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G65SCXX Series
GIE G65SC1XX Series

Microcircuits
CMOS G65SCXXX 8-Bit Microprocessor Family

Features General Description

e CMOS family that is compatible with NMOS 6500 series The G65SCXXX is a totally software-compatible microprocessor family
microprocessors manufactured using the state-of-the-art silicon gate CMOS process.

® Uses single +5 volt power supply The family consists of two series of devices: one series, designated

® Low power consumption (4mA @ 1 MHz) allows battery-powered G65SCXX is pin-to-pin compatible with NMOS versions of the 6500 cur-
operation rently on the market; the other series, designated G65SC1XX includes

several enhancements not available with other designs. The family
provides the designer with a wide selection of addressable memory
ranges, on-board or external clocks, and input interrupt options. All of the
microprocessors are software compatible within the group and all are bus
compatible with MC6800 products.

Enhanced instruction set: 27 additional op codes encompassing eight
new instructions enhance software performance compared to existing
NMOS 6500 microprocessor instruction set

—64 microprocessor instructions

—178 operational codes

—15 addressing modes As shown in Table I, the family includes 18 microprocessors of which
® Choice of 4K, 8K or 65K-byte addressable memory three have on-chip oscillators while the others require an external clock
® 1,2, 3 or 4 MHz operation generator. The G655C02, G65SC102 or G65SC112 clock generator circuit
e Choice of external or on-board clock generator operation may be driven by an external crystal (Figure 2a), anRC network (Figure 2b)
e On-board clock tor/oscill N or bxan external clock source. The versions o_l the mleoproce;sorwhlch

on-board clock generator/oscillator can be driven by an external require an external clock source are generally intended for multiprocessor
single-phase clock input, an RC network, or a crystal circuit applications where maximum timing control is necessary. The three family
® Advanced memory access timing (¢4) on selected versions members with on-chip oscillators are intended for high performance, low
® Early address valid allows use with slower memories cost operations where single phase inputs, crystals, or RC inputs provide
e Early write data for dynamic memories the time base.
¢ 8-bit parallel processing Ten of the microprocessors in the GE5SCXX Series are pin-to-pin com-
e Decimal and binary arithmetic patible with the NMOS 6500 microprocessors offered by several other
® Pipeline architecture manufacturers. However, the use of the leading-edge CMOS process
o Programmable stack pointer technology ensures several software or programming enhancements not
e Variable length stack available to users of the NMOS 6500. The enhancements include two
o Interrupt capability additional addressing modes, an expanded microprocessor instruction
X set (from 56 to 64 instructions), and expanded operational codes (from
¢ Non-maskable interrupt 15110 178). In addition, a series of operational enhancements are provided
® 8-bit bidirectional data bus which materially improve the effective use of the microprocessor. These
* “Ready” input (for single cycle execution) enhancements are explained in Table V of the section of this data sheet
® Direct memory access capability devoted to system software and programming. This series of micro-
e Bus compatible with M6800 processors provides the user an architecture and instruction set with
. which he is basically familiar (6502), the several operational enhance-

Available on selected versions, a memory lock output and bus

. . X . . i ding, pl li of thi ant. f leading edge CMOS
enable input signals simplify multiprocessor designs ments notwithstanding, plus all of the advantages o ding edg

technology; i.e., increased noise immunity, higher reliability, and greatly
reduced power consumption. (Continued on page 2)

TABLE 1. G65SCXXX FAMILY MICROPROCESSOR CAPABILITIES
ON-BOARD EXTERNAL

ADDRESSABLE CLOCK CLOCK ADVANCED
ITEM PART oIP MEMORY  OSCILLATOR GENERATOR MEMORY o
NO. NUMBER PINS (BYTES) (SEE NOTE) REQUIRED ACCESS (¢#4) IRQ NMi SO DBE BE SYNC RDY ML ES
1 G655C02 40 65K . . . . . . .
2 G655C03 28 4K . . .
3 G65SC04 28 8K . . .
4 G65SC05 28 4K . . . .
5 G655C06 28 4K . . .
6 G65SC07 28 8K . . .
7 G65SC12 40 65K 3 . . . . . .
8 G65SC13 28 4K . . . .
9 G65SC14 28 8K . . .
10 G655C15 28 4K . . . .
Al G655C102 40 65K . . . . . . . . . .
12 G655C103 28 4K . . . . .
13 G65SC104 28 8K . . . .
14 G65SC105 28 4K . . . . .
15 G65SC106 28 4K . . . .
16 G655C107 28 8K . . . .
17 G658C112 40 65K . . . . . . . . .
18 G65SC115 28 4K i . . . .
NOTE: These devices can operate in any of the following clock generation modes: 1. External crystal 2. External RC network 3 ¢0(IN) from external clock source




Microcircuits

G65SCXX

General Description (Continued)

In addition to enhanced software programming, the use of CMOS
processing also allows several hardware enhancements that are not
available to users of the NMOS 6500 products. These hardware enhance-
ments are listed and explained in Table Il.

The G65SC1XX Series microprocessors (the “one-hundred” series) are
a natural evolution of the 6500 product line. Basically, these products
(G65SC102-107) have the same features as the GB5SCXX Series, except
these products also offer the designer the advantage of an on-board
divide-by-four oscillator. The divide-by-four network permits the use of

an economical television crystal (3.579545 MHz), plus the added advan-
tage of increasing the access time (tacc) by approximately 25 percent.

On the G65SC102, additional features include memory lock output (ML)
and bus enable (BE), both of which will tend to simplify system applica-
tions. These functions are explained in the section of this data sheet
entitled “Signal Description.”

All versions of the GB5SCXXX microprocessor family are available in
plastic, ceramic, cerdip, or leadless chip carrier packaging. All versions
are available in 1, 2, 3 and 4 MHz maximum operating frequencies.

Absolute Maximum Ratings: (Note 1)

Rating Symbol Value Unit
Supply Voltage Voo -0.3t0 +7.0 v
Input Voltage VIN -0.3 to Vop +0.3 Vv
Operating Temperature TA -40 to +85 °C
Storage Temperature Ts -55 to +150 °C

This device contains input protection against damage due to high static

voltages or electric fields; however, precautions should be taken to avoid

application of voltages higher than the maximum rating.

Notes:

1. Exceeding these ratings may result in permanent damage. Functional
operation under these conditions is not implied.

DC Characteristics: voo = 5.0V £5%, Vss = 0V, Ta =-40°C to +85°C Industrial, 0°C to +70°C Commercial

Parameter Symbol Min Max Unit
Input High Voitage '
@0(IN), CLK (IN) 24 Voo + 0.3 \Y
42 (IN) . . ViH VoD - 0.2 VoD + 0.3 v
RES, NMI, RDY, IRQ, Data, SO, DBE, BE 2.0 Voo + 0.3 \
Input Low Voltage
0 (IN), CLK (IN) -0.3 0.4 \
@2 (IN) . ViL -0.3 0.2 "
RES, NMI, RDY, TRQ, Data, SO, DBE, BE -0.3 0.8 \J
Input Leakage Current (VIN = 0 to VoD)
RES, NMI, RDY, TRQ, S0, DBE, BE (Internal Pull-Up), SN
CLK (IN) [10X] 1.0/-100 uA
@2 (IN), ¢0 (IN), CLK (IN) [0X, 1X, 11X] *1.0 uA
Three-State Leakage Current
Address, Data, R/W ITs1 +10.0 nA
Output High Voltage (loH = -100 A, VDD = 4.75V)
SYNC, Data, A0-A15, R/'W VoH 24 — v
Output Low Voltage (loL = 1.6 mA, VDD = 4.5V)
SYNC, Data, A0-A15, R/'W VoL — 0.4 "
Supply Current =1 MHz lob —_ 4 mA
(No Load) f=2MHz . 8
f=3MHz 12
f=4MHz 16
Standby Power Dissipation (¢2 = ViH, Inputs = Vss or Voo PsBY 50.0 uW
Outputs Unloaded)
Capacitance (VIN =0, Ta = 25°C, f = 1 MHz) pF
Logic, #0(IN), CLK (IN) CIN — 10
A0-A15, R/W Data (Three-State) Crs — 15
¢2 (IN) C2 (IN) — 40
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AC Characteristics, G65SC02-07, G65SC12-15, G65SC112, 115: vop = 5.0V +5%, Ta = -40°C to +85°C Industrial,
0°C to +70°C Commercial

1 MHz 2 MHz 3 MHz 4 MHz
Parameter Symbol Min Max Min Max Min Max Min Max Unit
Delay Time, ¢0 (IN) to ¢2 (OUT) toeo — 40 —_ 40 — 40 — 40 nS
Delay Time, ¢2 (IN) to ¢2 (OUT) toe2 — 35 - 35 — 35 — 35 nS
Delay Time, ¢1 (OUT) to ¢2 (OUT) tog1 — 50 — 50 - 50 — 50 nS
Delay Time, $2 (OUT) to OSC (OUT) toosc — 50 — 50 — 50 — 50 nS
Cycle Time tcve 1.0 DC 0.50 DC 0.33 DC 0.25 DC uS
Clock Pulse Width Low tPw (¢2L) 470 {10000 240 | 10000 160 | 10000 115 10000 nS
Clock Pulse Width High tPw (62H) 470 - 240 — 160 — 115 — nS
Fall Time, Rise Time tr, tR — 25 — 25 — 15 —_ 15 nS
Address Hold Time tAH 15 — 15 — 15 — 15 — nS
Address Setup Time taos — 225 — 140 - 110 - 90 nS
Access Time tacc 675 — 310 — 170 - 110 — nS
Read Data Hold Time tDHR 10 — 10 — 10 — 10 — nS
Read Data Setup Time tDsR 100 — 50 — 50 - 50 — nS
Write Data Delay Time tMDS — 175 — 100 — 75 — 70 nS
Write Data Hold Time toHW 15 — 15 — 15 — 15 — nS
SYNC, ML Setup Time tsy, tmL — 225 — 140 — 110 — 90 nS
SYNC, ML Hold Time tSYH, tMLH — 0 — 0 — 0 — 0 nS
S0 Setup Time tso 100 — 50 - 35 - 25 — nS
Processor Control Setup Time tPcs 200 — 200 — 150 — 120 — nS
AC Characteristics, G65SC102-107: voo = 5.0V +5%, Ta = -40°C to +85°C Industrial, 0° C to +70°C Commercial
1 MHz 2 MHz 3 MHz 4 MHz
Parameter Symbol Min Max Min Max Min Max Min Max Unit
Delay Time, CLK (IN) to ¢2 (OUT) tocLk —_ 75 — 75 - 75 - 75 nS
Delay Time, OSC (OUT) to ¢2 (OUT) toosc — 70 — 70 — 70 — 70 nS
Cycle Time tcyc 1.0 DC 0.50 DC 0.33 DC 0.25 DC uS
Clock Pulse Width Low tPw (¢2L) 470 | 10000 240 | 10000 160 | 10000 115 | 10000 nS
Clock Pulse Width High tPw (¢2H) 470 — 240 — 160 — 115 — nS
Fall Time, Rise Time tF, tR - 25 —_ 25 — 15 —_ 15 nS
Delay Time, ¢2 (OUT) to ¢4 (OUT) tavs — 250 — 125 — 83 —_ 63 nS
Address Valid to ¢4 (OUT) tags 50 - 25 - 16 —_ 12 — nS
Address Hold Time tAH 15 — 15 — 15 — 15 — nS
Access Time tacc 695 — 340 - 220 - 170 — nS
Read Data Hold Time toHR 10 — 10 — 10 —_ 10 — nS
Read Data Setup Time tosR 80 — 40 — 30 _ 20 — nS
Write Data Hold Time toHwW 15 — 15 — 15 — 15 — nS
Write Data Delay Time tDDe4 — 200 — 110 — 70 — 30 nS
SYNC, ML Setup Time tsy, tML — 225 — 140 — 110 — 90 nS
SYNC, ML Hold Time tSYH, tMLH - 225 — 140 - 110 - 90 nS
SO Setup Time tso 100 — 50 — 35 — 25 — nS
Processor Control Setup Time tecs 100 -_ 50 — 35 — 25 — nS
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TIMING DIAGRAM:

G65SC02, 03, 04,05, 06, 07
G65SC12, 13, 14°, 15°
G65SC112, 115°

*Variation of timing required.

Contact factory for details.

30 (IN) AN
p=— D0
62(IN) AN
f=— tDo2
#1(0UT) /
f=— tDo1
OSC (ouT) \ﬁ
I ‘ -—
—— toosc
teve
l— R, —e] | tF
— e[| e
= tew S
$2(0UT) (o2L)
< jp SE— \JIZ

—] uo.s —e{ tAH
ADDR, R/W >{ :I Z
! L «— 1OHR
tOSR —ai b |
e WA, S
—=| tMos [|—=— —= toHw
WRITE DATA | J{‘————j
=] sy —i tsyH
SYNC :' E
—=l tmL —=— tMLH
. S K
p— [=— tPCS
RODY, IRQ
NMi, RES X
1so
= St
TIMING DIAGRAM:
G65SC102-107 CLK (IN)
f=— tocLk
son /N / /S S S S
—={ |=—toosc .
CYC
—_——
$2(0UT) y m«m;—A i A .
PE— }__" R N o
4 (OUT)
Ard  f—— taH
ADDR,R/W g{: j E
= t oon —— toHR
00000 e
I —=—{ toD4 ] orw
WRITE DATA H i
1
— ] tsy — tsvm
SYNC j E
—e— ML — ML
. S X
tecs
RDY, IRQ
1S0 fe—
SO

Notes: 1. Load = 100 pF.

2. Voltage levels shown are VL < 0.4 V, VH = 2.4 V, unless otherwise specified.
3. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified.
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<——— REGISTER SECTION

CONTROL SECTION ————

BE RES iRQ NMI
m —
X A INTERRUPT
A0 < s LOGIC
-
Al + +
INDEX (:'__:)
A2 - REGIXSTER - ROY
e 2 _l— SYNC
=] —
ABL Q STACK POINT
A4 - A o (r:'l REGISTER _
K S - L
As -] v z
— w
w < INSTRUCTION g
A6 <o z ALY - TIMING
" [** conTroL
A7 -] K | |
.
ADDRESS
BUS
ACCUMULATOR SEE NOTE
- A BELOW
A8
X
A9 <a 2 Pl 1t
3 et CLOCK |- 40 (IN)/2 (IN)/CLK (IN)
- 2 GENERATOR/ -
Ato - » PCH PROCESSOR OSCILLATOR |- GSC (OUT)
A1 - b A REGISTER P
Az 2" : JE RSl 1 (OUT)/4 (OUT)
A A\r:
- L) L 2(0UT)
A13 -] 50
————————— & R/W
A14 -] i DBE
A1s <. DATA BUS INSTRUCTION
BUFFER REGISTER
— YYYVY) —
i *L ]I; l > D0
D1
LEGEND > 02
D3 DATA
ﬁ D4 BUS
- D5
8BITLINE 05
— 07

I =1BITLINE

Note: Refer to Table | for signal input/output applicability.

Figure 1.

Internal Architecture Simplified Block Diagram

Functional Description

Timing Control

The timing control unit keeps track of the instruction cycle being moni-
tored. The unit is set to zero each time an instruction fetch is executed
and is advanced at the beginning of each phase one clock pulse for as
many cycles as is required to complete the instruction. Each data transfer
which takes place between the registers depends upon decoding the
contents of both the instruction register and the timing control unit.

Program Counter
The 16-bit program counter provides the addresses which step the micro-
processor through sequential instructions in a program.

Each time the microprocessor fetches an instruction from program mem-
ory, the lower byte of the program counter (PCL) is placed on the low-
order bits of the address bus and the higher byte of the program counter
(PCH) is placed on the high-order 8 bits. The counter isincremented each
time an instruction or data is fetched from program memory.

Instruction Register and Decode

Instructions fetched from memory are gated onto the internal data bus.
These instructions are latched into the instruction register then decoded,
along with timing and interrupt signals, to generate control signals for the
various registers.

Arithmetic and Logic Unit (ALU)

All arithmetic and logic operations take place in the ALU including in-
crementing and decrementing internal registers (except the program
counter). The ALU has no internal memory and is used only to perform
logical and transient numerical operations.

Accumulator

The accumulator is a general purpose 8-bit register that stores the resuits
of most arithmetic and logic operations. In addition, the accumulator
usually contains one of the two data words used in these operations.
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Functional Description (Continued)

Index Registers
There are two 8-bitindex registers (X and Y), which may be used to count
program steps or to provide an index value to be used in generating an
effective address.

When executing an instruction which specifies indexed addressing, the
CPU fetches the op code and the base address, and modifies the address
by adding the index register to it prior to performing the desired opera-
tion. Pre- or post-indexing of indirect addresses is possible.

Stack Pointer

The stack pointer is an 8-bit register used to control the addressing of the
variable-length stack. The stack pointer is automatically incremented and

decremented under control of the microprocessor to perform stack
manipulations under direction of either the program or interrupts (NMI
and IRQ). The stack allows simple implementation of nested subroutines
and multiple level interrupts.

Processor Status Register

The 8-bit processor status register contains seven status flags. Some of
the flags are controlled by the program, others may be controlled both by
the program and the CPU. The 6500 instruction set contains a number of
conditional branch instructions which are designed to allow testing of
these flags.

Signal Description

Address Bus (AO-AXX)

Refer to the particular package configuration for the respective number
of address lines.

In both the 40-pin and 44-pin packages, A0-A15 forms a 16-bit address
bus for memory and I/0 exchanges on the data bus. The address lines are
set (See BE below.) to the high impedance state by the bus enable (BE)
signal. The output of each address line is TTL compatible, capable of
driving one standard TTL load and 130 pF.

Bus Enable (BE)

This signal allows external control of the data and the address output
buffers and R/ﬂ. For normal operation, BE is high causing the address
buffers and R/W to be active and the data buffers to be active during a
write cycle. For external control, BE is held low to disable the buffers.

Clock In (CLK (IN))

The 65SC10X Series is supplied with aninternal clock generator operating
atfour timesthe ¢2 frequency. The frequency of these clocks is externally
controlled by the crystal or oscillator circuit shown in Figure 2.

Phase 0 In (¢0(IN))
This is the buffered clock input to the internal clock generator on the

G65SCOX series. Clock outputs ¢1(OUT) and $2(OUT)are derived from
this signal.

Phase 2 In (#2(IN))

This is the unbuffered clock input to the internal clock generator on the
G65SC1X and G65SC11X series. The clock output, $2(OUT), is derived
from this signal.

Data Bus Enable (DBE)

This TTL-compatible input allows external control of the three-state data
output buffers. In normal operation, DBE would be driven by the phase
two (¢2) clock, thus allowing data input from microprocessor only during
$2. During the read cycle, the data bus buffers are internally disabled,
becoming essentially an open circuit. To disable the data bus externally,
DBE should be held low.

DataBus (D0-D7)

The data lines (D0-D7) constitute an 8-bit bidirectional data bus used for
data exchanges to and from the device and peripherals. The outputs are
three-state buffers capable of driving one TTL load and 130 pF. The data
lines are set to the high impedance state by BE or DBE.

Interrupt Request (IRQ)
This TTL compatible signal requests that an interrupt sequence begin
within the microprocessor. The IRQ is sampled during ¢2 operation; if

the interrupt flag in the processor status register is zero, the current in-
struction is completed and the interrupt sequence begins during ¢1. The
program counter and processor status register are stored in the stack.
The microprocessor will then set the interrupt mask flag high sa that no
further interrupts may occur. Atthe end of this cycle, the prograrn counter
low will be loaded from address FFFE, and program counter high from
location FFFF, transferring program control to the memory vector located
atthese addresses. The RDY signal must be in the high state for any inter-
rupt to be recognized. A 3K ohm external resistor should be used for
proper wire-OR operation.

Memory Lock (ML)

In a multiprocessor system, ML indicates the need to defer the rearbitra-
tion of the next bus cycle to ensure the integrity of read-modify-write
instructions. ML goes low during ASL, DEC, INC, LSR, ROL, ROR, TRB,
TSB memory referencing instructions. This signal is low for the modify
and write cycles.

Non-Maskable Interrupt (NMI)

A negative-going edge on this input requests that a non-maskable inter-
rupt sequence be generated within the microprocessor. The NMI is
sampled during ¢2; the current instruction is completed and the interrupt
sequence begins during ¢1. The program counter is loaded with the
interrupt vector from locations FFFA (low byte) and FFFB (high byte),
thereby transferring program control to the non-maskable interrupt
routine. However, it should be noted this is an edge-sensitive input. As a
result, another interrupt will occur if there is another negative-going tran-
sition and the program has not returned from a previous interrupt. Also,
no interrupt will occur if NMI is low and negative-going edge has not
occurred since the last non-maskable interrupt.

Oscillator Out (OSC (OUT))

On the G65SC102 microprocessor, an internal inverter and a resistor are
connected between pins 35 and 37 on the DIP package and pins 39 and
41 on the PLCC package. The inverter has sufficient loop gain to provide
oscillation using an external crystal.

Phase 1 Out (¢1(OUT)) _
This inverted $2(OUT) signal provides timing for external R/W operations.

Phase 2 Out (¢2(OUT))

This signal provides timing for external bus R/W operations. Addresses
are valid after the address setup time (taps) from the falling edge of
$2(0UT).

Phase 4 Out (¢4(0OUT))
This signal is delayed by tavs from ¢2(OUT). The address output is valid
prior to the rising edge of $4(OUT).
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Signal Description (Continued)

Ready (RDY)

This input signal allows the user to single-cycle the microprocessor on
all cycles including write cycles. A negative transition to the low state
during or coincident with phase one (¢1) will halt the microprocessor
with the output address lines reflecting the current address being fetched.
This condition will remain through a subsequent phase two (¢2) in which
the ready signal is low. This feature allows microprocessor interfacing
with low-speed memory as well as direct memory access (DMA).

Reset (RES)

This input is used to reset the microprocessor. Reset must be held low
for at least two clock cycles after Voo reaches operating voltage from a
power down. A positive transition on this pin will then cause an initializa-
tion sequence to begin. After the system has been operating, a low on
this line of at least two cycles will cease microprocessing activity.

When a positive edge is detected, there is an initialization sequence
lasting six clock cycles. The previous program counter and status
register values are written to the stack memory area. Then the interrupt
mask flag is set, the decimal mode is cleared and the program counter is
loaded with the restart vector from locations FFFC (low byte) and FFFD
(high byte). This is the start location for program control. This input
should be high in normal operation.

Read/Write (R/W)

This signal is normally in the high state indicating that the microprocessor
is reading data from memory or I/0 bus. In the low state the data bus has
valid data from the microprocessor to be stored at the addressed memory
location. R/W is set to the high impedance state by BE.

Set Overflow (50)
A negative transition on this line sets the overfiow bit in the status code
register. The signal is sampled on the trailing edge of ¢1.

Synchronize (SYNC)

This output line is provided to identify those cycles during which the
microprocessor is doing an OP CODE fetch. The SYNC line goes high
during ¢1 of an OP CODE fetch and stays high for the remainder of that
cycle. If the RDY line is pulled low during the ¢1 clock pulse in which
SYNC went high, the processor will stop in its current state and will re-
main in the state until the RDY line goes high. In this manner, the SYNC
signal can be used to control RDY to cause single instruction execution.

CLK(IN) or 40 (IN) upe o
I ¢t =
SRt Ix1
l c2

OSC(OUT) or 41 (OUT) F -
C1, C2= 51pF
R1 = 200KQ
X1 = 1MHz

Figure 2(a). Crystal Circuit for
Internal Oscillator

c
$2(0UT) {
$0(IN)
>
SR
#1(0UT)

Suggested RC network configuration
for internal oscillator.

1 MHz operation at Voo = 5.0V:
C = 56pF
R=5.6KK()
Figure 2(b). RC Circuit for
Internal Oscillator

Table II. Microprocessor Hardware Enhancements

Function

NMOS 6500

G65SCXXX Family

Oscillator.

Requires external active components.

Crystal or RC network will oscillate when connected
between ¢0 (IN) and ¢1 (OUT).

Assertion of Ready (RDY) during write
operations.

Ignored.

Stops processor during ¢2.

1X series clock inputs.
and ¢2) are required.

Two non-overlapping clock inputs (¢1

@2 (IN) is the only required clock.

Unused input-only pins (IRQ, NMI,
RDY, RES, SO, DBE, BE).

Must be connected to low impedance
signal to avoid noise problems.

Connected internally by a high-resistance to Vob
(approximately 1 Megohm).
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Addressing Modes

Fifteen addressing modes are available to the user of the GTE G65SCXXX
family of microprocessors. The addressing modes are described in the
following paragraphs:

Implied Addressing
In the implied addressing mode, the address containing the operand is
implicitly stated in the operation code of the instruction.

Accumulator Addressing
This form of addressing is represented with a one byte instruction and
implies an operation on the accumulator.

Immediate Addressing
With immediate addressing, the operand is contained in the second byte
of the instruction; no further memory addressing is required.

Absolute Addressing

For absolute addressing, the second byte of the instruction specifies the
eight low order bits of the effective address while the third byte specifies
the eight high order bits. Therefore, this addressing mode allows access
to the total 65K bytes of addressable memory.

Zero Page Addressing

Zero page addressing allows shorter code and execution times by only
fetching the second byte of the instruction and assuming a zero high
address byte. The careful use of zero page addressing can result in signifi-
cant increase in code efficiency.

Absolute Indexed Addressing

Absolute indexed addressing is used in conjunction with X and Y index
register andis referred to as “Absolute, X,” and “Absolute, Y.” The effective
address is formed by adding the contents of X and Y to the address con-
tained in the second and third bytes of the instruction. This mode allows
the index register to contain the index or count value and the instruction
to contain the base address. This type of indexing allows any location
referencing and the index to modify multiple fields resulting in reduced
coding and execution time.

Zero Page Indexed Addressing

Zero page absolute addressing is used in conjunction with the index
register andis referred to as “Zero Page, X" or “Zero Page, Y.” The effective
address is calculated by adding the second byte to the contents of the
index register. Since this is a form of “Zero Page” addressing, the content
of the second byte references a location in page zero. Additionally, due
to the “Zero Page” addressing nature of this mode, no carry is added to
the high order eight bits of memory and crossing of page boundaries does
not occur.

Relative Addressing
Relative addressing is used only with branch instruction; it establishes
a destination for the conditional branch.

Zero Page Indexed Indirect Addressing

With zero page indexed indirect addressing (usually referred to as Indirect
X) the second byte of the instruction is added to the contents of the X index
register; the carry is discarded. The result of this addition points to a mem-
ory location on page zero whose contents is the low order eight bits of the
effective address. The next memory location in page zero contains the
high order eight bits of the effective address. Both memory locations
specifying the high and low order bytes of the effective address must be
in page zero.

Absolute Indexed Indirect Addressing (Jump Instruction Only)
With absolute indexed indirect addressing, the contents of the second
and third instruction bytes are added to the X register. The result of this
addition points to a memory location containing the lower-order eight
bits of the effective address. The next memory location contains the
higher-order eight bits of the effective address.

Indirect Indexed Addressing

This form of addressing is usualiy referred to as Indirect, Y. The second
byte of the instruction points to a memory location in page zero. The con-
tents of this memory location is added to the contents of the Y index regis-
ter, the result being the low order eight bits of the effective address. The
carry from this addition is added to the contents of the next page zero
memory location, the result being the high order eight bits of the effec-
tive address.

Zero Page Indirect Addressing

In this form of addressing, the second byte of the instruction contains
the low order eight bits of a memory location. The high order eight bits
is always zero. The contents of the fully specified memory location is the
low order byte of the effective address. The next memory location con-
tains the high order byte of the effective address.

Absolute Indirect Addressing (Jump Instruction Only)

The second byte of the instruction contains the low order eight bits of a
memory location. The high order eight bits of that memory location is
contained in the third byte of the instruction. The contents of the fully
specified memory location is the low order byte of the effective address.
The next memory location contains the high order byte of the effective
address which is loaded into the 16 bits of the program counter.

h A ( ACCUMULATOR A
: Y INDEX REGISTER Y
! X INDEX REGISTER X
‘Is PCH L PCL PROGRAM COUNTER PC
8L1 S STACK POINTER S

TzTC] PROCESSOR STATUS

I—-REG “P”
CARRY 1 = TRUE

'—— ZERO 1= RESULT

IRQ DISABLE 1 = DISABLE
DECIMAL MODE 1 = TRUE
BRK COMMAND 1 = BRK
OVERFLOW 1 = TRUE
NEGATIVE 1 = NEG.

[nfvi1]B]D]

Figure 3. Microprocessor Programming Model
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Table lil. Instruction Set—Alphabetical Sequence

ADC  Add Memory to Accumulator with Carry LDY  Load Index Y with Memory

AND “"AND" Memory with Accumulator LSR  Shift One Bit Right

ASL  Shift One Bit Left NOP  No Operation

BCC Branch on Carry Clear ORA  "OR" Memory with Accumulator

BCS Branch on Carry Set PHA  Push Accumulator on Stack

BEQ Branch on Result Zero PHP  Push Processor Status on Stack

BIT Test Memory Bits with Accumulator ® PHX Push index X on Stack

BMI  Branch on Result Minus ® PHY PushlIndex Y on Stack

BNE  Branch on Result Not Zero PLA  Pull Accumulator from Stack

BPL  Branch on Resuit Plus PLP  Pull Processor Status from Stack
® BRA Branch Always ® PLX PullIndex X from Stack

BRK  Force Break ® PLY  PullIndex Y from Stack

BVC Branch on Overflow Clear ROL  Rotate One Bit Left

BVS  Branch on Overflow Set ROR  Rotate One Bit Right

CLC Clear Carry Flag RTI  Return from Interrupt

CLD  Clear Decimal Mode RTS  Return from Subroutine

CLI Clear Interrupt Disable Bit SBC  Subtract Memory from Accumulator with Borrow

CLV  Clear Overflow Flag SEC  Set Carry Flag

CMP  Compare Memory and Accumulator SED  Set Decimal Mode

CPX Compare Memory and Index X SEI Set Interrupt Disable Bit

CPY Compare Memory and Index Y STA  Store Accumulator in Memory

DEC Decrement by One STX  Store Index X in Memory

DEX Decrement Index X by One STY  Store Index Y in Memory

DEY Decrement index Y by One ® STZ  Store Zero in Memory

EOR  “Exclusive-or" Memory with Accumulator TAX  Transfer Accumulator to Index X

INC  Increment by One TAY  Transfer Accumulator to Index Y

INX  Increment Index X by One ® TRB Test and Reset Memory Bits with Accumulator

INY  Increment index Y by One ® TSB Testand Set Memory Bits with Accumulator

JMP  Jump to New Location TSX  Transfer Stack Pointer to Index X

JSR  Jump to New Location Saving Return Address TXA  Transfer Index X to Accumulator

LDA  Load Accumulator with Memory TXS  Transfer Index X to Stack Pointer

LDX Load Index X with Memory TYA  Transfer Index Y to Accumulator

Note: ® = New Instruction

7 8 D E F
PHP ORA ASL 0
abs abs
CLC ORA ASL 1
abs, X | abs, X
PLP AND ROL 2
abs abs
SEC AND ROL 3
abs, X | abs, X
PHA EOR LSR 4
abs abs
Ccul EOR LSR 5
abs, X | abs, X
PLA ADC ROR 6
abs abs
SEI ADC ROR 7
abs, X abs, X
DEY STA STX 8
abs
TYA STA 9
abs, X
TAY LDA TAX LDY LDA A
imm abs abs
CLv LDA TSX LDY LDA LDX B
abs, Y abs, X | abs, X | abs, Y
INY CMP DEX CPY CMP DEC C
i abs abs abs
CLD CMP DEC D
abs, X | abs, X
INX CPX SBC INC E
abs abs abs
SED SBC INC F
zpg, X abs, X | abs, X
5 7 8 B C D E F

Note:

Figure 4. Microprocessor Op Code Table
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Table IV. Operational Codes, Execution Time, and Memory Requirements

IMME-| ABSO-| zEro| (4 ™M ) (1) | ReLa-| INDI- PROCESSOR
DIATE| LUTE | PAGE |IMPLIED|(IND. X)|(IND). Y| zPG.Xx | ABS,X| ABS.Y |TIVE(2)| RECT | ZPG,Y| STATUS CODE
MNE- i T 7643210 MNE-
MONIC|  OPERATION OP|n|#|OP|n|# [OP|n]# |OP|n|#|OP|n|#|OP|n|#| OP|n|# |OP|n |# |OP]|n|# |OP|n|# |OP|n|# JOP|n]#|N VB D I ZC|MONIC
ADC [A+M+C—~A (3) | 69]2]2] 6D]4[3] 65| 3[2 61| 6] 2] 71 s|2| 75]4[2] 70 4[3[ 79[ 4|3 72|52 NV e ««2zC| ADC
AND |AAM—A 29| 2|2| 20| 4|3 25| 3| 2 21{6|2] 31| 52| 35|4|2] 30| 4|3 39} 4|3 32|52 Nesoseeze| AND
ASL |C-[7___ 0] -0 0E| 6|3 | o8| 52| 0A[2]1 16[6[2] 1€] 6|3 Neooezc| AsL
BCC | BRANCH IF C=0 90| 2|2 e e oeee| BCC
BCS | BRANCH IF C=1 Bo[2[2 e+ seee]| BCS
BEQ | BRANCH IF Z=1 Fol 2|2 ee s eeee| BEQ
BIT [AAM (5) | 89|2|2| 2c|4|3] 24| 3|2 34/4|2] ac| 4|3 MiMes o ¢ Zo| BIT
BMI | BRANCH IF N=1 30|2|2 cessseel BM
BNE | BRANCH IF 2=0 Do| 2|2 eeeeees]| BNE
BPL | BRANCH IF N=0 10{ 2|2 e e s eeeal BPL
BRA | BRANCH ALWAYS 80|22 e el BRA
BRK | BREAK 00|71 e+ 101ee| BRK
BVC |BRANCH IF V=0 50| 2|2 se s eeee| BvC
BVS |BRANCH IF V=1 70| 2|2 se s ecesl BYS
ce |o-c 18{2|1 «0| cLc
co_fo-D D8|2|1 eee0eee| CLD
cu [o—1 58[2]1 eese0ee| cU
cw |o-v B8[2|1 e0eeeee| CLV
CMP |A-M c9|2|2|cp|a|3|csla|2 c1{6|2| D1|5|2| Ds|4|2|DD| 4|3 | Dof4|3 D252 Ne e eezC| CMP
CPX | X-M £0|2|2| EC|4|3 | E4| 3|2 Ne o ee2C| CPX
CPY_|Y-M col2|2|cc|a|3|c4|3]2 Ne o CPY
DEC | DECREMENT cefe[3|cs|s|2]3a[2]1 p6|6]2|DE[6[3 Ne o DEC
DEX |X-1-X cAf2|1 Ne o DEX
DEY |Y-1-Y 88|21 Ne o DEY
EOR [AvM —A 49(2|2| 4D|4 3| 45|32 41|6|2| 51[5|2| 55[{4|2|5D| 43| 59)4|3 52|5|2 Ne o EOR
INC | INCREMENT EEf6|3] E6]5|2] 1A]2]1 F6/6)2| FE|6|3 Ne o INC
INX [Xx+1-X esf2[1 Ne o INX
INY |Y+1—Y cs|2|1 Ne s INY
JMP [ JUMP TO NEW LOC acls|3 7cl6 6cle|3 ce e JMP
JSR | JUMP SUB 20(6|3 co e JSR
LDA |M—A A9[2|2|AD|43 | As|3|2 A1]6|2| B1|5|2| B5|4|2|BD| 43| B9|4[3 B2[5[2 Ne o LDA
LDX [M =X A2|2]2] aE]4]3 [ A6[3]2 BE|4]3 Be[4]2[N s+ LDX
Loy [M-Y A0|2[2|AC|4(3 | A4|3|2 B4|4[2|BC|4|3 Ne o LDY
LSR [o-[7___0d-c 4e(6{3 | 46|5|2| 4a|2{1 s6(6(2 | 5E{63 0o LSR
NOP | NO OPERATION EA[2[1 ce e NOP
ORA |AVM-—A 09]2[2| 0D|4|3 | 05|3[2 01|6|2| 11{5[2| 15[4|2]| 10|43 ] 19]4[3 12|5(2 Ne e ORA
PHA |A—Ms S-1-S 48[3[1 ce e PHA
PHP |P—Ms S-1-8 083|1 R PHP
PHX |X—Ms S-1-S DA|3[1 ce e PHX
PHY [Y—Ms S-1-S 5A(3]1 e e PHY
PLA_ [S+1-S Ms—A 68|41 Neo o oo PLA
PLP [S+1-S Ms—P 28[41 NV 1DI PLP
PLX |S+1-S Ms—X FA|4|1 Nesooo PLX
PLY |St1-S Ms—Y 7Ala 1 Nesooo PLY
roL | - —C 26l6(3 | 26|5|2 | 2a 2|1 3616{2] 3€l6]3 . ROL
ROR | c-7—1 6E|6[3 | 66[5|2 |6A 2|1 76(6(2| 7E[6[3 ROR
RTI |RTRN INT 4061 RTI
RTS |RTRN SUB 60(6 1 RTS
SBC |A-M-C-A ) |esl2fo|eD[4f3 | ES|3|2 e1l6|2| F1|s|2| Fs|4|2|FD|4]3| Folals F2{s5|2 SBC
SEC |1-¢C 38)2]1 SEC
SED [1-D F8l2]1 SED
SEI |1-1 78|2|1 SEI
STA |A—M 8D[4(3 ] 85/3]2 81(6[2 91/6]|2| 95|4]2|9D|5[3 | 99]5|3 92(5(2 STA
STX [X—M 8E|4[3 | 863|2 STX
STY |Y—-M 8C|4|3 | 84|3|2 94)4]2 STY
STZ [00—~M oc|al3| ea|3]2 74laf2] 9|5]3 STZ
TAX |A =X AA[2]1 TAX
TAY |A-Y Asl2|1 TAY
TRB |AAM—=M (6) 1Cl6[3 | 14|52 TRB
TSB_|AVM - M (6) oc|6{3 | 04|5{2 TSB
TSX [S—X BA[2]1 TSX
TXA [X-A 8Al2|1 TXA
@S [x-—s 9Al2]1 ™S
TYA |Y—~A 98 2|1 TYA
Notes:
1. Add 1 to “n" if page boundary is crossed, except STA and STZ. X Index X + Add n No. Cycles
2. Add 1to"n" if branch occurs to same page. Add 2 to “n” if branch occurs to different page. Y Index Y - Subtract # No. Bytes
3. Add 1 to “n" if decimal mode. A Accumulator A And Mes Memory Bit #6
4. Accumulator address is included in Implied address M Memory per effective address Vv Or M- Memory Bit #7

5"

" and "V" flags are unchanged in immediate mode.
6. “Z" flag indicates AAM result (same as BIT instruction).

Ms Memory per stack pointer

V¥ Exclusive or
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Enhanced Operational Characteristics

The GTE G65SCXXX family of microprocessors is a complete series of

devices designed for building state-of-the-art microcomputer systems.

Each member of the family is carefully designed to be hardware com-
patible, utilize the same basic software instruction set, and to be bus
compatible with the MC6800 product line. Accordingly, the G65SCXX

series is pin compatible with existing NMOS 6500 type microprocessors.

However, as stated previously, the CMOS design allows several opera-
tional enhancements to be incorporated in the current product. These
operational enhancements are explained in Table V.

Table V. Microprocessor Operational Enhancements

Function

NMOS 6500
Microprocessor

GB5SCXXX Family
Microprocessor

Indexed addressing across page boundary.

Extra read of invalid address.

Extra read of last instruction byte.

Execution of invalid op codes.

Some terminate only by reset. Results are
undefined.

All are NOPs (reserved for future use).

Op Code Bytes Cycles
X2 2 2
X3, X7, XB, XF 1 1
44 2 3
54, D4, F4 2 4
5C 3 8
DC, FC 3 4

Jump indirect, operand = XXFF.

Page address does not increment.

Page address increments, one additional cycle.

Read/modify/write instructions at effective
address.

One read and two write cycles.

Two read and one write cycle.

Decimal flag.

Indeterminate after reset.

Initialized to binary mode (D=0) after reset and
interrupts.

Flags after decimal operation.

Invalid N, V and Z flags.

Valid flags. One additional cycle.

Interrupt after fetch of BRK instruction.

Interrupt vector is loaded; BRK vector is
ignored.

BRK is executed, then interrupt is executed.

Reset Reads three stack locations. Writes program counter and status register
to stack
Read/Modify/Write instructions absolute Seven cycles. Six cycles.
indexed in same page.
Pin Function

Pin Description Pin Description
AO0-Axx Address Bus osc (OUT) Oscillator Output
BE Bus Enable ¢1(0OUT) Phase 1 Out
CLK (IN) Clock Input #2(0UT) Phase 2 Out
@0(IN) Phase 0 In $4(0OUT) Phase 4 Out
$2(IN) Phase 2 In RDY Ready
DBE Data Bus Enable RES Reset
DO0-D7 Data Bus R/W Read/Write
TRQ Interrupt Request S0 Set Overflow
ML Memory Lock SYNC Synchronize
NC No Connection Voo Positive Power Supply (+5.0 Volts)
NMI Non-Maskable Interrupt Vss Internal Logic Ground
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Pin Configuration

vss []1 40[ ) RES
RoY []2 39[ ]2 (0UT) g g
) 5 [ s £
o1ouT) []3 38{ ] SO ° g ‘;;'5 g glm‘“lﬁ £,
iRa [Ja 37[ ] 00 (IN) z = « x S s 2
Ne s 36[J NC ©w e o N3 QY 35Q
NI []e 3s[] NC [ ]
= N N
syne 7 31 RW M7 3| NC
voo [Js 331 oo SYNC | 8 s NC.
NC | 9 RIW
a0 9 gesscoz 32 01 37
a1 o 31[J o2 Voo |10 36| DO
a2 COn 30[] o3 A0 N 3s| ot
a3 [ 20 pa Al |12 G65SC02 34| D2
as 3 281 os A2 |13 33| D3
as 11 271 s A3 |14 32| Da
as [1s 2] o7 A4 |15 31| os
a7 16 5[] ats As |16 30| D6
as 17 24 ] A4 a6 | 17 2| b7
A9 18 23[] A13
A0 []1e 22[7] A12 22L& IREERE
~ e N o T 0
an a2 21[7] vss PEEEEREEREEE
Vvss 1 40 RES - -
[wm ] e g s
ROY []2 39[ ] 2 (0uT) o 3 5o o % E -
©a(oum) []3 B[]S 2 |2 Iee glg T3 08
iRG [ 37 CLK (IN) e o <o ~-r3Cogcs
ML s 36["] BE Y
NMI E 6 35[] OSC (ouT) N | 7 39 | OSC(OUT)
SYNC 7 3a[ ] RW syNe | 8 38| NC
voo (s 33[1 oo nNe | e a7 | R
20 Ko gesscroz 2 01 voo |10 35| o0
a1 o 311 p2 a0 |11 35| o1
a2 v w03 a2 G655C102 u|o2
o b ”g o4 Az |13 33| D3
A4 E 13 203 05 s |1s 2| oa
as e 271 s as |1 sl os
as [J1s 261 o7
A5 |16 0| oe
a7 e 25[] a5
A6 | 17 29| o7
as 17 2a[] a4
ro e w3 EEEEEREEREE
At A2
= = TR EEEE
an T2 21 vss < < T < <<
e
vss (1 40[] RES 3 g
RroYy [J2 39[ ] ¢2(ouT) glg 2 § g E [ § §§
Nc 3 38[] §0 =
iRa 4 37[J o208 ©@w o Nr-3Q295FE
[ ]
Vss 5 36 DBE
b = i {7 ss|we
=N s e SYNC | 8 NC
syne (7 [ pW Ne b o
voo (8 33 po s L4
Voo | 10 36| DO
a0 9 gesgcya 32 ot o1
a1 0o 31 o2 Ao M 35
a2 O 30[] o3 A1 (12 G65SC12 2| 02
as 12 29[ pa A2 |13 33{ D3
as s [ os A3 |14 32| D4
as e 27[J oe A4 |15 31| s
as s 263 o7 AS | 16 30| pe
ar s 251 a1s as |17 2] o7
as 17 24[] a1a oo o . N
a9 Clve 237 a3 223 3QILLRER
~ e o e e w
at0 19 22[] at2 <22;§§g=;:=
an 2o 217 vss
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Pin Configuration, Continued

vss [J1 0[] RES
rov []2 3[ ]2 oum)
Ne s 15
irRa ]s [ Jo2(N) g 3
w s 38[J s |i'|g¥§gglg§|8§5‘
Nmi [ 35[ ] OSC (ouT) ©weeo N30y TQ
syne 7 u[Jrw [ ]
voo (8 331 oo i (7 39| NC
a0 o gesscrrz [0 SYNC | 8 38 | B5€(0UT)
a1 o an[ o2 NC | 9 37| AW
a2 T 30 oa Voo | 10 36| DO
as 12 2901 pa Ao |11 35| D1
as s 281 s A1 |12 GB5SC112 | D2
as e 27(J os A2 |13 33| 03
as [CJ1s 26 o7 As |14 32| Da
a7 e 25 ats as | s los
as []17 241 ata a5 |16 20| o8
as e 23] a3 a6 |17 2] o7
at0 [ 2] a2
A Cao 2 vss R EEEEEELE]
TITZEELELIE
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Pin Configuration, Continued
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NC 2 272 (IN) RDY g 2 27[J02 (1IN) vss (]2 27 ] CLK (IN) vss [] 2 27[J CLK (IN)

"G 3 [ AW NC [J3 26[JRW wa 3 261 RAW Ra 3 26[JR/W

Voo []4 2s[] 0o RG 4 2500 NMi ] s 25[] oo Voo (4 2500

A0 [s 2401 Voo (s 24a[Jo Voo []s 24701 A0 s 4[]0
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a2 []7 Gesscia 22103 A7 aessc1s 2 [Jo3 ME’Gssscms 22[j 03 AzE’Gssscwan:N

a3 [Je 2 [Jo4 A2 [1s 21[Joa A2 )8 21/ o A3 s 217] 04

Aaljs 20[]bs Aags 20[Jos A3 o 20[] ps As o 20 ] D5

as 10 19 Eos As 10 1906 As 1o 19[7] o6 as 1o 1906

As 11 18 [] 07 As I 18[Jo7 As d 1 18] o7 As 11 18 [Jo7

A7 12 7] A2 A6 [] 12 w7 [Jan A6 12 17 Aan A7 12 17 [ A2

A8 [13 16 [J A a7 s 16 ] A10 A7 13 16 [ A10 a8 [J13 16 [JAN

A9 []1a 15 [J a0 A8 14 15 [] A9 A8 E 14 15 [ A9 A9 []1a 15 (JA10
st~ asfgezoun mscr 7 asfaozcoum ms 1~ fe2coum st ~ mpgREs
vss [ 2 27 [ CLK (IN) vss (]2 27[JCLK (IN) vss []2 27[JCLK (IN) ROY []2 27{J02 (IN)
RoY []3 [ RW 40U 13 26 JR/W RDY 73 26w "a s 6[RW
iRa ] 25 00 RG] 25[7J00 Voo ] 4 25[Jo0 ML e 257 oo
voo (] s 24[701 Voo [ 5 24701 A0 s 2401 Voo []s 24301

Y=l 2302 a0 s 23[J02 a1 e 23[7]o2 a0 e 2oz
s L o A7 gesscios 2 207 gesscror 2H I o e =

a2 s 1[04 a2 []s 21[J0s A3 [gs 21[]04 A2 (s 21[7]04
Ao 2005 “a]e 20 [Jos a4 e 20705 A3 o 20705
as (10 19[7 06 a4 10 19106 As J10 19706 A4 o 19[70e

as 1 wfgo7 as 1 18 [Jo7 As 11 18 [J07 As O 1807
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Ordering Information

G 65SCXXX AP | -2
Description
C—Special G—Standard

Product Identification Number

Version

Package

P—Plastic E—Leaded Chip Carrier
C—Ceramic L—Leadless Chip Carrier
D—Cerdip X—Dice

Temperature/Processing

None— 0°Cto+70°C, + 5% P.S. Tol. S— 0°Cto+70°C, = 10%P.S. Tol.
1—-40°Cto +85°C, £ 5% P.S. Tol. W— -40°C to +85°C, + 10% P.S. Tol.

Performance Designator

Designators selected for speed and power specifications

—1 1MHz —3 3MHz
—2 2MHz —4 4MHz




GTE G65SC21

Microcircuits
CMOS Peripheral Interface Adapter

Features General Description
e CMOS process technology for low power The GTE G65SC21 is a very flexible Peripheral Intertace
consumption Adapter for use with GTE and other 8-bit microprocessor
e Direct replacement for NMOS 6521 and 6821 devices families. The G65SC21 provides programmed microprocessor
manufactured by others control of up to two peripheral devices (Port A and Port B).
® Low power consumption (2 mA at 1MHz) allows battery Peripheral device control is accomplished through two 8-bit
powered operation bidirectional I/0O Ports, with individually assigned Data
o Two programmable 8-bit bidirectional I/0 Ports for Direction Registers. The Data Direction Registers allow
peripheral device interfacing selection of data flow direction (input or output) at each
¢ Individual Data Direction Registers for each I/0 Port r'espectlye A Port: Dgta "o‘.N dlrpctlon may be se[ected 'on.a
o Microprocessor/peripheral “handshake” interrupt feature line-by-line basis with intermixed input and output lines within

the same port. The “handshake” interrupt control feature is

for enhanced data transfer control provided by four peripheral control lines. This capability

* Programmable interrupt capability provides enhanced control over data transfer functions
* Four operating frequencies—1, 2,3 and 4 MHz between the microprocessor and peripheral devices, as well as
® Automatic power-up initialization bidirectional data transfer between G65SC21 Peripheral Inter-
e Single +5 volt power supply face Adapters in multiprocessor systems.

e Available in 40-pin dual-in-line or 44-pin PLCC package

Block Diagram

TROA = INTERRUPT STATUS |<—— CA1
t CONTROL A a— CA2
N CONTROL -
REGISTER A DATA DIRECTION
r\/ (CRA) REGISTER A
D0 «+— (DDRA)
D1 a—»
D2 «—| DATABUS [
D3 «—»|  BUFFERS OUTPUT BUS -
2I3 e K e
D5 4——p -
D6 < PERIPHERAL PERIPHERAL PA2
D7 <*— ] OUTPUT INTERFACE lt——— PA3
REGISTER A BUFFER la—— PAS4
(ORA) A lt——> PAS
l<—— PA6
1T s
PERIPHERAL PBO
DATA INPUT OUTPUT l«—»- PB1
REGISTER REGISTER B PERIPHERAL  |@— PB2
(DIR) (ORB) INTERFACE l-——» pB3
BUFFER l<«——> PB4
B le——» PB5
la— PB6
cso :: PB7
gg; — CHIP INPUT BUS
"so o]  SELECT DATA DIRECTION
RS1 — AND CONTROL REGISTER B
R/W ———— R/W REGISTER B (DDRB)
ENABLE ——»| CONTROL (CRBy
RESET ———p»f
) A #! INTERRUPT STATUS [#———CB1
IRQB - CONTROL B le«—» CB2
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Absolute Maximum Ratings: (Note 1)

This device contains input protection against damage due to
high static voltages or electric fields; however, precautions

| - .
Rating Symbo Value should be taken to avoid application of voltages higher than
Supply Voltage VoD -0.3V to +7.0V the maximum rating.
Input Voltage VIN -0.3V to Voo +0.3V Not
- > otes:
Operating Temperature Ta ~40°Cto +85°C 1. Exceeding these ratings may cause permanent damage,
Storage Temperature Ts -55°C to +150°C functional operation under these conditions is not implied.

DC Characteristics: Voo = 5.0V £ 5%, Vss = 0V, TA = -40°C to +85° C Industrial, 0° C to +70° C Commercial

Parameter Symbol Min. Max. Unit
Input High Voltage ViH 20 Voo +0.3 \]
Input Low Voltage ViL -0.3 0.8 Vv
Input Leakage Current (VIN =0 to VDD), IIN +1.0 nA
Input Only Pins, o
R/W, RES, RS0, RS1, CS0, CS1, CS2, CA1, CB1,¢2
Three-State Leakage Current (VIN = 0.4 t0 2.4V), ITsi +10.0 A
D0-D7, PB0-PB7, CB2, IRQA, IRQB
Input High Current (VIH = 2.4V), IiH -200 nA
Peripheral Inputs with Pullups, PAO-PA7, CA2
Input Low Current (ViL = 0.4V) L -24 mA
Peripheral Inputs with Pullups, PAO-PA7, CA2
Output Low Voltage (loL = 3.2 mA), VoL 04 \
PAOQ-PA7, PB0-PB7, D0-D7, CA2, CB2, IRQA, IRQB
Output High Voltage (I0H = -200 uA), VOH 2.4 Vv
PAO-PA7, PB0-PB7, D0O-D7, CA2, CB2, IRQA, IRQB
Output High Current (Sourcing) IoH -3.0 mA
(VoH = 1.5V, Direct Transistor Drive), PB0-PB7, CB2
Supply Current f=1MHz IDD 2.0 mA
(No Load) f=2MHz [[s]s} 4.0 mA
f=3MHz oD 6.0 mA
f=4MHz DD 8.0 mA
Power Dissipation (Inputs = Vss or VDD, No Loads),
Operating (VDD =5.5V, f =1 MHz) PD 11.0 mwW
Standby (Static) PosB 11.0 uW
Input Capacitance (f = 1 MHz) CIN 5.0 pF
Output Capacitance (f = 1 MHz) Cout 10.0 pF

AC Characteristics—Processor Interface Timing: Vob =5.0V + 5%, Vss =0V, TA =-40°C to +85° C Industrial,
0°C to +70° C Commercial

G65SC21-1 G65SC21-2 G65SC21-3 G65SC21-4

Parameter Symbol | Min Max Min Max Min Max Min Max | Unit
Cycle Time tcyc 1000 — 500 — 330 — 250 — nS
Phase 2 Pulse Width High tPWH 470 — 240 — 160 — 120 — nS
Phase 2 Pulse Width Low tPwL 470 — 240 —_ 160 — 120 — nS
Phase 2 Transition tRF — 30 — 30 — 30 — 30 nS

Read Timing (Figure 1)

Select, R/W Setup tACR 160 — 90 — 65 — 45 — nS
Select, R/W Hold tCAR 0 — 0 — 0 — 0 — nS
Data Bus Delay tCDR - 320 — 190 — 130 — 90 nS
Data Bus Hold tHR 10 — 10 — 10 -— 10 — nS
Peripheral Data Setup tPCR 300 — 150 — 110 — 75 — nS
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AC Characteristics: (Continued)

G65SC21-1 G655C21-2 G65SC21-3 G65SC21-4
Parameter | Symbol | Min Max Min Max Min Max Min ] Max | Unit
Write Timing (Figure 2)
Select R/W Setup tacw 160 — 90 — 65 — 45 - nS
Select, R/W Hold tCAW 0 — 0 — 0 — 0 — nS
Data Bus Setup tocw 195 — 90 — 65 — 45 — nS
Data Bus Hold tHW 10 = 10 — 10 - 10 — nS
Peripheral Data Delay ~ (PortA) tcpw — 1000 - 500 — 330 — 320 nS
(Port B) — 1000 — 500 — 330 — 250
Note: Measurement points 0.8V and 2.0V unless otherwise specified.
AC Characteristics—Peripheral Interface Timing: Vo = 5.0V + 5%, Vss = 0V, TA = -40° C to +85° C Industrial,
0°C to +70°C Commercial
G65SC21-1 G65SC21-2 G65SC21-3 G65SC21-4
Parameter Symbol | Min Max Min Max Min Max Min Max | Unit
CAZ2 Delay Time, High-to-Low tca2 — 1.0 — 0.5 — 0.33 — 0.25 uS
CAZ2 Delay Time, Low-to-High tRs1 — 1.0 — 0.5 —_ 0.33 —_ 0.25 uS
CAZ2 Delay Time, Handshake Mode tRs2 — 2.0 — 1.0 — 0.67 —_ 0.50 uS
CB2 Delay Time, High-to-Low tce2 — 1.0 — 0.5 —_ 0.33 — 0.25 uS
CB2 Delay Time, Low-to-High trRs1 — 1.0 — 0.5 — 0.33 — 0.25 uS
CB2 Delay Time, Handshake Mode trRs2 — 2.0 — 1.0 — 0.67 — 0.50 uS
CB2 Delay Time from Data Valid toc 20 — 20 —_ 20 — 20 — nS
Interrupt Input Pulse Width Pwi 500 —_ 500 — 330 - 250 - nS
Interrupt Response Time tRS3 — 1.0 — 1.0 — 0.67 — 0.33 uS
Interrupt Clear Delay tir — 1.6 — 0.85 — 0.67 —_ 0.33 uS
Rise and Fall Times—
CA1, CA2,CB1,CB2 tR, tF — 1.0 — 1.0 - 0.67 — 0.33 uS
Timing Diagrams
tcyc
t tPWH- T S—
20V 20V
2 08 v7Zi 0.8V 08V
tACR I -‘——————'CAR tPwWi —————=—|
ADDRESS 20V 20V
CS,Rs, ETC 08V 08V /////// //// / A
i S
tPCR —=—i
PERIPHERAL
20V
DATA,
CA2, CB2 // 08V
~==—tCOR: —e=—1 tHR
DATA 24V 24V
BUS 0.4V 04V

Figure 1. Read Timing
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Timing Diagram (continued)

tcve
R f————tPWH f— tF
»2 20V 20v
08V e 08V A 08V
f—— tPWL ———{

ACW | —e= {CAW

ADDRESS 20V 20V
CS,RS,ETC 0.8V 08V
RiwW 08V 08V

tcpw

Y o

o L ///ﬁ{

tDCW —w=i tHw
20V
08V

Figure 2. Write Timing

2 / . \

PAQ-PA7
PB0-PB7

tPCR =

Figure 3. Peripheral Data Setup Time

[e——t{CA2
CA2
(HIGH-TO-LOW)

pea— RS 1
CA2
(LOW-TO-HIGH)

Figure 4. CA2 Timing

CA2

Figure 5. CA1/CA2 Timing

S/ N

[e—1{CB2
cB2
(HIGH-TO-LOW)

e tRS 1
cBe2
(LOW-TO-HIGH)

Figure 6. CB2 Timing

ce1
RS2
cB2

Figure 7. CB1/CB2 Handshake Timing

TN T
Mo L

Figure 8. PA Port Delay Time

tepw
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Timing Diagrams (continued)

PBO-PB7 7/////// / ///W: Test Load sov

- LCPW -t

cB2 1.2K()

——e={ tDC

Figure 9. PB Port Delay Time PIN

[=—Pw|

CA1,CA2
CB1,CB2
IRQA, IRQB
’-————‘ tRs3:
OPEN DRAIN
OUTPUT TEST LOAD

Figure 10. Interrupt Timing K

»2 PIN

R

IRQA, IRQB |

Figure 11. Interrupt Clear Timing

100 pF

7 6 5 4 3 2 1 0

CRA IRQA1 IRQA2 CA2 Control DDRA CA1 Control
f . ) Access

7 6 5 4 3 2 1 0

CRB IRQB1 IRQB2 CB2 Control DDRB CB1 Control
T L 1 Access

Figure 12. Control Registers

REGISTER DATA DIRECTION
SELECT REGISTER ACCESS
PIN CONTROL BIT
RS1 RSO CRA-2 CRB-2 REGISTER SELECTED
0 1 — Peripheral Interface A
0 0 0 — Data Direction Register A
0 1 — — Control Register A
1 0 - 1 Peripheral Interface B
1 0 - 0 Data Direction Register B
1 1 - —_ Control Register B

Figure 13. Register Addressing
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Signal Description

Data Bus (D0-D7)
The eight bidirectional data bus lines are used to transfer
data between the G65SC21 and the microprocessor.

During a Read operation, the contents of the G65SC21
internal Data Bus Buffer (DBB) are transferred to the micro-
processor via the Data Bus lines. During a Write operation,
the Data Bus lines represent high impedance inputs over
whichdatais transferred from the microprocessor to the Data
Input Register (DIR). The Data Bus lines are in the high
impedance state when the G65SC21 is unselected.

Chip Select (CS0, CS1, CS2)

Normally, the three Chip Select lines are connected to the
microprocessor address lines. This connection may be either
director through an external decoder. To access the G65SC21,
CS0 and CS1 must be high (Logic 1) and CS2 must be low
(Logic 0).

Register Select (RS0, RS1)
The Register Select inputs allow the microprocessor to select
G65SC21 internal registers as presented in Figure 13.

Read/Write (R/W)

The Read/Write signal is generated by the microprocessor
and is used to control the transfer of data between the
G65SC21 and the microprocessor. When R/W is in the high
state (Logic 1) and the chip is selected, data is transferred
from the G65SC21 to the microprocessor (Read operation).
Conversely, when R/W is in the low state (Logic 0), data is
transferred from the processor to the selected G65SC21
internal register (Write operation). Read/Write must always
be preceded by Chip Select (CS0, CS1 and CS2).

Input Clock (42)
The system ¢2 Input Clock controls all data transfers between
the G65SC21 and the microprocessor.

Interrupt Request (IRQA, IRQB)

The Interrupt Request (IRQA for Port A, and IRQB for Port B)
output signals become true (Logic 0) whenever an internal
interrupt condition is determined by Interrupt Status Control
Registers A and B. These two signals are active low and have
open-drain outputs. The open-drain configuration allows the
Interrupt Request signals to be wire-ORed to a common
microprocessor IRQ input line.

Reset (RES)

A low signal (Logic 0) on the Reset line serves to initialize the
G65SC21, clearing all internal registers and placing all
peripheral interface lines (PA and PB) in the input state.

Peripheral Data Port A (PA0-PA7)

Peripheral Data Port A is an 8-line, bidirectional bus used for
the transfer of data, control and status information between
the G65SC21 and a peripheral device. Each data portbusline
may be individually programmed as either an input or output
under control of the Data Direction Register (DDRA). Data
flow direction may be selected on a line-by-line basis with
intermixed input and output lines within the same port.

Peripheral Data Port B (PB0-PB7)

Peripheral Data Port B is an 8-line, bidirectional bus used for
the transfer of data, control and status information between
the G65SC21 and a peripheral device. Functional operation is
identical to Peripheral Data Port A, thus allowing the G65SC21
to independently control two peripheral devices.

Interrupt Status Control—

CA1, CA2 (Port A) and CB1, CB2 (Port B)

The two Interrupt Status Control lines for each Data Port are
controlled by the Interrupt Status Control logic (A and B).

This logic interprets the contents of the corresponding
Control Register (CRA and CRB), allowing the Interrupt
Status Control lines to perform various peripheral control
functions.

Functional Description

Organization of the G65SC21 consists of two independent
control sections (A and B). Section A and Section B are
identical—each consisting of a Control Register (CRA and
CRB), Data Direction Register (DDRA and DDRB), Output
Register (ORA and ORB), Interrupt Status Control (A and B)
and Peripheral Interface Buffers (A and B). The Data Bus
Buffers (DBB), Data input Register (DIR) and the Chip Select
and Read/Write control logic is common to both sections.
Refer to the Block Diagram on Page 1.

Data Input Register (DIR)

During a Write data operation, the microprocessor writes data
into the G65SC21 by placing data on the Data Bus. This data
isthen latched into the Data Input Register by the Phase Two
(¢2) clock. Once in the Data Input Register, this data byte is
transferred into one of six internal registers. This data transfer
occurs after the trailing edge of the ¢2 clock pulse that
latched the data byte into the Data Input Register. This timing
delay guarantees the data on the peripheral output lines (PA
or PB) will make a smooth transition from low to high or high
to low, and the output voltage will remain stable when there is
to be no change in polarity.

Control Registers (CRA and CRB)

The individual Control Registers allow the microprocessor to
program the operation of the Interrupt Control inputs (CA1,
CA2, CB1, and CB2), and the Peripheral Control outputs
(CA2 and CB2). Refer to Figure 4. Bit 2 in each Control
Register controls the addressing of the Data Direction Reg-
isters (DDRA and DDRB) and also the Output Registers (ORA
and ORB). Bits 6 and 7 are interrupt flag bits which indicate
the status of the Interrupt Status Control input lines (CA1,
CA2, CB1, and CB2). These two interrupt status flags are
normally interrogated by the microprocessor during the
interrupt service routine to determine the source of an active
interrupt. These two interrupt lines drive the interrupt input
(TRQ and NMI) of the microprocessor.

Interrupt Status Control Logic (A and B)

The G65SC21 contains four interrupt/peripheral control lines
(CA1,CA2,CB1, and CB2). These lines are controlled by the
Interrupt Status Control logic (A and B). The Interrupt Status
Control logic serves to interpret the contents of the cor-
responding Control Register, thus allowing these lines to
perform various control functions as described in Figure 16.

Data Direction Registers (DDRA and DDRB)

By use of the Data Direction Registers (DDR), the micro-
processor can program each individual peripheral 1/0 Port
line as an input or output. Each bit within the register controls
a corresponding line of the 1/0 Port, with DDRA controlling
peripheral 1/0 Port A and DDRB controlling I/0 Port B. A
programmed “0” in any bit position of a DDR results in the
corresponding I/0 Port line being designated as an input.
A “1” results in the line being an output.

Peripheral Output Registers (ORA and ORB)

All output data to a peripheral is stored in the corresponding
Output Register (ORA or ORB). This datais then presented to
the Peripheral Interface Buffer (A and B) and placed on the
respective I/0 Port lines. Writing a “0” into any bit position of
ORA or ORBresultsin the corresponding peripheral I/O Port
line going low (<0.4V), providing that particular line is
programmed as an output. Writing a “1” into a bit position
results in the corresponding output going high.
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Register Access and Selection

Register Select lines RS0 and RS1 are used in combination
with Chip Select to access the six function registers within the
G65SC21. These lines are normally connected to the micro-
processor address output lines. As can be seen from Figure
13, the Register Select lines are used in combination with bit2
of the Control Registers (CRA and CRB) to access the Data
Direction Registers (DDRA and DDRB) and the peripheral
interface Output Registers (ORA and ORB). If bit 2 is a Logic
1, a Peripheral Output Register is selected, and if bit 2 is a
Logic 0, a Data Direction Register is selected. Thus, with
appropriate addressing the microprocessor can write directly
into the Control Registers, the Data Direction Registers, and
the peripheral interface Output Registers. Also, the micro-
processor can read the contents of the Control Registers and
the Data Direction Registers.

Data Access—Peripheral /O Port A

Depending on the contents of Data Direction Register A, the
eight lines of Peripheral 1/0 Port A may be programmed as
either inputs or outputs. When a particular line(s) is pro-
grammed as an output, it will reflect the contents of the
corresponding bit in peripheral Output Register A (ORA).
When programmed as inputs, these lines will reflect the logic
state of corresponding peripheral input data. Lines pro-
grammed as inputs are not affected by the peripheral Output
Register (ORA). To perform a Read operation (RS1 = 0,
RS0 = 0, and Data Direction Register Access Control bit
(GRA-2) = 1), data on peripheral I/O Port A lines is directly
transferred to the microprocessor via the Data Bus. The trans-
ferred byte will contain both input and output data from all
eight /O Port A lines. It is the responsibility of the micro-
processor to recognize and interpret only those bits'which are
important to a particular peripheral operation being per-
formed. Note that the microprocessor always reads the I/0
Port A“pins” and not the contents of the ORA. This being the
case, the actual data read into the microprocessor may differ
from the contents of the peripheral ORA, i.e., for a particular
data “output” line. This condition occurs when the I/0 pin is
not allowed toreach a full +2.4 volts DC for a Logic 1. When this
occurs, the microprocessor will read a Logic 0, even though
the corresponding bit in the peripheral ORA is a Logic 1.

Data Access—Peripheral I/0 Port B

When reading peripheral I/0 Port B, a combination of input
and output data is read in a similar manner to peripheral I/0
Port A above. The major difference is that for I/0O Port B, data
is read directly from peripheral Output Register B (ORB) for
those lines programmed as outputs. This being the case, it is
possible to load down 1/O Port B lines without causing
incorrect data to be transferred to the microprocessor during
a Read operation.

Interrupt Request (IRQA, IRQB)

Both Interrupt Request (IRQA, IRQB) lines are active low,
and serve to interrupt the microprocessor either directly or
through external interrupt priority circuitry. Each line is
“open drain” and is capable of sinking 3.2 milliamps from an
external source, thus allowing all interrupts to be tied together
in a wired-OR configuration. Each Interrupt Request line is
assigned to a particular Peripheral Interface I/0O Port (IRQA
for Port A, and IRQB for Port B). Two interrupt flag bits are
used with each Interrupt Request line. When true, these flag
bits cause the Interrupt Request line to go low. The flag bits
(bits 6 and 7 in each of the two Control Registers) act as the
link between the peripheral interrupt signals and the micro-
processor interrupt inputs. Each flag has a corresponding
interrupt disable bit which allows the microprocessor to
enable or disable the interrupts from each of the four inter-
ruptinputs, i.e., CA1, CA2, CB1 and CB2. Each interrupt flag
is set by an active transition on the interrupt input (CA1, CA2,
CB1 and CB2).

Interrupt A Control (IRQA)

Bit 7 of Control Register A is always set by an active transition
of the CA1interrupt control signal. This flag can be prevented
from interrupting (disabled) by setting bit 0 of Control
Register A to a Logic 0. Bit 6 of Control Register A is always
set by an active transition of the CA2 interrupt control signal.
This flag can be prevented from interrupting (disabled) by
setting bit 3 of Control Register A to a Logic 0.

Both bit 6 and bit 7 in Control Register A are reset by a “Read
Peripheral Output Register A” operation. To perform this Read
operation, the proper Chip Select and appropriate Register
Select signals must be present.

Interrupt B Control (IRQB)

The control of Interrupt Request B (IRQB) is performed in the
same manner as that described above for IRQA, except that
for 1/0 Port B, Control Register bit 7 is set by an active
transition on CB1 and interrupt enable/disable is controlled
by Control Register bit 0. Control Register bit 6 is set by CB2
and its enable/disable is controlled by Control Register bit 3.
Here again, both bit6 and bit 7 in Control Register B are reset
by a“Read Peripheral Output Register B” operation. Note that
the interrupt disable bits (CRB bits 0 and 3) allow the
microprocessor to control the interrupt function.

Interrupt Control Summary

goes low when CRA-7=1and CRA-0=10r
when CRA-6=1and CRA-3=1

goes low when CRA-7=1and CRA-0=1o0r
when CRA-6 = 1and CRA-3=1

IRQA
IRQB

Peripheral 1/0 Ports

The G65SC21 provides two 8-bit bidirectional Data Ports (PA
and PB) and four interrupt/control lines (CA1, CA2, CB1 and
CB2) forinterfacing to peripheral devices. Peripheral |/O Port
A and 1/0 Port B allow the microprocessor to interface the
peripheral device input lines by loading data into the cor-
responding Peripheral Output Register. The microprocessor
interfaces the peripheral device output lines by reading data
onthe /O Portinput lines directly onto the Data Bus and into
the internal registers of the microprocessor.

Peripheral I/0 Port A (PA0-PA7)

Each Peripheral I/O Port line can be programmed to act as an
input or an output, as determined by the corresponding bitsin
the Data Direction Register. Within the Data Direction Reg-
ister, a Logic 1 in a particular bit position represents an
output line. Likewise, a Logic 0 in a particular bit position
represents aninput line. The Data Buffers which drive the I/0
Port A lines contain “active” puli-up transistors as shown in
Figure 14. Since these pull-ups are p-channel transistors they
allow the output voltage to go to VoD for a Logic 1. Also, since
these switches can sink a full 3.2 milliamp, the buffers are
capable of driving one standard TTL load. In the input mode,
the pull-up devices shown in Figure 14 remain connected to
the 1/0 pin and continue to supply current to the pin. For this
reason, these lines represent one standard TTL load in the
input mode.

Peripheral I/0 Port B (PB0-PB7)

Thelines of Peripheral I/O Port B function in a similar manner
to the discussion of I/0 Port A above. Programmed selection
for input/output function is identical. There are, however,
several characteristics of the buffers driving these lines which
affect their use in peripheral interfacing. Peripheral 1I/O Port B
buffers are push-pull devices as shown in Figure 15.

The active pull-up devices can source up to 3 milliamp at 1.5
volts. This current drive capability is provided to allow direct
connection to Darlington transistor switches. This allows
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convenient control of relays, lamps, etc. Because the I/0 Port
B outputs are designed to drive transistors directly, the output
data is read directly from Peripheral Output Register B for
those lines programmed as inputs. The I/0O Port B push-pull
buffers also provide a high impedance input state. When
these lines are programmed as inputs, the output buffer
enters the high impedance state.

Interrupt Input/Peripheral Control Lines

(CA1, CA2, CB1 and CB2)

The G65SC21 contains four interruptinput/peripheral control
lines (CA1, CA2, CB1 and CB2) which offer a number of
special peripheral controi functions. These functions greatly
enhance the performance of the two I/0 Ports. Refer to Figure
16 for a summary of control line operation.

1/0 Port A Interrupt input/Peripheral Control

Lines (CA1, CA2)

Line CAtisaninterruptinput only. An active transition on this
line will set bit 7 in Control Register Atoa Logic 1. This flag bit
(bit 7) can be programmed to set on either a positive or
negative CA1 transition. Bit 7 will be set on a negative
transition if bit 1 in the Control Register is set to a Logic 0.
Likewise, bit 7 can be set on a positive transition if bit 1 in the
Control Register is set to a Logic 1.

It should be noted that a negative transition is defined as a
transition from high to low, and a positive transition is a
transition from low to high.

Setting the interrupt flag (bit 7 or the Control Register) will
interrupt the microprocessor via IRQA if bit 0 in Control
Register A is a Logic 1 as described in earlier paragraphs.

Line CA2 can act as a totally independent interruptinput oras
a peripheral control output. CA2 acts as an interrupt input
when Control Register A bit 5 is a Logic 0. In this case, CA2
will set the interrupt flag (bit 6 of Control Register A) to a
Logic 1 on the active transition as selected by bit 4 of the
Control Register. The Control Register bits and interrupt
inputs serve the same basic function as that described above
for CA1. The input transition sets the interrupt flag which
serves as the link between the microprocessor interrupt
configuration and the peripheral device. The interrupt disable

bit allows the microprocessor to exercise control over the
system interrupts.

CAZ2serves in the output control mode when Control Register
A bit 5 is a Logic 1. In this case, CA2 can operate indepen-
dently to generate a sample pulse each time the micropro-
cessor reads data on I/0 Port A. This mode is selected by
setting bit 4 of the Control Register to a Logic0and bit3toa
Logic 1. This pulse output is normally used to control
counters, shift registers, etc. which provide sequential data to
the peripheral input lines.

A second output mode allows CA2 to be used in conjunction
with CA1 to “handshake” between the peripheral device and
the microprocessor. With respect to I/0 Port A, this “hand-
shake” allows positive control of data transfers from the
peripheral device into the microprocessor. The “handshake”
function operates as follows:

The CA1 input signals the microprocessor that data 'is
available by interrupting the microprocessor. The micro-
processor then reads the dataand sets CA2toa Logic 0. This
signals the peripheral device that it can now place new data
on the I/0 Port line.

A third output mode can be selected by setting Control

. Register bit 4 to a Logic 1. In this mode, CA2 is a simple

peripheral control output which can be set high or low by
setting bit 3 of Control Register A to a Logic 1 or a Logic 0
respectively.

1/0 Port B Interrupt Input/Peripheral Control Lines
(CB1,CB2)

The CB1 line operates as an interrupt input only in the same
manner as CA1 above. In this case, bit 7 of Control Register B
is set by the active transition on CB1 as selected by bit 0 of the
Control Register. The CB2 input modes operate identical.to
the CA2 input modes. However, the CB2 output modes
(Control Register B bit 5 set to Logic 1) differ somewhat from
those of CA2. That is, the puise ouput occurs when the
microprocessor writes data into Output Register B. Also, the
“handshaking” operates on data transfers from the micro-
processor into the peripheral device.

DDR
PIN

DATA

INPUT

Figure 14. Port A Buffer Circuit (PA0-PA7)

Bl

P
PIN
DDR
IN
DATA
INPUT I__.L_
(OUTPUT MODE) -

INPUT (INPUT MODE)

Figure 15. Port B Buffer Circuit (PB0-PB7)
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CA1/CB1 CONTROL

CRA (CRB) ACTIVE TRANSITION
BIT1 BITO OF INPUT SIGNAL* IRQA (IRQB) INTERRUPT OUTPUTS
0 0 Negative Disable—remain high
0 1 Negative Enable—goes low when bit 7 in CRA (CRB) is set by active transition of signal on
CA1(CB1)
1 0 Positive Disable—remain high
1 1 Positive Enable—as explained above
“Note: Bit 7 of CRA (CRB) will be set to a Logic 1 by an active transition of the CA1 (CB1) signal. This is independent of the state of bit 0 in
CRA (CRB).
CA2/CB2 INPUT MODES
CRA (CRB) ACTIVE TRANSITION
BIT5 | BIT4 | BIT3 OF INPUT SIGNAL* IRQA (IRQB) INTERRUPT OUTPUTS
0 0 0 Negative Disable—remains high
0 0 1 Negative Enable—goes low when bit 6 in CRA (CRB) is set by active transition of signal on
CA2 (CB2)
0 1 0 Positive Disable—remains high
0 1 1 Positive Enable—as explained above
*Note: Bit 6 of CRA (CRB) will be set to a Logic 1 by an active transition of the CA2 (CB2) signal. This is independent of the state of bit0in
CRA (CRB).
CA2 OUTPUT MODES
CRA
BITS BIT 4 BIT3 MODE DESCRIPTION
1 0 0 “Handshake” CA2 is set high on an active transition of the CA1 interrupt input signal and set
on Read low by a microprocessor “Read A Data” operation. This allows positive control of
data transfers from the peripheral device to the microprocessor.
1 0 1 Pulse Output CA2 goes low for one cycle after a “Read A Data” operation. This pulse can be
used to signal the peripheral device that data was taken.
1 1 0 Manual Output CA2 set low
1 1 1 Manual Output CAZ2 set high
CB2 OUTPUT MODES
CRB
BITS BIT 4 BIT3 MODE DESCRIPTION
1 0 0 “Handshake” CB2 is set low on microprocessor “Write B Data” operation and is set high by an
on Write active transition of the CB1 interrupt input signal. This allows positive control of
data transfers from the microprocessor to the peripheral device.
1 0 1 Pulse Output CB2 goes low for one cycle after a microprocessor “Write B Data” operation. This
( can be used to signal the peripheral device that data is available.
1 1 0 Manual Output CB2 set low
1 1 1 Manual Output CB2 set high

Figure 16. Interrupt Input/Peripheral Control Lines Operation
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Pin Function Table

Pin Description Pin Description
DO0-D7 Data Bus IRQB Interrupt Request (Port B)
PAOD-PA7 Peripheral I/0 Port A CS0, CS1, Chip Select Inputs
PB0-PB7|  Peripheral I/0 Port B cs2
#2 Phase 2 Internal Clock RSO, RS1 Register Selects
RES Reset CA1, CA2| Peripheral A Control Lines
R/W Read/Write CB1, CB2| Peripheral B Control Lines
IRQA | Interrupt Request (Port A) Vop _ |Positive Power Supply (+5V)
Vss Internal Logic Ground
Pin Configuration
n«woowzglgEu
F§8gzL50lxie 2
vssT] 1 40 [car © T M N T O N
pao ] 2 ®[caz / .evcvs
PAIC] 3 B[ iRAA
PA2(] 4 37 ] iRaB PAg | 7 39| RSO
PAIC] 5 3% [rso PAS | 8 38 | Rs1
PAJE 6 ugnm PaG | 9 37 | RES
P phiie
p::(: : ::J"D:s PA7 |10 36| DO
PATL] 9 QQD‘” PBO | 11 35| D1
PBOLC]10 gsscay 31302 PB1 | 12 G65SC21 3| D2
P81 1 303
Pl D
PB2(]12 29704 B2 | 13 33| D3
P83 13 2805 PB3 | 14 32| D4
PB4CT]14 27os PB4 |15 31| D5
PASCH15 207 PBS |16 30| os
PB6 {16 542
P77 24 cst PB6 | 17 29| o7
cBir]18 arés2
core 2Fce 28R SR IR 8N R
voo (20 2R/W N e N0 OO O W
EBEE2RERB 2
Ordering Information
G 658C21 P | :_2_
Description T
C—Special G—Standard
Product Identification Number
Package
P—Plastic E—Leaded Chip Carrier
C—Ceramic L—Leadless Chip Carrier
D—Cerdip X—Dice
Temperature/Processing
None— 0°Cto +70°C, £ 5% P.S. Tol. S— 0°Cto+70°C, + 10% P.S. Tol.

|—-40°C to +85°C, = 5% P.S. Tol.-
Performance Designator

W— -40°C to +85°C, £ 10% P.S. Tol.

Designators selected for speed and power specifications.

—1 1MHz
—2 2MHz

—3 3MHz
—4 4 MHz
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CMOS Versatile interface Adapter With Interval

Timer/Counters

Features

® CMOS process technology for low power consumption
e Fully compatible with NMOS 6522 devices

® | ow power consumption allows battery-powered operation
(2 mA at 1 MHz)

Two 8-bit, bidirectional peripheral 1/0 Ports

Two powerful 16-bit programmable Interval Timer/Counters
Serial bidirectional peripheral I/O Port

Enhanced “handshake” feature

Latched Input/Output Registers on both I/0 Ports
Programmable Data Direction Registers

Four operating frequencies—1, 2, 3 and 4 MHz

TTL compatible I/O peripheral lines

Single +5 volts power supply

Available in 40-pin dual-in-line or 44-pin PLCC package

General Description

The GTE G65SC22 Versatile Interface Adapter (VIA) is a
flexible 1/0 device for use with the GTE G65SCXXX series
8-bit microprocessor family. The G65SC22 includes functions
for programmed control of up to two peripheral devices (Ports
A and B). Two program controlled 8-bit bidirectional peri-
pheral 1/0 ports allow direct interfacing between the micro-
processor and selected peripheral units. Each port has input
data latching capability. Two programmable Data Direction
Registers (A and B) allow selection of data direction (input or
output) on anindividual line basis. Also provided are two pro-
grammable 16-bit Interval Timer/Counters with latches. Timer
1 may be operated in a One-Shot Interrupt Mode with inter-
rupts on each count-to-zero, or in a Free-Run Mode with a
continuous series of evenly spaced interrupts. Timer 2 func-
tions as both an interval and pulse counter. Serial data
transfers are provided by a serial-to-parallel/parallel-to-serial
shift register. Application versatility is further increased by
various control registers, including—an Interrupt Flag Reg-
ister, an Interrupt Enable Register and two Function Control
Registers.

Block Diagram
RS0 —] &> IRQ
RS1 — [
RS2 — 8>
RS3 —®>| ACCESS CONTROL LOGIC PORT A REGISTERS PORT A
CS1 —#={ CONTROL ¢ INTERRUPT & BUFFERS DATA BUS
@ — LOGIC ¢ FUNCTION
RES —b>|
¢2 —
R/W —] ————————— CA2
TIMER LOGIC :> HANDSHAKE [ — CAl
L]
. TMER2 CONTROLLOGIC |«& & CB2
- » CB1
SERIAL SHIFT
REGISTER -
DATA DATA | —
BUS BUS
BUFFERS PORT B REGISTERS PORT B
& BUFFERS DATA BUS
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Absolute Maximum Ratings: (Note 1)

Rating Symbol Vaiue
Supply Voltage Voo -0.3V to +7.0V
Input Voltage VIN -0.3V to Vpp +0.3V
Operating Temperature TA -40°C to +85°C
Storage Temperature Ts -55°C to +150°C

This device contains input protection against damage due to
high static voltages or electric fields; however, precautions
should be taken to avoid application of voltages higher than
the maximum rating.

Notes:
1. Exceeding these ratings may cause permanent damage,
functional operation under these conditions is not implied.

DC Characteristics: VoD =5.0V + 5%, Vss = 0V, TA = -40° C to +85° C Industrial, 0°C to +70° C Commercial

Parameter Symbol Min. Max. Unit
Input High Voltage VIH 20 Vop +0.3 v
Input Low Voltage ViL -0.3 0.8 Vv
Input Leakage Current (VIN = 0 to VDD), Input Only Pins, IIN +1.0 wA
R/W, RES, RS0-RS3, CS1, CS2, CA1,¢2
Three-State Leakage Current (VIN = 0.4 t0 2.4V), ITs1 +10.0 pA
D0-D7,IRQ
Input High Current (ViH = 2.4V), IIiH -200 nA
Peripheral Inputs with Pullups,
PAO-PA7, PBO-PB7, CA2, CB1, CB2
Input Low Current (ViL = 0.4V) i -1.6 mA
Peripheral Inputs with Pullups
PAO0-PA7, PB0-PB7, CA2, CB1, CB2
Output Low Voltage (loL = 3.2 mA), o VoL 0.4 \"
PAO-PA7, PB0O-PB7, D0-D7, CA2, CB1, CB2, IRQ
Output High Voltage (I0H = -200 uA), o VOH 24 Vv
PAO0-PA7, PB0O-PB7, D0-D7, CA2, CB1, CB2, IRQ
Output High Current (Sourcing) I0H -3.0 mA
(VoH = 1.5V, Direct Transistor Drive), PB0O-PB7
Supply Current f=1MHz Iop 2.0 mA
(No Load) f=2MHz [ss] 4.0 mA
f=3MHz 1D 6.0 mA
f=4MHz Iob 8.0 mA
Power Dissipation (Inputs = Vss or Vob, No Loads),
Operating (VDD = 5.5V, f =1 MHz) PD 11.0 mW
Standby (Static) PosB 100 uW
Input Capacitance (f = 1 MHz) CIN 5.0 pF
Output Capacitance (f = 1 MHz) Cout 10.0 pF
AC Characteristics—Processor Interface Timing: VoD =5.0V * 5%, Vss = 0V, TA = -40° C to +85° C Industrial,
0°C to +70°C Commercial -
G65SC22-1 G65SC22-2 G65SC22-3 G65SC22-4
Parameter Symbol | Min Max Min Max Min Max Min Max | Unit
Cycle Time tcvc 1000 — 500 - 330 -_ 250 — nS
Phase 2 Pulse Width High tPWH 470 — 240 — 160 — 120 — nS
Phase 2 Pulse Width Low tPWL 470 —_ 240 - 160 —_ 120 — nS
Phase 2 Transition tRF — 30 — 30 — 30 — 30 nS
Read Timing (Figure 2)
Select, R/W Setup tACR 160 — 90 — 65 - 45 — nS
Select, R/W Hold tCAR 0 — 0 - 0 — 0 — nS
Data Bus Delay tCDR — 320 — 190 - 130 - 90 nS
Data Bus Hold tHR 10 — 10 - 10 —_ 10 —_— nS
Peripheral Data Setup tPCR 300 — 150 —_ 110 —_ 75 — nS
Write Timing (Figure 3)
Select R/W Setup tacw 160 - 90 - 65 — 45 — nS
Select, R/W Hold tcAW 0 — 0 — 0 — 0 — nS
Data Bus Setup tocw 195 — 90 — 65 — 45 - nS
Data Bus Hold tHwW 10 —_ 10 - 10 - 10 - nS
Peripheral Data Delay (Port A) tcpw — 1000 -—_ 500 — 330 — 320 nS
(Port B) — 1000 — 500 — 330 — 250 nS
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AC Characteristics—Peripheral Interface Timing: Vop =5.0V * 5%, Vss = 0V, TA = -40° C to +85° C Industrial,
0°C to +70°C Commercial.

(See Figures 4 through 12)

Parameter Symbol Min Max Unit Figure
Rise and Fall Time for CA1, CB1, CA2 and CB2 Input Signals tR, tF — 1.0 uS —
Delay Time, Clock Negative Transition to CA2 Negative tcaz — 1.0 uS 4,5
Transition (Read Handshake or Pulse Mode)
Delay Time, Clock Negative Transition to CA2 Positive tRs1 . 1.0 uS 4
Transition (Pulse Mode)
Delay Time, CA1 Active Transition to CA2 Positive Transition tRs2 - 2.0 uS 5
(Handshake Mode)
Delay Time, Clock Positive Transition to CA2 or CB2 Negative tWHS 1.0 uS 6,7
Transition (Write Handshake)
Delay Time, Peripheral Data Valid to CA2 or tDs 40 — nS 6,7
CB2 Negative Transition
Delay Time, Clock Positive Transition to CA2 or CB2 Positive tRS3 — 1.0 uS 6
Transition (Pulse Mode)
Delay Time, CA1 or CB1 Active Transition to CA2 or CB2 tRS4 — 2.0 uS 7
Positive Transition (Handshake Mode)
Delay Time Required from CA2 Output to CA1 Active t21 400 — nS 7
Transition (Handshake Mode)
Set-up Time, Peripheral Data Valid to CA1 or CB1 Active tiL 300 — nS 8
Transition (Input Latching)
[Shift-Out Delay Time—Time from ¢2 Falling Edge to CB2 tsR1 — 300 nS 9
Data Out
Shift-In Set-up Time—Time from CB2 Data In to ¢2 Rising Edge tsR2 300 — nS 10
External Shift Clock (CB1) Set-up Time Relative to ¢2 tSR3 100 tcye nS 10
Trailing Edge
Pulse Width—PB6 Input Pulse tipw 2 xtcyc — 12
Pulse Width—CB1 Input Clock ticw 2 x tcyc — 1
Pulse Spacing—PB6 Input Pulse tiPs 2 x tcyc — 12
Pulse Spacing—CB1 Input Pulse tics 2 x tcyc — LA
CA1, CB1 Set Up Prior to Transition to Arm Latch tAL 300 = nS 8
Peripheral Data Hold After CA1, CB1 Transition tPDH 150 — nS 8
== ' -
RS3 —8>| ACCESS INTERRUPT CONTROL f?:;&“ﬁngﬁ‘s‘) PORT PORTS
% —| CONTROL : :m‘:ié"l:}‘ e OUTPUT (ORA) BUFFERS DATA BUS
§2 % toaic (IER) o DATA DIRECTION(DDRA)| (PA)
$2 —p]
RW — - & CA2
FUNCTION CONTROL 9 HANDSHAKE CONTROL CA1
* PERIPHERAL (PCR) * PORTA
« AUXILIARY (ACR) « PORT B - oo
g & CB1
DATA<——> DATA
BUS BUS
BUFFERS
[TTMERT
* LATCHES TIL-H, SERIAL DATA -
© COUNTERS (TAC-H, SHIFT REGISTER (SR) |-
TiC-L)
TIMER 2 PORT B REGISTERS PORT
o LATCH (T2L-L) ::>- INPUT LATCH (IRB) <:§ B <:> PORT A
* COUNTERS (T2C-H, * QUTPUT (ORB) BUFFERS DATA BUS
T2C-L) o DATA DIRECTION(DDRB) (PB)

Figure 1. Functional Block Diagram
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Timing Diagrams: Measurement points 0.8.V and 2.0V unless otherwise specified.

tcve
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ADDRESS
CS,RS,ETC
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R/IW
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tPCR —mf

PERIPHERAL
DATA,
CA2,CB2

[~=—{CDR —= HR
DATA
BUS

Figure 2. Read Timing

- tPWH q [ tF
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TACW e —e! tcaw
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L
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Figure 3. Write Timing
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Figure 4. Read Handshake, Pulse Mode Timing (CA2)
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Timing Diagrams (Continued): Measurement points 0.8V and 2.0V unless otherwise specified.

= N\ ,

s

CA2 N\
“DATA TAKEN" K. /L

”w

1CA2 tRs2
/L
CAl /4
“DATA READY” /L
/s
ACTIVE
TRANSITION

Figure 5. Read Handshake, Handshake Mode Timing (CA2)

b2
WRITE ORA, ORB
OPERATION \
CA2,CB2
“DATA READY" | \k /

tos

tWHS —————e— tRS3—————e=]

Figure 6. Write Handshake, Puilse Mode Timing (CA2, CB2)

. ﬂ
_/

tWHS ———e=]

WRITE ORA, ORB
OPERATION /L

7

CA2,CB2 F
“DATA READY” 1 ! \ Q_/L-——_—-——/
DS

/L

PA,PB 7/
PERIPHERAL
DATA ,;/
[—t21 tRS4——e]
CA1,CB1 4
“DATA TAKEN" i

7

ACTIVE
TRANSITION

Figure 7. Write Handshake, Handshake Mode Timing (CA2, CB2)
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Timing Diagrams (Continued): Measurement points 0.8V and 2.0V unless otherwise specified.

PA, PB

PERIPHERAL

INPUT DATA

tiL ————s=—t—=—{PDH
CA1,CB1 2
INPUT LATCHING >§
CONTROL I~
AL ———y

ACTIVE
TRANSITION

Figure 8. Peripheral Data, Input Latching Timing

e L L1 7L
o

tsR1

cB1

(NPUTOR DN
X

OUTPUT)

DELAY TIME MEASURED FROM THE FIRST ¢2
FALLING EDGE AFTER CB1 FALLING EDGE

Figure 9. Data Shift Out, internal or External Shift Clock Timing

“ IIII_I'III[LII

CB1 \

SHIFT CLOCK { N\
(INPUT OR / /// fj SETUP TIME MEASURED TO THE FIRST ¢2
tsR3

OUTPUT) RISING EDGE AFTER CB1 RISING EDGE.

fre——

Figure 10. Data Shift In, Internal or External Shift Clock Timing

cB1 I(
SHIFT CLOCK" \_| "\
INPUT
| ) | |
Figure 11. External Shift Clock Timing
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Timing Diagrams (Continued): Measurement points 0.8V and 2.0V unless otherwise specified.

PB6

PULSE COUNT
INPUT
I | ) |
Figure 12. Pulse Count Input Timing
OPEN DRAIN
OUTPUT TEST LOAD
5.0V Voo
1.2K0 3KQ
PIN PIN
100 pF

1

Figure 13. Test Load

Signal Description

Reset (RES)

Reset (RES) clears all internal registers (except T1 and T2
counters and latches, and the Shift Register (SR)). In the RES
condition, all peripheral interface lines (PA and PB) are
placed in the input state. Also, the Timers (T1 and T2), SR
and interrupt logic are disabled from operation.

Input Clock (¢2)
The system ¢2 Input Clock controls all data transfers between
the G65SC22 and the microprocessor.

Read/Write (R/W)

The R/W signal is generated by the microprocessor and is
used to control the transfer of data between the G65SC22 and
the microprocessor. When R/W is in the high state (Logic 1)
and the chip is selected, data is transferred from the G65SC22
to the microprocessor (Read operation). Conversely, when
R/W is in the low state (Logic 0), data is transferred from the
processor to the selected G65SC22 register (Write operation).
Read/Write must always be preceded by a proper Chip Select
(CS1,CS2).

Data Bus (D0-D7)
The eight bidirectional Data Bus lines are used to transfer data
between the G65SC22 and the microprocessor. During a Read

operation, the contents of the selected G65SC22 internal reg-
ister are transferred to the microprocessor via the Data Bus
lines. During a Write operation, the Data Bus lines serve as
high impedance inputs over which data is transferred from the
microprocessor to a selected G65SC22 register. The Data Bus
lines are in the high impedance state when the G65SC22 is
unselected.

Chip Select (CS1, CS2)

Normally, the two Chip Select lines are connected to the
microprocessor address lines. This connection may be direct
or through decoding. To access a selected G65SC22 register,
CS1 must be high (Logic 1) and CS2 must be low (Logic 0).

Register Select (RS0-RS3)

The Register Select.inputs allow the microprocessor to select
one of 16 internal registers within the G65SC22. Refer to Table
1 for Register Select coding and a functional description.

Interrupt Request (IRQ)
The Interrupt Request (IRQ) output signal is generated
(Logic 0) whenever an internal Interrupt Flag bit is set (Logic
1) and the corresponding Interrupt Enable bit is a Logic 1.
The Interrupt Request output is an open-drain configuration,
thus allowing the IRQ signal to be wire-ORed to a common
microprocessor IRQ input line.

1-31




Microcircuits

G65SC22

Table 1. G65SC22 Internal Registers

Regist RS Coding Register Description
Number RS3 RS2 RS1 RSO Designation Write (R/W =0) Read (R/W=1)
0 0 0 0 0 ORB/IRB Output Register “B” Input Register “B”
1 0 0 0 1 ORA/IRA Output Register “A” Input Register “A”
2 0 0 1 0 DDRB Data Direction Register “B”
3 0 0 1 1 DDRA Data Direction Register “A”
4 0 1 0 0 T1C-L T1 Low-Order Latches T1 Low-Order Counter
5 0 1 0 1 T1C-H T1 High-Order Counter
6 0 1 1 0 T1L-L T1 Low-Order Latches
7 0 1 1 1 TiL-H T1 High-Order Latches
8 1 0 0 0 [Tec-L T2 Low-Order Latches [ T2Low-Order Counter
9 1 0 0 1 T2C-H T2 High-Order Counter
10 1 0 1 0 SR Shift Register
11 1 0 1 1 ACR Auxiliary Control Register
12 1 1 0 0 PCR Peripheral Control Register
13 1 1 0 1 IFR Interrupt Flag Register
14 1 1 1 0 IER Interrupt Enable Register
15 1 1 1 1 ORA/IRA Same As Reg 1 Except No “Handshake”

Peripheral Data Port A (PA0-PA7)

Peripheral Data Port A is an 8-line, bidirectional bus used for
the transfer of data, control and status information between
the G65SC22 and a peripheral device. Each Peripheral Data
Port bus line may be individually programmed as either an
input or output under control of a Data Direction Register.
Data flow direction may be selected on a line-by-line basis
with intermixed input and output lines within the same port.
When a “0” is written to any bit position of the Data Direction
Register, the corresponding line will be programmed as an
input. Likewise, when a “1” is written into any bit position of
the register, the corresponding data line will serve as an out-
put. Polarity of the data output is determined by the Output
Register, while input data may be latched into the Input Reg-
ister under control of the CA1 line. All modes are program
controlled by the microprocessor by way of the G65SC22’s
internal control registers. Each Peripheral Data Port line
represents one TTL load in the input mode and will drive one
standard TTL load in the output mode. A typical output cir-
cuit for Peripheral Data Port A is shown in Figure 14.

PIN
DATA

INPUT
Figure 14. Port A Buffer Circuit (PA0-PA7, CA2)

Peripheral Data Port A Control Lines (CA1, CA2)
Control lines CA1 and CA2 serve as interrupt inputs or hand-
shake outputs for Peripheral Data Port A. Each line controls
an internal Interrupt Flag with a corresponding Interrupt
Enable bit. CA1 also controls the latching of Input Data on
Port A. CA1 is a high impedance input, while CA2 represents
one standard TTL load in the input mode. In the output mode,
CA2 will drive one standard TTL load.

Peripheral Data Port B (PB0-PB7)

Peripheral Data Port B is an 8-line, bidirectional bus which is
controlled by an Output Register, Input Register and Data
Direction Register in a manner much the same as Data Port
A. With respect to Port B, the output signal on line PB7 may
be controlled by Timer 1 while Timer 2 may be programmed
to count pulses on the PB6 line. Port B lines represent one
standard TTL load in the input mode and will drive one TTL
load in the output mode. Port B lines are also capable of
sourcing 3.0 mA at 1.5 Vdc in the output mode. This allows
the outputs to directly drive Darlington transistor circuits. A
typical output circuit for Port B is shown in Figure 15.

PIN

DATA
INPUT
(OUTPUT MODE)

INPUT (INPUT MODE)

Figure 15. Port B Buffer Circuit
(PBO-PB7, CB1, CB2)

Peripheral Data Port B Control Lines (CB1, CB2)
Control lines CB1 and CB2 serve as interrupt inputs or hand-
shake outputs for Peripheral Data Port B. Like Port A, these
two control lines control an internal Interrupt Flag with a cor-
responding Interrupt Enable bit. These lines also serve as a
serial data port under control of the Shift Register (SR). Each
control line represents one standard TTL load in the input
mode and can drive one TTL load in the output mode. Note
that CB1 and CB2 cannot drive Darlington transistor circuits.
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Functional Description

Peripheral Data Ports (Port A, Port B)

Each Peripheral Data Port operates in conjunction with a
Data Direction Register (DDRA or DDRB). Under program
control, the Data Direction Registers specify which lines
within the port bus are to be designated as inputs or outputs.
A Logic 0 in any bit position of the register will cause the
corresponding line to serve as an input, while a Logic 1 will
cause the line to serve as an output.

When aline is programmed as an output, it is controlled by a
corresponding bit in the Output Register (ORA & ORB). A
Logic 1 in the Output Register will cause the corresponding
output line to go high, while a Logic 0 will cause the line to go
low. Under program control, data is written into the Output
Register bit positions corresponding to the output lines
which have been programmed as outputs. Should data be
written into bit positions corresponding to lines which have
been programmed as inputs, the output lines will be
unaffected.

When reading a Peripheral Data Port, the contents of the
corresponding Input Register (IRA or IRB) is transferred onto
the Data Bus. When the input latching feature is disabled,
Input Register A (IRA) will reflect the logic levels present on
the Port A bus lines. However, with input latching enabled
and the selected active transition on CA1 having occurred,
Input Register A will contain the data present on the Port A
bus lines at the time of the transition. In this case, once Input
Register A has been read, it will appear transparent, reflecting
the current state of the Port A bus lines until the next CA1
latching transition.

With respect to Input Register B, it operates similar to Input
Register A except that for those Port B bus lines which have
been programmed as outputs, there is a difference. When
reading Input Register A, the logic level on the bus line
determines whether a Logic 1 or 0 is sensed. However, when
reading Input Register B, the logic level stored in Output Reg-
ister B (ORB) is the logic level sensed. For this reason, those
outputs which have large loading effects may cause the read-
ing of Input Register A to result in the reading of a Logic 0
when a 1 was actually programmed, and reading a Logic 1
when a 0 was programmed. However, when reading Input
Register B, the logic level read will be correct, regardless of
loading on the particular bus line.

For information on formats and operation of the Peripheral
Data Port registers, refer to Figures 16, 17 and 18. It should be
noted that the input latching modes are controlled by the
Auxiliary Control Register (See Figure 24).

Data Transfer—Handshake Control

A powerful feature of the G65SC22 is its ability to provide
absolute control over data transfers between the micropro-
cessor and peripheral devices. This control is accomplished
by way of “handshake” lines. Port A lines (CA1, CA2) hand-
shake data transfers on both Read and Write operations,
while Port B lines (CB1, CB2) handshake data on Write oper-
ations only.

Read Handshake Control

Read Handshaking provides effective control of data
transfers from a peripheral device to the microprocessor. To
accomplish the Read Handshake, the peripheral device gen-
erates a Data Ready signal to the G65SC22 which indicates
valid data is present on the Peripheral Data Port bus. In most
cases, this Data Ready signal will interrupt the microproces-
sor, which will then read the data and generate a Data Taken
signal. Once the peripheral senses the Data Taken signal,
new data will be placed on the bus. This process continues
until the data transfer is complete.

Automatic Read Handshaking applies to Peripheral Data Port
A only. The Data Ready signal is transmitted by the peri-
pheral device over the CA1 interrupt line, while the Data
Taken signal is generated and transmitted to the peripheral
device over the CA2 line. When the Data Ready signal is
received, it sets an internal flag in the Interrupt Flag Register
(IFR). This flag may interrupt the microprocessor or it may be
polled under program control. As an option, the Data Taken
signal may be either a pulse or a level. In either case, it is set
low (Logic 0) by the microprocessor and is cleared by the
next Data Ready signal. Refer to Figure 19 for Read Hand-
shake timing and operating sequence.

Write Handshake Control

The Write Handshake operation is similar to Read Hand-
shaking. For Write Handshaking, however, the G65SC22 gener-
ates the Data Ready signal and the peripheral device must
generate the Data Taken return signal. Note that Write Hand-
shaking may occur on both Data Ports (A and B). For a Write
Handshake, CA2 or CB2 serve as the Data Ready output and
can operate in either the Handshake Mode or the Pulse Mode.
The Data Taken signal is received by CA1 or CB1. The Data
Taken signal sets a flag in the Interrupt Flag Register and
clears the Data Ready output signal. Refer to Figure 20 for
Write Handshake timing and operating sequence. Note that
the selection of Read or Write Handshake operating modes
(CA1, CA2, CB1and CB2) is accomplished by the Peripheral
Control Register (PCR). See Figure 21.
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REG 0—ORB/IRB [rTes]«]2]2]1]0]

PBO |
PB1

PB2 |  OUTPUT REGISTER “B” (ORB)
OR

PB3
pBa | INPUT REGISTER “B” (IRB)

PB4

PBS

PB6

PB7

PIN
DATA DIRECTION
SELECTION

WRITE

READ

DDRB="1" (OUTPUT)

MPU writes Output Level (ORB)

MPU reads output register bit in
ORB. Pin level has no effect

DDRB ="0" (INPUT)
(Input latching disabled)

DDRB ="0" (INPUT)
(Input latching enabled)

MPU writes into ORB, but no
effect on pin level, until DDRB
changed.

MPU reads input level on PB pin.

MPU reads IRB bit, which is the
level of the PB pin at the time of
the last CB1 active transition.

Figure 16. Output Register B (ORB), Input Register B (IRB)

REG1—ORA/IRA [7T6]s]4]3]2]1]0]

—_
PAO

PA1
PA2

PA3

PAS

PA6

PA7 |

pag [

OUTPUT REGISTER “A” (ORA)
OR
INPUT REGISTER “A” (IRA)

PIN
DATA DIRECTION
SELECTION

WRITE

READ

DDRA ="1" (OUTPUT)
(Input latching disabled)

DDRA ="1" (OUTPUT)
(Input latching enabled)

MPU writes Output Level (ORA)

MPU reads level on PA pin.

MPU reads IRA bit which is the
level of the PA pin at the time
of the last CA1 active transition.

DDRA ="0" (INPUT)
(Input latching disabled)

DDRA ="0" (INPUT)
(Input latching enabled)

MPU writes into ORA, but no
effect on pin level, until DDRA
changed.

MPU reads level on PA pin.

MPU reads IRA bit which is the
level of the PA pin at the time of
the last CA1 active transition.

Figure 17. Output Register A (ORA), Input Register A (IRA)

REG—DDRB AND REG 3—DDRA

Lrle]s[e]sf2]1]o]

[

PBO/PAOT

PB1/PA1
PB2/PA2
PB3/PA3
PB4/PA4
PBS/PAS
PB6/PA6

| DATA DIRECTION REGISTER
“B"OR"A" (DDRB/DDRA)

“0"ASSOCIATED PB/PA PIN IS AN INPUT (HIGH-IMPEDANCE)
“1"ASSOCIATED PB/PA PIN IS AN OUTPUT, WHOSE LEVEL IS

PB7/PA7

DETERMINED BY ORB/ORA REGISTER BIT.

Figure 18. Data Direction Registers (DDRB, DDRA)
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Sinlplpipfplipipininfainlinl

“DATA READY"
(CA1)

oz

iRQ OUTPUT

L

READ IRA OPERATION

)

“DATA TAKEN"

HANDSHAKE MODE
(CA2)

“DATA TAKEN"

PULSE MODE
(CA2)

| —

Figure 19. Read Handshake (Port A Only)

S [ U I I I I I O I

WRITE ORA, ORB
OPERATION

“DATA READY"
HANDSHAKE MODE
(CA2,CB2)

“DATA READY"

PULSE MODE
(CA2, CB2)

]

“DATA TAKEN"
(CA1,CB1)

Vi

iRG OUTPUT

:

Figure 20. Write Handshake (Ports A and B)

REG 12—PERIPHERAL CONTROL REGISTER

CB2 CONTROL -—]

o]

|765
L S S

BE
J |t

CA1INTERRUPT CONTROL

*See Note Accompanying Figure 37.

7 6 5 Operation 0 = Negative Active Edge|
0 0 Input-negative active edge 1 = Positive Active Edge
0 0 1 Independent interrupt input-
negative edge" CA2 CONTROL
0 1 0 Input-positive active edge 3 2 1 Operation
0 1 1 Independent interrupt input- 0 0 0 Input-negative active edge
positive edge* - -
0 0 1 Independent interrupt input-
1 0 0 | Handshake output negative edge*
1 0 1 | Pulseoutput 0 1 0 | Input-positive active edge
1 1 0 Low output 0 1 1 Independent interrupt input-
1 1 1 | High output positive edge*
1 0 0 Handshake output
CB1 INTERRUPT CONTROL 1 0 1 Pulse output
0 = Negative Active Edge 1 1 Y Low output
1 = Positive Active Edge 1 1 1 High output

Figure 21. CA1, CA2, CB1, CB2 Control
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Timer 1 Operation

Interval Timer T1 consists of two 8-bit latches and a 16-bit
counter. The latches serve to store data which is to be loaded
into the counter. Once the counter is loaded under program
control, it decrements at a Phase 2 (¢2) clock rate. Upon
reaching zero, an Interrupt Flag is set, causing Interrupt
Request (IRQ) to go low (Logic 0) if the corresponding Inter-
rupt Enable bit is set. Once the Timer reaches a count of zero,
it will either disable any further interrupts (provided it has
been programmed to do so), or it will automatically transfer
the contents of the latches into the counter and proceed to
decrement again. The counter may also be programmed to
invert the output signal on PB7 each time it reaches a count of
zero. Each of these counter modes is presented below. The
T1 counter format and operation is shown in Figure 22, with
corresponding latch format and operation in Figure 23.
Additional control bits are provided in the Auxiliary Control
Register (bits 6 and 7) to allow selection of Timer T1 operat-
ing modes. The four available modes are shown in Figure 24.

It should be noted that the microprocessor does not write
directly into the low-order counter (T1C-L). Instead, this half
of the counter is loaded automatically from the low-order
register when the microprocessor writes into the high-order
register and counter. In fact, it may not be necessary to write
to the low-order register in some applications since the timing
operation is triggered by writing to the high-order register
and counter.

Timer 1 One-Shot Mode

Interval Timer T1 may operate in the One-Shot Mode which
allows the generation of a single Interrupt Flag each time the
Timer is loaded. The Timer can also be programmed to pro-
duce asingle negative pulse on Data Port line PB7.

To generate a single interrupt, it is required that bits 6 and 7 of
the Auxiliary Control Register be low (Logic 0). The low-
order T1 counter (T1C-L) or the low-order T1 latch (T1L-L)
must then be loaded with the low-order count value. Note
that a load to T1C-L is effectively a load to T1L-L. Next, the
high-order count value must be loaded into the high-order T1
counter (T1C-H), at which time the value is simultaneously
loaded into high-order T1 latch (T1L-H). During this load
sequence, the contents of T1L-L is transferred to T1C-L. The
counter will start counting down on the next ¢2 clock follow-
ing the load sequence into T1C-H, and will decrement at the
¢2 clock rate. Once the T1 counter reaches a zero count, the
Interrupt Flag is set. To generate a negative pulse on Data Port
line PB7, the sequence is identical to the above except bit 7 of

the Auxiliary Control Register must be high (Logic 1). Data
Port line PB7 will then go low (Logic 0) following the load to
T1C-H, and will go high (Logic 1) again when the counter
reaches a zero count.

Once set, the T1 Interrupt Flag is reset by either loading
T1C-H, which starts a new count, or by reading T1C-L. Refer
to Figure 25 for One-Shot Mode timing information.

Timer 1 Free-Run Mode

An important advantage within the G65SC22 is the ability of
the latches associated with the T1 counter to provide a con-
tinuous series of evenly spaced interrupts or a square wave
on Data Port line PB7. It should also be noted that the contin-
uous series of interrupts and square waves are not affected
by variations in the microprocessor interrupt response time.
These advantages are all produced in the Free-Run Mode.
When operating in the Free-Run Mode, the Interrupt Flag is
set and the signal on PB7 is inverted each time the counter
reaches a count of zero. In the Free-Run Mode, however, the
counter does not continue to decrement after reaching a zero
count. Instead, the counter automatically transfers to contents
of the latch into the counter (16 bits) and then decrements
from the new count value. As can be seen, it is not necessary
to reload the timer in order to set the Interrupt Flag on the
next count of zero. When set, the Interrupt Flag can be
cleared by either reading T1C-L, by writing directly into the
Interrupt Flag Register (IFR) as will be discussed later, or by a
load into T1C-H when a new count value is desired.

Since the interval timers are all retriggerable, reloading the
counter will always reinitialize the time-out period. Should
the microprocessor continue to reload the counter before it
reaches zero, counter time-out can be prevented. Timer 1 is
able to operate in this manner provided the microprocessor
writes into the high-order counter (T1C-H). By loading the
latches only, the microprocessor can access the timer during
each count-down operation without affecting the time-out in
progress. In this way, data loaded into the latches will deter-
mine the length of the next subsequent time-out period. This
capability is of value in the Free-Run Mode with the output
enabled. In the Free-Run Mode, the signal on Data Port line
PB7 is inverted and the Interrupt Flag is set with each counter
time-out. When the microprocessor responds to the inter-
rupts with new data for the latches, it can determine the
period of the next half-cycle during each half-cycle of the
output signal on line PB7. In this way, complex waveforms
can be generated. Refer to Figure 26 for timing information
on the Free-Run Mode.

REG 4—TIMER 1 LOW-ORDER COUNTER

Clelsfefa]=]+]o]

COUNT

16| VALUE

128)

WRITE—8 bits loaded into T1 low-order latches. Latch contents
are transferred into low-order counter at the time the
high-order counter is loaded (Reg. 5).

READ—8 bits from T1 low-order counter transferred to MPU. In
addition, T1 interrupt flag is reset (bit 6 in interrupt flag
register).

REG 5—TIMER 1 HIGH-ORDER COUNTER

Ulefslefefz] o]

256 |
512
1024

2048| COUNT
4096| VALUE

8192

16384

32768

WRITE—8 bits loaded into T1 high-order latches. Also, at this
time both high and low-order latches transferred into
T1 counter, and initiates countdown. T1 interrupt flag
also is reset.

READ—S8 bits from T1 high-order counter transferred to MPU.

Figure 22. T1 Counter Format and Operation
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REG 6—TIMER 1 LOW-ORDER LATCHES REG 7—TIMER 1 HIGH-ORDER LATCHES
Lrlefsfefefz]]o] Llelslefsfo] o]
L-———— ] 256
2 512
4 t————————— 1024
R —
8| COUNT 2048 | COUNT
16| VALUE 4096 | VALUE
32 8192
64 16384
128 32768
pd -
WRITE—8 bits loaded into T1 low-order latches. This operation WRITE—8 bits loaded into T1 high-order latches. Unlike Reg. 4
is no different than a write into Reg. 4. operation no latch-to-counter transfers take place.
READ—8 bits from T1 low-order latches transferred to MPU. READ—8 bits from T1 high-order latches transferred to MPU.

Unlike Reg. 4 operation, this does not cause reset of
T1interrupt flag.

Figure 23. T1 Latch Format and Operation

REG 11—AUXILIARY CONTROL REGISTER

aoagngos

PA
LATCH ENABLE/DISABLE
L PB
T1TIMER CONTROL 0=Disable
1=Enable Latching
7 6 Operation PB7
0 0 Timed interrupt each time
T1is loaded Disabled
0 1 Continuous interrupts SHIFT REGISTER CONTROL
1 0 Timed interrupt each time One shot -
T1is loaded output 4] 3 1 2 | Operation
1 1 Continuous interrupts Square wave 0 0 0 Disabled
output 0 0 1 Shift in under control of T2
0 1 0 Shift in under control of $2
T2 TIMER CONTROL 0 1 1 Shift in under control of 'ext. clk.
1 0 0 Shift out free-running at T2 rate
5 | Operation 1 0 1 Shift out under control of T2
0 | Timed interrupt 1 1 0 Shift out under control of ¢2
1 | Countdown with pulses on PB6 1 1 1 Shift out under control of ext. clk.

Figure 24. Auxiliary Control Register Format and Operation
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WRITE T1C-H
OPERATION

/L

"
/4

iRQ OUTPUT

PB7 OUTPUT
(T1, ONLY)

7

T1COUNT N |

|~ |

|

/L
4

| FFlFFl | N-1 | N-2 |

T2 COUNT N

| wa | wa | |

| FF]FF l FFFE | FFFD | FFFC |

N+1.5CYCLES

Figure 25. One-Shot Mode (Timer 1 and Timer 2)

S I [ I I I I I I

WRITE T1C-H
OPERATION

r

/A

s
/4

s

iRQ OUTPUT

PB7 OUTPUT I

£

./

_J

Vi
4

|

i'— N+15 CYCLES——-I——N +2 CVCLESH

Note: A precaution to take in the use of PB7 as the timer output

the Data Dii for PB7. Both DDRB bit 7

and ACR bit 7 must be 1 for PB7 to function as the timer output. If either is a 0, then PB7 ﬁmcllom as a normal output pin, controlied by

ORB bit7.

Figure 26. Free-Run Mode (Timer 1)

Timer 2 Operation

Timer 2 operates in the One-Shot Mode only (as an interval
timer), or as a pulse counter for counting negative puises on
Data Port line PB6. A single control bit within the Auxiliary
Control Register is used to select between these two modes.
Timer 2 is made up of a write-only low-order latch (T2L-L), a
read-only low-order counter (T2C-L), and a read/write high-
order counter (T2C-H). This 16-bit counter decrements at a
@2 clock rate. Refer to Figure 27 for T2 counter format and
operation.

Timer 2 One-Shot Mode

Operation of Timer 2 in the One-Shot Mode is similar to
Timer 1. That is, for each load T2C-H operation, Timer 2 sets
the Interrupt Flag for each countdown to zero. However, after
a time-out, the T2 counters roll over to all 1s (FFFF16) and
continue to decrement. This two’'s complement decrement
allows the user to determine how long the T2 Interrupt Flag
has been set. Since the Interrupt Flag logic is disabled
after-the initial interrupt set (zero count), further interrupts
cannot be set by a subsequent count to zero. To enable the
Interrupt Flag logic, the microprocessor must reload T2C-H.
The Interrupt Flag is cleared by either reading T2C-L or by
loading T2C-H. Refer to Figure 25 for timing information on
the One-Shot Mode.

Timer 2 Pulse Counting Mode

In the Pulse Counting Mode, Timer 2 counts a predetermined
number of negative-going pulses on Data Port line PB6. To
accomplish this, a count number is loaded into T2C-H, which
clears the Interrupt Flag logic and starts the counter to -
decrement each time a negative pulse is applied to Data Port
line PB6. When the T2 counter reaches a count of zero, the
Interrupt Flag is set and the counter continues to decrement
with each pulse on PB6. To enable the Interrupt Flag for sub-
sequent countdowns, it is necessary to reload T2C-H. The
decrement pulse on line PB6 must be low (Logic 0) during
the leading edge of the ¢2 clock. Refer to Figure 28 for timing
information.

Shift Register Operation

The Shift Register performs bidirectional serial data transfers
on line CB2. These transfers are controlled by an internal
modulo-8 counter. Shift pulses can be applied to the CB1 line
from an external source, or (with proper mode selection) shift
pulses may be generated internally which will appear on the
CBt1 line for controlling external devices. Each Shift Register
operating mode is controlled by control bits within the Auxil-
iary Control Register. Refer to Figure 29 for format and con-
trol bit information. Also refer to Figures 30 through 36 for
operation of the various Shift Register modes.
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REG 8—TIMER 2L

L lels]e]e

OW-0

2 |1

RDER COUNTER
o]
L -

SN
'
8
16
32
64
128

L COUNT
VALUE

WRITE—8 bits loaded into T2 low-order latches.

READ—8 bits from T2 low-order counter transferred to MPU.
T2 interrupt flag is reset.

REG 9—TIMER

[ToT]

2HIG
312

H-ORDER COUNTER
1]0

L

256
512

1024
2048
4096
8192
16384
32768

WRITE—8 bits loaded into T2 high-order counter. Also, low-
order latches transferred to low-order counter. In addi-
tion, T2 interrrupt flag is reset.

READ—8 bits from T2 high-order counter transferred to MPU.

|_COUNT
VALUE

Figure 27. T2 Counter Format and Operation

A
L] L1 LI
iRQ OUTPUT l

N | N-1 |

N-2

//zl 1|

Figure 28. Pulse Counting Mode (Timer 2)

Shift Register Input Modes

Shift Register Disabled (000)—In the 000 mode, the Shift
Register is disabled from all operation. The microprocessor
can read or write the Shift Register, but shifting is disabled
and both CB1 and CB2 are controlled by bits in the Peri-
pheral Control Register (PCR). The Shift Register Interrupt
Flag is held low (disabled).

Shift In—Counter T2 Control (001)—In this mode, the
shifting rate is controlled by the low order eight bits of
counter T2. Shift pulses are generated on the CB1 line to
control shifting in external devices. The time between transi-
tions of the CB1 output clock is determined by the ¢2 clock
period and the contents of the low-order T2 latch (N). Shift-
ing occurs by writing or reading the Shift Register. Data is
shifted into the low-order bit first, and is then shifted into the
next higher order bit on the negative-going edge of each
clock pulse. Input data should change before the positive-
going edge of the CB1 clock pulse. This data is then shifted
into the Shift Register during the ¢2 clock cycle following
the positive-going edge of the CB1 clock pulse. After eight
CB1 clock pulses, the Shift Register Interrupt Flag will set
and IRQ will go low (Logic 0). Refer to Figure 30.

Shift In—¢2 Clock Control (010)—In this mode, the shift
rate is controlled by the ¢2 clock frequency. Shift pulses are
generated on the CB1 line to control shifting in external
devices. Timer 2 operates as an independent interval timer
and has no influence on the Shift Register. Shifting occurs
by reading or writing the Shift Register. Data is shifted into
the low order bit first, and is then shifted into the next higher
order bit on the trailing edge of the ¢2 clock pulse. After
eight clock pulses, the Shift Register Interrupt Flag will be set,
and output clock pulses on the CB1 line will stop. Refer
to Figure 31.

Shift In—External CB1 Clock Control (011)—in this mode,
CB1 serves as an input to the Shift Register. In this way, an
external device can load the Shift Register at its own pace.
The Shift Register counter will interrupt the microprocessor
after each eight bits have been shifted in. The Shift Register
counter does not stop the shifting operation. Its function is
simply that of a pulse counter. Reading or writing the Shift
Register resets the Interrupt Flag and initializes the counter
to count another eight pulses. Note that data is shifted
during the first 2 clock cycle following the positive-going
edge of the CB1 shift pulse. For this reason, data must be
held stable during the first full cycle following CB1 going
high. Refer to Figure 32.
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REG 10—SHIFT REGISTER REG 11—AUXILIARY CONTROL REGISTER
lelelefof2] o] Cles]fs[2]"]e]
hn
| T
L J
SHI
L AEGISTER SHIFT REGISTER
BITS MODE CONTROL
4 3 2 Operation
0 0 0 Disabled
- 0 0 1 | Shiftin under control of T2

0 1 0 Shiftin under control of ¢2
0 1 1 Shift in under control of ext. clk

Notes: 1 0 0 Shift out free-running at T2 rate

1. When shifting out, bit 7 is the first bit out and simultaneously is 1 0 1 Shift out under control of T2

rotated back into bit 0. N
2. When shifting in, bits initially enter bit 0 and are shifted towards ! ! 0 Sh!ft out under control of ¢2
bit 7. 1 1 1 Shift out under control of ext. clk.
Figure 29. Shift Register and Auxiliary Control Register Control Bits
|
| « JUTIUUUUIiuriuiivriiiiiiguug
WRITE OR READ
SHIFT REG I_I v/
N+2CYCLES N+2 P
CB1OUTPUT CYCLES /a
SHIFT CLOCK 1 2 | | 1__3_]

A L U R U
o L

Figure 30. Shift In—Counter T2 Control

o« AR AR AL TR
OPERATION [ !
o, LML

oara  zzpzzzrrioX s Xa XS X a X X Xa X Xz

Figure 31. Shift In—¢2 Clock Control
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Figure 32. Shift In—External CB1 Clock Control

Shift Register Output Modes

Shift Out—Free Running at T2 Rate (100)—This mode is
similar to mode 101 in which the shifting rate is determined
by T2. However, in mode 100 the Shift Register Counter
does not stop the shifting operation. Since Shift Register bit
7 (SR7) is recirculated back into bit 0, the eight bits loaded
into the Shift Register will be clocked onto the CB2 line
repetitively. In this mode, the Shift Register Counter is dis-
abled and IRQ is never set. Refer to Figure 33.

Shift Out—T2 Control (101)—In this mode, the shift rate is
controlled by T2 (as in mode 100). However, with each read
or write of the Shift Register, the Shift Register Counter is
reset and eight bits are shifted onto the CB2 line. At the
same time, eight shift pulses are placed on the CB1 line to
control shifting in external devices. After the eight shift

pulses, the shifting is disabled, the Interrupt Flag is set, and
CB2 will remain at the last data level. Refer to Figure 34.

Shift Out—¢2 Clock Control (110)—In this mode, the shift
rate is controlled by the system ¢2 Clock. Refer to Figure 35.

Shift Out—External CB1 Clock Control (111)—In this mode,
shifting is controlled by external pulses applied to the CB1
line. The Shift Register Counter sets the Interrupt Flag for
each eight-pulse count, but does not disable the shifting func-
tion. Each time the microprocessor reads or writes the Shift
Register, the Interrupt Flag is reset and the counter is
initialized to begin counting the next eight pulses on the
CBi1 line. After eight shift pulses, the Interrupt Flag is set.
The microprocessor can then load the Shift Register with
the next eight bits of data. Refer to Figure 36.

s JUUNUUUUUUUUUUUUUIUIUUUUU U UUTiUUgL

WRITE SR
OPERATION M l

N+2 CYCLES N+2 CYCLES P
CB10UTPUT ' 7/
SHIFT CLOCK ! 2 3 4 8 9

JAL

CB20UTPUT
DATA W‘X’J“]‘"//x‘x‘

Figure 33. Shift Out—Free Running T2 Rate
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CLOCK
[1]

WRITE SR
OPERATION

N+2 CYCLES

CB1OUTPUT
SHIFT CLOCK

|

N+2 CYCLES |
2

CB20OUTPUT
DATA

AN, A

iRQ

Figure 34. Shift Out—T2 Control

o LML LY

= | |
OPERATION I —
g 28 E e (P e P 0 62
™ 7227777777776 7 X X X/ X7 X s
iRQ
Figure 35. Shift Out—¢2 Control
uaininipinipigigigigigigigigigigigips
orenamon 1 |
CB1INPUT Wﬁ_ _L.I——
SHIFT CLOCK
szonT 2 ) 1 X X
iRQ
Figure 36. Shift Out—External CB1 Clock Control
Interrupt Operation

There are three basic interrupt operations, including: setting
the interrupt flag within the interrupt Flag Register (IFR),
enabling the interrupt by way of a corresponding bit in the
Interrupt Enable Register (IER), and signaling the micro-
processor with an Interrupt Request (IRQ). An Interrupt Flag
can be set by conditions internal to the chip or by inputs to
the chip from external sources. Normally, an Interrupt Flag
will remain set until the interrupt is serviced. To determine
the source of an interrupt, the microprocessor must examine
each flag in order, from highest to lowest priority. This is
accomplished by reading the contents of the Interrupt Flag
Register into the microprocessor accumulator, shifting the
contents either left or right and then using conditional branch
instructions to detect an active interrupt. Each Interrupt Flag

has a corresponding Interrupt Enable bit in the Interrupt
Enable Register. The enable bits are controlled by the micro-
processor (set or reset). If an Interrupt Flag is high (Logic 1),
and the corresponding Interrupt Enable bit is high (Logic 1),
the Interrupt Request (TRQ) will go low (Logic 0). is an
open-collector output which can be wire-ORed with other
devices within the system.

All Interrupt Flags are contained within a single Interrupt Flag
Register. Bit 7 of this register will be high (Logic 1) whenever
an Interrupt Flag is set, thus allowing convenient polling of
several devices within a system to determine the source of the
interrupt.
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The Interrupt Flag Register (IFR) and Interrupt Enable Regis-
ter (IER) format and operation is shown in Figures 37 and 38
respectively. The Interrupt Flag Register may be read directly
by the microprocessor, and individual flag bits may be
cleared by writing a “1” into the appropriate bit of the IFR. Bit
7 of the IFR indicates the status of the Interrupt Request
(IRQ) output. Bit 7 corresponds to the following logic func-
tion: IRQ = IFR6 x IER6 + IFR5 x IER5 + IFR4 x IER4 + IFR3 x
IER3 + IFR2 x IER2 + IFR1 x IER1 + IFRO x IERO. Note: x =
Logic AND, +=Logic OR.

Bit 7 is not a flag. For this reason, bit 7 is not directly cleared
by writing a “1” into its bit position. It can be cleared, how-
ever, by clearing all the flags within the register, or by dis-
abling all active interrupts as presented in the next section.
Each Interrupt Flag within the IFR has a corresponding ena-
ble bit in the Interrupt Enable Register (IER). The micropro-
cessor can set or clear selected bits within the IER. This

allows the control of individual interrupts without affecting
others. To set or clear a particular Interrupt Enable bit, the
microprocessor must write to address 1110 (IER address).
During this write operation, if bit 7 on the Data Bus is a “0",
each “1” in bits 6 thru 0 will clear the corresponding bit in the
Interrupt Enable Register. For each “0” in bits 6 thru 0, the
corresponding bit in the IER will be unaffected.

Setting selected bits in the IER is accomplished by writing to
the same address with bit 7 on the Data Bus setto a “1”. In
this case, each “1” in bits 6 thru O will set the corresponding
bitto a“1"”. For each ““0”, the corresponding bit will be unaf-
fected. This method of controlling the bits in the Interrupt
Enable Register allows convenient user control of interrupts
during system operation. The microprocessor can also read
the contents of the IER by placing the proper address on the
Register Select and Chip Select inputs with the R/W line high.
Bit7 willbereadas a “1".

REG 13—INTERRUPT FLAG REGISTER

Lfels]e]e]2] fo]

CA2
CA1
SHIFT REG ——
L cB2
—CB1
L_TIMER 2
L-TIMER 1
L-IrRQ

SET BY CLEARED BY
CA2 active edge | Read or write
Reg. 1 (ORA)*
CAT1 active edge | Read or write
Reg. 1 (ORA)
Complete 8 shifts| Read or write
Shift Reg.
CB2 active edge | Read or write ORB"
CB1 active edge | Read or write ORB
Time-out of T2 Read T2 low or write
T2 high
Time-out of T1 Read T1 low or write
T1 high
Any enabled Clear all interrupts
interrupt

*If the CA2/CB2 control in the PCR is selected as “independent” interrupt input, then
reading or writing the output register ORA/ORB will not clear the flag bit. Instead, the
bit must be cleared by writing into the IFR, as described previously.

Figure 37. Interrupt Flag Register (IFR)

REG 14—INTERRUPT ENABLE REGIS

lefe]«fe]]]o]
| —

Notes:

TER

CA2
CA1
SHIFT REG
cB2

cB1

TIMER 2
TIMER 1
SET/CLEAR

0= INTERRUPT DISABLED

1=INTERRUPT ENABLED

1. Ifbit 7 is a “0”, then each “1” in bits 0-6 disables the corresponding interrupt.
2. Ifbit7 isa“1”, then each “1” in bits 0-6 enables the corresponding interrupt.
3. If aread of this register is done, bit 7 will be “1” and all other bits will reflect their

enable/disable state.

Figure 38. interrupt Enable Register (IER)
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Pin Function Table
Pin Description Pin Description
D0-D7 DataBus Cs1,Cs2 Chip Select
PAO-PA7 Peripheral I/0 Port A RSO0-RS3 Register Select
PBO-PB7 Peripheral 1/0 Port B CA1, CA2| Peripheral A Control Lines
@2 Phase 2 Internal Clock CB1, CB2| Peripheral B Control Lines
RES Reset Vop  |Positive Power Supply (+5V)
R/W Read/Write Vss Internal Logic Ground
iRQ Interrupt Request
Pin Configuration

vssC 1 w0 [IcAt $ 293228322353
=N s Flons §dszdfsseee
PA1 3 38 RS0 @w e o - 3T
PA2 4 37 JRs1 [ ]
PA3 5 36 [IRS2 PAS | 7 39| RS3
PA4 6 35 CIRs3 PAG
PAS 7 34 [JRES 38 [NC
PAG s 3300 Pa7 | 9 37 | RES
PA7 9 ngm PBO | 10 36 | Do
PBO OG“SCZZ" D2
N 1

PB1 11 0o3 c so
pe2 312 2006 PB1 | 12 G65SC22 4| D2
P83 13 2805 PB2 | 13 33| NC
PB4 1 27Jos PB3 | 14 32| D3
Pes 15 2607
s ot 2502 PB4 |15 31| s
P77 24cst PB5 | 16 0| D5
cB1]18 23pcs2 PB6 | 17 29| D6
cB2]19 2R/W
voo (20 21jiRa 222 3838 8 8

N e N2 0B NS

§3822RzlRass

Ordering Information
G 658C22 P | -2
Description

C—Special G—Standard
Product Identification Number

Package

P—Plastic E—Leaded Chip Carrier
C—Ceramic L—Leadless Chip Carrier
D—Cerdip X—Dice

Temperature/Processing

None— 0°Cto+70°C,*+5%P
|—-40°C to +85°C, + 5% P.

Performance Designator

.S. Tol. S— 0°Cto+70°C,+10%P.S. Tol.
S. Tol W— -40°C to +85°C, £ 10% P.S. Tol.

Designators selected for speed and power specifications.

—1 1MHz —3 3MHz
—2 2MHz —4 4MHz




GTE G65SC32

Microcircuits
CMOS RAM, I/0, Timer

Features General Description
e CMOS process technology for low power The G65SC32 is a programmable RAM, I/O, Timer device for
consumption use with the G65SCXXX series 8-bit microprocessor family.

The G65SC32 includes functions for programmed control of
up to two peripheral devices (Port A and Port B). These

Fully compatible with NMOS 6532 devices

e Bus compatible with 6500 and 6800 microprocessors functions include:
. e 128 X 8 bit static RAM for microprocessor scratch pad
® Low power consumption (2 mA at 1 MHz) activity.
o 128 X 8 bit static RAM * Two program controlled 8-bit bidirectional Data Ports for
direct interfacing between the microprocessor and selected
e Two 8-bit bidirectional peripheral data ports peripheral units.

Two programmable Data Direction Registers (A and B) for
data direction control at each peripheral Data Port.

Two programmable Data Direction Registers

e Programmable Edge Sense Interrupt function e A programmable Interrupt Timer with interrupt timing
. X . . capability in intervals ranging from 1 to 262,144 clock
e Interrupt Timer with programmable interrupt intervals periods.
e Peripheral 1/0 Port B allows direct transistor drive . Edge—de(ect intef(upt circuitry for interrupt generation on
. active edge transitions.
® High impedance three-state Data Bus The G65SC32 offers the many advantages of GTE's leading
. edge CMOS technology, i.e., increased noise immunity, higher

Q:i:?gi‘ﬁ g‘IL‘Z:O(-:pm duakin-tine package reliability, and greatly reduced power consumption.

Block Diagram

I !

RES —— o
R/W ————]
DEVICE 128 % 8 DIRECRON outePuT PERIPHERAL o e
—
@2 CONTROL SyAnC REGISTER REGISTER BUFFER | PORT A
cst——— A A P W
[ A———
D°<—|—>
DATA A i /
| s INTERNAL BUS I
or<a—L— \ | ) | \
40—
PBO
DATA PERIPHERAL
U | e | [ | ] e || oo || e || e T
26 | g, DECODER ONTR TIMER REGISTER 5 BUFFER 8
B [
[ J— P87

_ I
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Absolute Maximum Ratings: (Note 1)

Rating Symbol Value
Supply Voltage Voo -0.3V to +7.0V
Input/Output Voltage VIN -0.3V to Voo + 0.3V
Operating Temperature TA -40°C to +85°C
Storage Temperature Ts -55°C to +150°C

This device contains input protection against damage due to
high static voltages or electric fields; however, precautions
should be taken to avoid application of voltages higher than
the maximum rating.

Notes:

1. Exceeding these rating may cause permanent damage,
functional operation under these conditions is not implied.

DC Characteristics: VDD = 5.0V + 5%, Vss = 0V, Ta = -40°C to +85° C Industrial, 0°C to +70°C Commercial

Parameter Symbol Min. Max. Unit
Input High Voltage VIH 20 VoD +0.3 \
Input Low Voltage ViL -0.3 0.8 \)
Input Leakage Current (VIN=0toVoD), IN +1.0 HA
Input Only Pins, A0-A6, ¢2, CS1, CS2, R/W, RES, RS)
Three-State, Leakage Current (VIN = 0.4 to 2.4V), ITs| +10.0 kA
D0-D7, IRQ
Input High Current (ViH = 2.4V), Peripheral Inputs with Pullups, hH -200 rA
PA0-PA7, PB0-PB7
Input Low Current (ViL = 0.4V), Peripheral Inputs with Pullups, e 1.6 mA
PA0-PA7, PBO-PB7
Output Low Voltage (loL =3.2 mA), VoL 0.4 V'
DO0-D7, PA0O-PA7, PB0-PB7, IRQ
Output High Voltage (IoH = -200 uA), VOH 24 \"
DO0-D7, PA0O-PA7, PBO-PB7, IRQ
Output High Current (Sourcing) loH -3.0 mA
(VOH = 1.5V, Direct Transistor Drive), PB0-PB7
Supply Current f=1MHz [s]5] 2.0 mA
(No Load) f=2MHz ([s]»] 4.0 mA
f=3MHz IbD 6.0 mA
f=4MHz Ioo 8.0 mA
Power Dissipation (Inputs = Vss or Voo, No Loads),
Operating (VDD = 5.25V, f =1 MHz) PD 110 mwW
Standby (Static) PDsB 100 uW
Input Capacitance (f = 1 MHz) CIN 5.0 pF
Output Capacitance (f = 1 MHz) Cout 10.0 pF
AC Characteristics—Processor Interface Timing: Vop = 5.0V + 5%, Vss = 0V, TA =-40°C to +85°C
e o h
Industrial, 0°Cto +70°C Commercial G65SC32-1 | G65SC32-2 | G65SC32-3 | G65SC32-4
Parameter Symbol | Min Max Min Max Min Max Min Max | Unit
Cycle Time tcyc 1000 — 500 — 330 — 250 — nS
Phase 2 Pulse Width High tPWH 470 — 240 — 160 — 120 — nS
Phase 2 Pulse Width Low tPwL 470 — 240 - 160 - 120 - nS
Phase 2 Transition tRF —_ 30 — 30 - 30 - 30 nS
Read Timing (Figure 1)
Select, R/W Setup tACR 160 — 90 — 65 — 45 —_ nS
Select, R/W Hold tCAR 0 — 0 — 0 — 0 — nS
Data Bus Delay tCOR — 320 — 190 — 130 - 90 nS
Data Bus Hold tHR 10 — 10 — 10 — 10 — nS
Peripheral Data Setup tPCR 300 — 150 - 110 -_— 75 - nS
Write Timing (Figure 2)
Select R/W Setup tacw 160 — 90 - 65 — 45 — nS
Select, R/W Hold tcaw 0 — 0 — 0 — 0 — nS
Data Bus Setup tocw 195 — 90 — 65 — 45 — nS
Data Bus Hold tHW 10 — 10 — 10 — 10 — nS
Peripheral Data Delay (PortA) tcPw — 1000 — 500 — 330 — 320 nS
(Port B) — 1000 — 500 — 330 — 250
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Timing Diagrams

tcyc
tR ——e—] P (PWH f—— tF
20V 20V
"2 0.8V A /| kosv

—.__.__.pr__...

WUCR = — ftCAR
ADDRESS 7/ 20V 20V
CS.RS,ETC 0.8V 08V

RIW 20v
PCR —ami
PERIPHERAL 20V
DATA / 08V
[~=—{COR —=— {HR
DATA 20V 20V
8US 0.8V 0.8V
Figure 1. Read Timing
| teve
1R p—————{PWH pe— {F
’2 20V 20V
0.8V 0.8V A o8V

tACW e ——a {CAW

ADDRESS 20V 20V

CS.RS,ETC 08V 0.8V

RIwW 0.8V 08V

pea——{CPW
PERIPHERAL 7 / 20V
DATA 7 08V
DCW —e=i tHw

w7200 % e ey

Figure 2. Write Timing

Test Load

OPEN DRAIN
OUTPUT TEST LOAD

Voo

PIN
3KQ

1

PIN

100 pF
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Interface Signals

Input Clock (¢2)
The Input Clock consists of a system ¢2 clock source. This
clock can be either alow level clock (V). <0.4,V|4>2.4)ora

high level clock (VIL <0.2, V)4 = Vpp * 0.3 “or” Vpp - 0.2).

Reset (RES) .

During system initialization a Logic “0” on the RES input will
cause all four 1/0 registers to be zeroed. This in turn will
cause all lines within the 1/0 bus to serve as inputs. This
arrangement protects external components from possible
damage and/or erroneous data being written during system
configuration under software control. Also, the Data Bus
Buffers are placed in an Off-State during any RES. Interrupt
capability is disabled during RES. The REg signal must be
held low for a minimum of one clock period during a RES
function.

Interrupt Request (IRQ)

The IRQ output signal is derived from the Interrupt Control Logic,
andis normally in the high state (Logic “1”). When in the low state
(Logic"“0"), IRQindicates an interrupt exists within the G65SC32.
This interrupt output may be activated (Logic “0”) by a logical
transition on line PA7 of peripheral I/O Bus A, or by timeout of the
Interval Timer. Interrupt Request is an open-drain output, thus
allowing several units to be wire-ORed to a common micropro-
cessor IRQ input pin.

Data Bus (D0-D7)

The G65SC32 contains eight bidirectional data lines (D0-D7) for
transfer of data to and from the microprocessor. The Data Buffer
is active during a Read operation, and is held in the Off-State
during all other operations.

Read/Write (R/W)

The R/W signal is generated by the microprocessor and is
used to control the transfer of data to and from the G65SC32.
When R/Wi is in the high state (Logic “1”), the microproces-
sor is allowed to read data from the G65SC32. Conversely,
when R/Wisin the low state (Logic “0"), the microprocessor
may write data to the G65SC32. Read/Write functions must
always be preceded by proper addressing.

Peripheral Data Ports (PA0-PA7 and PB0-PB7)

The G65SC32 contains two 8-bit peripheral I/0 Ports...Port
A (lines PA0O-PA7) and Port B (lines PB0-PB7). An important
feature of the G65SC32 is that each peripheral portbus line is
individually programmable as either an input or an output.
Data flow direction may be selected on a line-by-line basis
with intermixed input and output lines within the same port.
This feature is accomplished by the Data Direction Registers.
When a “0” is written to any bit position of the Data Direction
Register (DDRA or DDRB), the corresponding line will be
programmed as an input. Likewise, when a “1” is written into
any bit position of DDRA or DDRB, the corresponding data
line will serve as an output.

When an I/0 Port line has been programmed as an input and
its Output Register (ORA or ORB) is read by the micropro-
cessor, the TTL level on the I/0 Port line will be transferred to
the Data Bus (D0-D7). When programmed as outputs, the I/0
Port lines will reflect data as written by the microprocessor
into the Output Registers. I/0 Port line PA7 also serves an
Edge Sense Interrupt function as described in the following
sections.

Address and Select Lines (A0-A6, RS, CS1 and CS2)
Address lines A0-A6 serve to address the RAM, I/0O Regis-

ters, Timer and Flag Register. CS1and CS2 are used to select
(enable access to) the G65SC32.

Functional Description

In reference to the Block Diagram on page one, the G65SC32
is shown to consist of four basic functions; that is, RAM, I/0,
Timer and Interrupt Control. RAM interfaces directly with the
microprocessor by way of the Data Bus and Address Lines.
The peripheral I/0 functions consist of two 8-bit I/0 Ports.
Each port is supported by a Data Direction Register and an
Output Register.

RAM (128 Bytes, 1024 Bits)

Within the G65SC32 is a 128 X 8 bit static RAM. This RAM is
used as a scratch pad or special data buffer, and is addressed
by A0-A6 (Byte Select), RS, CS1 and CS2.

Peripheral I/0 Port Registers

The peripheral I/0 Port Registers consist of two Data Direc-
tion Registers and two data Output Registers. The Data
Direction Register (A and B) controls the direction of data
into and out of the peripheral I/0 Ports as described under
the Peripheral Data Ports Section above. The voltage level on
any I/0 Port line which has been programmed as an output,
is determined by the corresponding bit in the Output Regis-
ter (ORA or ORB).

During a peripheral Read operation over I/0 Port A, data is
read directly from the I/O Port bus (PAO-PA7). During this
Read operation, should a particular PA line be programmed
as an output, data transferred into the microprocessor will be
identical to the corresponding data in Output Register A
providing that line loading is such that the line voltage is >
2.4 voltsforaLogic “1”,and < 0.4 volts fora Logic “0”. Under
severe loading conditions where these voltage limits cannot
be guaranteed, the resulting Read operation may not match
the contents of Output Register A.

The output buffer which services I/0 Port B (PB0-PB7) is
different from the buffers for I/0 Port A. The buffers for Port
B are push-pull devices capable of sourcing 3 mA at 1.5 volts.
This allows these lines to directly drive transistor circuits. To
ensure valid data will be read during a peripheral Read oper-
ation, I/0 Port B contains logic which allows the micropro-
cessor to read the contents of Output Register B instead of
reading directly from the Port B data bus.

Interval Timer

Figure 3shows the three basic functions of the Interval Timer
section. These functions include: a preliminary divide-down
register, a programmable 8-bit register, and all necessary
interrupt logic.

R/W PA7 A3 D7D6DSD4DID2D1D0  R/W Al A0
INTERRUPT PROGRAMMABLE 0 DIVIDE
1RG <— ‘conTroL [ REGISTER DowN [®—¢2

i

\
07 D6

DS D4 D3 D2 D1 DO

Figure 3. Basic Functions of Interval Timer
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The Interval Timer can be programmed to count up to 256
time intervals. Each time interval can be selected as 1T, 8T,
64T, or 1024T increments, where T is the system clock (¢2)
period. When a full interval count has been reached, the
interrupt flag is set to the Logic “1” state. Once the flag has
been set, the internal clock starts counting down at a 1T rate
to a maximum count of -255T. This arrangement allows the
user to read the counter and thus determine the elapsed time
since the interrupt was set.

The G65SC32's internal Data Bus is used to transfer data to
and from the Interval Timer. Forexample, if acount of 52 time
intervals is desired, the pattern 00110100 would be puton the
Data Bus and written into the Interval Time Register. During
the time when data is being written into the Interval Timer,
timing intervals 1,8,64 and 1024T are decoded from address
lines A0 and A1. During Read and Write operations, address
line A3 controls the interrupt capability of IRQ. Thatis, when
A3=1, IRQ is enabled. When A3=0, IRQ is disabled. In either
case, when timeout occurs, bit 7 of the Interrupt Flag Regis-
teris set. This flag is cleared when the Timer register is either
read to or written from by the microprocessor. When IRQ is
enabled by A3 and an interrupt occurs, IRQ will go low.
Should the Timer be read prior to the interrupt flag being set,
the number of remaining time intervals will be read, i.e., 51,
50, 49, etc.

Once the Timer has counted down to 00000000, an interrupt
will occur on the next count time which will result in the
Timer reading 11111111. Following the interrupt, the Timer
registers decrements at a divide by “1” rate of the clock
system. After interrupt, should the Timer read a value of
11100100, then the time since the last interrapt is 28T. The
value read is in two’s complement as follows:

Value read = 11100100
Complement = 00011011
Add 1 =00011100 = 28T (28 ¢2 clock periods)

Thus, to arrive at the total elapsed time since the Timer count
was originally program set, simply perform a two's comple-
ment of the Timer value and add this to the original time value
written into the Timer. For example, assume the original time
written was 00110100 (=52). With a divide-by-8T, total time to
interrupt would be (52 X 8) + 1 = 417T. In this case, total
elapsed time would then be 416T + 28T = 444T, assuming the
value read after interrupt was 11100100.

Following an interrupt, whenever the Timer is read or written
the interrupt is reset. However, should the Timer be read at
the same time the interrupt occurs, the interrupt flag will not
reset. Figure 4 is an example of Timer Interrupt Timing.

® (ONNO)
421N 0 1 2 3 21 214 415 416 500| 50
WRITE T _ﬁ
iRQ
S

Figure 4. Timer Interrupt Timing

-

. Data written into Interval Timers: 00110100 = 5219
2. Data in Interval Timer: 000110100 = 2519
ie., 52 - 2%§ -1=52-26-1=25

3. Data in Interval Timer: 00000000 = 019
e 52- ié§ -1=52-51-1=0

4. Interrupt occurred at ¢2 clock pulse number 416
Data in Interval Timer = 11111111

5. Data in Interval Timer: 10101100
Two’s complement: 01010100 = 8419
Therefore, 84 + (52 x 8) = 50019

When reading the timer following an interrupt, address line
A3 must be low such that IRQ will be disabled. This proce-
dure prevents future interrupts until a future Write operation
has occurred.

Interrupt Flag Register

The Interrupt Flag Register consists of two bits ... the Timer
interrupt flag (bit 7) and the PA7 Edge Sense Interrupt flag
(bit ). Whenever a Read operation is performed on the
Interrupt Flag Register, the two bits are transferred to the
microprocessor viathe internal Data Bus. Figure 5 shows the
Interrupt Flag Register bit configuration.

1
wgr
PA7 FLAG
TIMER FLAG

Figure 5. Interrupt Flag Register

It should be noted that the PA7 flag is cleared when the
Interrupt Flag Registeris read. Also, the Timer flag is cleared
when the Timer is either read or written.

Addressing

The G65SC32 is addressed by way of the 7-bit Address Bus
(A0-AS6), the RS input, and the two Chip Selectinputs (CS1and
C52). To address the RAM, CS1 must be high with CS2and RS
both low. To address the I/0 and Interval Timer, CS1 and RS
must be high with CS2 low. It is apparent that in order to ac-
cess the G65SC32 device, CS1 must be high and CS2 must be
low. The RS input is used to distinguish between the RAM and
the 1/0 — Interval Timer Sections. When RS is low, RAM is
addressed. When RS is high, the I/0 — Interval Timer Section
is addressed. To distinguish between Interval Timer and 1/0,
address line A2 is used. With A2 high, the Interval Timer is
accessed. With A2 low, the |/O registers are accessed. Table 1
provides addressing requirements for the G65SC32.
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Edge Sense iInterrupt

In addition to its use as a peripheral I/O line, PA7 can also
function as an Edge Sense Interrupt input. In the interrupt
mode, an active transition on line PA7 will set the in-
ternal interrupt flag (bit 6 of the Interrupt Flag Register). When
this occurs, providing the PA7 interrupt has been enabled, the
IRQ output will go low.

Control of the PA7 edge detection logic is accomplished by a
Write operation to one of four addresses. The data lines for this
Write operation are “don’t care” and the addresses to be used
can be found in Table 1.

Setting the internal interrupt flag by an active transition on PA7
is always enabled, independent of whether PA7 is set up as an
input or output by the Data Direction Register.

The Reset signal (RES) will disable the PA7 interruptand at the -

same time set the active transition logic to the negative edge-
detect state. During the RES operation, the interrupt flag may

be set by a negative transition of PA7. This being the case, it
may therefore be necessary to clear the interrupt flag prior to
being enabled for its normal use as an edge detecting input.
This special Reset can be achieved by reading the Interrupt
Flag Register.

1/0 Register—Timer Addressing

Table 1 provides the address decoding for all internal functions
and Timer programming. Address line A2 distinguishes the
1/0 registers from the Timer. When A2 is low and RS is high,
the 1/0 registers are addressed. Once the 1/O registers are
addressed, address lines A1 and AO may be used to address
the desired register.

With A2 high and RS high, the Timer is selected, and address
lines A1 and A0 are available to decode the “divide-by” matrix
as defined in Table 1. Address line A3 is used to enable the
interrupt flag to the IRQ output.

Address Decoding
Table 1. G65SC32 Address Decoding
Operation RS R/W A4 A3 A2 Al A0
Write RAM 0 0 - — - — —
Read RAM 0 1 — — — — —
Write Output Reg A 1 0 — — 0 0 0
Read Output Reg A 1 1 - — 0 0 0
Write DDRA 1 0 — — 0 0 1
Read DDRA 1 1 — — 0 0 1
Write Output Reg B 1 0 - —_ 0 1 0
Read Output Reg B 1 1 - — 0 1 0
Write DDRB 1 0 — — 0 1 1
Read DDRB 1 1 - - 0 1 1
Write Timer
+1T 1 0 1 (a) 1 0 0
+8T 1 0 1 (a) 1 0 1
+ 64T 1 0 1 (a) 1 1 0
+1024T 1 0 1 (a) 1 1 1
Read Timer 1 1 —_ (a) 1 —_ 0
Read Interrupt Flag 1 1 —_ —_ 1 —_ 1
Write Edge Detect Control 1 0 0 — 1 (b) (c)

Notes: — = Don't Care, “1” = High Level (= 2.4V), “0” =
(a) A3 =0 to Disable Interrupt from Timer to iRQ
A3 = 1 to Enable Interrupt from Timer to IRQ
(b) A1 =0 to Disable Interrupt from PA7 to iIRQ
A1 =1to Enable Interrupt from PA7 to IRQ
(c) AO =0 for Negative Edge-Detect
A0 = 1 for Positive Edge-Detect

Low Level (< 0.4V)
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Application Diagram

ROM/EPROM

PERIPHERAL
G65SC32 A

PROGRAMMABLE RAM, I/0, TIMER DEVICE

MICROPROCESSOR * RAM (128 x 8)
G65SC02 PERIPHERAL 1/0 BUS (2)

.
© DATA DIRECTION CONTROL
.
.

INTERRUPT LOGIC
INTERVAL TIMER <:> PERIPHERAL
B

1-51



Microcircuits

G65SC32

Pin Function Table

A0-A6 Address Bus RS Function Select
DO-D7 Data Bus R/W Read/Write
PAO-PA7 Peripheral /0 Port A RES Reset
PBO-PB7 Peripheral I/0O Port B iRQ Interrupt
@2 Phase 2 Internal Clock Voo Power Supply (+5V)
CS1/CS2 Device Select Vss Internal Logic Ground
Pin Configuration
- N
$aegzzdexBRe
g:g /omvn«;:gg;
[Jcs1 -
:% NC | 7 39 | R/W
RS Al |8 38 | RES
égﬁf? a |9 a7 | oo
i PR0 | 10 36| o1
101 PA1 | 11 35 | D2
Gesscaz’! (202 PAZ | 12 G655C32 ol Bt
30 o3 Pa3 | 13 33 | D4
D4
s PA4 | 14 32| Ds
e PAS | 15 31| D6
g% PaG | 16 % | o7
- PBO NC | 17 29 | IR@
[ PB1
I PB2 22 g R IR I L EKE
[ PB3 P
FE88eEERE
Ordering Information
G 65sC32 P | 2
Description
C—Special G—Standard
Product Identification Number
Package
P—Plastic E—Leaded Chip Carrier
C—Ceramic L—Leadless Chip Carrier
D—Cerdip X—Dice
Temperature/Processing
None— 0°Cto +70°C,+5%P.S. Tol. S— 0°Cto+70°C,+10%P.S. Tol.
|—-40°C to +85°C, + 5% P.S. Tol. W— -40°C to +85°C, + 10% P.S. Tol.
Performance Designator

Designators selected for speed and power specifications

—1 1MHz —3 3MHz
—2 2MHz —4 4 MHz
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GTE G65SC37

Microcircuits
CMOS Timing and Keyboard/Display Interface (TKDI)

Features General Description
® Advanced CMOS design for low power consumption GTE Microcircuits’ G65SC37 Timing and Keyboard/Display
o Comprehensive Keyboard/Display Interface within a single Interface (TKDI) circuit provides a highly versatile interface
chip between a keyboard and/or display unit and any 6500 or 6800
o Interface compatible with any 6500 or 6800 series series microprocessor. The G65SC37 is manufactured using
microprocessor GTE's Advanced CMOS technology for low power consump-
® Internal Keyscanner and Display RAM tion and precise data handling. The G65SC37 is a multifunction
® Automatically scans and stores the status of up to 64 device. It provides automatic scanning of a matrix of up to 64
keys or switches keys or switches, storing the status of each key into an internal
® Provides multiplex matrix drive for up to 64 display Keyboard RAM. An internal Display RAM allows multiplex driv-
indicators (LEDs) ing for an array of up to 64 display LED indicators. Internal
® Internally generated Real Time Clock, 10-Millisecond Interrupt Control Logic provides for the polling and servicing
Interrupt and 1-Second Watch Dog Timer signals of up to three external interrupts, plus an internal Real Time
® Provides detection, enabling, polling and servicing of up Clock interrupt. Internally generated timing signals consist of
to three external interrupt signals a Real Time Clock, 10-Millisecond Interrupt and a One-Second
® Single +5 volt power supply Watch-Dog Timer. A pin-select input clock feature allows the
® Available in 68 pin PLCC package TKDI to operate from an external input clock frequency of either

1 MHz or 2.048 MHz. For new and future system designs. the
G65SC37 TKDI is the ideal single-chip solution for keyboard/
display applications.

Block Diagram

*2 CLOCK MULTIPLEXER 3708 :> SEErNT
—»| GENERATOR & > DECODER SCNO-SCN1
LOGIC CONTROL RAM
ADDRESS
FREQ SEL ——-——J
WDT =
INTERNAL DATA BUS DISPLAY
DB0-DB7 ). > 3-STATE : ) : Y 3-STATE :“ > DSPO-DSP7
o < LATCH : ;': LATCH
— ¢ 8 ‘::')
ADO, AD1 Q
_ < -
oy > e g KEVSC:NNER L T
__ z Q
— = |  DISPLA 4
W % § DRIVERV o
2 —>1 o LOGIC I +
RES — >

RD = 3-STATE K : KEYSCAN K 3-STATE K KYBO-KYB7

o= LATCH RAM LATCH
-
- B X8
INTERO -
INTERRUPT
INTER1 L CONTROL

INTER2 Loaic

\

IRQ == I

ADVAN C E l N Fo R MAT I 0 N This is advanced information and specifications
are subject to change without notice.
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GTE G65SC51

Microcircuits

CMOS Asynchronous Communications Interface Adapter

Features General Description

® CMOS process technology for low power consumption The GTE G65SC51 is an Asynchronous Communications

® 15 programmable baud rates (50 to 19,200 baud) Interface Adapter which offers many versatile features for inter-

e External 16X clock input for nonstandard baud rates to facing 6500/6800 microprocessors to serial communication
125,000 baud data sets and modems. The G65SC51's most significant feature

e Programmable interrupt and status registers is its internal baud rate generator, allowing programmable

® Full-duplex or half-duplex operating modes baud rate selection from 50 to 19,200 baud. This full range of

® Selectable 5, 6, 7, 8 or 9 bit transmission rates baud rates is derived from a single standard 1.8432 MHz exter-

® Programmable word length, parity generation and detection, nal crystal. For non-standard baud rates up to 125,000 baud, an
and number of stop bits external 16X clock inputis provided. In addition to its powerful

® Programmable parity options—odd, even, none, mark communications control features, the G65SC51 offers the
or space advantages of GTE's leading edge CMOS technology, i.e.,

® Includes data set and modem control signals increased noise immunity, higher reliablity, and greatly

® Faise start bit detection reduced<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>