status register (with ICF set) followed by accessing the low byte
($15) of the input capture register. Reset does not affect the input compare
flag.

B6, OCF The output compare flag (OCF) is set when the output compare register
contents matches the contents of the free running counter. The OCF is
cleared by accessing the timer status register (with OCF set) and then
accessing the low byte ($17) of the output compare register. Reset does not
affect the output compare flag.

B5, TOF The timer overflow flag (TOF) bit is set by a transition of the free
running counter from $FFFF to $0000. It is cleared by accessing the timer
status register (with TOF set) followed by an access of the free running
counter least significant byte ($§19). Reset does not affect the TOF bit.
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Accessing the timer status register satisfies the first condition required to clear any
status bits which happen to be set during the access. The only remaining step is to
provide an access of the register which is associated with the status bit. Typically, this
presents no problem for the input capture and output compare functions.

A problem can occur when using the timer overflow function and reading the free
running counter at random times to measure an elapsed time. Without incorporating
the proper precautions into software, the timer overflow flag could unintentionally be
cleared if: 1) the timer status register is read or written when TOF is set, and 2) the
least significant byte of the free running counter is read but not for the purpose of
servicing the flag. The counter alternate register at address $1A and $1B contains the
same value as the free running counter (at address $18 and $19);therefore, this alternate
register can be read at any time without affecting the timer overflow flag in the timer
status register.

During STOP and WAIT instructions, the programmable timer functions as follows:
during the wait mode, the timer continues to operate normally and may generate an
interrupt to trigger the CPU out of the wait state;during the stop mode, the timer holds
at its current state, retaining all data, and resumes operation from this point when an
external interrupt is received.
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5. SERIAL COMMUNICATIONS INTERFACE (SCI)
5.1 INTRODUCTION

A full-duplex asynchronous serial communications interface (SCI) is provided with a

standard NRZ format and a variety of baud rates. The SCI transmitter and receiver are
functionally independent, but use the same data format and bit rate. The serial data
format is standard mark/space (NRZ) which provide one start bit, eight or nine data bits,
and one stop bit. “Baud” and “bit rate” are used synonymously in the following
description.

5.1.1 SCI Two Wire System Features

Standard NRZ (mark/space) format.

Advanced error detection method includes noise detection for noise duration of up
to 1/16 bit time.

Full-duplex operation (simultaneous transmit and receive).
Software programmable for one of 32 different baud rates.
Software selectable word length (eight or nine bit words).
Separate transmitter and receiver enable bits.

SCI may be interrupt driven.

Four separate enable bits available for interrupt control.

5.1.2 SCI Receiver Features

Receiver wake-up function (idle or address bit).
Idle line detect.

Framing error detect.

Noise detect.

Overrun detect.

Receiver data register full flag.

5.1.3 SCI Transmitter Features

Transmit data register empty flag.
Transmit complete flag.

Break send.

Any SCI two-wire system requires receive data in (RDI) and transmit data out (TDO).
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5.2 DATA FORMAT

5.3

Receive data in (RDI) or transmit data out (TDO) is the serial data which is presented
between the internal data bus and the output pin (TDO), and between the input pin
(RDI) and the internal data bus. Data format is as shown for the NRZ in Figure 5.1 and
must meet the following criteria:

1) A high level indicates a logic one and a low level indicates a logic zero.

(2) The idle line is in a high (logic one) state prior to transmission/reception of a
message.

3) A start bit (logic zero) is transmitted/received indicating the start of a
message.

(4) The data is transmitted and received least-significant-bit first.

(5) A stop bit (high in the tenth or eleventh bit position) indicates the byte is
complete.

(6) A break is defined as the transmission or reception of a low (logic zero) for

some multiple of the data format.

Control bit “M”
Selects 8 or 9 bitdata
—N

idle Line

*

wv

(=g

o

o

g

ad

z

o

%]

<

wv

3

Q

o0
T O +wn
Ao

Figure 5.1 Data Format
WAKE-UP FEATURE

In a typical multiprocessor configuration, the software protocol will usually identify
the addresse (s) at the beginning of the message. In order to permit uninterested MPUs
to ignore the remainder 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
returns to the idle state. An SCIreceiver is re-enabled by an idle string of at least ten (or
eleven) consecutive ones. Software for the transmitter must provide for the required idle
string between consecutive messages and prevent it from occurring within messages.

The user is allowed a second method of providing the wake-up feature in lieu of the
idle string discussed above. This method allows the user to insert a logic one in the most
significant bit of the transmit data word which needs to be received by all “sleeping”
processors.
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54 RECEIVE DATAIN

Receive data in is the serial data which is presented from the input pin via the SCI to
the internal data bus. While waiting for a start bit, the receiver samples the input at a
rate which is 16 times higher than the set baud rate. This 16 times higher-than-baud
rate is referred to as the RT rate in Figures 5.2 and 5.3, and as the receiver clock in
Figure 5.7. When the input (idle) line is detected low, it is tested for three more sample
times (referred to as the start edge verification samples in Figure 5.2). If at least two of
these three verification samples detect a logic low, a valid start bit is assumed to have
been detected (by a logic low following the three start qualifiers) as shown in Figure 5.2;
however, if in two or more of the verification samples a logic high is detected, the line is

16x Internal Sampling Clock

RT Clock Edges (For All Three Examples)

12
R R R R R R R R
Idle T T T T T
ROI1 Start
1 1 1 1 1 1 1 1 1 1, 0 0 0 0
——— v
Start Start Edge Verification Samples
Qualifiers
idle Noise
RDI2 Start
1 1 1 1 1 1 1 1 1 1 0 [ 1 0
idle Noise
RDI3 Start
1 1 1 10 1 1 1 10 0 0 0
Figure 5.2 Examples of Start-Bit Sampling Technique
Previous Bit Present Bit Samples Next Bit
ROI vV v v
16 1 8 9 10
R R R R R 1"5 [1‘
TOT ToT T TT

Figure 5.3 Sampling Technique Used on All Bits

assumed to be idle. (A noise flag is set if one of the three verification samples detects a
logic high, thus a valid start bit could be assumed and a noise flag still set.) The receiver
clock generator is controlled by the baud rate register (see Figures 5.6 and 5.7);however,
the serial communications interface is synchronized by the start bit (independent of the
transmitter).
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5.5

Once a valid start bit is detected, the start bit, each data bit, and the stop bit are
sampled three times at RT intervals of 8RT, 9RT, and 10RT (1RT is the position where
the bit is expected to start) as shown in Figure 5.3. The value of the bit is determined by
voting logic which takes the value of the majority of samples (two or three out of three).
A noise flag is set when all three samples on a valid start bit or a data bit or the stop bit
do not agree. (As discussed above, a noise flag is also set when the start bit verification
samples do not agree.)

START BIT DETECTION FOLLOWING A FRAMING ERROR

If there has been a framing error without detection of a break (10 zeros for 8-bit
format or 11 zeros for 9-bit format), the circuit continues to operate as if there actually
were a stop bit and the start edge will be placed artificially. The last bit received in the
data shift register is inverted to a logic one, and the three logic one start qualifiers
(shown in Figure 5.2) are forced into the sample shift register during the interval when
detection of a start bit is anticipated (see Figure 5.4);therefore the start bit will be
accepted no sooner than it is anticipated.

If the receiver detects that a break (RDRF =1, FE=1, receiver data register=$00)
produced the framing error, the start bit will not be artificially induced and the receiver
must actually receive a logic one bit before start. See Figure 5.5.

-« Data _>|<— Expected Stop ._—>|
Artificial Edge

Receive Start Bit
Datain |
T T T <«— Data ——
——
Data
Samples

(a) Case 1, Receive Line Low During Artificial Edge

<— Data —>I<— Expected Stop -—>l

/ Start Edge

Receive .
Data In Start Bit
T ? T <«— Data —
——
Data
Samples

(b) Case 2, Receive Line High During Expected Start Edge

Figure 5.4 SCI Artificial Start Following A Framing Error
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Detected as Valid Start Edge

< Expected stop ===
Receive < Break - /
Data In Start Bit
t 1 o
f Start Start Edge
f T Qualifiers Verification
Data Samples Samples
Figure 5.5 SCI Start Bit Following A Break
5.6 TRANSMIT DATA OUT (TDO)

5.7

Transmit data out is the serial data which is presented from the internal data bus via
the SCI and then to the output pin. Data format is as discussed above and shown in
Figure 5.1. The transmitter generates a bit time by using a derivative of the RT clock,
thus producing a transmission rate equal to 1/16 that of the receiver sample clock.

REGISTERS

There are five different registers used in the serial communications interface (SCI)
and the internal configuration of these registers is discussed in the following
paragraphs. A block diagram of the SCI system is shown in Figure 5.6.

5.7.1 Serial Communications Data Register (SCDAT)

7 6 5 4 3 2 1 0

Serial Communications Data Register $1

The serial communications data register (SCDAT) performs two functions in the
serial communications interface;i.e. it acts as the receive data register when it is read
and as the transmit data register when it is written. Figure 5.6 shows this register as
two separate registers, namely:the receive data register (RDR) and the transmit data
register (TDR). As shown in Figure 5.6, the TDR (transmit data register) provides the
parallel interface from the internal data bus to the transmit shift register and the
receive data register (RDR) provides the interface from the receive shift register to the
internal data bus.

When SCDAT is read, it becomes the receive data register and contains the last byte
of data received. The receive data register, represented above, is a read-only register
containing the last byte of data received from the shift register for the internal data bus.
The RDRF bit (receive data register full bit in the serial communications status register)
is set to indicate that a byte has been transferred from the input serial shift register to
the serial communications data register. The transfer is synchronized with the receiver
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bit rate clock (from the receive control) as shown in Figure 5.6. All data is received
least-significant-bit first.

When SCDAT is written, it becomes the transmit data register and contains the next
byte of data to be transmitted. The transmit data register, also represented above, is a
write-only register containing the next byte of data to be applied to the transmit shift
register from the internal data bus. Aslong as the transmitter is enabled, data stored in
the serial communications data register is transferred to the transmit shift register
(after the current byte in the shift register has been transmitted). The transfer from the
SCDAT to the transmit shift register is synchronized with the bit rate clock (from the
transmit control) as shown in Figure 5.6. All data is transmitted least-significant-bit
first.

5.7.2 Serial Communications Control Register 1 (SCCR1)

7 6 5 4 3 2 1 0
[R8[T8J-|M|WAKE|-|-|-|$OE

The serial communications control register 1 (SCCR1) provides the control bits
which:1) determine the word length (either 8 or 9 bits), and 2) selects the method used
for the wake-up feature. Bits 6 and 7 provide a location for storing the ninth bit for
longer bytes.

B7,R8 If the M bit is a one, then this bit provides a storage location for the
ninth bit in the receive data byte. Reset does not affect this bit.

B6, T8 If the M bit is a one, then this bit provides a storage location for the
ninth bit in the transmit data byte. Reset does not affect this bit.

B4, M The option of the word length is selected by the configuration of this bit
and is' shown below. Reset does not affect this bit.

0=1 start bit, 8 data bits, 1 stop bit
1=1 start bit, 9 data bits, 1 stop bit

B3, WAKE This bit allows the user to select the method for receiver “wake up”. If
the WAKE bit is a logic zero, an idle line condition will “wake up” the
receiver. If the WAKE bit is set to a logic one, the system acknowledges an
address bit (most significant bit). The address bit is dependent on both the
WAKE bit and the M bit level (table shown below). (Additionally, the
receiver does not use the wake-up feature unless the RWU control bit in
serial communications control register 2 is set as discussed below.) Reset
does not affect this bit.
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Wake

M Method of Receiver “Wake-Up”

X | Detection of anidle line allows the next data byte received to
cause the receive data register to fill and produce an RDRF flag.

0 | Detection of areceived one in the eighth data bit allows an
RDRF flag and associated error flags.

1 | Detection of a received one in the ninth data bit allows an RDRF
flag and associated error flags.

5.7.3 Serial Communications Control Register 2 (SCCR2)

7 6 5 4 3 2 1 0
| TIE [ TCIE | RIE | ILIE | TE [ RE | RWU | SBK J$0F
The serial communications control register 2 (SCCR2) provides the control bits

which:individually enable/disable the transmitter or receiver, enable the system
interrupts, and provide the wake-up enable bit and a “send break code” bit. Each of
these bits is described below. (The individual flags are discussed in the 5.7.4 Serial
Communications Status Register.)

B7,TIE

B6, TCIE

B5,RIE

B4,ILIE

B3,TE

When the transmit interrupt enable bit is set, the SCI interrupt occurs
provided TDRE is set (see Figure 5.6). When TIE is clear, the TDRE
interrupt is disabled. Reset clears the TIE bit.

When the transmission complete interrupt enable bit is set, the SCI
interrupt occurs provided TC is set (see Figure 5.6). When TCIE is clear,
the TC interrupt is disabled. Reset clears the TCIE bit.

When the receive interrupt enable bit is set, the SCI interrupt occurs
provided OR is set or RDRF is set (see Figure 5.6). When RIE is clear, the
OR and RDRF interrupts are disabled. Reset clears the RIE bit.

When the idle interrupt enable bit is set, the SCI interrupt occurs
provided IDLE is set (see Figure 5.6). When ILIE is clear, the IDLE
interrupt is disabled. Reset clears the ILIE bit.

When the transmit enable bit is set, the transmit shift register output is
applied to the TDO line. Depending on the state of control bit M in serial
communications control register 1, a preamble of 10 (M=0) or 11 (M=1)
consecutive ones is transmitted when software sets the TE bit from a
cleared state. If a transmission is in progress, and TE is written to a zero,
then the transmitter will wait until after the present byte has been
transmitted before placing the TDO pin in the idle high-impedance state.
If the TE bit has been written to a zero and then set to a one before the
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current byte is transmitted, the transmitter will wait until that byte is
transmitted and will then initiate transmission of a new preamble. After
the preamble is transmitted, and provided the TDRE bit is set (no new
data to transmit), the line remains idle (driven high while
TE =1);otherwise, normal transmission occurs. This function allows the
user to “neatly” terminate a transmission sequence. After loading the last
byte in the serial communications data register and receiving the
interrupt from TDRE, indicating the data has been transferred into the
shift register, the user should clear TE. The last byte will then be
transmitted and the line will go idle (high impedance). Reset clears the
TE bit.

B2,RE When the receive enable bit is set, the receiver is enabled. When RE is
clear, the receiver is disabled and all of the status bits associated with the
receiver (RDRF, IDLE, OR, NF, and FE) are inhibited. Reset clears the
RE bit.

B1,RWU When the receiver wake-up bit is set, it enables the “wake up” function.
The type of “wake up” mode for the receiver is determined by the WAKE
bit discussed above (in the SCCR1). When the RWU bit is set, no status
flags will be set. Flags which were set previously will not be cleared when
RWU is set. If the WAKE bit is cleared, RWU is cleared after receiving 10
(M=0) or 11 (M=1) consecutive ones. Under these conditions, RWU
cannot be set if the line is idle. If the WAKE bit is set, RWU is cleared

after receiving an address bit. The RDRF flag will then be set and the
address byte will be stored in the receiver data register. Reset clears the
RWU bit.

B0, SBK When the send break bit is set the transmitter sends zeros in some
number equal to a multiple of the data format bits. If the SBK bit is
toggled set and clear, the transmitter sends 10 (M=0) or 11 (M=1) zeros
and then reverts to idle or sending data. The actual number of zeros sent
when SBK is toggled depends on the data format set by the M bit in the
serial communications control register 1;therefore, the break code will be
synchronous with respect to the data stream. At the completion of the
break code, the transmitter sends at least one high bit to guarantee
recognition of a valid start bit. Reset clears the SBK bit.

5.7.4 Serial Communications Status Register (SCSR)

7 6 5 4 3 2 1 0
ITDREI TC IRDRF}IDLE[ oR [ N ] FE | - |s10
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The serial communications status register (SCSR) provides inputs to the interrupt
logic circuits for generation of the SCI system interrupt. In addition, a noise flag bit and
a framing error bit are also contained in the SCSR.

B7, TDRE

B6,TC

B5,RDRF

B4,IDLE

The transmit data register empty bit is set to indicate that the contents
of the serial communications data register have been transferred to the
transmit serial shift register. If the TDRE bit is clear, it indicates that the
transfer has not yet occurred and a write to the serial communications
data register will overwrite the previous value. The TDRE bit is cleared
by accessing the serial communications status register (with TDRE set),
followed by writing to the serial communications data register. Data can
not be transmitted unless the serial communications status register is
accessed before writing to the serial communications data register to clear
the TDRE flag bit. Reset sets the TDRE bit.

The transmit complete bit is set at the end of a data frame, preamble, or
break condition if:

1) TE=1,TDRE=1, and no pending data, preamble, or break is to be
transmitted;or

(2) TE =0, and the data, preamble, or break (in the transmit shift
register) has been transmitted.

The TC bit is a status flag which indicates that one of the above
conditions has occurred. The TC bit is cleared by accessing the serial
communications status register (with TC set), followed by writing to the
serial communications data register. It does not inhibit the transmitter
function in any way. Reset sets the TC bit.

When the receive data register full bit is set, it indicates that the
receiver serial shift register is transferred to the serial communications
data register. If multiple errors are detected in any one received word, the
NF, FE, and RDRF bits will be affected as appropriate during the same
clock cycle. The RDRF bit is cleared when the serial communications
status register is accessed (with RDRF set) followed by a read of the serial
communications data register. Reset clears the RDRF bit.

When the idle line detect bit is set, it indicates that a receiver idle line
is detected (receipt of a minimum number of ones to constitute the number
of bits in the byte format). The minimum number of ones needed will be 10
(M=0) or 11 (M=1). This allows a receiver that is not in the wake-up
mode to detect the end of a message, detect the preamble of a new message,
or to resynchronize with the transmitter. The IDLE bit is cleared by
accessing the serial communications status register (with IDLE set)
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B3,0R

B2,NF

B1,FE

followed by a read of the serial communications data register. The IDLE
bit will not be set again until after an RDRF has been set;i.e., a new idle
line occurs. The IDLE bit is not set by an idle line when the receiver
“wakes up” from the wake-up mode. Reset clears the IDLE bit.

When the overrun error bit is set, it indicates that the next byte is ready
to be transferred from the receive shift register to the serial
communications data register when it is already full (RDRF bit is set).
Data transfer is then inhibited until the RDRF bit is cleared. Data in the
serial communications data register is valid in this case, but additional
data received during an overrun condition (including the byte causing the
overrun) will be lost. The OR bit is cleared when the serial
communications status register is accessed (with OR set), followed by a
read of the serial communications data register. Reset clears the OR bit.

The noise flag bit is set if there is noise on a “valid” start bit or if there
is noise on any of the data bits or if there is noise on the stop bit. It is not
set by noise on the idle line nor by invalid (false) start bits. If there is
noise, the NF bit is not set until the RDRF flag is set. Each data bit is
sampled three times as described above in RECEIVE DATA IN and shown
in Figure 5.3. The NF bit represents the status of the byte in the serial
communications data register. For the byte being received (shifted in)

there will also be a “working” noise flag the value of which will be
transferred to the NF bit when the serial data is loaded into the serial
communications data register. The NF bit does not generate an interrupt
because the RDRF bit gets set with NF and can be used to generate the
interrupt. The NF bits is cleared when the serial communications status
register is accessed (with NT set), followed by a read of the serial
communications data register. Reset clears the NF bit.

The framing error bit is set when the byte boundaries in the bit stream
are not synchronized with the receiver bit counter (generated by a “lost”
stop bit). The byte is transferred to the serial communications data
register and the RDRF bit is set. The FE bit does not generate an
interrupt because the RDRF bit is set at the same time as FE and can be
used to generate the interrupt. Note that if the byte received causes a
framing error and it will also cause an overrun if transferred to the serial
communications data register, then the overrun bit will be set, but not the
framing error bit, and the byte will not be transferred to the serial
communications data register. The FE bit is cleared when the serial
communications status register is accessed (with FE set) followed by a
read of the serial communications data register. Reset clears the FE bit.
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5.7.5 Baud Rate Register

7 6 5 4 3 2 1 0
[ - | - ] SCP1 | scPo [ — | scr2 | SCR1 | SCRO ]$oo

The baud rate register provides the means for selecting different baud rates which
may be used as the rate control for the transmitter and receiver. The SCP0-SCP1 bits
function as a prescaler for the SCRO-SCR2 bits. Together, these five bits provide
multiple, baud rate combinations for a given crystal frequency. '

B5,SCP1 These two bits in the baud rate register are used as a prescaler to incre-

B4, SCP0O ase the range of standard baud rates controlled by the SCR0-SCR2 bits. A
table of the prescaler internal processor clock division versus bit levels is
provided below. Reset clears SCP1-SCPO bits (divide-by-one).

SCP1 | SCPO Internal Processor Clock Divide By
0 0 1
0 1
1 0 4
1 1 13
B2,SCR2 These three bits in the baud rate register are used to select the baud ra-

B1,SCR1 tes of both the transmitter and receiver. A table of baud rates versus bit
B0, SCRO levels is shown below. Reset does not affect the SCR2-SCRO bits.

SCR2 | SCR1 | SCRO Prescaler Output 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 diagram of Figure 5.7 and Tables 5.1 and 5.2 illustrate the divided chain used to
obtain the baud rate clock (transmit clock). Note that there is a fixed rate divide-by-16
between the receive clock (RT) and the transmit clock (Tx). The actual divider chain is
controlled by the combined SCP0-SCP1 and SCR0-SCR2 bits in the baud rate register as
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illustrated. All divided frequencies shown in the first table represent the final transmit
clock (the actual baud rate) resulting from the internal processor clock division shown in
the “divide-by” column only (prescaler division only). The second table illustrates how
the prescaler output can be further divided by action of the SCI select bits (SCR0-SCR2).
For example, assume that a 9600 Hz baud rate is required with a 2.4576 MHz external
crystal. In this case the prescaler bits (SCP0-SCP1) could be configured as a divide-by-
one or a divide-by-four. If a divide-by-four prescaler is used, then the SCR0-SCR2 bits
must be configured as a divide-by-two. This results in a divide-by-128 of the internal
processor clock to produce a 9600 Hz baud rate clock. Using the same crystal, the 9600
baud rate can be obtained with a prescaler divide-by-one and the SCR0-SCR2 bits
configured for a divide-by-eight.

Note : The crystal frequency is internally divided-by-two to generate the internal
processor clock.
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Note: The Serial Communications Data Register (SCDAT) is controlled by the internal R/W
signal. Itis the transmit data register when written and receive data register when read.

Figure 5.6 Serial Communications Interface Block Diagram
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Table 5.1 Prescaler Highest Baud Rate Frequency Output
SCP Bit Clock* Crystal Frequency MHz
Divided

1 0 By 4.194304 4.0 2.4576 2.0 1.8432

0 0 1 131.072 KHz 125.000 KHz 76.80 KHz 62.50 KHz 57.60 KHz

0 1 3 43.691 KHz 41.666 KHz 25.60 KHz 20.833 KHz 19.20 KHz

1 0 32.768 KHz 31.250 KHz 19.20 KHz 15.625 KHz 14.40 KHz

1 1 13 10.082 KHz 9600 Hz 5.907 KHz 4800 Hz 4430 Hz

* The clock in the “Clock Divided Bf'" column is the internal processor clock.

Note: The divided frequencies shown in Table 5.1 represent baud rates which are the highest
transmit baud rate (Tx) that can be obtained by a specific crystal frequency and only using
the prescaler division. Lower baud rates may be obtained by providing a further division
using the SCI rate select bits as shown below for some representative prescaler outputs.

Table 5.2 Transmit Baud Rate Output for a Given Prescaler Output

SCR Bits Divide Representative Highest Prescaler Baud Rate Output
2 1 0 By 131.072 KHz ' 32.768 KHz 76.80 KHz 19.20 KHz 9600 KHz
0 0 0 1 131.072 KHz 32.768 KHz 76.80 KHz 19.20 KHz 9600 Hz
0 0 1 2 65.536 KHz 16.384 KHz 38.40 KHz 9600 Hz 4800 Hz
0 1 0 4 32.768 KHz 8.192 KHz 19.20 KHz 4800 Hz 2400 Hz
0 1 1 8 16.384 KHz 4.096 KHz 9600 Hz 2400 Hz 1200 Hz
1 0 0 16 8.192 KHz 2.048 KHz 4800 Hz 1200 Hz 600 Hz
1 0 1 32 4.096 KHz 1.024 KHz 2400 Hz 600 Hz 300 Hz
1 1 0 64 2.048 KHz 512Hz 1200 Hz 300 Hz 150 Hz
1 1 1 128 1.024 KHz 256 Hz 600 Hz 150 Hz 75 Hz

Note: Table 5.2 illustrates how the SCI select bits can be used to provide lower transmitter baud

rates by further dividing the prescaler output frequency. The five examples are only
representative samples. In all cases, the baud rates shown are transmit baud rates (trasmit
clock) and the receiver clock is 16 times higher in frequency than the actual baud rate.
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6.
6.1

SERIAL PERIPHERAL INTERFACE (SPI)
INTRODUCTION AND FEATURES

6.1.1 Introduction

The serial peripheral interface (SPI) is an interface built into the TMP68HC05C4
MCU which allows several TMP68HC05C4 MCUs, or TMP68HC05C4 plus peripheral
devices, to be interconnected within a single “black box” or on the same printed circuit
board. In a serial peripheral interface (SPI), separate wires (signals) are required for
data and clock. In the SPI format, the clock is not included in the data stream and must
be furnished as a separate signal. An SPI system may be configured in one containing
one master MCU and several slave MCUs, or in a system in which an MCU is capable of
being either a master or a slave.

Figure 6.1 illustrates two different system configurations. Figure 6.1a represents a
system of five different MCUs in which there are one master and four slaves (0, 1, 2, 3).
In this system four basic lines (signals) are required for the MOSI (master out slave in),
MISO (master in slave out), SCK (serial clock), and SS (slave select) lines. Figure 6.1b
represents a system of five MCUs in which three can be master or slave and two are
slave only.

6.1.2 Features

6.2

° Full duplex, three-wire synchronous transfers
. Master or slave operation

° 1.05 MHz (maximum) master bit frequency

® 2.1 MHz (maximum) slave bit frequency

° Four programmable master bit rates

®  Programmable clock polarity and phase

®  End of transmission interrupt flag

° Write collision flag protection

®  Master-Master mode fault protection capability
SIGNAL DESCRIPTION

The four basic signals (MOSI, MISO, SCK, and SS) discussed above are described in
the following paragraphs. Each signal function is described for both the master and
slave mode.
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6.2.1 Master Out Slave In (MOSI)

The MOSI pin is configured as a data output in a master (mode) device and as a data
inputin a slave (mode) device. In this manner data is transferred serially from a master

to a slave on this line;most

MISO TMP68HCO5 Slave 0
MOSI
SCS—'E v MISO SCK__
oo Mosl S
TMP68HCO5
Master
P 0
o 1
R 2
T 3/
MOSI S MOSI 5SS MOSI 5SS
MISO  SCK MISO  SCK MISO  SCK

TMP68HCO5 Slave 3 TMP68HCOS5 Slave 2 TMP68HCO5 Slave 1

a. Single Master, Four Slaves

TMP68HCO5
Master/Slave 1
MOS! MISO SCK
MISO T
SCK MOSI SS||501 23
SS
TMP68HCO5 Voo
Master/Slave 0 | Sync
Line
5
P 0 -
o 1
R 2
T 3
4
L1 11 L L 111 L 1
3210 MOSI  SS 3210] MOSI  SS 32105 MOSI  SS
MISO SCK MISO SCK MISO SCK
TMP68HCO5 TMP68HCO5 TMP68HCO5
Slave 4 Only For 0 Slave 3 For 0-1-2 Master/Slave 2

b. Three Master/Slave, Two Slaves

Figure 6.1 Master-Slave System Configuration
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significant bit first, least significant bit last. The timing diagrams of Figure 6.2
summarize the SPI timing diagram shown in Section 9, and show the relationship
between data and clock (SCK). As shown in Figure 6.2, four possible timing
relationships may be chosen by using control bits CPOL and CPHA. The master device
always allows data to be applied on the MOSI line a half-cycle before the clock edge
(SCK) in order for the slave device to latch the data.

Note : Both the slave device(s) and a master device must be programmed to similar
timing modes for proper data transfer.

When the master device transmits data to a second (slave) device via the MOSI line,
the slave device responds by sending data to the master device via the MISO line. This
implies full duplex transmission with both data out and data in synchronized with the
same clock signal (one which is provided by the master device). Thus, the byte
transmitted is replaced by the byte received and eliminates the need for separate
transmit-empty and receiver-full status bits. A single status bit (SPIF) is used to signify
that the I/O operation is complete.

Configuration of the MOSI pin is a function of the MSTR bit in the serial peripheral
control register (SPCR, location $0A). When a device is operating as a master, the MOSI
pinis an output because the program in firmware sets the MSTR bit to a logic one.

5 | [s5

SCK 7 = I = i 1 b4 L=
(CPOL=0, CPHA =0)

sek [ T L0 L LI LI 1L LTt
(CPOL=0,CPHA=1)

SCK L I I
(CPOL=1, CPHA =0)

< SN I I I O O O O O O O O

(CPOL=1,CPHA=1)

“I'I%%{%M [ [ | [ n [ | %

SB 6 5 4 3 2 1 LSB

I I [ I I | I I

internal strobe for data capture (all modes)

Figure 6.2 Data Clock Timing Diagram
6.2.2 Master In Slave Out (MISO)

The MISO pin is configured as an input in a master (mode) device and as an output in
a slave (mode) device. In this manner data is transferred serially from a slave to a
master on this line;most significant bit first, least significant bit last. The MISO pin of a
slave device is placed in the high-impedance state if it is not selected by the master;i.e.,
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its SS pin is a logic one. The timing diagram of Figure 6.2 shows the relationship
between data and clock (SCK). As shown in Figure 6.2, four possible timing
relationships may be chosen by using control bits CPOL and CPHA. The master device
always allows data to be applied on the MOSI line a half-cycle before the clock edge
(SCK) in order for the slave device to latch the data.

Note : The slave device(s) and a master device must be programmed to similar timing
modes for proper data transfer.

When the master device transmits data to a slave device via the MOSI line, the slave
device responds by sending data to the master device via the MISO line. This implies
full duplex transmission with both data out and data in synchronized with the same
clock signal (one which is provided by the master device). Thus, the byte transmitted is
replaced by the byte received and eliminates the need for separate transmit-empty and
receiver-full status bits. A single status bit (SPIF) in the serial peripheral status
register (SPSR, location $0B) is used to signify that the I/O operation is complete.

In the master device, the MSTR control bit in the serial peripheral control register
(SPCR, location $0A) is set to a logic one (by the program) to allow the master device to
receive data on its MISO pin. In the slave device, its MISO pin is enabled by the logic
level of the SS pinji.e., if SS= 1 then the MISO pin is placed in the high-impedance state,
whereas, if SS=0 the MISO pin is an output for the slave device.

6.2.3 Slave Select (SS)

The slave select (SS) pin is a fixed input (PD5, pin 34), which receives an active low
signal that is generated by the master device to enable slave device(s) to accept data. To
ensure that data will be accepted by a slave device, the SS signal line must be a logic low
prior to occurrence of SCK (system clock) and must remain low until after the last
(eighth) SCK cycle. Figure 6.2 illustrates the relationship between SCK and the data
for two different level combinations of CPHA, when SS is pulled low. These are: 1) with
CPHA =1 or 0, the first bit of data is applied to the MISO line for transfer, and 2) when
CPHA =0 the slave device is prevented from writing to its data register. Refer to the
WCOL status flag in the serial peripheral status register (location $0B) description for
further information on the effects that the SS input and CPHA control bit have on the
I/O data register. A high level SS signal forces the MISO (master in slave out) line to the
high-impedance state. Also, SCK and the MOSI (master out slave in) line are ignored by
a slave device when its SS signal is high.

When a device is a master, it constantly monitors its SS signal input for a logic low.
The master device will become a slave device any time its SS signal input is detected
low. This ensures that there is only one master controlling the SS line for a particular
system. When the SS line is detected low, it clears the MSTR control bit (serial
peripheral control register, location $0A). Also, control bit SPE in the serial peripheral

MCUO05-51



TOSHIBA TMP68HCO5C4

control register is cleared which causes the serial peripheral interface (SPI) to be
disabled (port D SPI pins become inputs). The MODF flag bit in the serial peripheral
status register (location $0B) is also set to indicate to the master device that another
device is attempting to become a master. Two devices attempting to be outputs are
normally the result of a software error;however, a system could be configured which
would contain a default master which would automatically “take-over” and restart the
system.

6.2.4 Serial Clock (SCK)

6.3

The serial clock is used to synchronize the movement of data both in and out of the
device through its MOSI and MISO pins. The master and slave devices are capable of
exchanging a data byte of information during a sequence of eight clock pulses. Since the
SCK is generated by the master device, the SCK line becomes an input on all slave
devices and synchronizes slave data transfer. The type of clock and its relationship to
data are controlled by the CPOL and CPHA bits in the serial peripheral control register
(location $0A) discussed below. Refer to Figure 6.2 for timing.

The master device generates the SCK through a circuit driven by the internal
processor clock. Two bits (SPRO and SPR1) in the serial peripheral control register
(Iocation $0A) of the master device select the clock rate. The master device uses the SCK
to latch incoming slave device data on the MISO line and shifts out data to the slave
device on the MOSI line. Both master and slave devices must be operated in the same
timing mode as controlled by the CPOL and CPHA bit in the serial peripheral control
register. In the slave device, SPRO, SPR1 have no effect on the operation of the serial
peripheral interface. Timing is shown in Figure 6.2.

FUNCTIONAL DESCRIPTION

A block diagram of the serial peripheral interface (SPI) is shown in Figure 6.3. In a
master configuration, the master start logic receives an input from the CPU (in the form
of a write to the SPI rate generator) and originates the system clock (SCK) based on the
internal processor clock. This clock is also used internally to control the state controller
as well as the 8-bit shift register. As a master device, data is parallel loaded into the 8-
bit shift register (from the internal bus) during a write cycle and then shifted out
serially to the MOSI pin for application to the slave device(s). During a read cycle, data
is applied serially from a slave device via the MISO pin to the 8-bit shift register. After
the 8-bit shift register is loaded, its data is parallel transferred to the read buffer and
then is made available to the internal data bus during a CPU read cycle.

In a slave configuration, the slave start logic receives a logic low (from a master
device) at the SS pin and a system clock input (from the same master device) at the SCK
pin. Thus, the slave is synchronized with the master. Data from the master is received
serially at the slave MOSI pin and loads the 8-bit shift register. After the 8-bit shift
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register is loaded, its data is parallel transferred to the read buffer and then is made
available to the internal data bus during a CPU read cycle. During a write cycle, data is
parallel loaded into the 8-bit register from the internal data bus and then shifted out
serially to the MISO pin for application to the master device.

Figure 6.4 illustrates the MOSI, MISO, and SCK master-slave interconnections.
Note that in Figure 6.4 the master SS pin is tied to a logic high and the slave SS pin is a
logic low. Figure 6.1 provides a larger system connection for these same pins. Note that
in Figure 6.1, all SS pins are connected to a port pin of a master/slave device. In this case
any of the devices can be a slave.
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Note: TheSS, SCK, MOSI, and MISO are external pins which provide the following functions:
a. MOSI — Provides serial output to slave unit(s) when device is configured as a master. Receives serial input from master unit when
device is configured as a slave unit.

b. MISO — Receives serial input from slave unit(s) when device is configured as a master. Provides serial output to master when device
is configured as a slave unit.

¢. SCK - Provides system clock when device is configured as a master unit. Receives system clock when device is configured as a
slave unit.
d. SS — Providesalogic low to select a slave device for a transfer with a master device.

Figure 6.3 Serial Peripheral Interface Block Diagram
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Figure 6.4 Serial Peripheral Interface Master-Slave Interconnection

6.4 REGISTERS

There are three registers in the serial parallel interface which provide control, status,
and data storage functions. These registers which include the serial peripheral control
register (SPCR, location $0A), serial peripheral status register (SPSR, location $0B),
and serial peripheral data I/O register (SPDR, location $0C) are described below.

6.4.1 Serial Peripheral Control Register (SPCR)

7 6 5 4 3 2 1 0
| s | spe | - | msTR [ cpoL | cPHA | sPr1 | sPro |soa

The serial peripheral control register bits are defined as follows:

B7, SPIE When the serial peripheral interrupt enable bit is high, it allows the
occurrence of a processor interrupt, and forces the proper vector to be
loaded into the program counter if the serial peripheral status register flag
bit (SPIF and/or MODF) is set to a logic one. It does not inhibit the setting
of a status bit. The SPIE bit is cleared by reset.

B6,SPE When the serial peripheral output enable control bit is set, all output
drive is applied to the external pins and the system is enabled. When the
SPE bit is set, it enables the SPI system by connecting it to the external
pins thus allowing it to interface with the external SPI bus. The pins that
are defined as output depend on which mode (master or slave) the device is
in., Because the SPE bit is cleared by reset, the SPI system is not
connected to the external pins upon reset.

B4, MSTR The master bit determines whether the device is a master or a slave. If
the MSTR bit is a logic zero it indicates a slave device and a logic one
denotes a master device. If the master mode is selected, the function of the
SCK pin changes from an input to an output and the function of the MISO
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B3, CPOL

B2,CPHA

B1, SPR1
B0, SPRO

and MOSI pins are reversed. This allows the user to wire device pins
MISO to MISO, and MOSI to MOSI, and SCK to SCK without incident.
The MSTR bit is cleared by reset;therefore, the device is always placed in
the slave mode during reset.

The clock polarity bit controls the normal or steady state value of the
clock when data is not being transferred. The CPOL bit affects both the
master and slave modes. It must be used in conjunction with the clock
phase control bit (CPHA) to produce the wanted clock-data relationship
between a master and a slave device. When the CPOL bit is a logic zero, it
produces a steady state low value at the SCK pin of the master device. If
the CPOL bit is a logic one, a high value is produced at the SCK pin of the
master device when data is not being transferred. The CPOL bit is not
affected by reset. Refer to Figure 6.2.

The clock phase bit controls the relationship between the data on the
MISO and MOSI pins and the clock produced or received at the SCK pin.
This control has effect in both the master and slave modes. It must be used
in conjunction with the clock polarity control bit (CPOL) to produce the
wanted clock-data relation. The CPHA bit in general selects the clock
edge which captures data and allows it to change states. It has its greatest
impact on the first bit transmitted (MSB) in that it does or does not allow a
clock transition before the first data capture edge. The CPHA bit is not
affected by reset. Refer to Figure 6.2.

These two serial peripheral rate bits select one of four baud rates to be
used as SCK if the device is a master;however they have no effect in the
slave mode. The slave device is capable of shifting data in and out at a
maximum rate which is equal to the CPU clock. A rate table is given
below for the generation of the SCK from the master. The SPR1 and SPRO
bits are not affected by reset.

0 0 2
0 1 4
1 0 16
1 1 32
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6.4.2 Serial Peripheral Status Register (SPSR)

7 6 5 2 1 0

[ sPE [weor [ - IM;DFi jJ - [ - | - o8

The status flags which generate a serial peripheral interface (SPI) interrupt may be
blocked by the SPIE control bit in the serial peripheral control register. The WCOL bit
does not cause an interrupt. The serial peripheral status register bits are defined as
follows:

B7, SPIF The serial peripheral data transfer flag bit notifies the user that a data
transfer between the device and an external device has been completed.
With the completion of the data transfer, SPIF is set, and if SPIE is set, a
serial peripheral interrupt (SPI) is generated. During the clock cycle that
SPIF is being set, a copy of the received data byte in the shift register is
moved to a buffer. When the data register is read, it is the buffer that is
read. During an overrun condition, when the master device has sent
several bytes of data and the slave device has not responded to the first
SPIF, only the first byte sent is contained in the receive buffer and other
bytes are losat.

The transfer of data is initiated by the master device writing its serial
peripheral data register.

Clearing the SPIF bit is accomplished by a software sequence of
accessing the serial peripheral status register while SPIF is set and
followed by a write to or a read of the serial peripheral data register.
While SPIF is set, all writes to the serial peripheral data register are
inhibited until the serial peripheral status register is read. This occurs in
the master device. In the slave device, SPIF can be cleared (using a
similar sequence) during a second transmission;however, it must be
cleared before the second SPIF in order to prevent an overrun condition.
The SPIF bit is cleared by reset.

B6, WCOL The function of the write collision status bit is to notify the user that an
attempt-was made to write the serial peripheral data register while a data
transfer was taking place with an external device. The transfer continues
uninterrupted;therefore, a write will be unsuccessful. A “read collision”
will never occur since the received data byte is placed in a buffer in which
access is always synchronous with the MCU operation. If a “write
collision” occurs, WCOL is set but no SPI interrupt is generated. The
WCOL bit is a status flag only.
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Clearing the WCOL bit is accomplished by a software sequence of
accessing the serial peripheral status register while WCOL is set, followed
by 1) a read of the serial peripheral data register prior to the SPIF bit
being set, or 2) a read or write of the serial peripheral data register after
the SPIF bit is set. A write to the serial peripheral data register (SPDR)
prior to the SPIF bit being set, will result in generation of another WCOL
status flag. Both the SPIF and WCOL bits will be cleared in the same
sequence. If a second transfer has started while trying to clear (the
previously set) SPIF and WCOL bits with a clearing sequence containing a
write to the serial peripheral data register, only the SPIF bit will be
cleared.

A collision of a write to the serial peripheral data register while an
external data transfer is taking place can occur in both the master mode
and the slave mode, although with proper programming the master device
should have sufficient information to preclude this collision.

Collision in the master device is defined as a write of the serial
peripheral data register while the internal rate clock (SCK) is in the
process of transfer. The signal on the SS pin is always high on the master
device.

A collision in a slave device is defined in two separate modes. One
problem arises in a slave device when the CPHA control bit is a logic zero.
When CPHA is a logic zero, data is latched with the occurrence of the first
clock transition. The slave device does not have any way of knowing when
that transition will occur; therefore, the slave device collision occurs when
it attempts to write the serial peripheral data register after its SS pin has
been pulled low. The SS pin of the slave device freezes the data in its serial
peripheral data register and does not allow it to be altered if the CPHA bit
is a logic zero. The master device must raise the SS pin of the slave device
high between each byte it transfers to the slave device.

The second collision mode is defined for the state of the CPHA control
bit being a logic one. With the CPHA bit set, the slave device will be
receiving a clock (SCK) edge prior to the latch of the first data transfer.
This first clock edge will freeze the data in the slave device I/O register
and allow the msb onto the external MISO pin of the slave device. The SS
pin low state enables the slave device but the drive onto the MISO pin does
not take place until the first data transfer clock edge. The WCOL bit will
only be set if the I/O register is accessed while a transfer is taking place.
By definition of the second collision mode, A master device might hold a
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B4, MODF

slave device SS pin low during a transfer of several bytes of data without a
problem.

A special case of WCOL occurs in the slave device. This happens when
the master device starts a transfer sequence (an edge or SCK for
CPHA =1;0r an active SS transition for CPHA =0) at the same time the
slave device CPU is writing to its serial peripheral interface data register.
In this case it is assumed that the data byte written (in the slave device
serial peripheral interface) is lost and the contents of the slave device read
buffer becomes the byte that is transferred. Because the master device
receives back the last byte transmitted, the master device can detect that a
fatal WCOL occurred.

Since the slave device is operating asynchronously with the master
device, the WCOL bit may be used as an indicator of a collision occurrence.
This helps alleviate the user from a strict real-time programming effort.
The WCOL bit is cleaed by reset.

The function of the mode fault flag is defined for the master mode
(device). If the device is a slave device the MODF bit will be prevented
from toggling from a logic zero to a logic one;however, this does not
prevent the device from being in the slave mode with the MODF bit set.
The MODF bit is normally a logic zero and is set only when the master
device has its SS pin pulled low. Toggling the MODF bit to a logic one
affects the internal serial peripheral interface (SPI) system in the
following ways:

(1) MODF is set and SPI interrupt is generated if SPIE=1.

(2) The SPE bit is forced to a logic zero. This blocks all output drive from
the device, disables the SPI system.

(3) The MSTR bit is forced to a logic zero, thus forcing the device into the
slave mode.

Clearing the MODT is accomplished by a software sequence of
accessing the serial peripheral status register while MODF is set followed
by a write to the serial peripheral control register. Control bits SPE and
MSTR may be restored to their original set state during this clearing
sequence or after the MODF bit has been cleared. Hardware does not
allow the user to set the SPE and MSTR bit while MODF is a logic one
unless it is during the proper clearing sequence. The MODF flag bit
indicates that there might have been a multi-master conflict for system
control and allows a proper exit from system operation to a reset or default
system state. The MODF bit is cleated by reset.
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6.4.3 Serial Peripheral Data I/O Register (SPDR)

6.5

7 6 5 4 3 2 1 0
r ‘ Serial Peripheral Data I/O Register $0C

The serial peripheral data I/O register (SPDR) is used to transmit and receive data on
the serial bus. Only a write to this register will initiate transmission/reception of
another byte and this will only occur in the master device. A slave device writing to its
data I/O register will not initiate a transmission. At the completion of transmitting a
byte of data, the SPIF status bit is set in both the master and slave devices. A write or
read of the serial peripheral data I/O register, after accessing the serial peripheral
status register with SPIF set, will clear SPIF.

During the clock cycle that the SPIF bit is being set, a copy of the received data byte
in the shift register is being moved to a buffer. When the user reads the serial
peripheral data I/O register, the buffer is actually being read. During an overrun
condition, when the master device has sent several bytes of data and the slave device has
not internally responded to clear the first SPIF, only the first byte is contained in the
receive buffer of the slave device;all others are lost. The user may read the buffer at any
time. The first SPIF must be cleared by the time a second transfer of data from the shift
register to the read buffer is initiated or an overrun condition will exist.

A write to the serial peripheral data I/O register is not buffered and places data
directly into the shift register for transmission.

The ability to access the serial peripheral data I/O register is limited when a
transmission is taking place. It is important to read the discussion defining the WCOL
and SPIF status bits to understand the limits on using the serial peripheral data I/O
register.

SERIAL PERIPHERAL INTERFACE (SPI) SYSTEM CONSIDERATIONS

There are two types of SPI systems;single master system and multi-master systems.
Figure 6.1 illustrates both of these systems and a discussion of each is provided below.

Figure 6.1 a illustrates how a typical single master system may be configured, using
an M6805 HCMOS family device as the master and four M6805 HCMOS family devices
as slaves. As shown, the MOSI, MISO, and SCK pins are all wired to equivalent pins on
each of the five devices. The master device generates the SCK clock, the slave devices
all receive it. Since the M6805 HCMOS master device is the bus master, it internally
controls the function of its MOSI and MISO lines, thus writing data to the slave devices
on the MOSI and reading data from the slave devices on the MISO lines. The master
device selects the individual slave devices by using four pins of a parallel port to control
the four SS pins of the slave devices. A slave device is selected when the master device
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pulls its SS pin low. The SS pins are pulled high during reset since the master device
ports will be forced to be inputs at that time, thus disabling the slave devices. Note that
the slave devices do not have to be enabled in a mutually exclusive fashion except to
prevent bus contention on the MISO line. For example, three slave devices, enabled for
a transfer, are permissible if only one has the capability of being read by the master. An
example of this is a write to several display drivers to clear a display with a single I/O
operation. To ensure that proper data transmission is occurring between the master
device and a slave device, the master device may have the slave device respond with a
previously received data byte (this data byte could be inverted or at least be a byte that
is different from the last one sent by the master device). The master device will always
receive the previous byte back from the slave device if all MISO and MOSI lines are
connected and the slave has not written its data I/O register. Other transmission
security methods might be defined using ports for handshake lines or data bytes with
command fields.

A multi-master system may also be configured by the user. A system of this type is
shown in Figure 6.1b. An exchange of master control could be implemented using a
handshake method through the I/O ports or by an exchange of code messages through
the serial peripheral interface system. The major device control that plays a part in this
system is the MSTR bit in the serial peripheral control register and the MODF bit in the
serial peripheral status register.
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7.1

7.2

EFFECTS OF STOP AND WAIT MODES ON THE TIMER AND
SERIAL SYSTEMS

INTRODUCTION

The STOP and WAIT instructions have different effects on the programmable timer,
serial communications interface (SCI), and serial peripheral interface (SPI) systems.
These different effects are discussed separately below.

STOP MODE

When the processor executes the STOP instruction, the internal oscillator is turned
off. This halts all internal CPU processing including the operation of the programmable
timer, serial communications interface, and serial peripheral interface. The only way
for the MCU to “wake up” from the stop mode is by receipt of an external interrupt (logic
low on IRQ pin) or by the detection of a reset (logic low on RESET pin or a power-on
reset). The effects of the stop mode on each of the MCU systems (Timer, SCI, and SPI)
are described separately.

7.2.1 Timer During Stop Mode

When the MCU enters the stop mode, the timer counter stops counting (the internal
processor clock is stopped) and remains at that particular count value until the stop
mode is exited by an interrupt (if exited by reset the counter is forced to $FFFC). If the
stop mode is exited by an external low on the IRQ pin, then the counter resumes from its
stopped value as if nothing had happened. Another feature of the programmable timer,
in the stop mode, is that if at least one valid input capture edge occurs at the TCAP pin,
the input capture detect circuitry is armed. This action does not set any timer flags or
“wake up” the MCU, but when the MCU does “wake up” there will be an active input
capture flag (and data) from that first valid edge which occurred during the stop mode.
If the stop mode is exited by an external reset (logic low on RESET pin), then no such
input capture flag or data action takes place even if there was a valid input capture edge
(at the TCAP pin) during the MCU stop mode.

7.2.2 SCI During Stop Mode

When the MCU enters the stop mode, the baud rate generator which derives the
receiver and transmitter is shut down. This essentially stops all SCI activity. The
receiver is unable to receive and transmitter is unable to transmit. If the STOP
instruction is executed during a transmitter transfer, that transfer is halted. When the
stop mode is exited, that particular transmission resumes (if the exit is the result of a
low input to the IRQ pin). Since the previous transmission resumes after an IRQ
interrupt stop mode exit, the user should ensure that the SCI transmitter is in the idle
state when the STOP instruction is executed. If the receiver is receiving data when the
STOP instruction is executed, received data sampling is stopped (baud rate generator
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stops) and the rest of the data is lost. For the above reasons, all SCI transactions should
be in the idle state when the STOP instruction is executed.

7.2.3 SPI During Stop Mode

7.3

When the MCU enters the stop mode, the baud rate generator which drives the SPI
shuts down. This essentially stops all master mode SPI operation, thus the master SPIis
unable to transmit or receive any data. If the STOP instruction is executed during an
SPI transfer, that transfer is halted until the MCU exits the stop mode (provided it is an
exit resulting from a logic low on the IRQ pin). If the stop mode is exited by a reset, then
the appropriate control/status bits are cleared and the SPI is disabled. If the device is in
the slave mode when the STOP instruction is executed, the slave SPI will still operate.
It can still accept data and clock information in addition to transmitting its own data
back to a master device.

At the end of a possible transmission with a slave SPI in the stop mode, no flags are
set until a logic low IRQ input results in an MCU “wake up”. Caution should be
observed when operating the SPI (as a slave) during the stop mode because none of the
protection circuity (write collision, mode fault, ete.) is active.

It should also be noted that when the MCU enters the stop mode all enabled output
drivers (TDO, TCMP, MISO, MOSI, and SCK ports) remain active and any sourcing
currents from these outputs will be part of the total supply current required by the
device.

WAIT MODE

When the MCU enters the wait mode, the CPU clock is halted. All CPU action is
suspended;however, the timer, SCI, and SPI systems remain active. In fact an interrupt
from the timer, SCI, or SPI (in addition to a logic low on the IRQ or RESET pins) causes
the processor to exit the wait mode. Since the three systems mentioned above operate as
they do in the normal mode, only a general discussion of the wait mode is provided
below.

The wait mode power consumption depends on how many systems are active. The
power consumption will be highest when all the systems (timer, TCMP, SCI, and SPI)
are active. The power consumption will be the least when the SCI and SPI systems are
disabled (timer operation cannot be disabled in the wait mode). If a non-reset exit from
the wait mode is performed (e.g., timer overflow interrupt exit), the state of the
remaining systems will be unchanged. If a reset exit from the wait mode is performed
all the systems revert to the disabled reset state.
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8. INSTRUCTION SET AND ADDRESSING MODES
8.1 INSTRUCTION SET

The MCU has a set of 62 basic instructions. 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. :

All of the instructions used in the M146805 CMOS Family are used in the TMP
68HC05C4MCU, plus an additional one;the multiply (MUL) instruction. This
instruction allows for unsigned multiplication of the contents of the accumulator (A) and
the index register (X). The high order product is then stored in the index register and
the low order product is stored in the accumulator. A detailed definition of the MUL
instruction is shown below.

Operation: X:A<X*A

Description: Multiplies the eight bits in the index register by the eight bits in the
accumulator to obtain a 16-bit unsigned number in the concatenated
accumulator and index register.

Condition

Codes: H : Cleared
I : Not affected
N : Not affected
Z . Not affected
C : Cleared

Source

Form(s) : MUL

Addressing Mode Cycles Bytes - Opcode
Inherent 11 1 $42

8.1.1 Register/Memory Instructions

Most of these instructions use two operands. The first operand is either the
accumulator or the index register. The second operand is obtained from memory using
one of the addressing modes. The operand for the jump unconditional (JMP) and jump to
subroutine (JSR) instructions is the program counter. Refer to Table 8.1.

8.1.2 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. The test for negative or
zero (T'ST) instruction is an exception to the read-modify-write sequence since it does not
modify the value. Refer to Table 8.2.
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Table 8.1 Register/Memory Instructions

Addressing Modes
. . Indexed Indexed Indexed
Immediate Direct Extended (No Offset) (8-BitOffset) | (16-Bit Offset)
Op # # Op # # Op # # Op | # # Op | # # Op | # #
Function Mnem. | Code | Bytes|Cycles| Code | Bytes |Cycles| Code | Bytes| Cycles Code| Bytes|Cycles| Code | Bytes |Cycles| Code | Bytes |Cycles

Load A from Memory LDA A6 2 2 B6 2 3 [« 3 4 F6 1 3 E6 2 4 D6 3 5

Load X from Memory LDX AE 2 2 BE 2 3 CE 3 4 FE 1 3 EE | "2 4 DE 3 5

Store Ain Memory STA - | - - B7 2 4 Cc7 3 5 F7 1 4 E7 2 5 D7 3 6

Store X in Memory STX - - - BF 2 4 CF 3 5 FF 1 4 EF 2 5 DF 3 6

Add Memory to A ADD | AB 2 2 BB 2 3 B 3 4 FB 1 3 EB 2 4 DB 3 5

Add Memory and Carry to A ADC A9 2 2 B9 2 3 () 3 4 F9 1 3 E9 2 4 D9 3 5

Subtract Memory SuB A0 2 2 BO 2 3 (o] 3 4 FO 1 3 EO 2 4 DO 3 5

Subtract Memory from A with Borrow sBC A2 2 2 B2 2 3 c2 3 4 F2 1 3 E2 2 4 D2 3 5

AND Memory to A AND A4 2 2 B4 2 3 ca 3 4 F4 1 3 E4 2 4 D4 3 5

OR Memory with A ORA AA 2 2 BA 2 3 CA 3 4 FA 1 3 EA 2 4 DA 3 5

Exclusive OR Memory with A EOR A8 2 2 B8 2 3 c8 3 4 F8 1 3 E8 2 4 D8 3 5

Arithmetic Compare A with Memory CMP Al 2 2 B1 2 3 Cc1 3 4 F1 1 3 3] 2 4 D1 3 5

Arithmetic Compare X with Memory CcPX A3 2 2 B3 2 3 o] 3 4 F3 1 3 E3 2 4 D3 3 5
Bit Test Memory with

A (Logical Compare) BIT AS 2 2 BS 2 3 cs 3 4 F5 1 3 E5 2 4 D5 3 5

Jump Unconditional JMP - - - BC 2 2 cC 3 3 FC 1 EC 3 DC 3 4

Jump to Subroutine JSR - - - BD 2 5 cD 3 6 FD 1 ED 2 6 DD 3 7
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Table 8.2 Read-Modify-Write Instructions

Addressing Modes
. Indexed Indexed
Inherent (A) Inherent (X) Direct (No Offset) (8-8it Offset)
Mne- | Op | # # Op | # # Op | # # Op | # # Op | # #
Function monic | Code| Bytes|Cycles| Code | Bytes |Cycles| Code| Bytes |Cycles| Code | Bytes |Cycles| Code | Bytes |Cycles|

Increment INC 4C 1 3 5C 1 3 3C 2 5 7C 1 5 6C 2 6
Decrement DEC 4A 1 3 5A 1 3 3A 2 S 7A 5 6A 2
Clear CLR 4F 1 3 SF 1 3 3F 2 5 7F 1 5 6F 2 6
Complement comM 43 1 3 53 1 3 33 2 5 73 1 5 63 2 6
Nagate
(2's Complement) NEG 40 1 3 50 1 3 30 2 5 70 1 5 60 2 6
Rotate Left Thru
Carry ROL 49 1 3 59 1 3 39 2 5 79 1 5 69 2 6
Rotate Right Thru
Carry ROR 46 1 3 56 1 3 36 2 5 76 1 5 66 2 6
Logical Shift Left LSL 48 1 3 58 1 3 38 2 5 78 1 5 68 2 6
Logical Shift Right LSR 44 1 3 54 1 3 34 2 5 74 1 5 64 2 6
Arithmetic Shift
Right ASR 47 1 3 57 1 3 37 2 5 77 1 5 67 2 6
Test for Negative
or Zero TST 4D 1 3 5D 1 3 3D 2 4 70 1 4 6D 2 5
Multiply MuL | 42 | 1 1| - - - - - - - - - - - -
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8.1.3 Branch Instructions

Most branch instruction test the state of the condition code register and if certain
criteria are met, a branch is executed. This adds an offset between —127 and +128 to
the current program counter. Refer to Table 8.3.

Table 8.3 Branch Instructions

Reiative Addressing Mode
Function Mnemonic C(gge Byﬁes Cyfles
Branch Always BRA 20 2 3
Branch Never BRN 21 2 3
Branch IFF Higher BHI 22 2 3
Branch IFF Lower or Same BLS 23 2 3
Branch IFF Carry Clear BCC 24 2 3
(Branch IFF Higher or Same) (BHS) 24 2 3
Branch IFF Carry Set BCS 25 2 3
(Branch IFF Lower) (BLO) 25 2 3
Branch IFF Not Equal BNE 26 2 3
Branch IFF Equal BEQ 27 2 3
Branch IFF Half Carry Clear BHCC 28 2 3
Branch IFF Half Carry Set BHCS 29 2 3
Branch IFF Plus BPL 2A 2 3
Branch IFF Minus BMI 2B 2 3
Branch IFF Interrupt Mask Bit is Clear BMC 2C 2 3
Branch IFF Interrupt Mask Bit is Set BMS 2D 2 3
Branch IFF Interrupt Line is Low BIL 2E 2 3
Branch IFF Interrupt Line is High BIH 2F 2 3
Branch to Subroutine BSR AD 2 6

8.1.4 Bit Manipulation Instructions

The MCU is capable of setting or clearing any bit which resides in the first 256 bytes
of the memory space except for ROM, port D data location ($03), serial peripheral status
register ($0B), serial communications status register ($10), timer status register ($13),
and timer input capture register ($14-$15). All port register, port DDRs, timer, two
serial systems, on-chip RAM, and 48 bytes of ROM reside in the first 256 bytes (page
zero). An additional feature allows the software to test and branch on the state of any bit
within the first 256 locations. The bit set, bit clear, and bit test and branch functions are
all implemented with a single instruction. For the test and branch instructions, the
value of the bit tested is automatically placed in the carry bit of the condition code
register, Refer to Table 8.4.
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Table 8.4 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 BRSETn(n=0...7) - - - 2en 3 5
Branch IFFBitnisClear |BRCLRn(n=0...7) - - - 01+2en 3 5
SetBitn BSETn(n=0...7) [10+2en 2 5 - - -
Clear Bitn BCLRNn(n=0..7) [11+2°n 2 5 - - -

8.1.5 Control Instructions

These instructions are register reference instructions and are used to control
processor operation during program execution. Refer to Table 8.5.

Table 8.5 Control Instructions

Inherent
Function Mnemonic nge Bftees Cyfles
Transfer A to X TAX 97 1 2
Transfer Xto 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 CLl 9A 1 2
Software Interrupt SwWi 83 1 10
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
Stop STOP 8E 1 2
Wait WAIT 8F 1 2

8.1.6 Alphabetical Listing

The complete instruction set is given in alphabetical order in Table 8.6.
8.1.7 Opcode Map

Table 8.7 is an opcode map for the instructions used on the MCU.
8.2 ADDRESSING MODES

The MCU uses ten different addressing modes to provide the programmer with an
opportunity to optimize the code to all situations. The various indexed addressing modes
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make it possible to locate data tables, code conversion tables, and scaling tables
anywhere in the memory space. Short indexed accesses are single byte instructions,
while the longest instructions (three bytes) permit accessing tables throughout memory.
Short absolute (direct) and long absolute (extended) addressing are also included. One
and two byte direct.addressing instructions access all data bytes in most applications.
Extended addressing permits jump instructions to reach all memory. Table 8.7 shows
the addressing modes for each instruction, with the effects each instruction has on the
condition code register.

The term “effective address” (EA) is used in describing the various addressing modes,
and is defined as the byte address to or from which the argument for an instruction is
fetched or stored. The ten addressing modes of the processor are described below.
Parentheses are used to indicate “contents of ” the location or register referred toe.g.,
(PC) indicates the contents of the location pointed to by the PC. An arrow indicates “is
replaced by”, and a colon indicates concatenation of two bytes. For additional details
and graphical illustrations, refer to the M6805 HMOS Family Microcomputer/
Microprocessor User’s Manual.
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Table 8.6 Instruction Set (1/2)

addressing Modes Condition Codes
Mne-

Indexed. Indexed d d

immedi- : Extended 1ati Bit Bit Test &
Inherent ate Direct (No Offset) (8 Bits) (16 Bits) Set/Clear Branch

monic

x
-4
N
n

ADC X

ADD X

AND X

ASL X

> IX X Ix |x
X X X [x |x
x Ix |x ix

ASR X

BCC X

BCLR X

BCS

BEQ

BHCC

BHCS

BHI

BHS

BIH

X X IX IX X X |IXx Ix

BIL

BIT X X X X X X

BLO

BLS

BMC

BMI

BMS

BNE

BPL

BRA

X IX X IX X |X X X |x

BRN

BRCLR X

BRSET X

BSET X

BSR ) X

CLC X

(L AE A AR AR AN S AR AN R A R AR REBE RE BR BE BE BE BN BN BK BN R o P

cul X

CLR X

CMP X

EEEALICICEE A JESESE B R AR S A AR SR SR AR AR BE BE R BE AR AR BE AR BN BN S 3 - Y

com X

CPX X

DEC X

EOR X

INC X

JMP

(AR AR AR K BE AR B BE SN A AR BE K B BN BE BE BE K BE BE BN AR AR AR BE AR AR BE BE RR BE RE R RE BN RK RENEY
[ EX R AK BN AR AR AR AR ACCHE B BN B B AR RE AR AR AR BN B AR RE AR BN BE AE RE AR R R AR RR R AK RE R EE)
(AR AN N AL AL A AL B SR AR SR BN B BE AR BE RE RSN R AR BE BE BE BE BE K BK RN 0 Eo L

®|e|> > |>1>]|>]|>
e|le o000 |>

X IX X IX X X X X }|x
X IX X IX IX |X |X |X |Xx
X IX X IX X |X X |X |X

JSR

Condition Code Symbols:

Half Carry (From Bit 3) A Testand Setif True Cleared Otherwise
Interrupt Mask ® NotAffected

Negate (Sign Bit) ? Load CC Register From Stack

Zero 0 Cleared

Carry/Borrow 1 Set

NNZz—xI

MCU05-70




TOSHIBA TMP68HC05C4
Table 8.6 Instruction Set (2/2)
Mne- addressing Modes Condition Codes
monic linherent | 'MRed” | Direct | extended | Relative | (0TS, | RS | HERES | setlear | “aranen | H | 1[N ] 2] €
LDA X X X X @ (@ (A |A[®
LDX X X X X X X ®i®|Ajn|®
LSL X X X X ® | ® AfA]lnA
LSR X X X X ®|® o0 |AfA
MUL X o|le|eje|g
NEG X X X X e le AlA]lnA
NOP X [ BE EE BN BN}
ORA X X X X X ejoe|aA|n|e
ROL X X X @ | ® I AJA]A
ROR X X X ® |0 A |A]|N
RSP X o|c |0 |0 |0
RTI X IHERERERE
RTS X e|e|eje|e
SBC X X X X X X ® |0 A|A]A
SEC X e|0 0|0 |
SE| X e|li1]|]0 (0|0
STA X X X X X e |® (A[A]e®
STOP X @|(o|ele|e
STX X X X X e|@® (A |Ar]|O
SuB X X X X X X ® | ® [A|A]|A
SWI X |1 |®|e |0
TAX X e (00 0O
TST X X X X e|oe|A|r|e
TXA X [ BN BN BE BN ]
WAIT X ®ej|o|0|e]|e
Condition Code Symbols:
H Half Carry (From Bit 3) A Testand Setif True Cleared Otherwise
I Interrupt Mask ® NotAffected
N Negate (Sign Bit) ? Load CCRegister From Stack
Z Zero 0 Cleared
C Carry/Borrow 1 Set
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Table 8.7 MC68HC05C4 HCMOS Instruction Set Opcode Map

Bit Manipulation Branch Read/Modify/Mrite Control Register/Memory
8T8 BSC REL DIR INH. INH X1 1X INH INH MM __ [ DIR EXT X2 X1 1X
Hi 0 1 2 3 4 5 3 7 8 9 A B E F i
Low 0000 0001 0010 0011 0100 0101 0110 o 1000 1001 1010 1011 1100 1101 1o un Low
5 H 3 5 3 3 6 5 9 2 3 4 5 4 3
0 BRSETO BSETO BRA NEG NEGA NEGX NEG NEG RTI sus sus SuB sus sus sus 0
| 0000 3 818 | 2 BSC |2 REL | 2 DIR_{ 1 INH {1 INH {2 x1 X 1 INH 2 MM L2 OIR {3 EXT {3 x2 12 X1 X 0000 |
5 H 3 6 2 3 4 s 4 3
1 BRCLRO | BCLRO BRN RTS cmP cMP cmp cmP cmP cmp 1
0001 3 BT8 | 2 8sC 12 REL 1 INH 2 MM |2 DIR 13 EXT |3 x2 12 X1 X 0001
5 H 3 1 2 3 4 H 4 3
2 BRSET1 BSET1 BHI MUL SBC $8C SBC S8C S8C SBC 2
0010 3 BIB | 2 BSC | 2 REL 1 INH 2 MM | 2 DR |3 EXT 13 x2 12 X1 X 0010
H 5 3 3 3 6 s 10 2 3 4 5 4 3
3 BRCLR1 BCLR1 BLS com COMA comx com com swi cPX cPX cPx cPX CPX CPX 3
0011 3 8718 | 2 8sC |2 REL 12 DIR |1 INH |1 INH |2 x1 X 1 INH 2 MM | 2 OR {3 EXT 13 Jx2 12 x1 X Qo1
5 5 3 3 6 5 2 3 4 5 4 3
4 BRSET2 BSET2 BCC LSR LSRA LSRX LSR LSR AND AND AND AND AND AND 4
| 0100 3 818 | 2 _BSC |2 REL | 2 OTR | 1 INH | 1 INH | 2 x1 X 2 MM | 2 OR }3 EXT 13 X2 12 X1 X 0100 |
5 H 3 2 3 4 H 4 3
5 BRCLR2 | BCLR2 BCS BIT 8IT BIT BIT 8IT BIT 5
0101 3 are | 2 8SC 12 REL_ mm 2 or |3 exr 13 x2 12 X1 x 0101
s s 3 B 3 3 6 B 2 3 ) s ) 3
6 BRSET3 BSET3 BNE ROR RORA RORX ROR ROR LDA LDA LDA LDA LDA LDA 6
0110 3 8T8 |2 BsSC {2 REL 12 O 11 INH |1 INH {2 X1 X 2 MM |2 DR |3 EXT 13 X2 12 X1 X 0110
s s 3 s 6 s 2 4 s 5 a
7 BRCLR3 | BCLR3 BEQ ASR ASRA ASRX ASR ASR TAX STA STA STA STA STA 7
0111 3 BTB | 2 8sc 12 REL |2 DR } 1 INH | 1 INH | 2 X1 X 1 INH 2 DR |3 EXT 13 X2 12 x1 X 0111
s 5 3 5 3 3 6 5 2 2 3 4 S 4 3
8 BRSET4 BSET4 BHCC LSt LSLA LSLX st LsL cLe EOR EOR EOR EOR EOR EOR 8
1000 3 878 |2 8SC 12 REL | 2 DIR |1 INH 11 INH 2 x1 1 1 H |2 MM |2 OIR |3 EXT {3 X2 12 X1 .4 1000
H 5 3 5 3 3 6 5 2 2 3 4 5 4 3
9 BRCLR4 | BCLR4 BHCS ROL ROLA ROLX ROL ROL SEC ADC ADC ADC ADC ADC ADC 9
1001 3 BIB 12 8SC {2 REL |2 OR |1 INH | 1 INH | 2 Xy X 1 INH {2 MM {2 DIR EXT {3 X2 {2 x1 X 1001
5 5 3 H 3 3 6 s 2 2 3 4 H 4 3
A BRSETS BSETS 8PL DEC DECA DECX DEC DEC cL ORA ORA ORA ORA ORA A
1010 3 BIB | 2 BSC | 2 REL |2 DIR |1 INH |1 INH 12 1 X 1 INH 12 MM | 2 OR }3 EXT 13 X2 12 X1 2.4 1010
5 5 3 2 2 3 4 5 4 3
BRCLRS | BCLRS BMmI SEI ADD ADD ADD ADD ADD ADD 8
1011 3 818 | 2 Bsc |2 REL 1 INH | 2 MM | 2 omr |3 Ext |3 x2 |2 X1 X 1011
5 5 3 H 3 3 6 H 2 2 3 4 3 2
BRSET6 BSET6 BMC INC INCA INCX INC INC RSP mp MP MP mP MP C
1100 3 8T8 {2 8SC 1 2 REL 12 DR 11 INH {1 INH | 2 x1 X 1 INH 2 OR 13 EXT {3 X2 12 x1 X 1100
s B 3 ) 3 3 s 4 2 s S 6 7 6 B
D BRCLR6 | BCLR6 BMS TST TSTA TSTX TST TST NOP BSR ISR ISR JSR ISR ISR D
1101 3 8T8 12 8sC |2 REL | 2 OR |1 INH |1 INH } 2 x1 X 1 INH | 2 REL | 2 DR |3 EXT 13 X2 12 1x1 X 1101
s s 3 F] 2 3 a B a 3
BRSET7 BSET7 BIL STOP LDX LDX LDX LDX LDX LDX
1110 3 818 | 2 B8SC 12 REL | 1 INH 2 MM | 2 OR 13 EXT 13 X2 |2 X1 X 1110
s H 3 5 3 3 6 2 2 4 H 6 5 . 4
BRCLR7 | BCLR7 BIH CLR CLRA CLRX CLR CLR WAIT TXA STX STX STX STX STX F
nn 3 8T8 | 2 BsSC | 2 REL | 2 DR |1 INH |1 INH | 2 1 x 1 INH |1 INH 2 DR |3 ExXT |3 X212 x1 x un
. LEGEND
Abbreviations for Address Modes Opcodei
INH Inherent REL Relative F HoxSdecimal
A Accumulator BSC BitSet/Clear 1111~
X Index Register BTB Bit Test and Branch 3 7< .
" i Opcode i
IMM Immediate IX  Indexed (No Offset) Mnemonic —SUB 0 > Bigary n
DIR  Direct IX1  Indexed. 1Byte (8-Bit) Offset Bytes —xt! IX | 0000=
EXT Extended IX2  Indexed. 2 Byte (16-Bit) Offset
Cycles Address Mode

VaIHSOl
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TOSHIBA TMP68HCO5C4

8.2.1 Inherent

In inherent instructions, all the information necessary to execute the instruction is
contained in the opcode. Operations specifying only the index register or accumulator,
and no other arguments, are included in this mode.

8.2.2 Immediate

In immediate addressing, the operand is contained in the byte immediately following
the opcode. Immediate addressing is used to access constants which do not change
during program execution (e.g., a constant used to initialize a loop counter).

EA=PC+1;PC«PC+2
8.2.3 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 memory with a single two byte instruction. This
includes all on-chip RAM and I/O registers, and 128 bytes of on-chip ROM. Direct
addressing is efficient in both memory and time.

EA=(PC+1);PC<PC+2
Address Bus High«0;Address Bus Low«(PC+1)
8.2.4 Extended

In the extended addressing mode, the effective address of the argument is contained
in the two bytes following the opcode. Instructions with extended addressing mode: are
capable of referencing arguments anywhere in memory with a single three-byte
instruction. When using the Motorola assembler, the user need not specify whether an
instruction uses direct or extended addressing. The assembler automatically selects the
most efficient addressing mode.

EA=(PC+1):(PC+2);PC<PC+3
Address Bus High<~(PC +1);Address Bus Low«(PC+2)
8.2.5 Indexed, No Offset

In the indexed, no offset addressing mode, the effective address of the argument is
contained in the 8-bit index register. Thus, this addressing mode can access the first 256
memory locations. These instructions are only one byte long. This mode is used to move
a pointer through a table or to address a frequently referenced RAM or I/O location.

EA=X;PC<PC+1
Address Bus High<«-0;Address Bus Low<«X
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8.2.6 Indexed, 8-Bit Offset

Here the EA is obtained by adding the contents of the byte following the opcode to
that of the index register;therefore, the operand is located anywhere within the lowest
511 memory locations. For example, this mode of addressing is useful for selecting the
mth element in an element table. All instructions are two bytes. The content of the
index register (X) is not changed. The content of (PC+1) is an unsigned 8-bit integer.
One byte offset indexing permits look-up tables to be easily accessed in either RAM or
ROM.

EA=X+(PC+1);PC<PC+2
Address Bus High<«K;Address Bus Low«X+(PC+1)
where:
K =The carry from the addition of X +(PC+1)
8.2.7 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 register and the two unsigned bytes following the
opcode. This addressing mode can be used in a manner similar to indexed 8-bit offset,
except that this three byte instruction allows tables to be anywhere in memory (e.g.,
jump tables in ROM). As with direct and extended, the M6805 assembler determines the
most efficient form of indexed offset;8-or 16-bit. The content of the index register is not

changed.
EA=X+[(PC+1):(PC+2))];PC«PC+3
Address Bus High«~(PC+1)+K;
Address Bus Low<«X +(PC+2)
where:

K =The carry from the addition of X +(PC+2)
8.2.8 Relative

Relative addressing is only used in branch instructions. In relative addressing, the
content 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 limited to the range of —126 to +129 bytes from the
branch instruction opcode location. The Motorola assembler calculates the proper offset
and checks to see if it is within the span of the branch.

EA=PC+2+(PC+1);PC<EA if branch taken,;
otherwise, EA=PC«PC+2
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8.2.9 Bit Set/Clear

Direct addressing and bit addressing are combined in instructions which set and clear
individual memory and I/O bits. In the bit set and clear instructions, the byte is
specified as a direct address in the location following the opcode. The first 256
addressable locations are thus accessed. The bit to be modified within that byte is
specified in the first three bits of the opcode. The bit set and clear instructions occupy
two bytes, one for the opcode (including the bit number) and the other to address the byte
which contains the bit of interest.

EA=(PC+1);PC<PC+2
Address Bus High<-0;Address Bus Low«(PC+1)
8.2.10 Bit Test and Branch

Bit test and branch is a combination of direct addressing, bit set/clear addressing, and
relative addressing. The actual bit to be tested, within the byte, is specified within the
low order nibble of the opcode. The address of the data byte to be tested is located via a
direct address in the location following the opcode byte (EA1). The signed relative 8-bit
offset is in the third byte (EA2) and is added to the PC if the specified bit is set or cleared
in the specified memory location. This single three byte instruction allows the program
to branch based on the condition of any bit in the first 256 locations of memory.

EA1=(PC+1)
Address Bus High<-0;Address Bus Low«(PC+1)
EA2=PC+3+(PC+2);PC«~EA2 ifbranch taken;
otherwise, PC<PC+3
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9. ELECTRICAL SPECIFICATIONS
9.1 INTRODUCTION

This section contains the electrical specifications and associated timing information
for the TMP68HC05C4.

9.2 MAXIMUM RATINGS
(Voltages Referenced to Vgg)

Ratings Symbol Value Unit
Supply Voltage Vop -0.3t0+7.0 \Y
Input Voltage Vin Vss-0.3to Vpp +0.3 \
Self-Check Mode (IRQ Pin Only) Vin Vss - 0.3 to \%

2xVpp+0.3
Current Drain Per Pin Excluding Vpp and Vsg | 25 mA
Operating Temperature Range TA TLtoTH T
TMP68HCO05C4 (Standard) Oto+70

Storage Temperature Range Tstg -65to+150 T

This device contains circuitry to protect the inputs against damage due to high 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 Vi, and Vg be
constrained to the range Vgg < (Vi or Vout) <Vpp. Reliability of operation is enhanced
if unused inputs are connected to an appropriate logic voltage level (e.g., either Vgg or
Vpp)-

9.3 THERMAL CHARACTERISTICS

Characteristics Symbol Value Unit

Thermal Resistance I7N Tw
Ceramic 50
Plastic 60
Plastic Leaded Chip Carrier (PLCC) 70
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TMP68HCO5C4
Vpp =4.5V
Pins R1 R2 C Vbp

PAO-PA7, 3.26kQ 2.38kQ 50pF

PBO-PB7,

PCO-PC7, R2

PD6
(See
PD1-PD4 1.9kQ 2.26kQ 200pF Test Table)
Point
Vpp = 3.0V fo R1
Pins R1 R2 C (See
(See Table)

PAO-PA7, 10.91kQ 6.32kQ 50pF Table)

PB0O-PB7,

PCO-PC7, —

PD6
PD1-PD4 6kQ 6kQ 200pF
Figure 9.1 Equivalent Test Load
9.4 POWER CONSIDERATIONS
The average chip-junction temperature, Ty, in °C can be obtained from:
Tg=Ta+Pp-6a) 1)

Where:
Ta=Ambient Temperature, °C

0ja=Package Thermal Resistance, Junction-to-Ambient, °C/W
Pp=PinT+Pro

PinT=IccX Ve, Watts — Chip Internal Power

Pyo=Power Dissipation on Input and Output Pins—User Determined

For most applications Pyo <PinT and can be neglected. PporT may be significant if
the device is configured to drive Darlington bases or sink LED loads.

An approximate relationship between Py and Ty (if Py/g is neglected) is:

Pp=K+(T;+273°C) (2)
Solving equations (1) and (2) for K gives:

K =Pp:(Tp +273°C) +654-Pp? 3)
Where K is a constant pertaining to the particular part. K can be determined from
equation (3)'by measuring Pp (at equilibrium) for a known Tp. Using this value of K the

values of Pp and Ty can be obtained by solving equations (1) and (2) iteratively for any
value of Ta.
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9.5 DCELECTRICAL CHARACTERISTICS
(Vpp=5.0V+10%, Vgg=0V, Tp =Ty, to Ty unless otherwise noted)

Characteristic ng- Min Typ Max | Unit
Output Voltage, ligag= < 10.0pA VoL - - 0.1 \Y
Vou | Vop - 0.1 - - \
Output High Voltage
(ILoad = 0.8mA) PAQ-PA7, PBO-PB7, PCO-PC7, TCMP (See Figure | VoH | Vpp ~0.8 - - \%
9.2)
(ILoad = 1.6MA) PD1-PD4 (See Figure 9.3) Von | Vbp=-0.8 - - \
Output Low Voltage (See Figure 9.4) VoL
(ILoad = 1.6mMA) PAQO-PA7, PBO-PB7, PCO-PC7, PD1-PD4, TCMP - - 0.4
Input High Voltage ViH \Y
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PDS5, PD7, TCAP, IRQ, RESET, 0.7xVpp - Vpp
0sc1
Input Low Voltage
PA0-PA7, PBO-PB7, PCO-PC7, PDO-PDS5, PD7, TCAP, TRQ, RESET, ViL Vss - 02xVpp | V
0scC1t
Data Retention Mode (0° to 70°C) VRm 2.0 - - Vv
Supply Current (See Notes)
Run (See Figures 9.5 and 9.6) Ipp - 35 7.0 mA
Wait(See Figures 9.5 and 9.6) lop - 1.6 4.0 mA
Stop (See Figure 9.6)
25°C lop - 2.0 50 BA
0°t0 70°C oo - - 140 RA
1/0 Ports Hi-Z Leakage Current I pA
PA0-PA7, PBO-PB7, PCO-PC7, PD1-PD4 - - +10
Input Current lin pA
RESET, IRQ, TCAP, OSC1, PDO, PDS, PD7 - - +1
Capacitance 4
Ports (as Input or Output) Cout - - 12 PF
RESET, IRQ, TCAP, OSC1, PDO-PDS, PD7 Cin - - 8 PF

Notes:
1. All values shown reflect average measurements.
2. Typical values at midpoint of voltage range, 25°C only. .
3. Wait Ipp:Only timer system active (SPE=TE=RE=0). If SPI, SCI active (SPE=TE=RE=1)
add 10% current draw.
4. Run (Operating) Ipp, Wait Ipp:Measured using external square wave clock source (fosc=4.2
MHz), all inputs 0.2 V from rail, no DC loads, less than 50 pF on all outputs, C1,=20 pF on
0scCa.
. Wait, Stop Ipp:All ports configured as inputs, Vi,.=0.2 V, Viy=Vpp—-0.2 V.
. Stop Ipp measured with OSC1=Vgs.
7. WaitIpp is affected linearly by the OSC2 capacitance.

[o2 094
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9.6 DCELECTRICAL CHARACTERISTICS
(Vpp=38.3V£10%, Vgs=0V, Tpo =TL, to Ty unless otherwise noted)

Characteristic Sgg}' Min Typ Max Unit
Output Voltage, | 0ag< 10.0pA VoL - - 0.1 \
Vox | Vop -0.1 - - \
Output High Voltage
(ILoad = 0.2mA) PAQ-PA7, PB-PB7, PCO-PC7, TCMP (See Figure VoH | Vpbp -0.3 - - \
9.2)
(ILoad = 0.4mA) PD1-PD4 (See Figure 9.3) Vou | Vop-0.3 - -
Output Low Voltage (See Figure 9.4) VoL
(ILoad = 0.4mA) PAO-PA?, PBO-PB7, PCO-PC7, PD1-PD4, TCMP - - 0.3
Input High Voltage VIH \
PA0-PA7, PBO-PB7, PCO-PC7, PDO-PDS, PD7, TCAP, TRQ, RESET, 0.7%xVpp - Voo
0osci
Input Low Voltage
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PDS, PD7, TCAP, TRQ, RESET, | ViL Vss - 0.2xVpp | V
0osci
Data Retention Mode (0° to 70°C) VRM 2.0 - - \
Supply Current (See Notes)
Run (See Figures 9.5and 9.7) Ipp - 1.0 2.5 mA
Wait(See Figures 9.5snd 9.7) IbD - 0.5 1.4 mA
Stop (See Figure 9.7)
25°C lpp - 1.0 30 BA
0°to0 70°C Ipp - - 80 pA
I/0 Ports Hi-Z Leakage Current I BA
PAQ-PA7, PBO-PB7, PCO-PC7, PD1-PD4 - - +10
Input Current lin pA
RESET, IRQ, TCAP, 0SC1, PDO, PDS, PD7 - - 1
Capacitance
Ports (as Input or Output) Cout - - 12 PF
RESET, IRQ, TCAP, 0OSC1, PDO-PDS, PD7 Cin - - 8 PF

Notes:
1. Allvalues shown reflect average measurements,
2. Typical values at midpoint of voltage range, 25°C only.
3. Wait Ipp:Only timer system active (SPE=TE=RE=0). If SPI, SCI active (SPE=TE=RE=1)
add 10% current draw.
4. Run (Operating) Ipp, WaitIpp: Measured using external square wave clock source (fosc=2.0
MHz), all input 0.2 V from rail, no DC loads, less than 50 pF on all outputs, C1, =20 pF on OSC2.
. Wait, Stop Ipp:All ports configured as inputs, Vi1,=0.2 V, Viy=Vpp-0.2 V.
. Stop Ipp measured with 0SC1=Vgs.
. WaitIppis affected linearly by the OSC2 capacitance.

-3 O O
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5.0

4.0 /

3.0
lon | (mA) /

2.0 /
pd
1.0 //
Vpp =3.0V
0 |

0 0.2 0.4 0.6 0.8

Vpp-VoH (Volts)

Figure 9.2 Typical Voy vs Igg for Ports A, B, C, and TCMP

6.0

5.0
8.0 /

/

] 4.0
0 ,
/ loL (mA) Vpp = 5.0V
lon | (mA) V°°=5'°V/ /

3.0 V

2.0 A
/ Vpp =3.0V Vpp=3.0V
A
0 | 1.0
0 0.2 0.4 0.6
0

Vpp-Von (Volts)
0 0.1 0.2 0.3 0.4

VoL (Volts)

Figure 9.3 Typical Voy vs Iog for PD1-PD4 Figure 9.4 Typical Vorvs Igy for all Ports
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(3.5mA)
3.5 3.5
3.0 3.0
RUN
&?PERATING) /
ODE y (2.9mA)
2.5 2.5
Vpp =5.5V WAIT
MODE
2.0 Vi 2.0
/ Vpp = 5.5V
Ipp (MA) / Vbp =4.5V Ipp (MA) (1.6mA)
1.5 7 15 //
//DD=3.6V / Vpp =4.5V
1.0 7 (1.0mA) 1.0 // (1.45mA)
/ / / Vpp =3.6V
0.5 0.5
Voo =3.0V 7/ (0.5mA)
(0.9mA) Vpp = 3.0V
0 0 (0.4TA)
0 0.5 1.0 1.5 2.0 0 0.5 1.0 1.5 2.0

Internal Frequency 1/tcycle (MHz)

Internal Frequency 1/tcycle (MHz)

Figure 9.5 Typical Current vs Internal Frequency for Run and Wait Modes
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7.0 l I
Vpp=5V1+10% (7.0mA)

: -
/

4.0 /
Run (Operating) IY (4.0mA)

3.0
Ipp (MA) /Wait Iob

e

Stop Ipp (140pA, 0° - 70°C)
0 !

0 0.5 1.0 1.5 2.0

Internal Frequency (MHz)

Figure 9.6 Maximum Ipp vs Frequency for Vpp=5.0Vdc

25 | | (2.5mA)
Vpp=3.3V+10%

20 /
]
L~

1.5 A
Run (Operating) Ipp
Iop (mA)
1.0 /1
/'KIDD

(1.4mA)

0.5 - —
Stop Ipp (80pA, 0°~-70°C)
0 — i
0 0.2 0.4 0.6 0.8 1.0

Internal Frequency (MHz)

Figure 9.7 Maximum Ipp vs Frequency for Vpp=3.3Vdc
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9.7 CONTROL TIMING
(Vpp=5.0V£10%, Vgg=0V, Tpo =Ty, to Tx)
Characteristic Symbol Min Max Unit

Frequency of Operation

Crystal Optlon fos( - 4.2 MHz

External Clock Option fosc dc 4.2 MHz
Internal Operating Frequency

Crystal (fosc +2) fop - 2.1 MHz

External Clock (fosc + 2) fop dc 2.1 MHz
Cycle Time (See Figure 3.1) teye 480 - ns
Crystal Oscillator Startup Time (See Figure 3.1) toxov - 100 ms
Stop Recovery Startup Time (Crystal Oscillator) (See Figure tiLcH - 100 ms
9.8)
RESET Pulse Width (See Figure 3.1) tRL 1.5 - teye
Timer

Resolution** tRESL 4.0 - teye

Input Capture Pulse Width (See Figure 9.9) tTH, tTL 125 - ns

Input Capture Pulse Period (See Figure 9.9) trLTL *kx - teye
Interrupt Pulse Width Low (Edge-Triggered) (See Figure tiLH 125 - ns
3.4)
Interrupt Pulse Period (See Figure 3.4) tiuL * - teye
0OSC1 Pulse Width toH. toL 90 - ns

*  The minimum period tiL1, should not be less than the number of cycle times it takes to execute

the interrupt service routine plus 21 teyec.

**  Since a 2-bit prescaler in the timer must count four internal cycles (tcyc), this is the limiting
minimum factor in determining the timer resolution.
*** The minimum period tTLTL should not be less than the number of cycle times it takes to execute

the capture interrupt service routine plus 24 tcyec.
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oscr! 77777
RESET

|

tiLcH 4064tcyc —>|

Internal
Clock
1FFE Xmms X irre_ ) 1rres X

—

RESET or Interrupt
Vector Fetch

Internal ¥
Address
Bus

| Notes:
| 1. Represents the internal gating of the OSC1 pin.
| 2. IRQ pin edge-sensitive mask option.
3. IRQ pin level and edge-sensitive mask option.
4. RESET vector address shown for timing example.

Figure 9.8 Stop Recovery Timing Diagram
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9.8 CONTROL TIMING
(Vpp=3.3V+£10%, Vgs=0V, To =Ty, to Ty)

Characteristic Symbol Min Max Unit

Frequency of Operation

Crystal Option fosc - 2.0 MHz

External Clock Option fosc dc 2.0 MHz
Internal Operating Frequency

Crystal (fosc + 2) fop - 1.0 MHz

External Clock (fosc +2) fop dc 1.0 MHz
Cycle Time (See Figure 3.1) teye 1000 - ns
Crystal Oscillator Startup Time (See Figure 3.1) toxov - 100 ms
Stop Recovery Startup Time (Crystal Oscillator) (See Figure tiLcH - 100 ms
9.8)
RESET Pulse Width-Excluding Power-Up (See Figure 3.1) tRL 1.5 - teye
Timer

Resolution** tRESL 4.0 - teye

Input Capture Pulse Width (See Figure 9.9) tTH, tTL 250 - ns

Input Capture Pulse Period (See Figure 9.9) tTLTL k% - teye
Interrupt Pulse Width Low (Edge-Triggered) (See Figure tILH 250 - ns
3.4)
Interrupt Pulse Period (See Figure 3.4) tie * - teye
0OSC1 Pulse Width toH. toL 200 - ns

*  The minimum period tj 1, should not be less than the number of cycle times it takes to execute
the interrupt service routine plus 21 tcyc.
**  Since a 2-bit prescaler in the timer must count four internal cycles (tcyc), this is the limiting
minimum factor in determining the timer resolution.
*** The minimum period tTLTL should not be less than the number of cycle times it takes to execute
the capture interrupt service routine plus 24 tcyc.
- ——>| trL |<——

t
External " T "I —’I tru
U I N N N O A O O

Signal

Figure 9.9 Timer Relationships
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9.9 SERIAL PERIPHERAL INTERFACE (SPI) TIMING
(Vpp=5.0V£10%, Vgg=0V, Tpo =Ty, to Ty)

Num. Characteristic Symbol Min Max Unit
Operating Frequency
Master fop (m) dc 0.5 fop
Slave fop (s) dc 2.1 MHz
1 Cycle Time
Master teye (m) 2.0 - teye
Slave teye (s) 480 - ns
2 Enable Lead Time ns
Master tiead (m) * -
Slave tlead (s) 240 -
3 Enable Lag Time ns
Master tlag (m) * -
Slave tlag (s) 240 -
4 Clock (SCK) High Time
Master tw (SCKH)m| 340 - ns
Slave tw (SCKH)g| 190 - ns
5 Clock (SCK) Low Time
Master tw (SCKL)m| 340 - ns
Slave tw (SCKL)s | 190 - ns
6 Data Setup Time (Inputs)
Master tsu (m) 100 - ns
Slave tsu () 100 - ns
7 Data Hold Time (Inputs)
Master th(m) 100 - ns
Slave th (s) 100 ~ ns
8 Access Time ta ns
(Time to Data Active from High Impedance State)
Slave 0 120
9 Disable Time (Hold Time to High-Impedance State) tdis ns
Slave - 240
10 Data Valid
Master (Before Capture Edge) tv(m) 0.25 - teyc (m)
Slave (After Enable Edge) ** tv(s) - 240 ns
1 Data Hold Time (Outputs)
Master (After Capture Edge) tho (m) 0.25 - teye (m)
Slave (After Enable Edge) tho (s) 0 - ns
12 Rise Time (20% Vpp to 70% Vpp, CL = 200pF)
SPI Outputs (SCK, MOSI, MISO) trm - 100 ns
SPI Inputs (SCK, MOSI, MISO, §5) trs - 2.0 ps
13 |Fall Time (70% Vpp to 20% Vpp, CL = 200pF)
SPI Outputs (SCK, MQSI, MISO) tfm - 100 ns
SPI Inputs (SCK, MOSI, MISO, 55) ths - 2.0 ps

*  Signal production depends on software.
**  Assumes 200 pF load on all SPI pins.
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9.10 SERIAL PERIPHERAL INTERFACE (SPI) TIMING
(Vpp=3.3V£10%, Vgg=0V, Tao =Ty, to Ty)
Num.. Characteristic Symbol Min Max Unit
Operating Frequency
Master fop (m) dc 0.5 fop
Slave fop (s) dc 1.0 MHz
1 Cycle Time
Master teye (m) 2.0 - teye
Slave teye (s) 1.0 - us
2 Enable Lead Time ns
Master tlead (m) * -
Slave tlead (s) 500 -
3 Enable Lag Time ns
Master tlag (m) * -
Slave tlag (s) 500 -
4 Clock (SCK) High Time
Master tw (SCKH) m| 720 - us
Slave tw (SCKH)s| 400 - ns
5 Clock (SCK) Low Time
Master tw (SCKL) m| 720 - Bs
Slave tw (SCKL)s | 400 - ns
6 Data Setup Time (Inputs)
Master tsu(m) 200 - ns
Slave tsu (s) 200 - ns
7 Data Hold Time (Inputs)
Master th (m) 200 - ns
Slave th (s) 200 - ns
8 Access Time ta ns
(Time to Data Active from High-Impedance State)
Slave 0 250
9 Disable Time (Hold Time to High-Impedance State) tdis ns
Slave - 500
10 Data Valid
Master (Before Capture Edge) ty (m) 0.25 - teye (m)
Slave (After Enable Edge) ** ty (s) - 500 ns
1 Data Hold Time (Outputs)
Master (After Capture Edge) tho (m) 0.25 - teye (m)
Slave (After Enable Edge) tho (s) 0 - ns
12 Rise Time (20% Vpp to 70% Vpp, CL = 200pF)
SPI Outputs (SCK, MOSI, MISO) trm - 200 ns
SPI Inputs (SCK, MOSI, MiSO, 55) trs - 2.0 us
13 Fall Time (70% Vpp to 20% Vpp, CL = 200pF)
SPI Outputs (SCK, MOSI, MISO) tim - 200 ns
SPI Inputs (SCK, MOSI, MISO, S5) tfs - 2.0 Bs

*  Signal production depends on software.
*k  Assumes 200 pF load on all SPI pins.
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10. MECHANICAL DATA

This section contains the pin assignment and package dimension diagrams for the
TMP68HC05C4 microcomputer.

10:1 PIN ASSIGNMENT

P SUFFIX T SUFFIX
40-Pin Dual-in-Line Package 44-Lead PLCC Package
-
w
\/ o~ OGO
T_S_E)_‘d‘ 200 vpp é&‘z“é,f‘é’ﬁaa‘é%
Rq O 2 39 osci anononononn.
Ne O 3 380 osca 6 (=] a0 )
pa7 O 4 370 Tcap pas d 7 ! 39 p PD7
pag O 5 360 pD7
PA4 TCMP
pAs [0 6 350 TCmP
PA3 PD5/SS
pAas O 7 34 0 pPDS/SS
PA2 PD4/SCK
pa3 O 8 330 Ppassck
PA1 PD3/MOSI
pa2 O 9 320 PD3/MOSI PAO PD2/MISO
pA1 O 10 310 PD2/MISO PBO PD1/TDO
pao O 11 300 ppi1TDO PB1 PDO/RDI
PBO g 12 29 1 PDORDI P82 PCO
PB1 13 280 pPCo PB3 PC1
i pB2 [ 14 270 ec1 PB4 PC2
! pe3 O 15 26 0 pc2
I pea [ 16 250 pc3
1 pes 0 17 240 pca
| pe6 [ 18 230 pcs
pe7 O 19 220 pce
vss 020 21p pc7
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10.2 PACKAGE DIMENSIONS

P SUFFIX
DIP PLASTIC PACKAGE

4

0~15

40 21
jiinininininisinininininininininisinininin]

L O O G O O o | -
1 20

0.25 1!

- ~-0.05
50702 R
© (=)

I13 4+0.2
[e29
/'—\\

3.5+
+

1.22TYP
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T SUFFIX

PLCCPACKAGE
17.5240.2
166402

imimimimimisininieinin] S

®)

16.6+0.2
17.52%0.2

U000 0o0000nT

- inininisinisininininin]

i
L0 N O N O A S

4.32£0.2

127 07%04 L‘E](Il_—]

15.76+0.2
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This technical data may be controlled under U.S. Export Administration Regulations and may be subject
to the approval of the U.S. Department of Commerce prior to export. Any export or re-export directly or
indirectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited.

LIFE SUPPORT POLICY
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support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life
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The information in this databook has been carefully checked and is believed to be reliable, however, no
responsibility can be assumed for inaccuracies that may not have been caught. All information in this
databook is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility
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TOSHIBA TMP68HC11A8

1 INTRODUCTION

The TMP68HC11A8 is an advanced 8-bit microcontroller (MCU) with highly
sophisticated on-chip peripheral capabilities. New design techniques were used to
achieve a nominal bus speed of 2MHz. In addition, the fully static design allows
operation at frequencies down to dc, further reducing power consumption.

1.1 FEATURES
The following are some of the hardware and software highlights.
Hardware Features
(] 8K Bytes of ROM
° 512 Bytes of EEPROM
(] 256 Bytes of RAM (All Saved During Standby) Relocatable to Any 4K Boundary
(] Enhanced 16-Bit Timer System:
Four Stage Programmable Prescaler

Three Input Capture Functions

Five Output Compare Functions
. 8-Bit Pulse Accumulator Circuit
° Enhanced NRZ Serial Communications Interface (SCI)
] Serial Peripheral Interface (SPI)
] Eight Channel, 8-Bit Analog-to-Digital Converter
(] Real Time Interrupt Circuit
. Computer Operating Properly (COP) Watchdog System
(] Available in Dual-in-Line or Leaded Chip Carrier Packages
Software Features
° Enhanced M6800/M6801 Instruction Set
° 16 X16 Integer and Fractional Divide Features
(] Bit Manipulation
o WAIT Mode
° STOP Mode

MCU11-1
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1.2

1.3

GENERAL DESCRIPTION

The high-density CMOS technology used on the TMP68HC11A8 combines smaller
size and higher speeds with the low power and high noise immunity of CMOS. On-chip
memory systems include 8K bytes of ROM, 512 bytes of electrically eraseable
programmable ROM (EEPROM), and 256 bytes of static RAM.

Major peripheral functions are provided on-chip. An eight channel analog-to-digital
(A/D) converter is included with eight bits of resolution. An asynchronous serial
communications interface (SCI) and a separate synchronous serial peripheral interface
(SPI) are included. The main 16-bit free-running timer system has three input capture
lines, five output compare lines, and a real-time interrupt function. An 8-bit pulse
accumulator subsystem can count external events or measure external periods.

Self monitoring circuitry is included on-chip to protect against system errors. A
computer operating properly (COP) watchdog system protects against software failures.
A clock monitor system generates a system reset in case the clock is lost or runs too slow.
Anillegal opcode detection circuit provides a non-maskable interrupt if an illegal opcode
is detected.

Two software controlled operating modes, WAIT and STOP, are available to conserve
additional power.

A block diagram of the TMP68HC11A8 is shown in Figure 1.1
PROGRAMMER’S MODEL

In addition to being able to execute all M6800 and M6801 instructions, the
TMP68HC11A8 allows execution of 91 new opcodes. Figure 1.2 shows the seven CPU
registers which are available to the programmer.

MCU11-2
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Figure 1.1 Block Diagram
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A o[7 B 0] 8-BIT ACCUMULATORS A AND B OR
15 ) 0| 16-BIT DOUBLE ACCUMULATOR D
[15 IX 0| INDEXREGISTER X
[15 1Y 0] INDEXREGISTERY
[15 sp 0] STACKPOINTER
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7 0 . «
S X H | N Z V C| CONDITION CODE REGISTER
CARRY/BORROW FROM MS$B
QVERFLOW
ZERO
NEGATIVE
I-INTERRUPT MASK

HALF CARRY (FROM BIT 3)
X-INTERRUPT MASK
STOP DISABLE

Figure 1.2 Programming Model

1.4 SUMMARY OF TMP68HC11 FAMILY

Table 1.1 and the following paragraphs summarize the current members of the
TMP68HC11 Family. This data sheet describes the TMP68HC11A8 version and is to be
used as a primary reference for other versions. Family members differ mainly in the

types and amounts of memory. The A series parts (’A8,’A1, and ’A0) are the foundation
of the TMP68HC11 Family.

Notice that each major derivative has an x8, x1, and x0 variation. These variations
all use identical die. A configuration (CONFIG) register is implemented with EEPROM
cells and is used to semipermanently disable the ROM of x1 variations. The ROM and
EEPROM are disabled on x0 variations.

The E series was developed for applications requiring four input capture functions for
the timer, more ROM, or more RAM. These parts are modified to allow the former
output compare five function to be configured as either an output compare or as a fourth
input capture function. The amount of RAM was also increased to 512 bytes and the
amount of ROM was increased to 12K bytes.

All A series parts are available in 64-pin plastic shrink dual-in-line (S-DIP) packages
and 52-pin plastic lend chip carrier (PLCC) packages.
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Table 1.1 TMP68HC11 Family Members

Device Number { ROM [EepROM| RAM |CONFIG! Comments
TMP68HC11A8 8K 512 256 $OF Family Built Around this Device
TMP68HC11A1 0 512 256 $0D [Same Die as ‘' A8 but ROM Disabled
TMP68HC11A0 0 0 256 $0C  [Same Die as ' A8 but ROM and EEPROM Disabled
TMP68HC11E9 12K 512 512 $OF Four Input Captures and Bigger RAM and 12K ROM
TMP68HC11E1 0 512 512 $0D ' E9 with ROM Disabled
TMP68HC11E0 0 0 512 $0C ' E9 with ROM and EEPROM Disabled4
Notes:
1. CONFIG register values in this table reflect the value programmed prior to shipment from
TOSHIBA.
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2.

2.1

SIGNAL DESCRIPTIONS AND OPERATING MODES

The signal descriptions and operating modes are presented in this section. When the
microcontroller is in an expanded multiplexed operating mode, 18 pins change function
to support a multiplexed address/data bus.

SIGNAL PIN DESCRIPTIONS

The following paragraphs provide a description of the input/output signals.
Reference is made, where applicable, to other sections that contain more detail about the
function being performed.

2.1.1 Input Power (Vpp) and Ground (Vgg)

Power is supplied to the microcontroller using these pins. Vpp is the positive power
input and Vgg is ground. Although the TMP68HC11A8 is a CMOS device, very fast
signal transitions are present on many of its pins. Short rise and fall times are present
even when the microcontroller is operating at slow clock rates. Special care must be
taken to provide good power supply bypassing at the MCU. Recommended bypassing
would include a 0.1 pF ceramic capacitor between the Vpp and Vgg pins and physically
adjacent to one of the two pins. A bulk capacitance, whose size depends on the other
circuity in the system, should also be present on the circuit board.

2.1.2 Reset (RESET)

This active low bidirectional control signal is used as an input to initialize the
TMP68HC11A8 to a known startup state, and as an open-drain output to indicate that
an internal failure has been detected in either the clock monitor or computer operating
properly (COP) watchdog circuit. This reset signal is significantly different from the
reset signal used on other Motorola MCUs. Please refer to SECTION 9 RESETS,
INTERRUPTS, AND LOW POWER MODES before designing circuitry to generate or
monitor this signal.

2.1.3 Crystal Driver and External Clock Input (XTAL, EXTAL)

These two pins provide the interface for either a crystal or a CMOS compatible clock
to control the internal clock generator circuitry. The frequency applied to these pins
shall be four times higher than the desired E clock rate. The XTAL pin is normally left
unterminated when using an external CMOS compatible clock input to the EXTAL pin.
However, a 10K to 100K load resistor to ground may be used to reduce RFI noise
emission. The XTAL output is normally intended to drive only a crystal.

The XTAL output may be buffered with a high input impedance buffer such as the
T4HCO04, or it may be used to drive the EXTAL input of another TMP68HC11.
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In all cases take extra care in the circuit board layout around the oscillator pins.
Load capacitances shown in the oscillator circuits include all stray layout capacitances.
Refer to Figures 2.1, 2.2, and 2.3 for diagrams of oscillator circuits.

mMcCu 250F
|

EXTAL 1

4xE
CRYSTAL|
10M [

1

255F *
XTAL i

* This value includes all stray capacitances.

Figure 2.1 Common Crystal Connections

3\ McCuU

EXTAL |[«— 4% E

CMOS COMPATIBLE
EXTERNAL OSCILLATOR

XTAL— N.C.OR
10K - 100K
LOAD

Figure 2.2 External Oscillator Connections

IR SECOND MCU
~\_FIRST MCU 2554 r
EXTAL ’ | VWY EXTAL
4xE 220
CRYSTAL
oM =
=
25pF *
XTAL - i N.C. OR ——] XTAL
L 10K - 100K
= LOAD

* This value includes all stray capacitances.

Figure 2.3 One Crystal Driving 2 MCUs
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2.1.4 E Clock Output (E)

This is the output connection for the internally generated E clock which can be used
as a timing reference. The frequency of the E clock output is actually one fourth that of
the input frequency at the XTAL and EXTAL pins. When the E clock output is low an
internal process is taking place and, when high, data is being accessed. The E clock
signal is halted when the MCU is in STOP mode.

2.1.5 Interrupt Request (IRQ)

The IRQ input provides a means for requesting asynchronous interrupts to the
TMP68HC11A8. It is program selectable (OPTION register) with a choice of either
negative edge-sensitive or level-sensitive triggering, and is always configured to level-
sensitive triggering by reset. The IRQ pin requires an external pullup resistor to Vpp
(typically 4.7K ohm).

During factory testing, this pin is also used as a bulk Vpp power supply-input. This
allows for parallel programming of as many as half of the bytes in the EEPROM in a
single programming operation.

2.1.6 Non-Maskable Interrupt (XIRQ)

This input provides a means for requesting a non-maskable interrupt, after reset
initialization. During reset, the X bit in the condition code register is set and any
interrupt is masked until MCU software enables it. The XIRQ input is level sensitive
and requires an external pullup resistor to Vpp.

2.1.7 Mode A/Load Instruction Register and Mode B/Standby Voltage (MODA/LIR,
MODB/VsrBY)

During reset, MODA and MODB are used to select one of the four operating modes.
Refer to Table 2.1 Paragraph 2.2 OPERATING MODES provides additional
information.

After the operating mode has been selected, the LIR pin provides an open-drain
output to indicate that an instruction is starting. All instructions are made up of a
series of E clock cycles. The LIR signal goes low during the first E clock cycle of each
instruction (opcode fetch). This output is provided as an aid in program debugging.

Table 2.1 Operating Modes Versus MODA and MODB

MODB MODA Mode Selected
1 0 Single Chip
1 1 Expanded Multiplexed
0 0 Special Bootstrap
0 1 Special Test
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The Vgrpy signal is used as the input for RAM standby power. When the voltage on
this pin is more than one MOS threshold (about 0.7 volts) above the Vpp voltage, the
internal 256-byte RAM and part of the reset logic are powered from this signal rather |
than the Vpp input. This allows RAM contents to be retained without Vpp power
applied to the MCU. Reset must be driven low before Vpp is removed and must remain

low until Vpp has been restored to a valid level.
2.1.8 A/D Converter Reference Voltages (VrL, VRH)

These two inputs provide the reference voltages for the analog-to-digital converter
circuitry.

2.1.9 Strobe B and Read/Write (STRB/R/W)

This signal acts as a strobe B output or as a data bus direction indicator depending on
the operating mode.

In single-chip operating mode, the STRB output acts as a programmable strobe for
handshake with other parallel I/O devices. Refer to SECTION 4 PARALLEL I/O for
additional information.

In expanded multiplexed operating mode, R/W is used to control the direction of
transfers on the external data bus. A low on the R/W signal indicates data is being
written to the external data bus. A high on this signal indicates that a read cycle is in

progress. R/W will stay low during consecutive data bus write cycles, such as in a
double-byte store. The NAND of inverted R/W with the E clock should be used as the
write enable signal for an external static RAM.

2.1.10 Strobe A and Address Strobe (STRA/AS)

This signal acts as an edge detecting strobe A input or as an address strobe bus
control output depending on the operating mode.

In single-chip operating mode, the STRA input acts as a programmable strobe for
handshake with other parallel I/O devices. Refer to SECTION 4 PARALLEL I/O for
additional information.

In expanded multiplexed operating mode, the AS output is used to demultiplex the
address and data signals at port C. Refer to 2.2.2 Expanded Multiplexed Operating
Mode for additional information.

2.1.11 Port Signals

Ports A, D, and E signals are independent of the operating mode. Port B provides
eight general purpose output signals in single-chip operating modes and provides eight
high-order address signals when the microcontroller is in expanded multiplexed
operating modes. Port C provides eight general purpose input/output signals when the
microcontroller is in single-chip operating modes. When the microcontroller is in
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expanded multiplexed operating modes, port C is used for a multiplexed address/data
bus. Table 2.2 shows a summary of the 40 port signals as they relate to the operating
modes. Unused inputs and I/O pins configured as inputs should be terminated high or
low.
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Table 2.2 Port Signal Summary

Single-Chip Expanded Multiplexed

Port-Bit and Bootstrap Mode and Special Test Mode

A-0 PAO/IC3 PA0/IC3

A-1 PA1/IC2 PA1/IC2

A-2 PA2/IC1 PA2/1C1

A-3 PA3/0C5/and-or OC1 PA3/0C5/and-or OC1

A-4 PA4/0C4/and-or OC1 PA4/0C4/and-or OC1

A-5 PA5/0C3/and-or OC1 PA5/0C3/and-or OC1

A-6 PA6/0C2/and-or OC1 PA6/0C2/and-or OC1

A-7 PA7/PAl/and-or OC1 PA7/PAl/and-or OC1

B-0 PBO A8

B-1 PB1 A9

B-2 PB2 A10

B-3 PB3 Al1

B-4 PB4 A12

B-5 PB5 A13

B-6 PB6 Al14

B-7 PB7 A15

C-0 PCO A0/DO

C-1 PC1 A1/D1

Cc-2 PC2 A2/D2

Cc-3 PC3 A3/D3

Cc-4 PC4 A4/D4

Cc-5 PC5 A5/D5

c-6 PC6 A6/D6

c-7 PC7 A7/D7

D-0 PDO/RxD PDO/RxD

D-1 PD1/TxD PD1/TxD

D-2 PD2/MISO PD2/MISO

D-3 PD3/MOSI PD3/MOSI

D-4 PD4/SCK PD4/SCK

D-5 PD5/SS PD5/SS

D-6 STRA AS

D-7 STRB RAW

E-0 PEO/ANO PEO/ANO

E-1 PE1/AN1 PE1/AN1

E-2 PE2/AN2 PE2/AN2

E-3 PE3/AN3 PE3/AN3

E-4 PE4/AN4 PE4/AN4

E-5 PES5/ANS PES/ANS

E-6 PE6/ANG6 PE6G/ANG6

E-7 PE7/AN7 PE7/AN7
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2.1.11.1Port A.

Port A may be configured for: three input capture functions (IC1, IC2, IC3), four
output compare functions (0C2, OC3, OC4, OC5) , and either a pulse accumulator input
(PAI) or a fifth output compare function (OC1) . Refer to 8.1 PROGRAMMABLE TIMER
for additional information.

Any port A pin that is not used for its alternate timer function may be used as a
general-purpose input or output line.

2.1.11.2 Port B.

While in single-chip operating modes, all of the port B pins are general-purpose
output pins. During MCU reads of this port, the level sensed at the input side of the port
B output drivers is read. Port B may also be use in a simple strobed output mode where
an output pulse appears at the STRB signal each time data is written to port B.

When in expanded multiplexed operating modes, all of the port B pins act as high
order address output signals. During each MCU cycle, bits 8 through 15 of the address
are output on the PB0-PB7 lines respectively.

2.1.11.3 Port C.

While in single-chip operating modes, all port C pins are general-purpose
input/output pins. Port C inputs can be latched by providing an input transition to the
STRA signal. Port C may also be used in full handshake modes of parallel I/O where the
STRA input and STRB output act as handshake control lines.

When in expanded multiplexed operating modes, all port C pins are configured as
multiplexed address/data signals. During the address portion of each MCU cycle, bits 0
through 7 of the address are output on the PC0-PC7 lines. During the data portion of
each MCU cycle (E high), pins 0 through 7 are bidirectional data signals (D0-D7). The
direction of data at the port C pins is indicated by the R/W signal.

2.1.11.4 Port D.

Port D pins 0-5 may be used for general purpose I/O signals. Port D pins alternately
serve as the serial communications interface (SCI) and serial peripheral interface (SPI)
signals when those subsystems are enabled.

Pin PDO is the receive data input (RxD) signal for the serial communication interface

(SCD).
Pin PD1 is the transmit data output (TxD) signal for the SCIL.

Pins PD2 through PD5 are dedicated to the SPI. PD2 is the master-in-slave-out
(MISO) signal. PD3 is the master-out-slave in (MOSI) signal. PD4 is the serial clock
(SCK) signal and PD5 is the slave select (SS) input.
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2.1.11.5 Port E.

2.2

Port E is used for general-purpose inputs and/or analog-to-digital (A/D) input
channels. Reading port E during the sampling portion of an A/D conversion could cause
very small disturbances and affect the accuracy of that result. If very high accuracy is
required, avoid reading port E during conversions.

OPERATING MODES

There are four operating modes for the TMP68HC11A8:single-chip operating mode,
expanded multiplexed operating mode, special bootstrap operating mode, and special
test operating mode.

Table 2.1 shows how the operating mode is selected. The following paragraphs
describe these operating modes.

2.2.1 Single-Chip Operating Mode

In single-chip operating mode, the TMP68HC11A8 functions as a monolithic
microcontroller without external address or data buses. Port B, port C, strobe A, and
strobe B function as general purpose I/O and handshake signals. Refer to SECTION 4
PARALLEL I/O for additional information.

2.2.2 Expanded Multiplexed Operating Mode

In expanded multiplexed operating mode, the TMP68HC11A8 has the capability of
accessing a 64K byte address space. This total address space includes the same on-chip
memory addresses used for single-chip operating mode plus external peripheral and
memory devices. The expansion bus is made up of port B and port C, and control signals
AS and R/W. Figure 2.4 shows a recommended way of demultiplexing low order
addresses from data at port C. The address, R/W, and AS signals are active and valid for
all bus cycles including accesses to internal memory locations.
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F_______—
PB7 A15
PB6 A14
PBS A13
PB4 A12
PB3 A1
PB2 A10
PB1 A9
PBO A8
HC373
PC7 D1 Q1 A7
PC6 D2 Q2 A6
PC5 D3 Q3 A5
PC4 D4 Q4 A4
PC3 D5 Q5 A3
PC2 D6 Q6 A2
PC1 D7 Q7 A1l
PCO D8 Q8 A0
AS LE OE D__L
RAW {>C ’—DPWE
E
gTMPGBHC1 1A8 D7
D6
D5
D4
D3
D2
D1
DO

Figure 2.4. Address/Data Demultiplexing

2.2.3 Special Bootstrap Operating Mode

The bootstrap mode is considered a special operating mode as distinguished from the
normal single-chip operating mode. This is a very versatile operating mode since there
are essentially no limitations on the special purpose program that can be loaded into the
internal RAM. The boot loader program is contained in the 192 byte bootstrap ROM.
This ROM is enabled only if the MCU is reset in special bootstrap operating mode, and
appears as internal memory space at locations $BF40-$§BFFF. The boot loader program
will use the SCI to read a 256 byte program into on-chip RAM at locations $0000-$00FF.

After the character for address $00FF is received, control is automatically passed to
that program at location $0000.

The TMP68HC11A8 communicates through the SCI port. After reset in special
bootstrap operating mode, the SCI is running at E clock/16 (7812 baud for E clock equal
2 MHz). If the security feature was specified and the security bit is set, $FF is output by
the SCI transmitter. The EEPROM is then erased. If erasure is unsuccessful, $FF is
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output again and erasure is attempted again. Upon successful erasure of the EEPROM,
all internal RAM is written over with $FF. The CONFIG register is then erased. The
boot loader program now proceeds as though the part had not been in security mode.

If the part is not in security mode (or has completed the above erase sequence), a
break character is output by the SCI transmitter. For normal use of the boot loader
program, the user sends $FF to the SCI receiver at either E clock/16 (7812 baud for E
clock = 2MHz) or E clock/104 (1200 baud for E clock = 2MHz).

Note: This $FF is not echoed through the SCI transmitter.
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Now the user must download 256 bytes of Table 2.3 Bootstrag Mode
program data to be put into RAM starting at Interrupt Vectors
location $0000. These characters are echoed

Address Vector

through the transmitter. When loading is
complete, the program jumps to location $0000 ooc4 sl
and begins executing that code. ooc7 SPI

If the SCI transmitter pin is to be used, an 0ocA Pulse Accumulator Input Edge
external pullup resistor is required because |200 Pulse Accumulator Overflow
port D pins are configured for wire-OR |00D0 Timer Overflow
operation. 00D3 Timer Output Compare 5

In special bootstrap operating mode the |90D6 Timer Output Compare 4
interrupt vectors are directed to RAM as |00D9 Timer Output Compare 3
shown in Table 2.3. This allows the user to use |00DC Timer Output Compare 2

interrupts by way of a jump table. For|gopr
example: to use the SWI interrupt, a jump

Timer Output Compare 1

00E2 Timer Input Capture 3

instruction would be placed in RAM at 00E5 Timer Input Capture 2
locations $00F4, $00F5, and $00F6. When an
SWI is encountered, the vector (which is in the | 2958 Timer Input Capture 1
boot loader ROM program) will direct program |00EB Real Time Interrupt
control to location $00F4 in RAM which in |00EE IRQ
turn contains a JUMP instruction to the|goF1 XIRQ
interrupt service routine. 00F4 SwWi

00F7 lllegal Opcode

00FA COP Fail

00FD Clock Monitor

BF40 (Boot) |Reset

2.2.4 Additional Boot Loader Program Options

The user may transmit a $55 (only at E clock/16) as the first character rather than the
normal $FF. This will cause the program to jump directly to location $0000, skipping
the download.

The user may tie the receiver to the transmitter (with an external pull-up resistor).
This will cause the program to jump directly to the beginning of EEPROM ($B600).
Another way to cause the program to jump directly to EEPROM is to transmit either a
break or $00 as the first character rather than the normal $FF.

Note that none of these options bypass the security check and so do not compromise
those customers using security.
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Keep in mind that upon entry to the downloaded program at location $0000, some
registers have been changed from their reset states. The SCI transmitter and receiver
are enabled which cause port D pins 0 and 1 to be dedicated to SCI use. Also port D is
configured for wired-OR operation. It may be necessary for the user to write to the
SCCR2 and SPCR registers to disable the SCI and/or port D wire-OR operation.

2.2.5 Special Test Operating Mode

The test mode is a special operating mode intended primarily for factory testing. This
mode is very similar to the expanded multiplexed operating mode. In special test
operating mode, the reset and interrupt vectors are fetched from external memory
locations $BFCO0-BFFF rather than $FFCO-$FFFF. There are no time limits for
protection of the TMSK2, OPTION, and INIT registers, so these registers may be
written repeatedly. Also a special TEST1 register is enabled which allows several
factory test functions to be invoked.

The special test operating mode is not recommended for use by an end user because of
the reduced system security;however, an end user may wish to come out of reset in
special test operating mode. Then, after some initialization, the SMOD and MDA bits
could be rewritten to select a normal operating mode to re-enable the protection
features.
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3.

3.1

ON-CHIP MEMORIES

This section describes the on-chip ROM, RAM, and EEPROM memories. The memory
maps for each mode of operation are shown and the RAM and I/O mapping register
(INIT) is described. The INIT register allows the on-chip RAM and the 64 control
registers to be moved to suit the needs of a particular application.

MEMORY MAPS

Composite memory maps for each mode of operation are shown in Figure 3.1.
Memory locations are shown in the shaded areas and the contents of these shaded areas
are shown to the right. These modes include single-chip, expanded multiplexed, special
bootstrap, and special test.

Single-chip operating modes do not generate external addresses. Refer to Table 3.1
for a full list of the registers.

$0000 N\
) A (MAY BE REMAPPED TO ANY

EXT EXT 00FF | 4K PAGEBY THE INIT REGISTER)

$1000 @ {
m W 1000 | 64 BYTE REGISTER BLOCK
(MAY BE REMAPPED TO ANY
103F | 4K PAGE BY THE INIT REGISTER)
EXT EXT
/ B600 | 512BYTE EEPROM
$8000 N (BYTE OR BULK ERASE)
N\ B7FF
T BOOT
7 [k RV BFCO | SPECIAL
ext | — 0 bo____J MODES

EXT | R 71771 BFFF BFFF | INTERRUPT
$C000 1 ___]__4 VECTORS
$E000 i " Jeooo | skrom

FFCO NORMAL
_______ INTERRUPT

$FFFF FFFF FFFF_| VECTORS

SINGLE ~ EXPANDED SPECIAL SPECIAL
CHIP MUX BOOTSTRAP TEST

Figure 3.1 Memory Maps
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$100C
$100D
$100E
$100F

$1010
$1011

$1012
$1013
$1014
$1015
$1016
$1017
$1018
$1019
$101A
$101B
$101C
$101D
$101E
$101F

Table 3.1 Register and Control Bit Assignments (Sheet 1 of 2)

Bit7  Bit6  BitS  Bitd  Bit3  Bit2  Bitl  Bit0
(v | - [ - T - T - T - T - T sito]rorra
T T T T T T T ] reserws
[ star | stai [cwom [ wnos | o [ pis | Eca | inve | pioc
[ [ - [ - T - T - T -1 - ] sito]rorrc
[z | - | - T - 1 - 1 - T - | sito |rorrs
Lo [ - | - [ - [T - T - T - T sito]rorrcL
[ | L l l l I [ ] Reserved
[ [ - [ - T - T - T -1 - T1Hsi ]oore
[ [ [weis | - T - T - T - T sito]rorm
[ [ [Bts | - [ - [ - T - T sito |ooro
[z ] - - T -1 - T -1 - T sito ] rore
[ Foci | roc2 | foc3 [ roca | rocs | | [ | cFore
[ocim7 Jocime [ocims Jocima Jocims | [ i | ocim
[ oc107 [ ocips | ocips [ ocipa [ocips | | [ ] ocip
[Bus [ - [ - T - T - [ - T - Tsis |71ent
Lew [ - [ - T - [ - [ - T - Tsio |
[Bus | - | - T - [ - T - T - Tsis]mna
Lo [ - [ - T - T - [ - T - Teiw]
[Bus [ - [ - T - T - T - T - Tesitg]mne
Lo [ - [ - [ - [ - [ - T - T[esio |
[Bus | - ] - T - T =T - T = Tsitg ]mes
Lew | - | - [ - T - [ - [ - Teiwo]
[Bus [ - [ - T - [ - T -1 - Tsis |7ocs
Lew [ - ] - [ - [ - [ - ] - [esi]
[Bus | - T - T - T - T - T - THsia]rvoc2
[ [ - [ - T - T - [T - T - Tein]
[Bus | - [ - T - T - T - T - Tsits |70
Lo [ - | - [ - T - [ - T - Tsiwo]
[eus | - [ - T - T - T - T - T[asitsa]|7oca
Lew [ - [ - [ - [ - [ - T - [eiw]
[Bus | - | - T - T - T - T - T sits ]7ocs
(e [ - [ - [ - [ - [ - T - Teiwo]

/O Port A

Parallel I/0O Control Register
/0 Port C
1/0 Port B

Alternate Latched Port C

Data Direction for Port C
1/0 Port D

Data Direction for Port D
Input Port E

Compare Force Register
0OC1 Action Mask Register
OC1 Action Data Register

Timer Counter Register

Input Capture 1 Register

Input Capture 2 Register

Input Capture 3 Register

Output Compare 1 Register

Output Compare 2 Register

Output Compare 3 Register

Output Compare 4 Register

Output Compare 5 Register
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Table 3.1 Register and Control Bit Assignments (Sheet 2 of 2)

Bit7  Bit6  BitS  Bit4  Bit3  Bit2  Bitl  Bit0
$1020 [ om2 [ oz [ om3 [ o3 [ omsa | os [ oms | ous | et
$1021 | [ | EpG1B [ EDG1A [ EDG28 [ EDG2A [ EDG3B [ EDG3A | TCTL2
$1022 [ octi | ocai | oc3i [ ocar [ ocsi [ icn [ icar [ icar | tmsk1
$1023 [ octF | ocoF | oc3f [ ocar [ ocsk | i1 | ic2F [ ic3F | TRLG
$1024 [ tor [ R [raovi] pai | | [ pri [ Pro | Tmsk2
$1025 [ ToF [ RTIF_|PAOVF [ PAFF | [ [ | ] a2
$1026 [ DDRA7 [ PAEN [PAMOD] PEDGE | [ | rRTR1 | R7RO | PACTL
s1027 [siv [ - [ - [ - T - T =T -7 | pacNT
$1028 [ spie | spe |owom ]| mstr | cpoL [ cpHa [ ser1 [ spro | spcr
$1029 [ spiF [ weol | [ moor | [ | | | spsr
sto2a [ 8 [ - [ - [ - 1 - T -1 -1 | spor
$1028 [ TR | [ scp1 [ scpo [ reks [ scra [ scrt [ scro | BauD
s102c [ rg [ T8 | [ m [ wake | [ | | sccri
$1020 [ me [ tce | re [ we [ tE | Re | Rwu | sBK ] sccr2
$1026 [ tore | 7c [ RorF | bt | or | NF [ FE | ] scs
sw2fF [Bt7 | - [ - [ - ] - ] - ] - ]Bito]scor
$1030 [ ccr | [scan [mutt [ oo [ cc | 8 [ ca | apcrt
s1031 [ v | - [ - [ - [ - [ - [ - [ sito]aor
s1032 [ v | - | - [ - ] - | - ] - ] sito |apr2
$133 g7 | - | - | - [ - | - | - ] sito|aor3
sw03 [o | - | - | = | = [ - [ - ] sw | Apke
$1035
Thru Reserved
$1038
$1039 [ appu | cseL | IRQE | bLy | cme | [ cr1 | cro
st3a[ v | - | - [ - [ - [ - 1 - 1] sio
$1038 | opp | EveN | [ BY1e | rRow [ erase | eetaT [Eerem | pPROG

$103C [rBoOT [ smoD | MDA | Rv_ [ pser3 | pset2 | pseL1 | pseLo | HPRIO

$103D0 | Ram3 | Ram2 [ RAM1 | Pamo | ReG3 | ReG2 | REG1 | REGO | INIT

$1036 [ Tiop |

[ occr | ceyp | pisk | Fcm | Fcop | Tcon

TEST

$103F | - |

Timer Control Register 1

Timer Control Register 2

Timer Interrupt Mask Register 1
Timer Interrupt Flag Register 1
Timer Interrupt Mask Register 2
Timer Interrupt Flag Register 2
Pulse Accumulator Control Register
Pulse Accumulator Count Register

SPI Control Register

SPI Status Register

SPI Data Register

SCl Baud Rate Control

SCI Control Register 1

SCI Control Register 2

SCl Status Register

SClI Data (Read RDR, Write TDR)
A/D Control Register

A/D Result Register 1

A/D Result Register 2

A/D Result Register 3

A/D Result Register 4

| OPTION System Configuration Options

] COPRST Arm/Reset COP Timer Circuitry

EEPROM Programming Control Register
Highest Priority I-Bit Int and Misc
RAM and I/0 Mapping Register

Factory TEST Control Register

[ nosec | Nocop [ROMON] EEON | CONFIG COP, ROM, & EEPROM Enables
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3.2

In expanded multiplexed operating modes, memory locations are basically the same
as the single-chip operating modes; however, the locations between the shaded areas
(designated EXT) are for externally addressed memory and I/O. If an external memory
or I/O device is located to overlap an enabled internal resource, the internal resource
will take priority. For reads of such an address the data (if any) driving the port C data
inputs is ignored and will not result in any harmful conflict with the internal read. For
writes to such an address data is driven out of the port C data pins as well as to the
internal location. No external devices should drive port C during write accesses to
internal locations; however, there is normally no conflict since the external address
decode and/or data direction control should incorporate the R/W signal in their
development. The R/W, AS, address, and write data signals are valid for all accesses
including accesses to internal memory and registers.

The special bootstrap operating mode memory locations are similar to the single-chip
operating mode memory locations except that a bootstrap program at memory locations
$BF40 through $BFFF is enabled. The reset and interrupt vectors are addressed at
$BFCO0-$BFFF while in the special bootstrap operating mode. These vector addresses
are within the 192 byte memory used for the bootstrap program.

The special test operating mode memory map is the same as the expanded
multiplexed operating mode memory map except that the reset and interrupt vectors are
located at external memory locations $BFCO0-$BFFFF.

RAM AND I/O MAPPING REGISTER (INIT)

There are 64 internal registers which are used to control the operation of the MCU.
These registers can be relocated on 4K boundaries within the memory space, using the
INIT register. Refer to Table 3.1 (found on a foldout page at the back of this document)
for a complete list of the registers. The registers and control bits are explained
throughout this document.

The INIT register is a special-purpose 8-bit register which may be used during
initialization to change the default locations of RAM and control registers within the
MCU memory map. It may be written to only once within the initial 64E clock cycles
after a reset and thereafter becomes a read-only register.

7 6 5 4 3 2 1 0
$103D| RAM3 rRAMZ [ RAM1 | RAMO | REG3 LREGZ rREG1 | REGO | INIT
RESET 0 0 0 0 0 0 0 1

The default starting address for internal RAM is $0000 and the default starting
address for the 64 control registers is $1000 (the INIT register is set to $01 by reset). The
upper four bits of the INIT register specify the starting address for the 256 byte RAM
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3.3

3.4

and the lower four bits of INIT specify the starting address for the 64 control registers.
These four bits are matched to the upper four bits of the 16-bit address.

Throughout this document, the control register addresses will be displayed with the
high-order digit shown as a bold “1” to indicate that the register block may be relocated
to some 4K memory page other than its default position of $1000-$103F.

Note that if the RAM is relocated to either $£000 or $F000, which is in conflict with
the internal ROM, (no conflict if the ROMON bit in the configuration register is zero),
RAM will take priority and the conflicting ROM will become inaccessible. Also, if the 64
control registers are relocated so that they conflict with the RAM and/or ROM, then the
64 control registers take priority and the RAM and/or ROM at those locations become
inaccessible. No harmful conflicts result, the lower priority resources simply become
inaccessible. Similarly, if an internal resource conflicts with an external device no
harmful conflict results. Data from the external device will not be applied to the internal

data bus and cannot interfere with the internal read.

Note : that there are unused register locations in the 64 byte control register block.
Reads of these unused registers will return data from the undriven internal
data bus and not from another resource that happens to be located at the same
address.

ROM

The internal 8K ROM occupies the highest 8K of the memory map ($E000-$FFFF).
This ROM is disabled when the ROMON bit in the CONFIG register is clear. The
ROMON bit is implemented with an EEPROM cell and is programmed using the same
procedures for programming the on-chip EEPROM. For further information refer to
3.5.3 System Configuration Register (CONFIG).

In the single-chip operating mode, internal ROM is enabled regardless of the state of
the ROMON bit.

There is also a 192 byte mask programmed boot ROM in the TMP68HC11A8. This
bootstrap program ROM controls the operation of the special bootstrap operating mode
and is only enabled following reset in the special bootstrap operating mode. For more
information refer to 2.2.3 Special Bootstrap Operating Mode.

RAM

The 256 byte internal RAM may be relocated during initialization by writing to the
INIT register.

The reset default position is $0000 through $00FF. This RAM is implemented with
static cells and retains its contents during the WAIT and STOP modes.

The contents of the 256-byte RAM can also be retained by supplying a low current
backup power source to the MODB/Vgrpy pin. When using a standby power source, Vpp
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3.5

may be removed;however, reset must go low before Vpp is removed and remain low
until Vpp has been restored.

EEPROM

The 512 bytes of EEPROM are located at $B8600 through $B7FF and have the same
read cycle time as the internal ROM. The write (or programming) mechanism for the
EEPROM is controlled by the PPROG register. The EEPROM is disabled when the
EEON bit in the CONFIG register is zero. The EEON bit is implemented with an
EEPROM cell.

The erased state of an EEPROM byte is $FF. Programming changes ones to zeros. If
any bit in a location needs to be changed from a zero to a one, the byte must be erased in
a separat operation before it is reprogrammed. If a new data byte has no ones in bit
positions which were already programmed to zero, it is acceptable to program the new
data without erasing the EEPROM byte first. For example, programming $50 to a
location which was already $55 would change the location to $50.

Programming and erasure of the EEPROM relies on an internal high-voltage charge
pump. At E clock frequencies below 2 MHz the efficiency of this charge pump decreases
which increases the time required to program or erase a location. The recommended
program and erase time is 10 milliseconds when the E clock is 2 MHz and should be
increased to as much as 20 milliseconds when E is between 1 MHz and 2MHz. When the
E clock is below 1 MHz, the clock source for the charge pump should be switched from
the system clock to an on-chip R-C oscillator clock. This is done by setting the CSEL bit
in the OPTION register. A 10 millisecond period should be allowed after setting the
CSEL bit to allow the charge pump to stabilize. Note that the CSEL bit also controls a
clock to the analog to digital converter subsystem.

3.5.1 EEPROM Programming Control Register (PPROG)

This 8-bit register is used to control programming and erasure of the 512-byte
EEPROM. Reset clears this register so the EEPROM is configured for normal reads.

7 6 5 4 3 2 1 0
$103B| oDD | EVEN | 0 | BYTE | ROW | ERASE | EELAT IEEPGMl PPROG
RESET 0 0 0 0 0 0 0 0

ODD - Program Odd Rows (TEST)
EVEN - Program Even Rows (TEST)
Bit5 - Not implemented.

This bit always reads zero.

BYTE - Byte Erase Select
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This bit overrides the ROW bit.
0=Row or Bulk Erase
1=Erase Only One Byte
ROW - Row Erase Select
If the BYTE bit is 1, ROW has no meaning.
0=Bulk Erase
1=Row Erase
ERASE - Erase Mode Select
0=Normal Read or Program
1=Erase Mode
EELAT - EEPROM Latch Control
0=EEPROM Address and Data Configured for Read Mode
| 1=EEPROM Address and Data Configured for Programming/Erasing
| EEPGM - EEPROM Programming Voltage Enable
0=Programming Voltage Switched Off
1=Programming Voltage Turned On

If an attempt is made to set both the EELAT and EEPGM bits in the same write
cycle, neither will be set. If a write to an EEPROM address is performed while the
EEPGM bit is set, the write is ignored and the programming operation currently in
progress is not disturbed. These two safe-guards were included to prevent accidental
EEPROM changes in cases of program runaway. Mask sets A38P, A49N, and date
codes before 86xx did not have these safeguards.

3.5.2 Programming/Erasing Internal EEPROM

The EEPROM programming and erasure process is controlled by the PPROG
register. The following paragraphs describe the various operations performed on the
EEPROM and include example program segments to demonstrate programming and
erase operations.

These program segments are intended to be simple straightforward examples of the
sequences needed for basic program and erase operations. There are no special
restrictions on the address modes used and bit manipulation instructions may be used.
Other MCU operations can continue to be peformed during EEPROM programming and
erasure provided these operations do not include reads of data from EEPROM (the
EEPROM is disconnected from the read data bus during EEPROM program and erase
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operations). The subroutine DLY10 used in these program segments is not shown but
can be any set of instructions which takes ten milliseconds.

3.5.2.1 Read.

For the read operation the EELAT bit in the PPROG register must be clear. When
this bit is cleared, the remaining bits in the PPROG register have no meaning or effect,
and the EEPROM may be read as if it were a normal ROM.

3.5.2.2 Programming.

During EEPROM programming, the ROW and BYTE bits are not used. If the E clock
frequency is 1 MHz or less, the CSEL bit in the OPTION register must be set. Recall
that in this EEPROM, zeros must be erased by a separate erase operation before

programming. The following program segment demonstrates how to program an
EEPROM byte.

*On entry, A=data to be programmed and X=an EEPROM address
°
)
.

PROG LDAB #$02
STAB $103B Set EELAT Bit (EEPGM =0)

STAA 0,X Store Data to EEPROM Address

LDAB #$03

STAB $103B Set EEPGM Bit (EELAT=1)

JSR DLY10  Delay 10 ms

CLR $103B Turn Off High Voltage and Set to READ Mode
.
°

3.5.2.3 Bulk Erase.

The following program segment demonstrates how to bulk erase the 512-byte

EEPROM. The CONFIG register is not affected in this example.
°
°
.

BULKE LDAB #3%06
STAB #103B Set to Bulk Erase Mode
STAB $B600 Write any Data to any EEPROM Address
LDAB #307
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STAB $103B Turn On Programming Voltage

JSR DLY10 Delay 10 ms

CLR $103B Turn Off High Voltage and Set to READ Mode
°
®

°
3.5.2.4 Row Erase.

The following program segment demonstrates the row erase function. A ‘row’ is
sixteen bytes ($B600-$B60F, $B610-$B61F...$B7F0-$B7FF). This type of erase
operation saves time compared to byte erase when large sections of EEPROM are to be
erased.

*On entry X =any address in the row to be erased
°
°
®

ROWE LDAB #30E
STAB $103B Set to Row Erase Mode
STAB 0,X Write any Data to any Address in Row
LDAB #$0F
STAB $103B Turn on High Voltage
JSR DLY10 Delay 10 ms

CLR $103B Turn Off High Voltage and Set to Read Mode
°
°
°

3.5.2.5 Byte Erase. The following program segment shows the byte erase function.

*On entry, X =address of byte to be erased
°
)
°

BYTEE LDAB #3$16
STAB $103B Set to Byte Erase Mode

STAB 0,X Write any Data to the Address to Erase
LDAB #$17

STAB $103B Turn on High Voltage

JSR DLY10 Delay 10 ms
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CLR $103B Turn Off High Voltage and Set to Read Mode
.

°
3.5.3 System Configuration Register (CONFIG)

The TMP68HC11A8 can be configured to specific system requirements through the
use of hardwired options such as the mode select pins, semi-permanent EEPROM control
bit specifications (CONFIG register), or by use of control registers. The configuration
control register (CONFIG) is implemented in EEPROM cells and controls the presence
of ROM and EEPROM in the memory map, as well as enabling the COP watchdog
system A security feature to protect data in the EEPROM and RAM is also available on
mask programmed TMP68HC11A8s.

7 6 5 4 3 2 1 0
$103F [ 0 ] 0 | 0 l 0 ] NOSEC lNOCOP IROMON[ EEON ] CONFIG
RESET (see 3.5.3.2 OPERATION OF THE CONFIG MECHANISM)

Bits 7,6, 5, and 4-Not Implemented
These bits are always read as zero.

NOSEC - Security Mode Disable Bit

This bit is only implemented if it is specifically requested at the time mask ROM
information is requested. When this bit is not implemented it always reads one.

When RAM and EEPROM security are required, the NOSEC bit can be
programmed to zero to enable a software anti-theft mechanism. When clear, the
NOSEC bit prevents the selection of expanded multiplexed operating modes. If the
MCU is reset in the special bootstrap operating mode while NOSEC is zero,
EEPROM, RAM, and CONFIG are erased before the loading process continues.

0=Enable Security Mode
1=Disable Security Mode
NOCOP - COP System Disable
0=COP Watchdog System Enabled
1=COP Watchdog System Disabled
ROMON - Enable On-Chip ROM

When this bit is clear, the 8K ROM is disabled, and that memory space becomes
externally accessed space. In the single-chip operating mode, the internal 8K ROM is
enabled regardless of the state of the ROMON bit.
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EEON - Enable On-Chip EEPROM

When this bit is clear, the 512-byte EEPROM is disabled, and that memory space
becomes externally accessed space.

3.5.3.1 Programming and Erasure of the Config Register.

Since the CONFIG register is implemented with EEPROM cells, special provisions
must be made to erase and program this register. The normal EEPROM control bits in
the PPROG register are used for this purpose. Programming follows the same procedure
as programming a byte in the 512-byte EEPROM except the CONFIG register address is
used. Erase also follows the same procedure as that used for the EEPROM except that
only bulk erase can be used on the CONFIG register. When the CONFIG register is
erased, the 512-byte EEPROM array is also erased. Be sure to check the Technical
Summary for the particular TMP68HC11 Family member if you are using a version
other than TMP68HC11A8, TMP68HC11A1, or TMP68HC11A0.

On mask set B96D and newer, the CONFIG register may only be programmed or
erased while the MCU is operating in the test mode or the bootstrap mode. This
interlock was added to help prevent accidental changes to the CONFIG register.

The following program segment demonstrates how to program the CONFIG register.
This program assumes that the CONFIG register was previously erased.

*On entry, A=data to be programmed into CONFIG
°
°
°

PROGC LDAB #$02
STAB $103B  Set EELAT Bit (EEPGM=0)
STAA $103F Store Data to CONFIG Address

LDAB #$03

STAB $103B Turn on Programming Voltage

JSR DLY10 Delay 10 ms

CLR $103B Turn Off High Voltage and Set to READ Mode
.
°

The following program segment demonstrates the erase procedure for the CONFIG

register.
°
°
°
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BULKC LDAB
STAB
STAB
LDAB
STAB
JSR

CLR
[ ]
L]
[ ]

#$06
$103B
$103F
#307
$103B
DLY10
$103B

Set Bulk Erase Mode
Write any Data to CONFIG

Turn on Programming Voltage
Delay 10 ms
Turn Off High Voltage and Set to READ Mode

3.5.3.2 Operation of the Configuration Mechanism.

The CONFIG register consists of an EEPROM byte and static working latches. This
register controls the startup configuration of the MCU. The contents of the EEPROM
CONFIG byte are transferred into static working latches during any reset sequence.
The operation of the MCU is controlled directly by these latches and not the actual
EEPROM byte. Changes to the EEPROM byte do not affect operation of the MCU until
after the next reset sequence. When programming the CONFIG register, the EEPROM
byte is being accessed. When the CONFIG register is being read, the static latches are

being accessed.

To change the value in the CONFIG register proceed as follows:
1) Erase the CONFIG register.

Note : Do not issue a reset at this time.

2) Program the new value to the CONFIG register.

3) Issue a reset so the new configuration will take effect.
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4.

4.1

4.2

4.3

PARALLELI/O

The TMP68HC11A8 has 40 I/O pins arranged as five 8-bit ports. All of these pins
serve multiple functions depending on the operating mode and data in the control
register. This section explains the operation of these pins only when they are used for
parallel I/O.

Ports C and D are used as general purpose input and/or output pins under direct
control of their respective data direction registers. Ports A, B, and E, with the exception
of port A pin 7, are fixed direction inputs or outputs and therefore do not have data
direction registers. Port B, port C, the STRA pin, and the STRB pin are used for strobed
and/or handshake modes of parallel I/0, as well as general purpose I/O.

GENERAL PURPOSE I/0O (PORTS C AND D)

Each port I/0 line has an associated bit in a specific port data register and port data
direction register. The data direction register bits are used to specify the primary
direction of data for each I/O line. When an output line is read, the value at the input to
the pin to the pin driver is returned. When a line is configured as an input, that pin
becomes a high-impedance input. If a write is executed to an input line, the value does
not affect the I/O pin, but is stored in an internal latch. When theline becomes an
output, this value appears at the I/O pin. Data direction register bits are cleared by
reset to configure I/0O pins as inputs.

The AS and R/W pins are dedicated to bus control while in the expanded multiplexed
operating modes, or parallel I/O strobes (STRA and STRB) while in the single chip
operating modes.

FIXED DIRECTION I/O (PORTS A, B, AND E)

The lines for ports A, B, and E (except for port A bit 7) have fixed data directions.
When port A is being used for general purpose /O, bits 0, 1, and 2 are configured as
input only and writes to these lines have no effect. Bits 3, 4, 5, and 6 of port A are
configured as output only and reads of these lines return the levels sensed at the input to
the line drivers. Port A bit 7 can be configured as either a general-purpose input or
output using the DDRAT bit in the pulse accumulator control register. When port B is
being used for general purpose output, it is configured as output only and reads of these
lines will return the levels sensed at the input of the pin drivers. Port E contains the-
eight A/D channel inputs, but these lines may also be used as general purpose digital
inputs.Writes to the port E address have no effect.

SIMPLE STROBED I/0

The simple strobed mode of parallel I/O is invoked and controlled by the parallel I/0
control register (PIOC). This mode is selected when the handshake bit (HHNDS) in the
PIOC register is clear.Port C becomes a strobed input port with the STRA line as the
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edge-detecting latch command input. Also, port B becomes a strobed output port with
the STRB line as the output strobe. The logic sense of the STRB output is selected by the
invert strobe B bit (INVB) in the PIOC register.

4.3.1 Strobed Input Port C

In this mode, there are two addresses where port C may be read, the PORTC data
register and the alternate latched port C register (PORTCL). The data direction register
still controls the data direction of all port C lines. Even when the strobed input mode is
selected, any or all of the port C lines may still be used for general purpose /0.

The STRA line is used as an edge-detecting input, and the edge-select for strobe A
(EGA) bit in the PIOC register defines either falling or rising edge as the significant
edge. Whenever the selected edge is detected at the STRA pin, the current logic levels at
port C lines are latched into the PORTCL register and the strobe A flag (STAF) in the
PIOC register is set. If the strobe A interrupt enable (STAI) bit in PIOC is also set, an
internal interrupt sequence is requested. The strobe A flag (STAF) is automatically
cleared by reading the PIOC register (with STAF set) followed by a read of the PORTCL
register. Data is latched in the PORTCL register whether or not the STAF flag was
previously clear.

4.3.2 Strobed Output Port B

44

In this mode, the STRB pin is a strobe output which is pulsed for two E clock periods
each time there is a write to port B. The INVB bit in the PIOC register controls the
polarity of the pulse on the STRB line.

FULL HANDSHAKE I/O

The full handshake modes of parallel I/O involve port C and the STRA and STRB
lines. There are two basic modes (input and output) and an additional variation on the
output handshake mode that allows three-stated operation of port C. In all handshake
modes, STRA is an edge-detecting input, and STRB is a handshake output line.

When full input handshake protocol is specified, both general purpose input and/or
general purpose output can coexist at port C. When full output handshake protocol is
specified, general purpose output can coexist with the handshake outputs at port C, but
the three-state feature of the output handshake mode interferes with general purpose
input in two ways. First, in full output handshake, the port C lines are outputs
whenever STRA is at its active level regardless of the data direction register bits. This
potentially conflicts with any external device trying to drive port C unless that external
device has an open-drain type output driver. Second, the value returned on reads of port
C is the state of the outputs of an internal port C output latch regardless of the states of
the data direction register bits, so that the data written for output handshake can be
read even if the pins are in a three-state condition.
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4.4.1 Input Handshake Protocol

In the input handshake protocol, port C is a latching input port, STRA is an edge-
sensitive latch command from the external system that is driving port C, and STRB is a
“ready” output line controlled by logic in the MCU.

When a “ready” condition is recognized, the external device places data on the port C
lines, then pulses the STRA line. The active edge on the STRA line latches the port C
data into the PORTCL register, sets the STAF flag (optionally causing an interrupt),
and deasserts the STRB line. Deassertion of the STRB line automatically inhibits the
external device from strobing new data into port C. Reading the PORTCL latch register
(independent of clearing the STAF flag) asserts the STRB line, indicating that new data
may now be applied to port C.

The STRB line can be configured (with the PLS control bit) to be a pulse output (pulse
mode) or a static output (interlocked mode).

The port C data direction register bits should be cleared for each line that is to be used
as a latched input line. However, some port C lines can be used as latched inputs with
the input handshake protocol while, at the same time, using some port C lines as static
inputs, and some port C lines as static outputs. The input handshake protocol has no
effect on the use of port C lines as static inputs or as static outputs. Reads of the PORTC
data register always return the static logic level at the port C lines (for lines configured
as inputs). Writes to either the PORTC data register or the alternate latched port C
register (PORTCL) send information to the same port C output register without
affecting the input handshake strobes.

4.4.2 Output Handshake Protocol

In the output handshake protocol, port C is an output port, STRB is a “ready” output,
and STRA is an edge-sensitive acknowledge input signal, used to indicate to the MCU
that the output data has been accepted by the external device. In a variation of this
output handshake protocol, STRA is also used as an output-enable input, as well as an
edge-sensitive acknowledge input.

The MCU places data on the port C output lines and then indicates stable data is
available by asserting the STRB line. The external device then processes the available
data and pulses the STRA line to indicate that new data may be placed on the port C
output lines. The active edge on the STRA line causes the STRB line to be deasserted
and the STAF status flag to be set. In response to the STAF bit being set, the program
transfers new data out of port C as required. Writing data to the PORTCL register
causes the data to appear on port C lines and asserts the STRB line.
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4.5

There is a variation to the output handshake protocol that allows three-state
operation on port C. It is possible to directly connect this 8-bit parallel port to other
three-state devices with no additional parts.

While the STRA input line is inactive, all port C lines obey the data direction
specified by the data direction register so that lines which are configured as inputs are
high impedance. When the STRA line is activated, all port C lines are forced to outputs
regardless of the data in the data direction register. Note that in output handshake
protocol, reads of port C always return the value sensed at the input to the output buffer
regardless of the state of the data direction register bits because the lines would not
necessarily have meaningful data on them in the three-state variation of this protocol.
This operation makes it inpracticle to use some port C lines as static inputs, while using
others as handshake output, but does not interfere with the use of some port C lines as
static outputs. Port C lines intended as static outputs or normal handshake outputs
should have their corresponding data direction register bits set, and lines intended as
three-state handshake outputs should have their corresponding data direction bits clear.

PARALLEL I/O CONTROL REGISTER (PIOC)

The parallel handshake I/O functions are available only in the single-chip operating
mode. The PIOC is a read/write register except for bit 7 which is read only. Table 4.1
shows a summary of handshake I/O operations.
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Table 4.1 Handshake I/O Opertions Summary

STAI CWOoM INVB
0 STAF Interrupts |Port C Outputs |STRB Active
Inhibited Normal Low
1 STAF Interrupts {PortC Outputs |STRB Active
Enabled Open-Drain High
STAF
Clearing HNDS | OIN PLS EGA Port C PortB
Sequence!
Simple Read PIOCwith 0 X X Inputs latched | STRB pulses
Strobe STAF = 1 then 0 l into PORTCL on writes to
Mode Read PORTCL ' onany active | portB.
1
—T edge on STRA.
| Full Read PIOC with 1 0 0=STRB Inputs latched | Normal output
Input STAF =1then Active g into PORTCL port. Unaf-
} Handshake | Read PORTCL Level L onanyactive | fected in hand-
‘ I
1=STRB edge on STRA. | shake modes.
1 1\
l Active
’ Pulse
i Full Read PIOC with 1 1 0=STRB 0 Driven as out- | Normal output
1‘ Output STAF = 1 then Active Port C putsif STRA at | port. Unaf-
‘ Handshake | Write to Level ! I Driven f active level. fected in hand-
PORTCL 1=STRB Foll ) ! | Follows DDRC | shake modes.
. ollow: STRA *Fol ow |. t
Active DDRC | Active Edge |DDRC |fSTRA not at
Pulse active level.
Note :
1. Setby active edge on STRA.
7 6 5 4 3 2 1 0
$1002 | STAF | STAI | cwom | HNDS | OIN Ps | EGA | INnvB | PIOC
RESET 0 0 0 0 0 U 1 1

STAF - Strobe A Interrupt Status Flag

This bit is set when a selected edge occurs on strobe A. Clearing it depends on the
state of HNDS and OIN bits. In simple strobed mode or in full input handshake mode,
STAF is cleared by reading the PIOC register with STAF set followed by reading the
PORTCL register. In output handshake, STAF is cleared by reading the PIOC
register with STAF set followed by writing to the PORTCL register.

STAI - Strobe A Interrupt Enable Mask
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When the 1 bit in the condition code register is clear and STAI is set, STAF (when
set) will request an interrupt.

CWOM - Port C Write-OR Mode
CWOM affects all eight port C pins to together
0=Port C outputs are normal CMOS outputs
1=Port C outputs act as open-drain outputs
HNDS - Handshake Mode

When clear, strobe A acts as a simple input strobe to latch data into PORTCL, and
strobe B acts as a simple output strobe which pulses after a write to port B. When set,
a handshake protocol involving port C, STRA, and STRB is selected (see the
definition for the ON bit).

0=Simple strobe mode
1=Full input or output handshake mode
OIN - Output or Input Handshaking
This bit has no meaning when HNDS=0.
0=Input handshake
1=Output handshake
PLS - Pulse/Interlocked Handshake Operation

This bit has no meaning if HNDS=0. When interlocked handshake operation is
selected, strobe B, once activated, stays active until the selected edge of strobe A is
detected. When pulsed handshake operation is selected, strobe B is pulsed for two E
cycles.

0=Interlocked handshake selected
1=Pulsed handshake selected
EGA - Active Edge for Strobe A

0= Falling edge of STRA is selected. When output handshake is selected, port C
lines obey the data direction register while STRA is low, but port C is forced to
output when STRA is high.

1= Rising edge of STRA is selected. When output handshake is selected, port C
lines obey the data direction register while STRA is high, but port C is forced to
output when STRA is low.

INVB - Invert Strobe B
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0=Active level is logic zero

1=Active level is logic one
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5. SERIAL COMMUNICATIONS INTERFACE (SCI)
This section contains a description of the serial communication interface (SCI).
5.1 OVERVIEW AND FEATURES

A full-duplex asynchronous Serial Communications Interface (SCI) is provided with a
standard NRZ format (one start bit, eight or nine data bits, and one stop bit) and a
variety of baud rates. The SCI transmitter and receiver are functionally independent,
but use the same data format and bit rate. “Baud” and “bit rate” are used synonymously
in the following description.

SCI Two-Wire System Features
L Standard NRZ (mark/space) format.

° Advanced error detection method includes noise detection for noise duration of up
to 1/16 bit time.

L] Full-duplex operation.
. Software programmable for one of 32 different baud rates.

° Software selectable word length (eight or nine bit words).

. Separate transmitter and receiver enable bits.
° Capable of being interrupt driven.

(] Four separate enable bits available for interrupt control.
SCI Receiver Features

(] Receiver wake-up function (idle or address bit).
. Idle line detect.

° Framing error detect.

L] Noise detect.

° Overrun detect.

. Receiver data register full flag.

SCI Transmitter Features

(] Transmit data register empty flag.

o Transmit complete flag.

° Send break.
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5.2 DATA FORMAT

5.3

Receive data or transmit data is the serial data which is transferred to the internal
data bus from the receive data input pin (RxD), or from the internal bus to the transmit
data output pin (TxD).

The non-return-to-zero (NRZ) data format shown in Figure 5.1 is used and must meet
the following criteria:

1) The idle line is brought to a logic one state prior to transmission/reception of a
character.

(2) A startbit (logic zero) is used to indicate the start of a frame.
(3) Thedata is transmitted and received least-significant-bit first.

4) A stop bit (logic one) is used to indicate the end of a frame. A frame consists of a
start bit, a character of eight or nine data bits, and a stop bit.

(5) A break is defined as the transmission or reception of a low (logic zero) for at

least one complete frame time.

CONTROL BIT “M" SELECTS
8-:OR 9-BIT DATA

—N
IDLE LINE 0 1. 2 3 4 5 6 7 8 0
LITTT T Ll
LSTART L—START

Figure 5.1 DataFormat
WAKE-UP FEATURE

The receiver wake-up feature reduces SCI service overhead in multiple receiver
systems. Software in each receiver evaluates the first character(s) of each message. If
the message is intended for a different receiver, the SCI can be placed in a sleep mode so
that the rest of the message will not generate requests for service. Whenever a new
message is started, logic in the sleeping receivers causes them to wake up so they can
evaluate the initial character(s) of the new message.

A sleeping SCI receiver can be configured (using the WAKE control bit in serial
communications control register 1 (SCCR1)) to wake up using either of two methods: idle
line wake up or address mark wake up.

In idle line wake up, a sleeping receiver wakes up as soon as the RxD line becomes
idle. Idle is defined as a continuous logic high on the RxD line for ten (or eleven) full bit
times. Systems using this type of wake up must provide at least one character time of
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5.5

idle between messages to wake up sleeping receivers but must not allow any idle time
between characters within a message.

In address mark wake up, the most significant bit (MSB) in a character is used to
indicate that the character is an address (1) or a data (0) character. Sleeping receivers
will wake up whenever an address character is receive. System using this method for
wake up would set the MSB of the first character in each message and leave it clear for
all other characters in the message. Idle periods may be present within messages and no
idle time is required between message for this wake up method.

RECEIVE DATA (RxD)

Receive data is the serial data which is applied through the input line and the serial
communications interface to the internal bus. The receiver circuitry clocks the input at
arate equal to 16 times the baud rate and this time is referred to as the RT clock.

Once a valid start bit is detected, the start bit, each data bit, and the stop bit are
sampled three times at RT intervals 8 RT, 9 RT, and 10 RT (1 RT is the position where
the bit is expected to start), as shown in Figure 5.2. The value of the bit is determined by
voting logic which takes the value of the majority of samples.

PREVIOUS BIT PRESENT BIT SAMPLES NEXT BIT
RxD J VARVERY L
16 1 8 9 10 1% 1
R R R R R R R
T T T T T T T

Figure 5.2 Sampling Technique Used on All Bits
START BIT DETECTION

When the RxD input is detected low, it is tested for three more sample times (referred
to as the start edge verification samples in Figure 5.3). If at least two of these three
verification samples detect a logic zero, a valid start bit has been detected, otherwise the
line is assumed to be idle. A noise flag is set if all three verification samples do not
detect a logic zero. A valid start bit could be assumed with a set noise flag present.

If there has been a framing error without detection of a break (10 zeros for 8-bit
format or 11 zeros for 9-bit format), the circuit continues to operate as if there actually
was a stop bit and the start edge will be placed artificially. The last bit received in the
data shift register is inverted to a logic one, and the three logic one start qualifiers
(shown in Figure 5.3) are forced into the sample shift register during the interval when
detection of a start bit is anticipated (see Figure 5.4); therefore, the start bit will be
accepted no sooner than it is anticipated.
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If the receiver detects that a break produced the framing error, the start bit will not
be artificially induced and the receiver must actually detect a logic one before the start
bit can be recognized. See Figure 5.5.

16X INTERNAL SAMPLING CLOCK

RT CLOCK EDGES (FOR ALL THREE EXAMPLES) 1 2 3 4 S 6 7 8
R R R R R R R R
IDLE TT T T T T T T
RXD START
1 1 1 1 1 1 1 1 1 1 0 0 ] 0
START OUALIFIERS START EDGE VERIFICATION SAMPLES
IDLE NOISE
RXD START
1 1 1 1 1 1 1 1 1 1 [1] 0 1 0
IDLE NOISE
RXD START
| 1 1 1 1 0 1 1 1 1 1 (1] 0o ) 1)
|
| Figure 5.3 Examples of Start Bit Sampling Techniques
|
|
|
-<— DATA —>‘<—-—-—— EXPECTED STOP ————’I ARTIFICIAL EDGE
-————a/ —
RECEIVE
DATAIN | 1 START BIT
T T T <— DATA —>
DATA SAMPLES
(a) Case1, Receive Line Low During Artificial Edge
-« DATA ———>|<—-—— EXPECTED STOP ——>| /— START EDGE
RECEIVE
DATAIN | START BIT
T T T <€— DATA —>

——
DATA SAMPLES

(b) Case2, Receive Line High During Expected Start Edge

Figure 5.4 SCI Artifical Start Following a Framing Error
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RECEIVE

~€«— EXPECTED STOP —>|

DETECTED AS VALID
~— BREAK —> START EDGE

START BIT

DATAIN
oM W s I
T T * OUSIIG:ZRS VERIFT;:;LTVDSGAEMPLES
DATA SAMPLES
Figure 5.5 SCI Start Bit Following a Break
5.6 TRANSMIT DATA (TxD)

5.7

Transmit data is the serial data from the internal data bus which is applied through
the serial communications interface to the output line. The transmitter generates a bit
time by using a derivative of the RT clock, thus producing a transmission rate equal to
1/16 that of the receiver sample clock.

FUNCTIONAL DESCRIPTION

A block diagram of the SCI is shown in Figure 5.6. The user has option bits in serial
communications control register 1 (SCCR1) to determine the “Wake-up” method
(WAKE bit) and data word length (M bit) of the SCI. Serial communications control
register 2 (SCCR2) provides control bits which individually enable/disable the
transmitter or receiver (TE and RE, respectively), enable system interrupts (TIE, TCIE,
ILIE) and provide the wake-up enable bit (RWU) and the send break code bit (SBK). The
baud rate register (BAUD) bits allow the user to select different baud rates which may
be used as the rate control for the transmitter and receiver.

Data transmission is initiated by a write to the serial communications data register
(SCDR). Provided the transmitter is enabled, data stored in the SCDR is transferred to
the transmit data shift register. This transfer of data sets the TDRE bit of the SCI status
register (SCSR) and may generate an interrupt if the transmit interrupt is enabled. The
transfer of data to the transmit data shift register is synchronized with the bit rate clock
(Figure 5.7). All data is transmitted LSB first. Upon completion of data transmission,
the transmission complete (TC) bit of the SCSR is set (provided no pending data,
preamble, or break is to be sent), and an interrupt may be generated if the transmit
complete interrupt is enabled. If the transmitter is disabled, and the data, preamble, or
break (in the transmit shift register) has been sent, the TC bit will also be set. This will
also generate an interrupt if the TCIE bit is set. If the transmitter is disabled in the
middle of a transmission, that character will be completed before the transmitter gives
up control of the TxD pin.
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5.8

When the SCDR is read, it contains the last data byte received, provided that the
receiver is enabled. The RDRF bit of the SCSR is set to indicate that a data byte has
been transferred from the input serial shift register to the SCDR, which can cause an
interrupt if the receiver interrupt is enabled. The data transfer from the input serial
shift register to the SCDR is synchronized by the receiver bit rate clock. The OR (over-
run), NF (noise), FE (framing) error bits of the SCSR may be set if data reception errors
occurred.

An idle line interrupt is generated if the idle line interrupt is enabled and the IDLE
bit (which detects idle line transmission) of SCSR is set. This allows a receiver that is
not in the wake-up mode to detect the end of a message, the preamble of a new message,
or to resynchronize with the transmitter. A valid character must be received before the
idle line condition or the IDLE bit will not be set and an idle interrupt will not be
generated.

SCIREGISTERS

There are five registers used in the serial communications interface and the operation
of these registers is discussed in the following paragraphs. Reference should be made to
the block diagram shown in Figure 5.6.

5.8.1 Serial Communications Data Register (SCDR)

The serial communications data register performs two functions; i.e., it acts as the
receive data register when it is read and as the transmit data register when it is written.
Figure 5.6 shows this register as two separate registers, namely:the receive data
register and the transmit data register.

MCU11-42



TOSHIBA TMP68HC11A8

SCIINTERRUPT INTERNAL BUS >

$1020
SCCR2
TRANSMIT RECEIVE DATA
$102F (seE TIE | (sEE $102F
DATAREGISTER - NOTE) REGISTER

NOTE) TCIE
iyt s S
TRANSMIT DATA

ILIE
RECEIVE DATA

R MLWLI

=
SHIFT REGISTER TE SHIFT REGISTER |
RE M
TxD 38K RxD
(PD1) RWU (PDO)
‘ WAKE |
FE | NF | OR IDLEIRDRFl TC lmri] 2?3‘;5 up
N
smi (TE 7 |
L | TRAnswiT FLAG RECEIVE |
L I |
CONTROL CONTROL CONTROL |
INTERNAL
RATE GENERATOR <«— PROCESSOR
T T T T T CLOCK
$IOZBL— | - ISCPI Iscpol - | scr2 | SCR1 | SCRO | BAUD
$102C Laa [ T8 ’ - l ™M IWAKEI - I - l - Isccm
A

Note : The Serial Communications Data Register (SCDR) is controlled by the internal R/W signal.
Itis the transmit data register when witten and receive data register when read.

Figure 5.6 Serial Communications Interface Block Diagram
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5.8.2 Serial Communications Control Register 1 (SCCR1)

The serial communications control register 1 (SCCR1) provides the control bits
which: (1) determine the word length, and (2) select the method used for the wake-up

feature.

7 6 4 3 2
$102c{ R& | 18 [ 0o [ WM™ |WAKE[ o | o [ 0 ]sccm
RESET u U 0 0 0

R8 - Receive Data Bit 8

If the M bit is set, this bit provides a storage location for the ninth bit in the receive
data character.

T8 - Transmit Data Bi_t 8

If the M bit is set, this bit provides a storage location for the ninth bit in the
transmit data character. It is not necessary to write to this bit for every character
transmitted, only when the sense is to be different than that for the previous
character.

Bit 5 - Not Implemented
This bit always reads zero.

M - SCI Character Length
0=1 start bit, 8 data bits, 1 stop bit
1=1 start bit, 9 data bits, 1 stop bit

WAKE - Wake Up Method Select
0=Idle Line
1=Address Mark

Bits 2-1 - Not Implemented
These bits always read zero.

5.8.3 Serial Communications Control Register 2 (SCCR2)

The serial communications control register 2 (SCCR2) provides the control bits which
enable/disable individual SCI functions.
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7 6 5 4 3 2 1 0
$1ozo| TIE [ TCIE | RIE J ILIE | TE [ RE ] RWU | SBKJ SCCR2
RESET 0 0 0 0 0 0 0 0

TIE - Transmit Interrupt Enable
0=TDRE interrupts disabled
1=SCI interruptif TDRE=1
TCIE - Transmit Complete Interrupt Enable
0=TC interrupts disabled
1=SCl interrupt if TC=1
REI - Receive Interrupt Enable
0=RDRF and OR interrupts disabled
1=SCI interrupt if RDRF or OR=1
ILIE - Idle Line Interrupt Enable

0=IDLE interrupts disabled
1=8Clinterrupt if IDLE=1
TE - Transmit Enable

When the transmit enable (TE) bit is set, the transmit shift register output is
applied to the TxD line. Depending on the state of control bit M (SCCR1), a preamble
of 10 (M=0) or 11(M=1) consecutive ones is transmitted when software sets the TE
bit from a cleared state. After loading the last byte in the serial communications data
register and receiving the TDRE flag, the user can clear TE bit. Transmission of the
last byte will then be completed before the transmitter gives up control of the TxD
pin. While the transmitter is active, the data direction register control for port D bit 1
is overridden and the line is forced to be an output.

RE - Receive Enable

When the receive enable (RE) bit is set, the receiver is enabled. When RE bit is
clear, the receiver is disabled and all of the status bits associated with the receiver
(RDRF, IDLE, OR, NF and FE) are inhibited. While the receiver is enabled, the data
direction register control for port D bit 0 is overridden and the line is forced to be an
input.

RWU - Receiver Wake UP
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When the receiver wake-up (RWU) bit is set by the user’s software, it puts the
receiver to sleep and enables the “wake up” function. If the WAKE bit is cleared,
RWU bit is cleared by the SCI logic after receiving 10 (M=0) or 11 (M =1) consecutive
ones. If the WAKE bit is set, RWU bit is cleared by the SCI logic after receiving a
data word whose MSB is set.

SBK - Send Break

If the send break (SBK) bit is toggled and cleared, the transmitter sends 10 (M=0)
or 11 (M=1) zeros and then reverts to idle or sending data. If SBK bit remains set, the
transmitter will continually send whole blocks of zeros (sets of 10 or 11) until cleared.
At the completion of the break code, the transmitter sends at least one high bit to
guarantee recognition of a valid start bit. If the transmitter is currently empty and
idle, setting and clearing SBK bit is likely to queue two character times of break
because the first break transfers almost immediatly to the shift register and the
second is then queued into the parallel transmit buffer.

5.8.4 Serial Communications Status Register (SCSR)

The serial communications status register (SCSR) provides inputs to the interrupt
logic circuits for generation of the SCI system interrupt.

7 6 5 4 3 2 1
s1ozs] TDRE L TC ] RORF | IDLE [ OR | NF | FE [ © ] SCSR
RESET 0 0 0 0 0 0 0

TDRE - Transmit Data Register Empty

The transmit data register empty (TDRE) bit is set to indicate that the content of
the serial communications data register have been transferred to the transmit serial
shift register. This bit is cleared by reading the SCSR register (with TDRE=1)
followed by a write to the SCDR register.

TC - Transmit Complete
The transmit complete (TC) bit is set at the end of a data frame, preamble, or break
condition if:
(1) TE=1,TDRE=1, and no pending data, preamble, or break is to be transmitter;

or

(2) TE=0, and the data, preamble, or break in the transmit shift register has been
transmitted.

The TC bit is a status flag which indicates that one of the above conditions have
occurred.
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The TC bit is cleared by reading the SCSR register (with TC set) followed by a
write to the SCDR.

RDRF - Receive Data Register Full

The receive data register full (RDRF) bit is set when the receiver serial shift
register is transferred to the SCDR register. The RDRF bit is cleared when the SCSR
register is read (with RDRF set) followed by a read of the SCDR regi-ter.

IDLE - Idle Line Detect

The idle line detect (IDLE) bit, when set, indicates the receiver has detected an idle
line. The IDLE bit is cleared by reading the SCSR register with IDLE bit set followed
by reading SCDR register. Once the IDLE status flag is cleared, it will not be set
again until after the RxD line has been active and becomes idle again.

OR - Overrun Error

The overrun error (OR) bit is set when the next byte is ready to be transferred from
the receive shift register to the SCDR register which is already full (RDRF bit is set).
When an overrun error occurs, the data which caused the overrun is lost and the data
which was already in SCDR register is not disturbed. The OR bit is cleared when the
SCSR register is read (with OR bit set), followed by a read of the SCDR register.

NF - Noise Flag

The noise flag (NF) bit is set if there is noise on any of the received bits, including
the start and stop bits. The NF bit is not set until the RDRF flag is set. The NF bit is
cleared when the SCSR register is read (with NF set), followed by a read of the SCDR
register.

FE - Framing Error

The framing error (FE) bit is set when no stop bit was detected in the received data
character. The FE bit is set at the same time as the RDRF bit is set. If the byte
received causes both framing and overrun errors, the processor will only recognize the
overrun error. The framing error flag inhibits further transfer of data into the SCDR
register until it is cleared. The FE bit is cleared when the SCSR register is read (with
FE bit equal to one) followed by a read of the SCDR register.

Bit 0 - Not Implemented
This bit always reads zero.
5.8.5 Baud Rate Register (BAUD)

The baud rate register selects the different baud rates-which may be used as the rate
control for the transmitter and receiver. The SCP0-SCP1 bits functions as a prescaler
for the SCR0O-SCR2 bits. Together, these five bits provide multiple baud rate
combinations for a given crystal frequency.
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7 6 5 4 3 2 1 0
$1023[ TCR | 0 | SCP1 | SCPO | RCKB ] SCR2 ] SCR1 [ SCRO | BAUD
RESET 0 0 0 0 0 u u U

TCLR-Clear Baud Rate Counters (Test)

This bit is used to clear the baud rate counter chain during factory testing. TCLR
bit is zero and cannot be set while in normal operating modes.

SCP1 and SCP0-SCI Baud Rate Prescaler Selects

The E clock is divided by the factors shown in Table 5.1. This prescaled output
provides an input to a divider which is controlled by the SCR2-SCRO bits.

Table5.1 Second Prescaler Stage

) Internal
SCR1 SCRO Processor Clock
Divide By
0 0 1
0 1 3
1 0 4
1 1 13

SCR2, SCR1, and SCR0-SCI Baud Rate Selects

These three bits select the baud rates for both the transmitter and the receiver.

The prescaler output described above is further divided by the factors shown in Table
5.2.
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Table 5.2 Second Prescaler Stage

SCR2 | SCR1 | SCRO P’°§?J$e°;;p“t
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

RCKB-SCI Baud Rate Clock Check (Test)

This bit is used during factory testing to enable the exclusive-OR of the receiver
clock and transmitter clock to be driven out the TxD pin. RCKB bit is zero and cannot
be set while in normal operating modes.

The diagram shown in Figure 5.7 and the data given in Tables 5.3 and 5.4 illustrate
the divider chain used to obtain the baud rate clock. Note that there is a fixed rate
divide-by-16 between the receive clock (RT) and the transmit clock (Tx). The actual
divider chain is controlled by the combined SCP0-SCP1 and SCR0-SCR2 bits in the baud
rate register sa illustrated.

SePOsChl ggleESL%E% SCI RECEIVE sa
Oscillator :4 PRESCALER RATE 16 TRANSMIT
Frequency CONTROL CONTOROL CLOCK (RT)
=N Y CLOCK (Tx)

Figure 5.7 Rate Generator Division
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Table 5.3 Prescaler Highest Baud Rate Frequency Output
SCP Bit Clock* Crystal Frequency (MHz)
- Divided
110 By 8.3886 8.0 4.9152 4.0 3.6864
0| o 1 131.072 K Baud | 125.000 K Baud 76.80 K Baud | 62.50 K Baud 57.60 K Baud
0|1 3 43.691 K Baud | 41.666 K Baud 25.60 K Baud | 20.833 K Baud 19.20 K Baud
1 1o 4 32.768 K Baud | 31.250 K Baud 19.20 K Baud | 15.625 K Baud 14.40 K Baud
1|1 13 10.082 K Baud 9600 Baud 5.907 K Baud 4800 Baud 4430 Baud

*

The clock in the “Clock Divided By” column is the internal processor clock.

Note : The divided frequencies shown in Table5.3 represent baud rates which are the highest

transmit baud rate (Tx) that can be obtained by a specific crystal frequency and only using

the prescaler division. Lower baud rates may be obtained by providing a further division

using the SCI rate select bits as shown below for some representative prescaler outputs.

Table 5.4 Transmit Baud Rate Output for a Given Prescaler Output

SCR Bits Divided Representative Highest Prescaler Baud Rate Output
2 1 0 By 131.072 K Baud 32.768 K Baud 76.80 K Baud 19.20 K Baud 9600 Baud
0 0 0 1 131.072 K Baud 32.768 K Baud 76.80 K Baud 19.20 K Baud 9600 Baud
0 0 1 2 65.536 K Baud 16.384 K Baud 38.40 K Baud 9600 Baud 4800 Baud
0 1 0 4 32.768 K Baud 8.192 K Baud 19.20 K Baud 4800 Baud 2400 Baud
0 1 1 8 16.384 K Baud 4.096 K Baud 9600 Baud 2400 Baud 1200 Baud
1 0 0 16 8.192 K Baud 2.048 K Baud 4800 Baud 1200 Baud 600 Baud
1 0 1 32 4.096 K Baud 1.024 K Baud 2400 Baud 600 Baud 300 Baud
1 1 0 64 2.048 K Baud 512 Baud 1200 Baud 300 Baud 150 Baud
1 1 1 128 1.024 K Baud 256 Baud 600 Baud 150 Baud 75 Baud
Note : Table 5.4 illustrates how the SCI select bits can be used to provide lower transmitter baud

rates by further dividing the prescaler output frequency.

representative samples.

The five example are only

In all cases, the baud rates shown are transmit baud rates

(transmit clock) and the receiver clock is 16 times higher in frequency than the actual baud

rate.
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6.

6.1

6.2

SERIAL PERIPHERAL INTERFACE (SPI)
This section contains a description on the serial peripheral interface (SPI).
OVERVIEW AND FEATURES

The serial peripheral interface (SPI) is a synchronous interface which allows several
SPI microcontrollers or SPI-type peripherals to be interconnected. In a serial peripheral
interface, separate wires (signals) are required for data and clock. In the SPI format, the
clock is not included in the data stream and must be furnished as a separate signal. The
TMP68HC11A8 SPI system may be configured either as a master or as a slave.

Features include:

° Full Duplex, Three-Wire Synchronous Transfers
. Master or Slave Operation

L 1.05 MHz (Maximum) Master Bit Frequency

. 2.1 MHz (Maximum) Slave Bit Frequency

o Four Programmable Master Bit Rates

(] Programmable Clock Polarity and Phase

° End-of-Transmission Interrupt Flag

° Write Collision Flag Protection

(] Master-Master Mode Fault Protection

(] Easily Interfaces to Simple Expansion Parts (PLLs, D/As, Latches, Display
Drivers, etc.)

SPISIGNAL DESCRIPTIONS

The four basic SPI signals (MISO, MOSI, SCK and SS) are discussed in the following
paragraphs. Each signal is described for both the master and slave modes.

Any SPI output line has to have its corresponding data direction register bit set. If
this bit is clear, the line is disconnected from the SPI logic and becomes a general-
purpose input line. Any SPI input line is forced to act as an input regardless of what is
in the corresponding data direction register bit.

6.2.1 Master In Slave Out (MISO)

The MISO line is configured as an input in a master device and as an output in a slave
device. It is one of the two lines that transfer serial data in one direction, with the most
significant bit sent first. The MISO line of a slave device is placed in the high-
impedance state if the slave is not selected.
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6.2.2 Master Out Slave In (MOSI)

The MOSI line is configured as an output in a master device and an input in a slave
device. It is one of the two lines that transfer serial data in one direction with the most
significant bit sent first.

6.2.3 Serial Clock (SCK)

The serial clock is used to synchronize data movement both in and out of the device
through its MOSI and MISO lines. The master and slave devices are capable of
exchanging a byte of information during a sequence of eight clock cycles. Since SCK is
generated by the master device, this line becomes an input on a slave device.

As shown in Figure 6.1, four possible timing relationships may be chosen by using
control bits CPOL and CPHA in the serial peripheral control register (SPCR). Both
master and slave devices must operation with the same timing. The master device
always places data on the MOSI line a half-cycle before the clock edge (SCK), in order for
the slave device to latch the data.

Two bits (SPR0O and SPR1) in the SPCR of the master device select the clock rate. Ina
slave device, SPRO and SPR1 have no effect on the operation on the SPI.

6.2.4 Slave Select (SS)

The slave select (SS) input line is used to select a slave device. It has to be low prior to
data transactions and must stay low for the duration of transaction.

The SS line on the master must be tied high. If it goes low, a mode fault error flag
(MODF) is set in the serial peripheral status register (SPSR). The SS pin can be selected
to be a general-purpose output by writing a one in bit 5 of the port D data direction
register, thus disabling the mode fault circuit. The other three SPIlines are dedicated to
the SPI whenever the SPI is on.
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Figure 6.1 Data Clock Timing Diagram

When CPHA =0, the shift clock is the OR of SS with SCK. In this clock phase mode,
SS must go high between successive characters in an SPI message. When CPHA=1,SS
may be left low for several SPI characters. In cases where there is only one SPI slave
MCU, its SS line could be tied to Vgg as long as CPHA =1 clock modes are used.

FUNCTIONAL DESCRIPTION

Figure 6.2 shows a block diagram of the serial peripheral interface circuitry. When a
master device transmits data to a slave device via the MISO line, the slave device
responds by sending data to the master device via the master’s MISO line. This implies
full duplex transmission with both data out and data in synchronized with the same
clock signal. Thus, the byte transmitted is replaced by the byte received and eliminates
the need for separate transmit-empty and receiver-full status bits. A single status bit
(SPIF) is used to signify that the I/O operation has been completed.

The SPI is double buffered on read, but not on write. If a write is performed during
data transfer, the transfer occurs uninterrupted, and the write will be unsuccessful.
This condition will cause the write collision (WCOL) status bit in the SPSR to be set.
After a data byte is shifted, the SPIF flag of the SPSR is set.
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Figure 6.2 Serial Peripheral Interface Block Diagram

In the master mode, the SCK pin is an output. It idles high or low, depending on the
CPOL bit in the SPCR, until data is written to the shift register, at which point eight
clocks are generated to shift the eight bits of data and then SCK goes idle again.

In a slave mode, the slave start logic receives a logic low at the SS pin and a clock
input at the SCK pin. Thus, the slave is synchronized with the master. Data from the
master is received serially at the slave MOSI line and loads the 8-bit shift register. After
the 8-bit shift register is loaded, its data is parallel transferred to the read buffer.
During a write cycle, data is written into the shift register, then the slave waits for a
clock train from the master to shift the data out on the slave’s MISO line.

Figure 6.3 illustrates the MOSI, MISO, SCK and SS master-slave interconnections.

Due to data direction register control of SPI outputs and the port D write-OR mode
(DWOM) option, the SPI system can be configured in a variety of ways. System with a
single bidirectional data path rather than seperate MISO and MOSI paths can be
accommodated. Since TMP68HC11A8 SPI slaves can selectively disable their MISO
output, a broadcast message protocol is also possible.
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Figure 6.3 Serial Peripheral Interface Master-Slave Interconnection

6.4 SPIREGISTERS

There are three registers in the serial peripheral interface which provide control,
status, and data storage functions. These registers are called the serial peripheral
control register (SPCR), serial peripheral status register (SPSR), and serial peripheral
data I/O register (SPDR) and are described in the following paragraphs.

6.4.1 Serial Peripheral Control Register (SPCR)

7 6 5 4 3 2 1 0
$1028 L SPIE [ SPE IDWOM[ MSTR | cPOL LCPHA | SPR1 [ SPRO | SPCR
RESET 0 0 0 0 0 1 U u

SPIE - Serial Peripheral Interrupt Enable
0=SPIF interrupts disabled
1=SPIinterruptif SPIF=1

SPE - Serial Peripheral System Enable
0=SPI system off
1=S8PIsystemon

DWOM - Port D Write-OR Mode Option
DWOM affects all six port D pins together.
0=Port D outputs are normal CMOS outputs
1=Port D outputs act as open-drain outputs

MSTR - Master Mode Select

0=Slave mode
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1=Master mode
CPOL - Clock Polarity

When the clock polarity (CPOL) bit is cleared and data is not being transferred, a
steady state low value is produced at the SCK pin of the master device. Conversely, if
this bit is set, the SCK pin will idle high. This bit is also used in conjunction with the
clock phase control bit to produce the desired clock-data relationship between master
and slave. See Figure 6.1.

CPHA - Clock Phase

The clock phase (CPHA) bit, in conjunction with the CPOL bit, controls the clock-
data relationship between master and slave. The CPOL bit can be thought of as
simply inserting an inverter in series with the SCK line. The CPHA bit selects one of
two fundamentally different clocking protocols. When CPHA =0, the shift clock is the
OR of SCK with SS. As soon as SS goes low the transaction begins and the first edge
on SCK invokes the first data sample. When CPHA =1, the SS pin may be thought of
as a simple output enable control. Refer to Figure 6.1.

Table 6.1 Serlal Periperal
SPR1 and SPRO-SPI Clock Rate Selects able RateSel elz:{?

These two serial peripheral rate bits (SPR1, Internal Processor
SPR2) select one of four baud rates (Table 6.1) SPRT | SPRO Clock Divide By
to be used as SCK if the device is a 0 0 2
master;however, they have no effect in the 0 1 4
slave mode. ] 0 16

1 1 32

6.4.2 Serial Peripheral Status Register (SPSR)

7 6 5 4 3 2 1 0
$1029 | SPIF | wcoL [ 0 | MODF | 0 l 0 | 0 f 0 | SPSR
RESET 0 0 0 0 0 0 0 0

SPIF - SPI Transfer Complete Flag

The serial peripheral data transfer flag (SPIF) bit is set upon completion of data
transfer between the processor and external device. If SPIF bit goes high, and if SPIE
bit is set, a serial peripheral interrupt is generated. Clearing the SPIF bit is
accomplished by reading the SPSR register (with SPIF set) followed by an access of
the SPDR register. Unless SPSR register is read (with SPIF set) first, attempts to
write to SPDR register are inhibited.
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WCOL - Write Collision

The write collision bit (WCOL) is set when an attempt is made to write to the serial
peripheral data register while data transfer is taking place. If CPHA bit is zero a
transfer is said to begin when SS goes low and the transfer ends when SS goes high
after eight clock cycles on SCK. When CPHA bit is one a transfer is said to begin the

first time SCK becomes active while SS is low and the transfer ends when the SPIF
flag gets set. Clearing the WCOL bit is accomplished by reading the SPSR register
(with WCOL set) followed by an access to SPDR register.

Bit 5 - Not Implemented
This bit always reads zero.
MODF - Mode Fault

The mode fault (MODF) flag indicates that there may have been a multi-master
conflict for system control and allows a proper exit from system operation to a reset or
default system state. The MODF bit is normally clear, and is set only when the
master device has its SS pin pulled low. Setting the MODF bit affects the internal
serial peripheral interface system in the following ways.

1) An SPIinterrupt is generated if SPIE=1.

2) The SPE bit is cleared. This disables the SPI.

3) The MSTR bit is cleared, thus forcing the device into the slave mode.
4) DDRD bits for the four SPI pins are forced to zeros.

Clearing the MODF bit is accomplished by reading the SPSR register (with MODF
set), followed by a write to the SPCR register. Control bits SPE and MSTR may be
restored by user software to their original state after the MODF bit has been cleared.
It is also necessary to restore DDRD bit after a mode fault.

Bits 3-0 - Not Implemented
These bits always read zero.
6.4.3 Serial Peripheral Data I/0 Register (SPDR)

The serial peripheral data I/O register is used to transmit and receive data on the
serial bus. Only a write to this register will initiate transmission/reception of another
byte, and this will only occur in the master device. At the completion of transmitting a
byte of data, the SPIF status bit is set in both the master and slave devices.

When the user reads the serial peripheral data I/O register, a buffer is actually being
read. The first SPIF must be cleared by the time a second transfer of data from the shift
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register to the read buffer is initiated or an overrun condition will exist. In cases of
overrun the byte which causes the overrun is lost.

A write to the serial peripheral data I/O register is not buffered and places data
directly into the shift register for transmission.
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7.

ANALOG-TO-DIGITAL CONVERTER

The TMP68HC11A8 includes an 8-channel, multiplexed-input, successive
approximation, analog-to-digital (A/D) converter with sample and hold to minimize
conversion errors caused by rapidly changing input signals. Two dedicated lines (VRy,,
VRgp) are provided for the reference voltage inputs. These pins may be connected to a
separate or isolated power supply to ensure full accuracy of the A/D conversion. The 8-
bit A/D converter has a total error of £1 LSB which includes *1/2 LSB of quantization
error and accepts analog inputs which range from Vgy, to VRyg. Smaller analog input
ranges can also be obtained by adjusting Vryg and Vgy, to the desired upper and lower
limits. Conversion is specified and tested for VR1,=0V and Vgg=5V £ 10%; however,
laboratory characterization over the full temperature range indicates little or no
degradation with VRyg-VRy, as low as 2.5 to 3V. The A/D system can be operated with
Vgry below Vpp and/or Vg1, above Vgg as long as VRy is above VRj, by enough to
support the conversions (2.5 to 5.0V). Each conversion is accomplished in 32 MCU E
clock cycles, provided the E clock rate is greater than 750 kHz. For systems which
operate at clock rates less than 750 kHz, an internal R-C oscillator must be used to clock
the A/D system. The internal R-C oscillator is selected by setting the CSEL bit in the

OPTION register.
Note : Only four A/D input channels are available in the 48-pin version.

7.1 CONVERSION PROCESS

The A/D converter is ratiometric. An input voltage equal to Vg, converts to $00 and
an input voltage equal to Vryg converts to $FF (full scale), with no overflow indication.
For ratiometric conversions, the source of each analog input should use VRy as the
supply voltage and be referenced to VgL,

Figure 7.1 shows the detailed sequence for a set of four conversions. This sequence
begins one E clock cycle after a write to the A/D control/status register (ADCTL). Figure
7.2 shows a model of the port E A/D channel inputs. This model is useful for
understanding the effects of external circuitry on the accuracy of A/D conversions.

7.2 CHANNEL ASSIGNMENTS

A multiplexer allows the single A/D converter to select one of sixteen analog signals.
Eight of these channels correspond to port E input lines to the MCU, four of the channels
are for internal reference points or test functions, and four channels are reserved for
future use. Table 7.1 shows the signals selected by the four channel select control bits.

7.3 SINGLE-CHANNEL OPERATION

There are two variations of single-channel operation. In the first variation
(SCAN=0), the single selected channel is converted four consecutive times with the first
result being stored in A/D result register 1 (ADR1) and the fourth result being stored in
register ADR4. After the fourth conversion is complete, all conversion activity is halted
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until a new conversion command is written to the ADCTL register. In the second
variation (SCAN =1), conversions continue to be performed on the selected channel with
the fifth conversion being stored in register ADR1 (overwriting the first conversion
result), the sixth conversion overwrites ADR2, and so on.

ECLOCK

- MSB Bit-6{ Bit-5| Bit-4| Bit-3| Bit-2|Bit-1| LSB
- 12E CLOCK CYCLES P 50| By Bivq Bit3 Bit2 BT LSB) %
g CYCLES | CYC| CYC| CYC| CYC| CYC| CYC| CYC|CYC v
< |«— SAMPLE ANALOG INPUT —|«— SUCCESSIVE APPROXIMATION SEQUENCE —.| END E
o g &
" g 3
= oa

x
= O 5
Bl &
CONVERT FIRST CONVERT SECOND CONVERT THIRD CONVERT FOURTH w o
CHANNEL CHANNEL CHANNEL CHANNEL
and UPDATE ADR1 | and UPDATE ADR2 and UPDATE ADR3 and UPDATE ADR4
0 32 64 96 128 E
Notes: Conversion results are built up in the SAR and transferred into ADRx during the END CYCLES

period. The CCF status flag is set during the END period of the fourth conversion after a
write to ADCTL. This figure assumes CSEL in the OPTION register is 0 so the E clock is
acling as the conversion clock. If MULT =0 all four conversions in the sequence are
performed on the same analog channel.

Figure 7.1 A/D Conversion Sequence

DIFFUSION/POLY
ANALOG ............................................ COUPLER
INPUT N\,_-%/
PIN <4KOHM'*
2pF =20y +~12V -
< ~~0. —~0.7V -20p
= > S C) DAC
) 400nA ARRAY
UM s AN ~juNcTion
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* This analog switch is closed only during the 12 cycle sample time

There are two variations in multiple-channel operation.

Figure 7.2 A/D Pin Model
7.4 MULTIPLE-CHANNEL OPERATION

In the first variation

(SCAN =0), the selected group of four channels are converted, one time each, with the
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first result being stored in register ADR1 and the fourth result being stored in register
ADRA. After the fourth conversion is complete,all conversion activity is halted until a
new conversion command is written to the ADCTL register. In the second variation
(SCAN =1), conversions continue to be performed on the selected group of channels with
the fifth conversion being stored in register ADR1 (replacing the earlier conversion
result for the first channel in the group), the sixth conversion overwrites ADR2, and so
on.

7.5 OPERATION IN STOP AND WAIT MODES

If a conversion sequence is still in process when either the STOP or WAIT mode is
enered, the conversion of the current channel is suspended. When the MCU resumes
normal operation, that channel will be re-sampled and the conversion sequence
resumed. As the MCU exits the WAIT mode, the A/D circuits are stable and valid
results can be obtained on the first conversion. However, in STOP mode, all analog bias
currents are disabled and it becomes necessary to allow a stabilization period when
leaving the STOP mode. If the STOP mode is exited with a delay, there will be enough
time for these circuits to stabilize before the first conversion. If the STOP mode is exited
with no delay (DLY bit in OPTION register equal to zero), sufficient time must be
allowed for the A/D circuitry to stabilize to avoid invalid results (see 7.8 A/D POWER
UP AND CLOCK SELECT).

7.6 A/D CONTROL/STATUS REGISTER (ADCTL)

All bits in this register may be read or written, except bit 7 which is a ready-only
status indicator and bit 6 which always reads as a zero.

7 6 5 4 3 2 1 0
$1o30[ CCF [ 0 | SCAN | MULT | cD | cc | cB i CA ] ADCTL
RESET 0 0 U u u u u U

CCF - Conversions Complete Flag

This read-only status indicator is set when all four A/D result registers contain valid
conversion results. Each time the ADCTL register is written, this bit is
automatically cleared to zero and a conversion sequence is started. In the continuous
modes, conversions continue in a round-robin fashion and the result registers

continue to be updated with current data even though the CCF bit remains set.
Note : The user must write to register ADCTL to initiate conversion. To abort a
conversion in progress, write to the ADCTL register and a new conversion
sequence is initiated immediately.

Bit 6 - Not Implemented

This bit always reads zero.
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SCAN - Continuous Scan Control

When this control bit is clear, the four requested conversions are performed once to
fill the four result registers. When this control bit is set, conversions continue in a
round-robin fashion with the result registers being updated as data becomes
available.

MULT - Multiple-Channel/Single Channel Control

When this bit is clear, the A/D system is configured to perform four consecutive
conversions on the single channel specified by the four channel select bits CD through
CA (bits 3-0 of the ADCTL register). When this bit is set, the A/D system is
configured to perform a conversion on e