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CMOS

65CE02 MICROPROCESSOR

DESCRIPTION

The Commodore 65CEQ2 is an enhanced version of the popular 8-bit 6502, designed with entirely new

internai architecture and manufactured in 2-micron, double-level-metal, CMOS technology for high speed
and low power consumption. The 65CEQ2 is code (*) and pin compatibie with existing 6502/65C02's.

The instruction set has been streamiined, removing most ‘dead’ Cycles which occurred due to page

boundanes and micro-code pipelines, allowing existing code to run up to 25% faster. Additional instructions
and addressing modes allow even greater program efficiency. Add to this operational speeds of up to
10MHz (100ns instruction cycles) and the 65CE02 is capable of a 350% decrease in program execution
time compared to a standard 4MHz 6502.

The 65CEQ2 provides the system designer with a high performance, low power microprocessor, while

retaning downward compatibility with the existing family of microprocessor support devices.
(*) Application programs should be analyzed to see if they contain timing loops or previously undefined

HOSS3IO0HdOHIIN 203059

opcodes.
FIGURE 1
FEATURES PIN CONFIGURATION
® CMOS technology for low power consumption
® (0 - 10 MHz operating speeds Vss |1 40 | RES
® Single +5V supply required RDY | 2 39 |2,
® Eight-bit parallel processing . 2|3 38 |SO
® Code compatible with existing 6502/65C02 Ra |4 37 | @ -
® Execution imes independent of page boundary
Crossings E S 96 [ RC =
® Executes existing 6502/65C02 code in up to 25% NMI | 6 35 [NC m
fewer cycles SYNC |7 34 |R/W |
® 16-bit stack pointer with two modes of operation Vee | 8 13|D ]
o fuil 18-bit pointer cC 0 g
e page programmable 8-bit pointer Ag |9 32|10
® Base page register allows relocation of ‘zero’ page A; |10 6S5CE02 31 |Do ———
® Three index registers: X, Y, Z Ay | 11 30 | D3 z
® Maskable & non-maskabie interrupt capability Ax | 12 29 |D >
® 64K byte memory address space 3 - 4
® Direct memory access (DMA) capability Ag |13 28 | Dg =
® 'Ready input Az | 14 27 |D <
® On-chip clock generates @ /D2 A: 15 26 Dg
® Enhanced instruction set
e 24 new instructions, for a total of 92 A7 | 16 5 M5
e 46 new op codes. for a total of 256 Ag | 17 24 | Arg
e Three new addressing modes Ag | 18 23 | A3
® Cross-assembier anc icw cost hardware emutator Ay | 19 22 | Ay
1abi v
availabie Ay | 20 21 | vgs
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SUMMARY OF 65CE02 ENHANCEMENTS

The 63CEQ2. upon reset. configures itse’*
present CMOS 6302 processor. with the excegticn that
many instruchions require fewer cycies This results in
programs that execule in less time than glger versicns
even at the same ciock frequency

The stack pointer has been expanded 10 16 dits. put
can be used in two ditferent ways It can be used as &
full 16-bit (worc) stack pointer, or as an 8-bit -"yte‘
pointer whose s*ack page i1s programmable On rese: the
Dyte moce i1s selected witn page 01 set as the stack
page. mamntaining 6502 and 65C02 compatioility

The zergo page s 2iSC programmabie via & new
regisier. the "B~ or "Base Page™ register On reset. this
register is clearegd. thus giving a true “zerc page The

“e any

user can then re-dehine any page in memcry as the
“Zero’ page
A thirg index register. “Z". has been accec 6 increase
flex:Dhiity mn data manipulation This register :s Clear e: on
I

reset. providing STZ instruction compatibiiity with
65C02

All branchung instructions have been expandec io
incluce a ‘word relative addressing mode which aliows o
branching anywhere within the 84K memory space A
new waord relative branch to subroutine aids the
programmer in creating re-locatable code modules.
resulting in increased software fiexibility.

Also included is an addressing mode which faciiitates
parameter passing 1o subroutines. Parameters and/or
pointers to cata arrays can be passed 10 2 sudroutine via
the stack. and a speciai return instruction wili fix the
stack pointer when the subroutine 1s finished

The BIT (IMMEDIATE) test will set the N and V fiags
with valid states. which was not the case with earlier
65C02Zs. The BCD arithmetic instructions modify the N, Z.
V. and C flags correctly. as was not the case :n the 6502

The following i1s a list of opcodes that have been
added to the 210 previously define¢ MOS, Rockwell, and
GTE opcodes.

1. Branches and Jumps

BPL label word-relative

BM! label waorg-relative

BRU Iabel worg-relative (BRA)
BVC iabel word-relative

BVS label word-relative

BCC labeil word-relative

BCS label worgd-reiative

BNE label word-relative

BEQ Iabet word-relative

BSR label Branch to SubRoutine (word relative)

JSR (ABS) Jump to SubRoutine absolute indirect

JSR (ABS. X) Jump to SubRoutine absoiute indirect. X

RARTN = ReTurN from subroutine ang adjust stack
pointer

2. Arithmetic Operations

NEG A NEGate{or 2's complement! accumuiator

ASR A Arithmetic Shuft Rignt. accumuiator or

ASR BP memory

ASR BP.X

INW BP INcrement Word

DEW BP DEcrement Worg

INZ INcrement Z register

DEZ DEcrement Z register

ASW ABS Arithmetic Shift left Worg

ROw ABS RO1ate ieft Worc

ORA (BP). Z tormerly (ZP) non-indexeg that

AND (BP).Z  are now indexed by Z register

EOR (BP).Z

ADC (BP).Z

CMP (BP).Z

SBC (BP).Z

CPZ IMM ComPare Z register with memory
immediate,

CPzZ BP base pace. and

CPZ ABS absolute

3. Loads, Stores, Pushes, Pulls and Transfers
LDA (BP).Z formerly (ZP)

LDZ IMM LoaD Z register immeadiate,

LDZ ABS absolute

LDZ ABS. X absolute, X

LDA (d.SP). Y LoaD Accum wia stack vector indexed
by Y

STA (C.SP). Y and Store

STX ABS Y STore X Absolute. Y

STY ABS X Tore Y Absolute. X

STZ BP STore Z register (formerly store zero)

STZ ABS

STZ BP.X

STZ ABS. X

STA (BP),Z tormerty (ZP)

CLE Clear stack Extend disabie bit

SEE SEt stack Extend disable bit

PHW IMM PusH Data Immediate (Word)

PHW ABS PusH Data Absoiute (Word)

PHZ PusH Z register onto stack

PLZ PulL Z register from stack

TAZ Transter Accumulator to Z register

TZA Transfer Z register to Accumulator

TAB Transter Accumulator to Base page
register

TBA Transter Base page register to
Accumulator

TSY Transter Stack pointer high byte to Y
register

TYS Transter Y register to Stack pointer high
byte

4. Special Instructions

AUG AUGment Instruction (4-byte NOP.

reserved tor tuture expansion)
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FUNCTIONAL DESCRIPTION

Figure 2 shows the block diagram of the 65CEQ2
CPU's internal architecture. This diagram supports the
following Cescription of the device’s major elements

Clock

The clock circuitry accepts the external @q clock rate
and from it generates ail required internal clock control
signals. It provides the external &, anc 25 signais from
which ail inputs and outputs are referenced

Micro Program Counter, Micro Code ROM and Logic
PLA

This block controls and implements the opcoce
sequences

Arithmetic and Logic Unit (ALU)

All ganthmetic and logic operations are executed in
the ALU The ALU has no internal memory and all
operational gutputs are directed to the internal
register/ counter specified by the opcode

Accumuiator

The accumuiator is a genera! purpose 8-bit
computational register used for artnmetc and Boolean °
functions. It can not be used for indexing

Index Registers (X, Y, Z)

There are three 8-bit index registers which may be
incremented, decremented, compared or used to provide
an index value to generate an effective address. The
newly addec Z register is cleared upon RESET allowing
code compaztibility with the 65C02.

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 vaiue to it prior to performing the desired
operation. Pre- or post-indexing of indirect addresses is
passible (see addressing modes).

Base Page Register (B)

The Base Page register contains the value of the high
order address byte used in the base page (formerly ‘zero
page’) addressing modes. This register is programmable,
via the TAB instruction, aliowing any page in memory 1o
function as the base page. On reset, the B register i1s
cleared, initially providing 2 true “zerc page’.

Processor Status Register (P)

The 8-bit status register contains the values of the 8
status fiags. Some flags are controlied by the program,
while others are controlled by both the program and the
ALU. One additional flag is present which enables
extended (16-bit) stack pointer operation. The fiags can
be tested by a number of conaitional branch instructions

Address Counters (ABL and ABH) and Address
Registers (ADL and ADH)

These registers are usec !0 provide the 16-bits of
addressing information tor memery ang 10 exchanges
A umigque design feature zliows ADL anc ADH to store
indirect address vectors whiie ABL and ABH function as
counters. thus relieving the ALU from internal address
tetches ang increasing througnput

Stack Pointer Counter (SPH and SPL)

The stack pointer is 2 16 bit register that can operate
in two modes. It can be programmed 1c be either an 8-bit
page programmable pointer, or a full 16-bit pointer. The
processor status E bit selects the 8-bit maode when set.
and selects the 16-bit mode when reset

Upon reset, the 65CE02 will be configured in the 8-bit
page-programmabie mode. with the stack page set 10
01. This maintains compatbility with earlier 6502
products. The programmer can guickly change the
default stack page by loading the Y register with the
deswred page and transferring its contents 1c the stack
pointer high byte, using the TYS opcode The 8-bit stack *
pointer can be set by loading the X register with the
desired value, and transferning its contents to the stack
pointer low byte, using the TXS opcode

To select the 16-bit stack pomnter mode, the user must
execute a CLE (for CLear Extend disabie) opcode.
Setting the 16-bit pointer is done by lcading the X and Y
registers with the desired stack ponter low and high
bytes. respectively. and then transferring thewr contents
10 the stack pointer using TXS and TYS. To return 10 8-
bit page mode, simply execute 2 SEE (SEt Extend
cisable) opcode.

CAUTION

When using interrupts, and BOTH stack pointer
bytes are to be changed. do NOT put any code
between the TXS and TYS opcodes. Taking this
precaution will prevent any interrupts from
occurring between the setting of the two stack
pointer bytes, thus preventing the writing of stack
data to an incorrect area.

Program Counter (PCL and PCH)

This 16-bit up counter determines the area of memory
from which program information will be fetched. The user
can modify the contents with jumps, branches,
subroutine calls, or returns. It is set initially, and by
interrupts. from vectors at memory addresses FFFA
through FFFF (hex). See IAQ. NMI and RESET below

SIGNAL DESCRIPTIONS

Clock Signais

The 65CEQ2 requires an external. TTL-level @q clock
Two {ull level clocks (@4 and @) are generated by the
65CEQ2 @5 in phase with . and @, 180 degrees out
of phase with @q. The input clock may be stopped in
either phase to place the CPU into standby mode.

For nen-critical ming applications. a simpie RC or
crystai network may be connected between @g (in) and
2, (out)

Address Bus

Ag-A15 forms a 16-bit address bus for memory and
I/0 exchanges on the data bus The cutput of each
address line is TTL compatible. capabdie of gnving two
stangarc TTL loads and 55pF




Data Bus

Dg-D7 torm an 8-oit swcrechional data bus for gzta
echznges te anc fram (ne 85CEC2 ang penphers!
cewices The cutpul bulters are capabie of griving 1we
stancarc TTL lcads anc 55pF This bus is iristalec guning
read operahions. dunng Do low time_ ar¢ thrcughout any
cycle where RDY is pulied low prior ic Do nising

Interrupt Request (IRQ)

This achive-low input requests that an interrupt
sequence begin within the microprocessor. it the
inierrupt mask fiag (1) in the status register is zerc. an
interrupt sequence will begin with the first SYNC after a
muitiple-Cycle opcode. The program counter and
processaor status register are then stored on the stack
and the interrupt mask fiag is set so that no further IRQ's
may occur. The program counter low byte (PCL) is then
lcaded from address FFFE. and the migh byte (PCH) from
FFFF. Program execution wili continue from the vector
located at these addresses.

Non-Maskable interrupt (NM1)

The NMI input cannot be masked by the processor
status register | flag and will cause an interrupt after
receiving a high to low transition. This interrupt sequence
will begin with the first SYNC after a multiple-cycle
opcode. The two program counter bytes, PCH and PCL,
and the processor status register P, are pushed onto the
stack. The program counter bytes PCL and PCH are then
loaded from memory addresses FFFA and FFFB.
respectively. Program execution wili then continue from
the vector located at these addresses.

INTERRUPT NOTES

1. Since NMI is non-maskable, ancther NMI can
occur before the first is fimshed. Care shouid be
taken to avoid this

2 The RDY signal_must be high 1o insure IRQ is
recognized. The NMI input is S edge activated and
the 65CEQ2 will remember an NMI event. even if it
is prevented from acting upon it by deasserting
RDY.

3. A 3K ohm external pull-up resistor should be used
for proper wire-OR operation.

Ready (RDY)

This input signal allows the user to single-cycle the
microprocessor on all cycles including write cycles. A
negative lransition during or concident with @4 will halt
the microprocessor with the culput acdress lines
reflecting the current adcress. This congition will remain
throughout subsequent @5 cycles in which the RDY
signal is held ‘low The RDY feature allows
microprocessor interfacing with low speed memory as
weil as Direct Memory Access (DMA).

Read/Write (R/W)

The R/W output signal remains in the "high’ state while
the 65CEQ2 is reacing gzta from memory or peripherals
on the 8-bit datz bus. When ‘low’. valid output data is
available on the catz dus

Set Overtiow (SO)

A negalive transi.cn on this input sets the overtiow bt
V) in the processcr status register The signal is
sampiec on the nsirg ecge of @

Reset (RES)

The RES input insiantly resets the 65CE02 RES shouic
be heic low for at ieast 2 ciock cycies after Vo reaches
operating voitage curning power-up. Likevsse. after ihe
System has been gcperating. a iow on this line will cease
MICIOProcessing aclivity A positive transition on this pin
begins an imtiaiization sequence lasting six clock cycies.

The stack pointer is set 10 “"byie” mode and the stack
page is set 1o page 01. The B and Z registers are clearegd «
and the processor status bits E and | will be set. The
program counter is loaded with the restart vector from
locations FFFC (low byte) and FFFD (high byte). This is the
startup location for program control. During normai
operation, RES should be heid high

Synchronize (SYNC)
The SYNC output signal identifies those cycles in

which the microprocessor is fetching OP CODE data.
The SYNC line goes "high’ during @4 of an OP CODE
fetch and stays ‘high’ for the remainder of that cycie If
the RDY line is pulled ‘low’ during the @4 puise in which
SYNC went ‘high’. the processor will stop and remain in
its current state until the RDY line goes ‘high’. In this
manner, the SYNC signal can be used to control RDY for
single instruction execution.

ADDRESSING MODES

The 65CE02 has 18 addressing modes (3 more than
the 65C02. and 5 more than the 6502). The bracketed
expression following the title of the mode is used iater to
identity the addressing mode in the Instruction Set Op
Code Matrix and Summary tables.

immediate [IMM]

. Inimmediate addressing the second byte of the
instruction contains the cperand, with no further memory
addressing requirec. (PHW -PusH Word-requires z third
byte).

Absoiute [ABS]

In 2bsoiute agddressing. the second byte of the
nstructicn specifies the eight low order bits of the
effective gddress wrile the third byte specifies the 2ignt
high orcer bits. Thus the absolute addressing r'ncc°
ailows access 10 the entire 64K bytes of addresszt
memacry

Base Page [BP]

The base page mode gllows for shorter code arc
execution iime Dy using the contents of the base cage
regrster as the high crcer agdress byte. This differs from
the previous Zero Page acddressing mode in that 'he zero
page may now be relocated. thus making memory
magping mere flexitie anad coding more efficient

Accumulator [ACCUM]
This fcrm of aderessing is represented with 3 c~=-byts
ASruclcn. *MpkyInG an cperation on the accum, =72r

wm




Implied [IMPL]

in the implied addressing mode. the zddress
containing the operand s imphicitly stated in the
operation code of the instruction

Base Page Indexed [BP, X or BP, Y] (note 1)

This form of base page addressing caiculates the
eftective low order address byte by adding the second
instruction byte to the contents of the incexing register (X
or Y). The mgh order byte is specified by the contents of
the base page register. Addittonally. due to the nature of
‘Dase page” addressing. no carry is 2ddec 10 the high
order byte and page boundary Crossing ¢oes not occur

Absolute Indexed [ABS, X or ABS, Y]

This moce torms the ettective acaress ty adding the
contents of X (or Y) to the address contained in tne
secong anc thid bytes of the instructicn The incex
register contains the ingex or count vaiue ang the
instruction specifies the base address

Indexed Indirect [(BP, X)] (note 1)

In inCexed indirect addressing. the second byte of the,
INstruction is added to the contenis of the X index
register. discarding the carry The result of this adcition
points 10 @ memory location in Base Page whose
contents are the low order eight bits of the effective
address The next memory location in Base Page
contains the high orcer eight bits of the effective
adcdress.

Indirect Indexed [(BP), Y or (BP), Z] (notes 1. 2)

In indirect indexed addressing, the second byte of the
instruction points 1o a memory location in Base Page.
The contents of this location and the Y (or Z) index
register are added, 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 Base Page memory
location, providing the high order eight bits of the
effective address.

Stack Vector Indirect indexed [(D, SP), Y] (note 3)

This new mode is similar to indirect indexed
addressing. The Stack replaces the Base Page and the
second instruction byte specifies the displacement from
the current stack pointer locaton rather than the location
within Base Page.

The contents of this displaced stack location are
added to the contents of the Y index register, the resuilt
being the low order eight bits of the effective address.
The carry from this addition is added 1o the contents of
the next (D+1) stack location. the result being the high
order eight bits of the effective address.

Relative - Byte [REL]

Reiative addressing is used only with branch
instructions and establishes the destination for the
branch The second byte of the instruchon is the “offset”.
whose range 1s -128 to 127 bytes. and i1s adced 16 the
aadress of the instruction foliow:ng the branch

Relative - Word [WREL] (note 3)

Similar 10 above but uses the second and third bytes
as the ‘offset’. The range of the offset is -32768 10
+32767 bytes reiative 10 the address of the third
instruction byte (not the next instruction)

Absolute Indirect [(ABS)]

In the ABS mode the second and third bytes of the
instruction respectively contain the lower anc upger eight
bits of 2 memory location The content of this memory
location is the low order byte of the effective address
The next memory location contains the high order byte of
the efiective address.

Base Page Relative [BP REL] (notes 1. 4)

Thus mode is used oniy with the bit-test branch
instructions (BBS and BCC). The second byte of the
instruction specifies tne iow order byte of Base Page
memory 10 be tested The third byte of the instruction is
the offset. whese range is -128 to 127 bytes. referenced
to the location of the next instruction.

Indexed Absolute Indirect [(ABS,X)] (note 4)

In tis 2dcressing mode the contents of the second
and third instruction bytes are added to the X register
The sixteen bit result is 2 memory address containing the
effective low order address byte. The next memory
location contains the high order byte of the effective
address.

note 1 - referenced to base page. not necessarily zero
page.

2 - (BP). Z1s a new addressing mode allowing
indexing from the new Z register. it can also be
used as the 65C02 uses (IND) by setting base
page = zero page, and the contents of Z tc S00
(gefault condition atter RESET)

3 - new addressing mode not available on 65C02 or
6502

4 - not availabie on 6502




65CE02 OPCODE MATRIX

LSO
Q9 1 2 3 4 S 8 7 3 9 A B c 1] E F
TBAK | ORA | CLE | SEE | TSB | ORA | ASL |AMBO | PP | ORA | ASL [ TSY | 7S8 | ORA | ASL | 88RO |
0 |WMPUED| (BP.X) IMPLED|WPLED| BP | 8P | BP | BP |WMPUED, IMM ACCUMIMPUED| ABS | ABS | ABS | 8P
27 | 25 | 12 | v2 | 2¢ | 23 | 24 | 24 | w3 | 22 ! u1 | 35 ; 3e | 35 | e
8P | ORA | ORA | 8PL | TRB | ORA | ASL | AMBS! L;LC oRa | mnc | iz | TRE | ORA | AsL | BBA1 |
1 REL [(BP).Y |(BP).Z | WREL| 8P 8P.x | BP. X eP 1ED| ABS. ¥ |ACCUM ED| ABS [ABS. X |ABS. X | BP
22 | 25 | 25 | 33} 2¢ | 23 | 24 | 28 | 1 e | 11 1.1 35 | 3s | 35 | 34
SR | AND | JSA | JSR | BIT | AND | ROL |AmB2 | PLP | AND | ROL | Tys | aiT | ano | Rov | semz
2 | aBs |(@P.x)| (ABS) (ABS. Xx)| B8P 8P | 8P BP |MPLED| IMM [ACCUM[IMPLIED| ABS ;| ABS | A3S | 8P
as | 25 | 37 | 37 | 2 | 23 | 2.4 | 2.4 1.3 | 22 | u 1 {-35 | e | 35 | 3
ami | AND | AND | B | BT | AND | ROL |AMB3 | SEC | AND | DEC | DEZ | 8T | AND | ROL ! 88A3
3 | REL |(BP).Y|(BP).2Z| WREL| BP.x | 8P, x | BP.X | BP UMPLED| ASS.Y ACCUM ABS. X ABS. X [ABS.X| B8P
22 2.5 as 33 2.4 23 2.4 2.4 LY | e 11 1.1 38 | 4 3.3 3.4
ATI | EOR | NEG | ASR | ASA | SOR | LSA |[AMBa | PHA | EOR | LSR | TAZ | JMP | eom | wsa | sBRe
4 |mMPUED| (BP. X) [ACCUM|ACCUM| 8P | B8P | 8P BP [MPLIED| MM |ACCUM ABS | ABS | ASS 8P
.5 | 25 { 12 | 12 | 2« | 23 j 24 | 24 | 13 | 22 | ny | vy | 33 | 3s |25 ) 34
" BYC | EOR | EOR | BVC | ASR | EOR | LSA |AMBS | Cu | EOR | PHy | TAB | AUG | EOR | LSR | BBAS
s | REL |(BP).Y!(BP).Z|WREL| BP.X | BP. X | BP.X | BP £0| ABS. ¥ :sol-n. IED| ABS, X [ABS. X | 8P
22 [ 25 : 25 | 33 | 24 | 23 | 24 | 224 | 11 s | 1.3 11 44 | 24 | 35 | 34
RTS | ADC | "RTn | 8SR | STZ | ADC | ROR [AMB6 | PLA | ADC | ROR | TZA | JMP | ADC | ROR | BBRE
6 [IMPLIED| (BP. X) WMPLIED| WREL.| B8P BP -1 4 BP [|IMPLIED| IMM ACCUMUMPLIED! (ABS) | ABS ABS BP
1.4 | 25 | 27 | 38 | 23 | 23 | 24 | 24 | 13 | 22 | 11 11 | 35 | 34 | 35 | 3.4
8vs | ADC | ADC | 8vs | STZ | ADC | ROR |AMB7 | SEI | ADC | PLY | TBA | JMP | ADC | ROA | B8A7
7 | REL |(8P).Y [ (BP).Z WREL | BP. X | BP.X | BP.X | BP £0! ABS. Y WMPLIEDIMPLIEDASS. X)| ABS. X |ABS. X | BP
22 | 25 | 25 | 33 | 23 | 23 | 2¢ | 2 | 22 | 34 | 13 | 12 | 35 | 34 | 35 | 3
8AU | STA | STA | BRU | STY | STA | STX sueol DEY | &7 | TXA | STY | STY | STA | STx | BBSS
8 | REL |(8P.X)4eSP). Y/ WREL | B8P ESd e8P 87 IMPLIED| MM ED|ABS. X | ABS | ABS | ABS | B8P
22 | 25 26 | 33 | 23 | 23 | 23 2.8 | 11 22 | 11 | 36 | 36 | 34 | 32 | 34
BCC | STA | STA | BCC | STY | STA l STX SM81 | TYA | STA | TXS | STX | STZ | STA | STz | B&S1 |
9 | REL [(BPLY:(BP.Z!WREL| BP. X | BP X | BP. Y f 8° IIMPLIED| ABS, Y IMPLIED| ABS. Y | ABS |ABS.X [ABS.X| 8P |
22 | 25 | 25 | a3 | 23 | 23 | 23 | 24 iR s | s | o2a 3.4 | 3¢ | 32 |
LOY | LDA | DX | LDZ | LDY | LDA IT DX SmMB2 | TAY | oA | Tax | wpz | LOY | DA | LDX | 8BS2
Al mam (BR.X)| mam | wm | BP g 8p 87 IMPLIED| MM JMPLIED! ABS | ABS | ABS | ABS | B8P
22 | 25 | 22 | 22 | 23 | 23 | 23 | 24 | ) 22 | L1 | 24 | 36 | 34 | 34 | 34
8Ls | tDA | tDA | BCcS | oY | wDa | DX [sme3 | cuv | LDA | TSX | LDZ | LDY | LDA | LDX | BBS3
® | REL [(BP).Y|(BP) Z|WREL| BP.X | BP. X | BP. Y | BP ABS. Y WMPLIED| ASS_ X | ASS. X |ABS. X |ABS. Y| SP
2.2 2.5 2.5 33 2.3 23 2.3 2.4 | 1,1 3.4 1.1 34 3.4 34 3.4 3.4
CPy | CMP | CPZ | DEW | CPY | CMP | DEC | SMBs | INY, | CMP | DEX | Asw | CPy | CmP | DEC | 88Ss
Cc IMM | (BP.X) | IMM -1 8P B8P i 8P BP IMPLIED! IMM IMPLIED| ABS | ABS | ASS ABS aP
2.2 2s | 22 28 | 23 23 24 | 24 1.1 22 L vy a7 lo3s 3.4 35 3.4
BNE | CMP | CMP | BNE | CPZ | CMP | DEC | SMBS | CLD cmp | PHx | Puz | CPZ | CwmP oecgaess‘;
D | REL [(BP).Y|(SP).Z|WREL| 8P | BP.X | BP.X | 8P IMPLIED| ABS.Y JMPLIEDIMPLIED] ASS | ABS.X |ABS.x | BP |
! 22! 25 | 28 | 33 ! 23 | 23 | 24 | 24 | 11 | 2a i 13 {13 ! 3¢ ! 34§35 | 3s:
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DC CHARACTERISTICS
Absolute Maximum Ratings

Stresses above those listed may cause permanent
damage o the circull. Funchonal operation of the cevice
at these or any conaitions other than those indicaied in
the Operating Conditions of this specification is not
implied. Exposure to the maximum ratings for extended
pencds may adversely attect device reliability

Operating Conditions

Ali electrnical charactenstics are specified over the
entire rang= of the operating conditions uniess otherwise
notec. All voltages are referenced ic Vgg =00 V

] r
{ Characteristic Min | Max | Units | Condition Min | Max | Units |
; : [ g
Ampient temperature -25 | +125 | degC ' Supply voitage (Vpp) 45 | 55 |votts |
unger bias [ } | Free air temperature 1 o |70 cegc C
Storage temperature -65 | +125 cegC ' !
Applied supply voltage -05 | +70 | volts .
Apphed output voitage -05 | +55 |volts
Applied nput voltage 20 | +70 volts
¢ ¢
Interface Characteristics
Characteristic Symbol Min Max Units Conditions
Input High Level Vil 20, Vpo Volts
Input Low Level ViL - 05 08 Voits
Input Leakage N -10 10 JMAmDS 0.0vvin<VDD
Output High Level Vo 24 - Voits lload = -20q,lA
Output Low Level VoL - 04 Volts lload = 32mA
Suppily Current DD - 10 pAmDS standby
- 35 | MA/MHz | active
|
Input Capacitance Cin - 10 ! pF ViN=0V, f=4MHz
Output Capaciiance Cout - 10 pF
65CE02 TIMING SPECIFICATION
Parameter Symbol 2 MHz 4 MHz 6 MHz 8 MHz 10 MHz
MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX
Cycle ume icyc 500 250 167 125 100
Ext Clk Wigth Low TPWXL 230 115 75 55 45
Ext Cik Width High IPWXH 230 115 75 55 45
Ext low ta @5 low txD2 5| 40 5| 30 5| 30 5| 30 5| 25
@5 low 10 B¢ high 1201 -20| 20 |- 15} 15 |- 10| 10 |- 10} 10 |- 10| 10
@, Cik Rise. Fall ig. ¢ ! 20 15 10 10 10
Ext Signal Rise. Fall l IXR- IXF | 20 15 10 | 10 10
. i ‘L
Reaa/Write Setup | tRws ; 50 40 35 | | 30 5| 25
Read/Write Hold | 'HRW | 15 151 10 10 5| 15
Address Setup ! 1ADS i 50 | 40 35 30 5| 25
| Address Hoic HA 15 15| i 10 i 10 5} 15
| Reac Access IACC 390 170 | | 102 | 70 55
| Reaa Data Setup DSy 80 40 | 30 | 25| 20 i
| Reag Data Holc 1HR 10 | 10| 10 to10 | 10!
i Write Daiz Delay IMDS 100 | [ 50 | 40 135+ 20 30
| Write Data Holo THw 15 I 15 10 | v 10 L 51 15
SYNC ez TSYNC 50 e 25 3C 5 25
ROY 3G 150 NMI S=t_s re 50 30 ¢ 25 20
ROt L0 IRC WNMi 2.2 el 30 25 2= 2 20
&




65CE02 TIMING DIAGRAM
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65CE02 INSTRUCTION SET SUMMARY

» - ~ ~ o
n z o o
€ |8 8 ]
LR LR ~ ~ ~ ~ ~ ~ %
N
M Zlnwe ] " " w " "
B 8 8 8 g N
- Q‘-‘.. ~ ~ ~ ~ re re -—
»
M Z|lvwn " " " " w "
8lc5 & 8 & £ “ “ o )
.l ~ ~ ~ ~ ~ ~
m” Zlvwn " w w " w w
AN ’ ) ’
® & 8] 5 « 1) w ©
- - ~ Lt ] K . L - - - - L T el e -] - - [‘.lll..c-!.
r - "~ L O e - - mn neonlamnesla nikel ~enle e T
8 ) 8 =8548 Sjsg | wge § 98| 338[smaxe 998 8srale RI29e | avalases
z -~ - - -t - -
8| 39 ] 3 39 . 88
"NV ~ MMM NN~ ‘NN~ NNl N ~ NN ~ NNNNN 2ql‘
Z|mmew . annlnee mele anle < ) vew ® cnn|an MK
8[suss| gasfass | eale ) eez ¢ | s ey 8 igsl3a 23
slrme [0 @ moalnn on meonnlnan " ) o olo ~ FLIEE ™
. Tan ~ w e elen -0 MNneelyen - ~ nwonle " LA AE R Lal R
8lgky (8 & Bug(8Y | eul  [veQuvev [ 8 [¢ wala @ 8u(uy ols
.o ~ oo ~ e ~ ) ~ N
Zlvew ~ DT O ~ e ~ w ~
8|38 % 3a8(s ? e (& |2 g .
Vle h&Ovv ~o0 o~ ﬂ m SS.“.SSS <ox>N cww_w <
AAO__ ﬂuss- "o ww.: 3 w I —-4—-_-_.__ CC. \ 5
[} VON|ZNZ >> § L R A {8 ] (&} 3
0332|3828/8885(858 (3085 PN A | ek b EEEEIEERIEY B 3!
TS b Pealt e 111188 ¢ ulong ! IMM_ 148 .&nnumwm. §s2 onlsnefdnsc|lnana
1l “mwmmmwmmg mmmr_.w...qw:um'..,." n....!..wm__ 0wk Tk Pt R i - b b ok ik Bk bk
<<v3of« o.un..ooa.nv.Zumlv..v..A.n::v..z 23334 {Eccdldnsnjonaniadoojod el L1 >N cadMiannnlns s
Vo 5 - (%) (] - @ x| x> dlndua
LR EREHEFIS PR ERRR LIS L P Y :mmmmw%mmm mmmm_m!mmm b} 1 mmmm_gumm@: CREL ER PRt




Z C

CONDITION CODES

N V E B DO

WREL ABS) 8P REL LABS. X)
(WORD)
* 0P N * OP N 3. 0P N =+ 0P N

REL

ADORESSING WCOES
4 ABS X ABS v
(BYTE)
* 0P N » OP N » OP N = CP N
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ORDERING INFORMATION

The CSG 65CEQ2 is availabie in a plastc 40-pin dual-in-line package with operating frequencies of 2, 4. 6,
8 or 10 MHz. These versions are coded into the part number as foliows:

65CE02 -
-T
— 2- 2MHz
4 - 4MH2
6- 6MHz
8- 8 MHz
10 - 10 MHz
.
For more information contact
Commodore Semiconductor Group
950 Rittenhouse Road
Norristown, PA 19403
Tel: 215/666-7950
TWX 510-660-4168
FAX 215/647-0791

COMMODORE SEMICONDUCTOR GROU® reserves the right to make cnanges 10 improve reliability
tunction or gesigr: COMIMCDORE SER:CONDUCTOR GROUP gues not 2ssume any habiity ansing out
of the applicalicn Or USE Cf TS DFOCUCE. ~&4ner 8006 * CONVeY 2NX UTLhSE Unger 1S paten! nghls nor the.
nghts of others
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