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CMOS G65SC02-A 8-BIT MICROPROCESSOR

FEATURES ENERAL DESCRIPTION
® CMOS family that is compatible with NMOS 6500 series The G65SCXX 8-bit microprocessor family is manufactured
microprocessors using the state-of-the-art silicon gate CMOS process. The

® Uses single +5 volt power supply

¢ Low power consumption (4mA @ | 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 instructions
- 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
® Early address valid allows use with siower memories
® Early write data for dynamic memories
® 8-bit parallel processing
® Decimal 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

Table 1. G63SC02-A Microprocessor Capabilities

G655C02-A. device is pin-to-pin compatible with NMOQOS
versions of the 6500 curreatly omn the market.  The
microprocessor is software compatible and provides 65K bytes
of memory addressing and two interrupt inputs. It is bus
compatible with MC56800 products.

As shown in Table I, the G65SC02-A clock generator circuit
may be driven by an external crystal (Figure 2a), an RC
network (Figure 2b) or by an external clock source. The
G65SC02-A on-chip oscillator is intended for high
performance, low cost operations where single phase inputs,
crystals, or RC inputs provide the time base.

The microprocessor is pin-to-pin compatible with the NMOS
6500 microprocessors offered by several other manufacturers.
However, the use of the leading-edge CMOS process
technology ensures several software or programming
enhancements not available to users of the NMOS 6500. The
enhancements include two additional 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
provided 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 microprocessors provides
the user an architecture and instruction set with which he is
basically familiar (6502), the several operational enhancements
notwithstanding, plus all of the advantages of leading edge
CMOS technology; i.e., increased noise immunity, higher
reliability, and greatly reduced power consumption.

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 enhancements are listed and explained in
Table II.

The G635SC02-A microprocessor is available in plastic,
ceramic, cerdip, or leadless chip carrier packaging. All
versions are available in 1, 2, 3, 4, 5 and 6 MHz maximum
operating frequencies.

On-board External
Addressable Clock Clock Advanced
Item  Pan DIP  Memory Oscillator  Generator ~ Memory
No. Number Pins  (Bvics) (See Note)  Required Access (¢4) IRQ® NMI* SO* DBE BE SYNC RDY ML* RES*
1 G655C02-A 40 65K L . ° . . ° .
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Absolute Maximum Ratings: (See Note)

Rating Symbol Vaiue Unit
Supply Voltage Voo 031t +7.0 v
Input Voltage Vin -0.3 to Vypp +0.3 \'4
Operating Temperature Ta 40 to +85 °C
Storage Temperature T -55 to +150 °C

DC Characteristics: Vp, = 5.0V + 5%, Vg = 0V, T, = 40°C to +85°C Industrial, 0° to

This device contains input protection against
damage due to high static voitages or electric
fields; however, precautions should be taken to
avoid appiication of voltages higher than the
maximum rating. Note:
ratings may resuit in permanent damage.
Functional operation under these conditions is

not implied.

Exceeding these

+70°C Commercial

Parameter Symbel Min Max Unit
Input High Voltage

¢0(IN), CLK (IN) Vi 2.4 Voo + 0.3 v

RES*, NMI*, RDY, IRQ*, Data, SO* 1.9 Vg + 0.3 A%
Input Low Voitage

#0, (IN), CLK (IN) Vi 0.3 0.4 \Y

RES*, NMI*, RDY, IRQ*, Data, SO* Q0.3 0.9 v
Input Leakage Current (Vy = 0 to Vpp)

RES*, NMI*, RDY, IRQ*, SO* In 1.0/-100 pA

0 (IN), CLK (IN) [02, 12, 112] +1.0 uA
Three-State Leakage Current

Address, Data, R/'W* It +10.0 uA
Output High Voltage (I =-100pA, Vp=4.75V)

SYNC, Data, AG-A15, R/W=* Vou 2.4 . v
Output Low Voltage (I, =1.6mA, Vp,=4.5V)

SYNC, Data, A0-A15, R/W* VoL . 0.4 v
Supply Current f=1MHz Ioo - 4 mA

(No Load) f=2MHz 8

f=3MHz 12
f=4MHz 16

Standby Power Dissipation Py 50.0 uW

(Inputs = Vg or Vp, Cutputs Unioaded)
Capacitance (Vy = 0, T, = 25°C, f = 1 MHz

Logic, ¢0 (IN), CLK (IN) Eig - 10 pF

AO0-A15, R/W* Data (Three-State) Crs - 15

©2000 California Micro Devices Corp. All rights reserved.
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AC Characteristics: Vpp = 5.0V + 5%, T, = <40°C to ~85°C Industrial, 0°C to +70°C Commercial

! i | tmHz | 2MHz | amez | aMMz | sMHz | esmez | |
| parameter [ Symoot | Min | Max | Min | Max | Min | Max | Min ' Max | Min | Max Min‘Max!Umf
Deiay Time, «0 (NJt0o2(OUT) | Do | — | 40 | — | w0 | — | 0 | =1 @ | = | 35| — | 30 |ns|
Detay Time, ¢2 (IN) to 42 (QUT) oee | — | 3 | — | 38 | — | x| -3 | =] 33| | 30 |ns]
Detay Time. 41 (QUT) to 42 (QUT) o -] s | -| | ~|s0|-!30]—=1|3]|~1] 3 |{nN
Delay Time, 62 (OUT) 15 OSC(OUT)| wosc | — | 30 | — | 0 | — | 0 | = | 30 | = | a8 | — | 30 |ns
Cycte Time wre | 10 | oC |0s0| oc |o033| oc |o2s| oc |02 | oc |o0ieT| DC | WS
Clock Puise Wicth iow | ww(é2) | 430 | 10000 | 210 | t0000 | 150 | 10000 | 100 | 10000 | 90 | 10000 ! 80 | 10000 | nS
Clock Pulse Wicth High lowiaa) | 50 | — [ 20| — |0 | — [0} — | 88| = | 75| - |ns
Fai Time, Rise Time fem | = | 25 | — | 20| — | 5| =] 2] =]110] /|10 |ns
Address Hoid Time | oo 5| — |15 — 15| = || —=1|3s5]| =175 - |ns|
Agdress Setup Time | wes - 125! —lwo! — 1 88! -~ 7] -] 8 | —] 5 |ns,
Accass Time | we |75 ] — |30 | — [ 200! — [10] — [ 0] — | 8 | — |ns|
Read Data Hox Time o | 0] — w0 | — ] w0}l — 1wl =] 5] =135 - |ns
Aeac Data Setug Time | o |00 ]| — | @] — | 0| - |20 || —|2x]| ~ |n
Wnte Data Desay Time fowes | — | 175 | = | 0o | — | 715 | = | s5 | — | 50 | = 46 | nS
Wrte Oata Hoid Time | ow | 30| — |0} — o] =2l |5 -] = |ns
SYNC, ML Setup Time [ | — | 128 | = | w00 | ~ | 8 | -] mm| =] 8| -] 5 |ns
SYNC, ML Heic Time o Tan| 10 | — | 10| = |10 ] = |w0] = 5 | — | s | - |ns
5C Setup Time [ wo sl — 0| -]l - || -]2]~]2] -]
Processcr Comrel Setup Time | o< |20 — [10] — |80 | — | & | — | 5 | — 50 - | ns

Timing Diagram:

AGOR, RAW
ALAD CATA

WRITE DATA

T
B m
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Note: Refer o Table I 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
monitored. 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

microprocessor through sequential instructions in a program.

©2000 California Micro Devices Corp. All rights reserved.

Each time the microprocessor fetches an imstruction from
program memory, 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 is incremented 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
controi signals for the various registers.

4
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Arithmetic and Logic Unit (ALU)

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

operations.

Acammulator

The accummiator is a general purpose 8-bit register that stores the
results of most arithmetic and logic operations. In addition, the
accumulator usually contains one of the two data words used in

these operations.

Index Registers

There are two 8-bit index registers (X and Y), which msay 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 operation. Pre- or post-indexing of
indirect addresses is possible.

Stack Pointer

The stack pointer is an 8-bit register used to comtrol the
addressing of the variable-length stack. The stack pointer is
autorpatically 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 mmitiple

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 (A0-AXX)
Refer to the particular package configuration for the respective
number of address lines.

In both the 40-pin and 44-pin packages, AO-Al1S forms a 16-bit
address bus for memory and I/O 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 2 write cycle. For external control,
BE is held low to disable the buffers.

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

the G65SCO02-A series. Clock outputs $1(OUT) and ¢2(OUT)
are derived from this signal.

Data Bus (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 103 pF.

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 instruction is completed and the interrupt

© 2000 California Micro Devices Corp. All rights reserved.

" control to the non-maskable interrupt routine.

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. At the end of this cycle, the program counter low
will be loaded from address FFFE, and program counter high
from location FFFF, transferring program control the memory
vector located at these addresses. The RDY signal must be in
the high state for any interrupt to be recognized. A 3K ohm
external resistor should be used for proper wire-OR operation.

Non-Maskabie Interrupt (NMI*)

A negative-going edge on this input requests that a non-maskable
interrupt 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
However, it
should be noted this is an edge-senmsitive input. As a result,
another interrupt will occur if there is another negative-going
transition 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.

Phase 1 Out (¢1(OUT))
This inverted ¢2(OUT) signal provides timing for external R/W*

operations.

Phase 2 Out (¢2(0UT))

This signal provides timing for external bus R/W* operations.
Addresses are valid after the address setup time (t,ps) from the
falling edge of $2(OUT). 5
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SIGNAL DESCRIPTION (cont.)

Ready (RDY)

This input signal allows the user to singlecycle the
microprocessor on all cycles including write cycles. A negative
transition to the low state during or coincident with phase one
(91) 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 Jow-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 Vp,, reaches operating
voltage from a power down. A positive transition on this pin
will then cause an imitialization 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 imtialization
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 Jocation 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/O 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 (SO*)
A pegative transition on this line sets the overflow bit in the
status code register. The signal i1s sampled on the trailing edge

of ol.

Synchronize (SYNC)

This output line is provided to identify those cycles durning 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 lne is pulled low during the
o1 clock awis in which SYNC went high. the processor will stop
in its current state and will remain 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 o0 (IN)

{
e

C—x

$an

OSC{0OUT) or o1 (OUT)

|||4-

C1. C2 = 51pF
R1 = 200K(2
X1 = 1MHz
Figure 2(a). Crystal Clrcuit for

Internal Oscillator
Table II. Microprocessor Hardware Enhancements

c
22(0UT) ——{}—]
o0(IN) |

R
21(OUT) —d

Suggested RC network configuration
for internai oscillator.

1 MHz operation 3t YO = 5.0V:
C = 58pF
R = 5.6 K{!
Figure 2(b). RC Clrcuit for
Internal Oscillator

Function NMOS 6500

G65SC02-A

QOscillator.

Requires external active components.

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

Assertion of Ready (RDY) during Ignored.

write operations.

Stops processor during 2.

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
Vpo (approximately 1 Megohm).

* Denotes inverted signal.
©2000 California Micro Devices Corp. All rights reserved.
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ADDRESSING MODES

Fifteen addressing modes arc availabie to the user of the CMD
G65SC02-A 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
implicity stated in the operation code of the instrucuon.

Accumulator Addressing
This form of addressing is represented with a one byte instruction and

implies an operation of 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
cight low order bits of the effective address while the third byte
specifies the eight high order bits. Thercfore, this addressing mode
allows access to the totai 65K bytes of addressable memory.

Zero Page Addressing

Zero page addressing allows shorter code and execution times by only
ferching the second byte of the instruction and assuming a zero hign
address byte. The careful use of zero page addressing can result in
significant increase in code efficiency.

Absolute Indexed Addressing

Absolute indexed addressing is used in conjunction with X and Y index
register and is referred to as "Absolute.X.” and "Absolute.Y." The
effective address is formed by adding the contents of X and Y to the
address contained 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 multipie fields
resulting in reduced coding and execution time.

Zero Page Indexed Addressing

Zero page absolute addressing s used in conjunction with the index
register and is referred to as "Zero Page.X" or "Zero Page.Y." The
cffective 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 cight bits of memory and crossing of

page

7 0
r A ] ACCUMULATOR A
7 0
r v | INDEX REGISTER Y
7 "]
{ X | INDEX REGISTER X
1S ) ol
= PCH : PCL ] PRCGRAM COUNTER PC
3 7 a
7 S | STACK POINTER S

boundaries does not occur.

Relative Addressing ) _
Reiative 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 (usuaily 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 memory location on page zero whosc 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 eifective address. The next memory location contains
the higher-order sight 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 location in page zero. The
contents of this memory location is added to the contents of the Y index
register, 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 effective address.

Zero Page Indirect Addressing

In this form of addressing, the second byte of the instruction contains
the fow order eight bits of a memory location. The high order eight bits
is always zero. The conteats 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.

Absolute Indirect Addressing (Jump Iastruction Oaly)

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.

NIVIi1181D1 1 ]1Z1c| PROCESSOR STATUS
] } ' REG "P”

- CARRY 1 : TRUE

2ERO 1 = RESULT

IRQ DISABLE 1 = DISABLE
DECIMAL MCDE 1 = TRUE
BRK COMMAND 1 = BRK
OVERFLOW : : TRUE
NEGATIVE ' = NEG.

Figure 3. Microprocessor Programming Model

* Denotes inverted signal.

©2000 California Micro Devices Corp. All rights reserved
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Tabie ill. Instruction Set—Alphabeticali Sequence

AGT MEMOry 10 ACCUMLIALOS wih Carry

EOR -y o
INC  incresment by One
INX  tncrement Inaen X by One
INY  (ncrement Inaex Y By Cne
JMP  Lsmp 1 New Locamon
JSR  Jumo ta Mew LOCIDON Sawng Return Acaress
LOA  LOBO ACTUMULINOr Wi MemOry
LOX  Load inaex X wuh Memory
Note: ®  * Mew insIrucuOn

P L EEEELEE  EEFE RIS R R 11T

Loat MO Y vt MOy

S Qne St R

o Coprasan

~OR™ MOMEry el ACCITNALO!
PSE ACCUSAIIBSE R ST
ase Frocussor Sianes On SLacx
Poan oz X on SIBCR

Puss wwoes Y o® Stack

ol ACISTENIEY trOmY SIRCK
Putt Processer Staees (rom: SIacx.
Pt v X e Sch

Mg vgen Y tgms SIacR
At One Gt Lawt
Actses Ore B2t fage

Ao trom wemrrast

307 weift SOrTOw

¢ Denotes inverted signal.
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o Icr-w CMP | DEC INY | cwmP ‘ DEX | cPv | cwmP ‘ DEC o
' 209 29 20G ) aos ‘ 3ot aos
0 f cMmP ' DEC cLe | ome ‘ ' cmp } CEC i 2
; 20q. X | 20q. X ol Y = cs. X | aes. X
z cPx sac INC ' INX SBC uop‘ ! cPx t $3C | INC ' H
209 229 p3-%-1 wnem acs ans s
F i sB8C INC l sz0 | s8c ; l s3C | InC H
226 X ! pq. X w3, ¥ Lo aps X | oas X
o f v | 2 | '« | s ) s 170 8 t ¢ | alaicj o} =z |:=
Note: TT= * New Cp Caaes g
o Figure 4. Microprocessor Op Code Tadie
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Tabile V. Operationai Codes, Execution Time, and Memory Requirements

IMME-{ ABSO-{ ZERO| (4 | m m (1 | RELA-| INOW PROCESSOR
owrel LUTE | PAGE {MPUEDINING. XHNDY. Yt 786 x| aBSxi ass v ITIVE| AecT | 2pG visTATUS CO
o b bl o e ool ke £53. i
MONIC ! JPERATION OPlnizi OPinis 2 1OPtnis 1OPInIs 0PI nialOPInie IOPInis IOPInte (OPInis IOPIne nisiN VB O | 2C! MO
ADC ja-M-C-a (31| 69242 0} «43{ 82 s16j2f 7752 rx 21 70 43| TR 4|3 52 NV e se2C! AOC
ANO | AAM = A 2922 znzq:x 2342 21 512] 31 812 5:12 :g": 29§43 4512 NeooeoZel avD
asL |C-F__ ol -0 83 oat 5)12] caf2]1 18] 612| & 6{3 Neo»<2C AL
BCC | BRANCH IF G20 H H | A2 eeesesel BET
3CS | GRANCH IR C2t ! 212 oo v s o el WS
B8EQ | BRANCH IF Z*1 J :J 2 ceevesel 3En
T [AAM 1] 212t ¢l 43| 24 312 3414{2]30] 443 z} Mrbdee + o Z i mT
SMl | BRANCH IF N# 1 ' jzxz ceccecel mm
BNE | BRANCH IF 230 oat 212 ool SpE
89 | BRANCH IF NsQ 100212 ool 3Py
BRA | BRANCH ALWAYS | i i aotzi2! | Tt sma
8RX | BREAK 001 711 (1! 1eel amx
BVC [ BRANCH IF V30 scuzjzb c-of aWC
8vs | SRANCH IF vt o122 o W w s
cLc jo-¢C 1812]1 H TETE ac
S 0-2 . osi2i i s eQeasi =0
[~CIRT- Y ! l smzr | e e-c0-e1 Cu
v {8 -v Q! f 88211 ! eQeceeel Qv
SUP | A 212{col«izics 3tz ctisi2! o1 siz) 08| «121001 «13{ 09{4{3 i o282 Ne.o 222 Qe
CPX | X-M E012{2| €C!4(31 S4 312 l i }i ' i Ne-e--2ZCl OPX
cPv _v-m ofatzicsiaizicaiafz] ! ] | i N.--.220 cPv
DEC | CECREMENT CZ|8I3iCBIS|21 3AL211| 084612 | CE] 613 Nee«+eZv OEC
OEX | X-1 =X cal2iti t Ne-s<Z+| OEX
QEY (Y1 =¥ 88|21 NeeooaoZel DEY
BOR |AvTM -A «9{212] 0413 ] «si3i2 11612 511521 <5l«i2] 5Dt <i3] s9t4i3 | [ usiz Neo-+Z-| EOR
INC | INCREMENT czisizi esisiz2| rai2is b 7816121 F=i6i3 RN NeoooZel nac
INX |X-1-2X 812411 i Neooele| DX
INY |Y-1-Y cal2frt t NeooeoZel wey
JMP | JUMP TO NEW LCC 4Ci313 rcisi3 l 6Ci613 . sie vomnl i
SR |JumP suB znsi: ! ; ceesasel smm
LDA M -4 A91212) AD1413 | ASI312 A11612] 3115121 3514i2180} 4131 891413 82182 Neoeo-oZeol LOA
———
Ox M -x A21212) AE{4{3 | A8 312 i 1] BET4(3 BE4|ZAN - = =~ Z+( WX
oY |[M-v AQ{2{21ACI4{3 | A4 312 I 8414[218C 4{3 N-s+2Z<| Ov
SR Oj0- 7 _9-=C 4E]813| «8i5|2] a2t} s6i612 | 5l i3 G-++-2C! SR
NOP | NC OPERATION I | | leafatn ‘ ceeeeesl mOR
ORA_!AVM -4 0912121 0Dl4i3 | csiat2 I 1 otlei2! 1rsi2) +sialzi10laist 19lals RrIIP] NeoooZeol ORA
PmA [A-mMs Se1=§ PYETEN i i P (TP
P | Pty S-S 08§31 ! R i e
PHX | X=M =i~ OAl3{1] ceceenel mx
Y | YoMy S-1=5 sA(3i1i cseccecel Py
M A 1Ser-5 mg-a s8lait | INeo+eoZot ma
AP |Se1=5 mMg-d 28{eit NV 101 ZC mp
MX [§-1=3 ms-X FAlaft NreseZel mx
PLY 1Soi=S wy-v TAlal Nev-eeZef my
|_3cL fi: —C 2ei6l3] 2misiz | 2ai2i1 38i6121 3E1613 N+ o+ eo2C ROL
a_m:%: SE|S(3 | 68ISI2 | 8A|2|! 781612 | TE(8|3 N+ --2C| AOR
AT [ATRNINT <0{6}1 NV1IQIZC AN
ATS |RTRN SUB sois|t eev ool ATS
SBC |A-mZ-a @ | S9i2R|ED|4l3 | E8i3i2 £118121 FHis(2| F5ai2 |FOL4{3 ] Falai3 F2ysi2 NV e+ +<-2ZCi SBC
SEC ! -C IR 1F1E] | i eneossetl SEC
SED 1 =0 F8121 eeectlseei SED
SEiI 1=t 8(21 seeectlesi SB
STA A -M ani4{3 | 8si3]2 81(6{2| 9rtel2t asi4(2190i5(3] 99isi3 )52 ceoecoei STA
STX (X -M SEjaf3 u}:xz 98{4a{2fec = -] SIX
STY 1y -M aCi«3 | 8ai3i2 a2 eo o cessl STY
STZ {00 -m 9C1a{3 | 641312 74)4}2| SE{S(3 es v caeel STT
TAX A -X AA21 NeeooesZeo TAX
TAY A .Y Asf2i1 NeceeZ-f Ta¥
TRE |AAM -M ® 118131 14{5i2 cceeeZel TRB
rsE lavm -m {6}~ cCisi3 } oaisiz esec-Z-| TSR
TSX S -X |5Az1 NeeoseoZef TSX
TXA |x -a aaizh ’ NeooeoZe| TXA
XS |x -§ ‘9.*21 eeseecsl TXS
YA vy -a | 981211 NesooZ<f TV
Notes. .
1. AGg 110 'a” f page COUNCArY 13 CTOSsed. exceot STA ang ST X incex X - Aad n Na Cyces
2 Agd 11071 d DrANEN OCEUrs 10 samE 3age. AGG 21D "0” i Branch ocours 13 differemt sage. | MO - Suetnacz s NG Sy
1. Acd 110 ‘A" i decumal moce. A Acgumuator A Ana Me Memary 3t 56
4. Accumuiator agdress s - M Memory ser eftecave adcress v Qr Ms Memary S« 87
MS Mermory per SI3CR JOster % ZxCusive of

§ "N ang "V Nags are uncnanged « immediate MOCE
§ ~Z"'tagincicates AAM resuill (same as 31T .rszruchon:

* Denotes inverted signal.
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Enhanced Operational Characteristics

The CMD G65SC02-A microprocessor is designed for building
state-of-{Be-art microcomputer systems. The device utilizes the
same basic software instruction set, and to be bus compatible

with the MC6800 product line. Accordingly, the G65SC02-A V.
series is pin compatible with existing NMOS 6500 type

MIiCTOPTOCESSOrS.

Table V. Microprocessor Operational Enhancements

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

Function

NMOS 6500 Microprocessor

G65SC02-A Microprocessor

Indexed addressing across the page
boundary.

Extra read of invalid address.

Extra read of last instruction byte.

Execution of invalid op codes.

Some terminate only by reset.

All are NOPs (reserved for future use).

Results are undefined. 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
cvcle.

Two read and one write cycle.

Read/modify/write instructions at One read and two write cycles.
effective address.
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 cvcle.

Interrupt after fetch of BRK instruction.

Interrupt vector is loaded; BRK
vector is ignored.

BRX is executed, then interrupt is
executed.

Writes program counter and status

Reset. Reads three stack locations.
register to stack.
Read/Modify/Write instructions absolute Seven cycles. Six cycles
indexed in same page.
Pin Function
Pin Description Pin Description
A0-Axx Address Bus ¢1(0OUT) Phase 1 Qut
oO0(IN) Phase 0 In ¢2(0UT) Phase 2 Out
DO-D7 Data Bus RDY Ready
IRQ™* Interrupt Request RES* Reset
NC No Connection R/w=* Read/Write
NMI* Non-Maskable Interrupt SO= Set Overflow
SYNC Synchronize
Voo Positive Power Supply (+5.0 Volts)
Vs Internal Logic Ground

® Denotes inverted signal.
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Pin Configuration

~ o = -
vis di c; AES 3 § -
aov (1 »{n20un bi@ 230 22 =0
; = I3 : 3 3
'-Nound: F Tun -] zl- 2z = >§¢ sI3 9z
H t
wa e 2™ 0 (1 ' EEREEENENEE
= E :
ne s »{ nc — -
— ) 7
it s T e -
soc (7 203w e | s ek
rw
wo (s 1] oe NE 1 Y ”
20 [Ty GMSCEA p{3 o wo | 10 8| 00
al ij n o2 AQ |1t i
‘ Al o2
— =y G655C02-A o
a3 sz B De a2 in n{os
i 23 os a3 e ¥ 0%
as e zr; os YRR n|os
as s mi— or As |8 2| os
ar e ac ais as |1 4| or
as dw () A
S - o B v 8w e
as o al a3 228 3SS S8 85N
ate :w nb at2 = 2 2 3 i 3 g S 3 5 3
ats :’Tn n: vas
Ordering Information
y G 655CXXX AP | -2
AN T —— - 1’ i
Description I

C—35pecial G—Stancara

Product identification Number

Version

Pacxage |
pP—~Alastic g—igadeqg Chip Carner

C—Ceramic L—eagless Chup Carmner

D—Ceruip X—0ice

Temperature/Processing

None— (0°Cw0-70°C.=5%P.S. Tol. S— Cio~-70°C.z 10%P.S. Iot.
j=— 40°C to +85°C, = 5% P.S. Tol. W— 40°Ct0 -85°C. = 10% P.S. Tot.

e 1

Pertormance Designator

Designators selected for speeg and power specificauons

-1 MHZ ~3 MMz -5 SMMz
-2 MHZ -4 MMz -6 GMMZ
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