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Microcircuits

CMOS G65SCXXX 8-Bit Microprocessor Family

Features

* CMOS family that is compatible with NMOS 6500 series
microprocessors

* Uses single +5 volt power supply

* | ow power consumption (4mA @ 1 MHz) allows battery-powered
operation

* Enhanced instruction set: 27 additional op codes encompassing

eight new instructions enhance software performance compared

to existing NMOS 6500 microprocessor instruction set

—64 microprocessors instuctions '

—178 operational codes

—15 addressing modes

65K-byte addressable memory

1,2, 3, 4, 5 or 6 MHz operation

Choice of external or on-board clock generator operation

On-board clock generator/oscillator can be driven by an external

single-phase clock input, an RC network, or a crystal circuit

Advanced memory access timing (#4) on selected versions

Early address valid aliows use with slower memories

Early write data for dynamic memories

8-bit parallel processing

Decimal and binary arithmetic

Pipeline architecture

Programmable stack pointer

Variable length stack

interrupt capability

Non-maskable interrupt

8-bit bidirectional data bus

“Ready"” input (for single cycle execution)

Direct memory access capability

Bus compatible with M6800

Available on selected versions, a memory iock output and bus

enable input signals simplify multiprocessor designs
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Table i. G65SCXXX Family Microprocessor Capabilities

General Description

The G6SSCXXX 8-bit microprocessor family is manufactured using the
state-of-the-art silicon gate CMOS process. The G65SC02 and G65SC12
devices are pin-to-pin compatible with NMOS versions of the 6500 cur-
rently on the market. The G65SC102 and G65SC112 devices include
several enhancements not available with other designs. All of the micro-
processors are software compatible and provide 65K bytes of memory
addressing and two interrupt inputs. All are bus compatibie with MC6800
products. . .
As shown in Table !, the G655C02, G65SC102 and G65SC112 ciock
generator circuit may be driven by an external crystal (Figure 2a), an RC
network (Figure 2b) or by an external clock source. The G65SC12
requires an external clock source and is intended for multiprocessor appli-
cations where maximum timing control is necessary. The three family
members with on-chip oscitlators are intended for high performance, iow
cost operations where singte phase inputs, crystals, or RC inputs provide
the time base.

All of the microprocessors in the GE5SCXXX family are pin-to-pin com-
patible with the NMOS 6500 microprocessors offered by several other
manufacturers. However, the use of the leading-edge CMOS process
technoiogy ensures several software or programming enhancements not
available to users fo the NMOS 6500. The enhancements include two
additiona! addressing modes, an expanded microprocessor instruction
set (from 56 to 64 instructions), and expanded operational codes (from
151 to 178). In addition, a series of operational enhancements are pro-
vided which materially improve the effective use of the microprocessor.
These enhancements are explained in Table V of the section of this data
sheet devoted to system software and programming. This series of micro-
cessors provides the user an architecture and instruction set with which
he is basically familiar (6502), the several operational enhancements
notwithstanding, pius all of the advantages of leading edge CMOS tech-
nology; i.e., increased noise immunity, higher reliability, and greatly
reduced power consumption.

ON-BOARD EXTERNAL
ADDRESSABLE CLOCK CLOCK ADVANCED

ITEM PART DIP MEMORY OSCILLATOR  GENERATOR MEMORY — - -
NO. NUMBER PINS (BYTES) (SEE NOTE) REQUIRED ACCESS(o4) IRQ NMI SO DBE BE SYNC RDY ML RES

1 GE5SC02 40 65K . . . . . . .

2 G65SC12 40 65K . . 4 . 4 . .

3 G65SC102 40 65K . b . . . 4 . . . .

4 GE5SC112 40 65K . . 3 . . . . . Py
NOTE: These Gdevices can operate in any of the following ciock generation modes 1 External crystai 2 Extemal RC network 3 ¢0(IN) from extemnal ciock source
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General Description (Continued)

in addition to enhanced software programming, the use of CMOS proc- lator, increasing the available access time (tACC) by approximately 25%.
essing also allows several hardware enhancements that are not available All versions of the GESSCXXX microprocessor family are availabie in
to users of the NMOS 6500 products. These hardware enhancements plastic, ceramic, cerdip. or leadiess chip carrier packaging. All versions
are listed and explained in Table II. are available in 1, 2, 3, 4, 5 and 6 MHz maximum operating frequencies.

The G65SC102 offers the advantage of an on-board divide-by-four oscil-

Absolute Maximum Ratings: (Note 1)

This device contains input protection against damage due 10 high static

Rating Symbol Value Unit voltages or electric fields; however, precautions should be taken to avoid
Supply Voltage Voo -0.310+7.0 v application of voltages higher than the maximum rating.
Input Voltage VIN -0.310 Voo +0.3 v Notes:
- : 1. Exceeding these ratings may result in permanent damage. Functional
Operating Temperature Ta -40 10 +85 C operation under these conditions is not implied.
Storage Temperature Ts -55t0 +150 °C

DC Characteristics: Voo =5.0V=5%, Vss=0V, Ta= —40°C to +85°C Industrial, 0° 1o + 70°C Commercial

Parameter Symbol Min Max Unit
input High Voltage
@O(IN), CLK (IN) ViH 24 Voo +0.3 \Y
@2 (IN) — Voo -0.2 Voo +0.3 v
RES, NMI, RDY, IRQ, Data, SO, DBE, BE 2.0 Voo +0.3 Vv
input Low voitage
@0, (IN), CLK (IN) - -03 0.4 v
81 (N) _ -03 0.2 v
RES, NM!, RDY, IRQ, Data, SO, DBE, BE -03 08 v
input Leakage Current (ViIN = 0 to VoD)
RES, NMI, RDY, IRQ, SO, DBE, BE (Intemal Pull-Up). "
CLK (IN) {102] 1.0/-100 nA
@2 (IN), ¢0 (IN), CLK (IN) [02, 12, 112) +=1.0 HA
Three-State Leakage Current
Address, Data, R'W Irsi =10.0 A
Output High Voltage (lon= — 100 kA, Vo0 =4.75V)
SYNC, Data, A0O-A15, R'W VoH 24 -_ v
Output Low Volage (lo.= 1.6 mA, Voo =4.5V)
SYNC, Data, AO-A15, R'W vou - 04 v
Supply Current {=1 MHz loo - 4
(No Load) (=2 MHz 8
f=3 MH2z 12
f=4 MHz 16
Standby Power Dissipation (¢2 = Viv, Inputs = Vss or VDD Psay 50.0 uw
Qutputs Unicaded)
Capacitance (ViN=0, Ta=25°C, f= 1 MHz oF
Logic, ¢O(IFQ_. CLK (IN) CiN - 10
AO0-A15, R/W Data (Three-State) Crs - 15
@2 (IN) C2(IN) - 40
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AC Characteristics, G655C02, G65SC12, G65SC112: Voo = 5.0V = 5%. Ta = —40° C to +85° Industrial.
0° C to +70°C Commercial

1 MHz 2 MHz 3 MHz 4 MHZz 5 MH2 6 MHz
Parameter Symbol Min Max Min Max Min Max Min Max Min Max Min Max | Unit
Delay Time, &0 (IN) to ¢2 (OUT) togo -_ 40 —_ 40 _— 40 - 40 -_ 35 -_— 30 nS
Delay Time, &2 (IN) to ¢2 (OUT) toge - 35 -_— 35 -_ 35 — 35 -— 35 —_ 30 nS
Delay Time, ¢1 (OUT) to ¢2 (OUT) too1 - 50 -— 50 —_ 50 - 50 — 35 - 30 NS
Delay Time, 62 (OUT) 10 OSC(OUT)| wosc { — | 50 | — | 80 | — | s0 | — | 50 | — | 3 | — | 30 |ns
Cycle Time teve 1.0 DC |05 | DC | 033 | OC {025 DC | 020 | DC 0167 DC | uS
Clock Puise Width Low trw (d2L) | 430 | 10000 | 210 | 10000 | 150 | 10000 | 100 | 10000 { 90 10000 | 80 10000 | nS
Clock Pulse Width High trw (¢2H) | 450 —_ 220 - 160 — 110 _ 85 -— 75 —_ nS
Fall Time, Rise Time tF, tR - 25 - 20 - 15 - 12 - 10 — 10 nS
Address Hold Time tAm 15 _ 15 —-— 15 - 15 —_ 5 - 5 _ nS
Address Setup Time taDs - 125 -— 100 - 85 -_ 70 - 60 - 55 nS
Access Time tace 775 _ 340 -— 200 -_ 140 -— 110 - 85 _ nS
Read Data Hold Time tOHR 10 — 10 — 10 - 10 - 5 - 5 —_ nS
Read Data Setup Time tDSR 100 -~ 60 - 40 - 30 - 27 - 25 - nS
Write Data Delay Time twps - 175 —_ 100 _ 75 _ 55 - 50 —_ 45 nS
Write Data Hold Time toHw 30 - 30 —_ 30 - 30 - 15 — 15 —_ nS
SYNC, ML Setup Time tsvou | — | 125 | — [ w00 | — s | — | 70 | — 60 | — 55 | nS
SYNC, ML Hold Time tsvw, TMi| 10 | — 10 - 10| — 10 | — 5 - 5 — |ns
S0 Setup Time ts0 75 - 50 - 35 — 25 | — 22 — 20 — | ns
Processor Control Setup Time tPsC 200 —_ 110 - 80 —_ 60 - 55 - 50 - nS
AC Characteristics, G65SC102: Voo = 5.0V =5%. Ta = —40° C to =85° C Industrial, 0° C to =70° C Commercial
1 MH2 2 MH2 3 MHz 4 MHz 5 MHz 6 MHz

Parameter Symbol Min Max Min Max Min Max Min Max Min Max Min Max | Unit
Delay Time, CLK (IN) to ¢2 (OUT)} tCLK —_— 75 —_— 75 -_ 75 — 75 - 60 _ S0 nS
Delay Time, OSC (OUT) to 62 (OUT) | toosc | — 70 | — 7 | — 70 | — | 0| — 55 | — 4 | n
Cycle Time tcye 1.0 DC 0.50 DC 0.33 DC 0.25 DC 0.20 DC | 0.167 DC uS
Clock Pulse Width Low tew (¢2L) | 430 | 10000 | 210 | 10000 ] 150 | 10000 100 | 10000 | 90 10000 | 80 10000 | nS
Clock Pulse Width High tPw (d2H) | 450 —_ 220 - 160 - 110 -—_— 85 -— 75 —_ nS
Fall Time, Rise Time L _ 25 —_— 20 - 15 -_ 12 - 10 - 10 nS
Delay Time, ¢2 (OUT) to ¢4 (OUT) tavs —_ 250 _ 126 - 83 - €3 - 52 _ 42 nS
Address Valid to ¢4 (OUT) tAde 100 - 25 — 16 -_— 12 -_ 8 —_ 5 _ nS
Address Hold Time M 15 -— 15 - 15 —_ 15 - 10 - 10 -— nS
Access Time tace 775 - 340 -— 200 —_— 140 - 110 —_ 85 —_ nS
Read Data Hold Time toHRA 10 - 10 - 10 - 10 - 5 - 5 — ns
Read Data Setup Time tOSR 100 - 60 — 40 -— 30 - 27 - 25 - nS
Write Data Hoid Time tOHW 30 —_ 30 -_ 30 -— 30 - 15 _ 15 -_ nS
Write Data Delay Time toods —_ 200 —_ 110 - 85 -— 65 - 50 - 45 nS
SYNC, ML Setup Time tsvvme | — {128 | — 100 | — | 88 § — | 70 | — 80 | — 55 | nS
SYNC, ML Hold Time sy, tm | 10 | — 10| — 10 | — 10 | - 5 - 5 — | ns
SO Setup Time ts0 7% | — | 50| — | 3| ~ |25 —|2|—-}2]| |
Processor Control Setup Time trcs 200 -— 110 -— 80 - 80 - 55 - 50 — nS
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TIMING DIAGRAM:

G65SC02
G65SC12
G65SC112

a0 (IN) j

[——!Dd

@2 (IN) j

[=>— 1Da2

o1 (0UT)

OSC (ouT) )t
iy toosc

o2(0UT) \N

pem— Do

teve

e R

Pw e21) X

trw (e2n)

N—
——l ta0s .
ADDR, R/W >f‘ g
} v v ] town
+ DA !
K—|
— ™wos e ) } tonw
WRITE DATA S £
L/
—— sy ] tsYM
SYNC &
—— ML —— ——— LN
« X
— —— e PCS
ROY.iRG ;
130 jem—
$O 3

TIMING DIAGRAM:
G65SC102

Notes

1 Load = 100 pF

CLK (IN}
pea—- tOCLK

e2(0UT) NC e ‘m//t o \\
— —t — —n )
o w— N
ADDR, R/W ;%:w — ==
//////////A//////////ﬁ";}@
WRITE DATA ______D——'-ﬁ_’i:{- ; — p—
sYNC — >£“' — ‘5(—“"
_ S —] [a— e
. X
RODY. IR N
NWI, RES X
SO T

2 Voltage levels shown are Vi = 0.4 V. Vm > 2 4 V. unless otherwise specified.
3. Measurement points shown are 0.8 V and 2.0 V. uniess otherwise specified.
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TIMING DIAGRAM:

90 (IN)
G65SC02 j( —w /

GessC12

G655C112 2N —'—j
pue— 1002

o1 (0UT) \

pem— D1

Oosc (ouT) )1 \
o toosc

pe— R
tPw (a2}
o2 (0UT) \ ‘:’_—hldn 4

—  lADS
ADDR, R/W >f‘

-

i tona
P — e

—____\ —— ™oe ety } tonw
WRITE DATA > 4
— tsv —— tSYM
SYNC
—-  im —a— ——— LN
" l

RDY.IRQ
NI RES ><

TIMING DIAGRAM:

G655C 102 CLK (IN) W
poma— tDCLK

o]  — tDOSC
tcve

D —————m— )
2 (OUT) \ ey A

N

i LAVS ——ad
o4 (OUT) 4 \
-]
- —— ———— tAM
ADDR, R/W % &
, tacc —— tone
[ L .
READ DATA 7 7 ¥
—_— |
o] D0 4 ! ] tonw

WRITE DATA i

—— tsv
SYNC )i

1
ol

——=!  twL e et
T8
_ ———] e tPCS
RDY. iRG
NMI, RES
e 1$0 jm—
so

Notes' 1 {oad = 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. uniess otherwise specified.
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Functional Description (Continued)

Index Registers
There are two 8-bit index registers (X and Y}, which may be used to count
program steps or to provide an index value to be used in generating an
etfective 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 10 performing the desired opera-
tion. Pre- or post-indexing of ingirect 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 [RQ). The stack allows simple implementation of nested subroutines
and muitipie level interrupts.

Processor Status Register

The B-bit processor status register contains seven status flags. Some of
the flags are controlied 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/W. 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 1o disable the buffers.

Clock In (CLK (IN))

The 6SSC10X Series is supplied with aninternal clock generator operating
atfourtimes the ¢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 1s the butfered clock input to the internal clock generator on the
G6E5SCOX series. Clock outputs ¢1(OUT) and $2(OUT)are derived from
this signal.

Phase 2 In (¢2(IN))

This is the unbutfered clock input to the internal clock generator on the
G65SC1X and G65SC11X series. The clock output, #2(0UT), is derived
from this signal.

Data Bus Enable (DBE)

This TTL-compatible input aliows external control of the three-state data
output buffers. In normal operation, DBE would be driven by the phase
two (62) 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 gata bus used for
data exchanges 10 and from the device and peripherals. The outputs are
three-state buffers capable of driving one TTL ioad 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

©2000 California Micro Devices Corp. All rights reserved.

the interrupt flag in the processor status register is zero, the current in-
struction is compieted 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 so that no
further interrupts may occur. Atthe end of this cycle, the prograr counter
low will be loaded from address FFFE, and program counter high from
location FFFF. transferring program control to the memory vector located
at these 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 (NMl)

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 currentinstruction is completed and the interrupt
sequence begins during ¢1. The program counter is loaded with the
interrupt vector from locations FFFA (low byte) angd 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 Qut (1(OUT)) _
This inverted 2(OUT) signal provides timing for external R/W operations.

Phase 2 Out (¢2(0OUT))

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

Phase 4 Out (04(OUT))
This signal is delayed by tavs from ¢2(OUT). The address output is valid
prior to the rising edge of »4(0OUT).
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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 hait the microprocessor
with the output address lines reflecting the current address being fetched.
This condition will remain through a subsequent phase two (¢2) tn 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 i$ 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 inttializa-
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 1s cleared and the program counter is
ioaded with the restart vector from locations FFFC (low byte) and FFFD
(high byte). This is the start location for program control. Thus input
should be high in normal operation.

Read/Write (R/W)

This signalis 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
valig data frggw the microprocessor to be stored at the addressed memory
location. R/W is set to the high impedance state by BE

Set Overtlow (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 o1

Synchronize (SYNC)

This output line is provided to identity 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
cycie. If the RDY line is pulled iow during the ¢1 clock pulse 1n 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 ¢0 (IN) J] } -
SR1 [ xi
c2
OSC(OUT) or 41 (OUT) - I 2]

C1, C2 = S51pF
R1 200K (not required for G65SC102)
1MHz

X1

Figure 2(a). Crystal Circuit for
internal Oscillator

c
s2(0uT) —]
SO(IN)
R
$1(0UT)

Suggested RC network configuration
for internal oscillator.

1 MHz operation at VoD = 5.0V:
C = 56pF
R=56K!
Figure 2(b). RC Circuit for
internal Oscillator

Table 1I. Microprocessor Hardware Enhancements

Function

NMOS 6500

GB5SCXXX 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 probiems.

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

Fitteen addressing modes are available to the user of the GTE GESSCXXX
tamily 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 iow 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 aliows 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-
cantincrease in code efficiency

Absolute Indexed Addressing

Absolute indexed addressing 1S useg in conjunction with X and Y index
register and is referrec to as "Absotute, X,” and "Absolute, ¥." The effective
address 1s 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
reterencing and the index to modity 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 ang 1s referred to as “Zero Page. X" or “Zero Page. Y.” The etfective
address is calculated by adding the second byte to the contents of the
index register. Since this1s 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

Relative Addressing
Relative addressing is used only with branch instruction; it establishes
2 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 iow order eight bits of the
eflective 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 resuit 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 usually referred to as indirect. Y. The second
byte of the instruction points to a memory iocation 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
1s always zero. The contents of the fully specified memory location is the
iow order byte of the effective address. The next memory focation 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 etfective address.
The next memory location contains the high order byte of the effective
address which i1s loaded into the 16 bits of the program counter.

not occur
7 0 NIV [8]o]1]Z]C] PROCESSOR STATUS
[ A 1 ACCUMULATOR A LREG P
E Y J: INDEX REGISTER Y | — g::g: 1 :ngggfr
, e S L s R
r PCH : ; PCL Jo PROGRAM COUNTER PC - — gc.é &?35‘1":"% agn'x
1] S —_ ] STACK POINTERS NEGATIVE 1 = NEG.

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

ADC Add Memory to Accumulator with Carry LDY Load index Y with Memory
AND “AND” Memory with Accumulator LSR  Shitt One Bt Right
ASL  Shuft 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
8IT  Test Memory Bits with Accumulator ® PHX Push Index X on Stack
BMI  Branch on Result Minus ® PHY Push index Y on Stack
BNE Branch on Result Not Zero PLA  Pull Accumulator trom Stack
BPL  Branch on Result Pius PLP  Pull Processor Status from Stack
® BRA Branch Always ® PLX Pullingex X from Stack
BRK Force Break ® PLY  Pultindex Y trom Stack
BvC Branch on Overtiow Clear ROL Rotate One Bt Left
BVS Branch on Overflow Set ROR  Rotate One Bit Right
CLC Clear Carry Flag RTI  Return trom Interrupt
CLD Ciear Decimal Mode RTS  Return from Subroutine
(18] Clear interrupt Disabie Bit SBC Subtract Memory from Accumulator with Borrow
CLV  Clear Overtiow Flag SEC SetCarry Flag
CMP  Compare Memory and Accumulator SED  Set Decimal Mode
CPX Compare Memory ang Index X SEI  Setinterrupt Disable Bit
CPY Compare Memory ang Index Y STA  Store Accumutator in Memory
DEC Decrement by One STX  Store incex X 1n Memory
DEX Decrement Index X by One STY Store index Y in Memory
DEY Decrement Ingex Y by One @ STZ Store Zero in Memory
EOR “Exclusive-or” Memory with Accumulator TAX  Transfer Accumulator 1o 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 Test and Set Memory Bits with Accumulator
JMP  Jump to New Location TSX  Transter Stack Pointer to Index X
JSR  Jump to New Location Saving Return Address TXA Transfer index X t¢ Accumutator
LDA  Load Accumuiator with Memory TXS  Transfer Index X to Stack Pointer
LDX Load index X with Memory TYA  Transfer Index Y to Accumutator
Note L ] = New Instruction
LSO
MSD 0 1 2 3 S 6 7 8 D € F
0 BRK ORA ORA ASL PHP ORA 0
ind, X 2pg zZpg abs
1 BFL ORA ] ORA ASL cLe ORA 1
rel ind. Y zpg. X | zpg. X abs. X
2 JSR AND AND ROL PLP AND 2
abs ind, X zpg 2pg abs
3 BMI AND AND ROL SEC AND 3
rel ingd. Y ) 2pg. X | zpg. X abs. X
4 RTI EOR EOR LSR PHA EOR 4
ind. X 2pg 2pg abs
5 |8vc | EOR |iEOR EOR | LSR cu EOR 5
rel ind, Y feind. 2pg. X | 2pg. X abs. X
6 RTS ADC ADC ROR PLA ADC [
ind, X pg zpg abs
7 | Bvs | ADC [:ADC. ADC | ROR SE! ADC 7
rel ing.Y liiand T 2pg. X | zpg. X abs. X
8 [BRA. | STA STY | STA | sTX DEY STA 8
[ ‘yel | ing. X zpg zpg zpg abs
s |Bcc | sta |isw2 STy | STA | sTx TYA STA 9
rel ing, Y 2pg. X zpg. X 2pg. Y abs. X
A LDY LDA LDY LDA LOX TAY LDA A
imm ing, X 2pg 2pg 2pg abs
B 8Cs LDA LDY LDA LDX CLv LDA 8
rel ind, Y - | Zpg. X | zpg. X | zpg. Y abs, X
C CcPY CMP CcPY CMP DEC INY CMP Cc
imm ind, X Z2pg zpg zZpg abs
D | BNE | CMP § CMP | DEC CLD cmP o
rel nd. Y End Zpg. X | zpg. X abs. X
E CPX SB8C CPX S8C INC INX S8C E
imm ng. X zpg 2pg Zpg abs
F | BEQ | SBC - SBC | INC SED SBC F
rel ind, Y 2pg. X | zpg. X abs. X
0 1 2 3 4 5 6 7 8 D E F
Note ] = New Op Codes ) R
Figure 4. Microprocessor Op Code Table
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Table IV. Operational Codes, Execution Time, and Memory Requirements

IMME-| ABSO-| ZERO (4) (1) (1) M RELA-| INDI- PROCESSOR
DIATE| LUTE | PAGE [IMPLIEDI(IND. X)[(IND). Y| 2PG.x| ABS.Xx| ABS.Y|TIVE (2| RECT | 2PG.Y|STATUS CODE
MNE- 7643210 MNE-
MONIC OPERATION OP{n|#!OP|ni» |OPIn|# |OP[n|s |OPIn|#|OP|n|e{OPinlx |OP|n|s JOP]n]s jOP|nlx |OP|n|{x JOP{n|#iN VB D | ZC|MONIC
ADC |[A+M-C—~A (3) | 69]2]2] 6D}4[3] 65 3|2 61]6|2] 71 5{2f 75[4]2]| 7D 4|3] 7914 7215|2 NV e e e2Cl| ADC
AND [AAM - A 29222043532 21 6|2] 31| 5|2 3542:343343 3252 NeeoseoZel AND
AsL [C-(7 9] -0 OE{6/3| 08 5{2] 0Al 2|1 16[6]2] 1 6|3 Neeoo2C| asL
BCC | BRANCHIFC:=0 90} 2|2 «eseses| BCC
BCS | BRANCH IF C=1 80| 2[2 ees o oo el BCS
BEQ | BRANCH IF Z=1 FOl 2|2 ee s seeei BEQ
BIT A AM (5) | 89(2|2| 2C| 4|3 | 24/ 3] 2 3414)2| 3C4 4¢3 M/Mee o o Z o 817
B8MI | BRANCH IF N=1 a0l 2|2 se e eceesl BMI
BNE | BRANCH iF Z2=0 D0] 2|2 oo e oo o] BNE
BPL | BRANCH IF N=0 10[ 2|2 e Y
BRA | BRANCH ALWAYS 80 2| 2 e s] BAA
BRK |BREAK 00| 7]1 ee 101ee}l BRK
BVC | BRANCH IF V=0 50| 2|2 eeeeeese] BVC
BVS [BRANCH IF v=1 701 2] 2 e e s eeeel Bys
ce [o-c 18(2]1 eeseeen| cLe
CLD jO0-D ' D8i2]1 ees e Qeee| CLD
CLi 0 -1 ’ 58(2(1 R R CLi
CLv [o0-vV B8|(2[1 «0eeess| CLV
CMP | A-M C9(2]2|CDj4]3|CS5[3]2 C1]6]|2| D1 5]2| D5[4]|2|DD| 4|3 D9|413 D2|5|2 Ne o oeZC| CMP
CPX [ X-M E0j2|2| ECj4|3 | E4} 3|2 Ne o soe2Z2C| CPX
CPY | Y-M C0[2]2{CC|4i{3{C4l3]2 Ne o oeZC| CPY
DEC | DECREMENT CE|6)3[C6[5{2] 3A(2]" D616}2 | DE} 6|3 Ne e eoeZel DEC
DEX | X-1-X cal2|1 NeooeZel DEX
DEY |Y-1-Y 88[2{1 Neo o oeZel DEY
EOR |AvM -A 49[2|2| 4D|4(3 ) 45]3]2 41(6j2| 51)5|2| 55(4]2|5D|4§3| 59(4(3 52512 Ne s oeZe| EOR
INC | INCREMENT EE|6{31EBIS5]2] 1A|2]1 F61612] FE[6]3 Ne « s eZe| INC
INX X+1-X g8|2l1 Ne o eoeoZe INX
INY Ys1-Y c8i2l1 NeoeoeoZe INY
JMP | JUMP TO NEW LOC 4c|3|3 7C|6|3 6C|6]3 es s eses| JMP
JSR |JumP sus 206/3 ceeossesl JsR
LDA [M-A A8]2]|2[AD]4]|3 [ A5[3[2 A1[6f2] B1]5}21 B5/4[2|BD] 43| BS}4|3 B2|5|2 Ne o oeoZel DA
LDX |M-X A2{2|2]| AE14]3 | AB|312 BE|413 B6|4|2|N* o oo Z e DX
LDY M -Y AD|2{2|AC[4(3 | A4|3(2 B4i42|BC|4|3 NeeeooZe| LDY
LSAR [0- 7 0-C 4E|6(3 )| 46(5|214A 1211 56|6(2 | SE| 643 Oe e eoeZC| LSR
NOP | NO OPERATION EA[2]1 ceseees| NOP
ORA |AVM - A 09]2i2[0D|4]3] 05|3]2 o11612] 11512} 15(4j2|1D|4]3] 19]4}3 12|52 Ne o oeoZel ORA
PHA |A-Ms S-1-S 48 3|1 e s e 00l PHA
PHP |[P-Ms S-1-S 08|31 ce v oeee| PHP
PHX |X-Ms S-1-5 DAl3]1 ee s eees| PHX
PHY JY-Ms S-1-S SA|3|[1 eo s e 0ol PHY
PLA {8+1-5 Ms—-A 68411 Ne o ooZeol PLA
PLP |S-1-5 Ms—P 28|41 NV1DI2ZC| PLP
PLX |S+1-S Ms—X FA[4]1 NeeooeoZel PLX
PLY [S+1-S Ms-Y 7Al4 |1 NeeooeoZel PLY
rROL |- 0 -C 2663 | 26i5]2]2a]2]y 366]2] 3e{6|3 NeseoezCl ROL
ROR | '=C-TT " 0j ~ 6El6{3 | 66[5|2 | 6A[2][1 76|62 | 7€l6]3 Ne s o2 2C| ROR
RTt |RTRNINT 40{6 )1 NV1DI1ZC| RTI
RTS |RTRN SUB 60|61 oo o ese el RTS
s8C |A-M-C-a (3) |esj2|2]eDa|3|ES|3|2 E1|6l2] F1ls|2] Fs|a|2|FOlal3 | Fole]3 F2|5/2 NV eeoe2C| SBC
SEC (1 -C 38(2]1 e o o e eet] SEC
SED |1 -D F8i21 ees o 1e0se| SED
SEI {1 -1 78)2|1 ee oo 1eel SE
STA {A-M eofa(3 | 8s|3|2 s1|ef2] 91|6}2| 9s|4|2[9D|5[3] 995 )3 92|52 ceecsseel STA
STX |X -M 8e |43 | 86132 96l 4af2(e o o ¢ oo o] §TX
STY |y -m 8C|aj3 | 84]3]2 94lal2 ee o oesse| sTY
STZ {00 -M sc|4]a | 64|3]2 7442 9e]5]3 “eesece| STZ
TAX |A -X AAl2Z Ne o ooZeli TAX
TAY A -Y ABl2(1 NeoooZeo TAY
TRB |AAM -M (6) 1wciels | 1a]sl2 sseseZs] TRB
IS8 {AVM - M (6) oc|el3|o4is]2 v o s e e Zel TSB
TSXx |S-~X BAj2[1 NeesoeoZo|l TSx
TXA |X -A BA 2" Ne ososeoZel TxA
TXS X -S TSR eea s seeel TXS
TYA ly -A 9821 NesooZsl Tya
Notes
1. Add 1 to “n" if page boundary 1s crossed, except STA and STZ X Index X + Add n No. Cycles
2 Add 1to"n"if branch occurs to same page Add 210 "n” if branch occurs to ditferent page. ¥ Index Y - Subtract # No Bytes
3 Add 110 "'n" if gecimal mode A Accumuiator A And M Memory Bit #6
4. Accumuiator address 1s incluged in Implied address M Memory per effective address vV Or M» Memory Bit #7
5 "N and "V flags are unchanged in immediate mode Ms Memory per stack pointer ¥ Exclusive or

6 "Z tlagindicates AAM result (same as BIT instruction)
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Enhanced Operational Characteristics

The CMD 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 compatible, utilize
the same basic software instruction set, and to be bus compatible with the
MC6800 product line. Accordingly, the GESSCXX series is pin compatible with

existing NMOS 6500 type microprocessors.

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

Table V. Microprocessor Operational Enhancements

Function

NMOS 6500
Microprocessor

G65SC XXX Family
Microprocessor

Indexed addressing across page boundary.

Extra read of invalid address.

Extra read of last instruction byte.

Execution of invalid op codes.
undefined.

Some terminate only by reset. Results are

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
sC 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 anc 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.

tnterrupt after tetch of BRK instruction.

Interrupt vector is loaded; BRK vector is

BRK is executed, then interrupt is executed.

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

Pin Description Pin Description
AD-Axx Address Bus OSC (ouT) Oscillator Qutput
BE Bus Enable ®1(0OUT) Phase 1 Out
CLK (IN) Clock tnput @2(0UT) Phase 2 QOut
dO(IN) Phase O In #4(OUT) Phase 4 Out
@2(IN) Phase 2 In ROY Ready
DBE Data Bus Enable RES Reset
D0-D7 Data Bus R/W Read/Write
Ra interrupt Request o] Set Overtiow
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
= =1
noy [TJ2 n[Jo20um)
wtouny 3 ] H
RO [Ja [0 (N)
~Nc s . »[J Ne
i (Tl ) s we
svyne 7 u[J rw
voo T 2[J oo
s s gesscor 2[3 o
ar Tl n[Jo2
a2 Cn 2[J 03
a3 O 25/ oe
a s 2] os
as Tl 23 os
as Tlis [ o7
ar e [ as
as [ 20 Awe
as [Tl 23] a3
a0 [T 2] a2
AN 20 213 vss
vss [T ~ [ AES
rov [7]2 »[Ju20uT)
oeoun 13 »] %
RO [« 37 ek Ny
wl O %[ sE
N [ s} OS¢ (oum
syve 7 M) Rw
voo (s 13 oo
w0 Oo gesscinz 23 O
ar e n[J o2
a2 Cn %3 03
a3 On »[7 o4
a s “E os
as e 2] os
as Tl »#[3J o7
ar Tl 25] ars
as Clr 24 ane
as T 2a[3 an
a0 s 203 an
AN 20 n vss
vss [t ~ 7] AEs
roy ]2 »[Joz20un
ne o »[] 5%
ma e o208
vss [C]s %) oee
wi 16 [ ne
syne (7 [ nw
voo s n[d oo
a0 s gesscrz 20
as O »n[J o2
a2 O 2] o3
as 2] o
an 2f] os
as Tl 223 os
as s 23 o7
ar e 2] ars
as v :o: A
as Cin »n[3 an
aw [ 2] an
an O i E vss
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NC

cxzzz22d

AS

i
SYNC

reeerz22§ %

Wi

9
AR EEEREEE:

g g .
z
¢RIEesETm S
®wen - 32938
[}
7 39| NC
[l 3| NC
] ar | RW
1 3% | Do
11 s | o1
i H G655C02 | D2
13 3|03
“ 32| D4
15 3n|os
% | D8
” 23| o7
2 2R INIXIRELERE
EEEFFFEEEE
3:. .m8 =
ERIE2iEsmasy
e ww o N - 3SSSS
A -
7 39 { OSCoUM
) as | NC
] w|rW
10 3% | Do
1" 351 O
12 G655C102 *{ 02
1 33{ 02
" 2] D¢
15 3| os
16 | Ds
7 2| o7
eI TLLRRR
YR EEEE
£ o
> e £,
sl2eieiBsmal
/'*~~~—::':.-:s
®
7 3 | NC
1] 33 | NC
9 31./7
" 2|00
" 3| D1
12 G65SC12 |02
n n|{dn
14 32 D4
s 31| os
16 3| D
[} 2|07
22RINIICERSN
T228:58823¢%
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Pin Configuration, Continued

vss ]+ A @[ RES
roy [7]2 »_Joz0um
we [ B J% e
imc e »Jo20N) z
Wl sgas igg§g§|§§|8§=
NMI :G :s:o_s“cqoun ® 0w e - : t.'d s g
svwe 7 wnw _ / ®
voo Tle 333 oo w2 » N
w0 O gesscrz 00 STNC | o » [ 55Coun
ar Tl »n[ o2 NC |0 ar | AW
az Cn »[J o2 voo |10 3| 00
a3 a2 »{Jos A0 11 as| o
PR == I »n{Jos At |12 G65SC112 |02
A.’n:u 27:06 A2 |13 |03
as s [ o7 a3 | 2] 0s
ar Tle 2s[ 3 ats sl »los
as v 247 ane as |16 2! 08
as s 23037 a3 as |17 2| o7
a0 119 2] a2
an e 21077 vss e e RN ILERR
SN EEEEE

Ordering information

G 65SCXXX A | 1I -2

L]
1
1

Description
C—Special G—Standard

Product Identification Number

Version

Package

P—Piastic E—Leaded Chip Carrier

C—Ceramic L—Leadless Chip Carner

D—Cerdip X—Dice

Temperature/Processing

None— 0°C1t0+70°C,25%P.S. Tol S— 0°Cto+70°C,* 10%P.S. Toi.
|— -40°Cto +B5°C. + 5% P.S. Tol. W— -40°C 10 +85°C. + 10% P.S. Tol.

Performance Designator

Designators selected for speed and power specitications

-1 IMHz -3 3MHz -5 SMM2
-2 2MHz -4 4MHZ -6 6MH2
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