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R650X and R651X
Microprocessors (CPU)

DESCRIPTION

The 8-bit RE500 microprocessor devices are produced with
N-channel, silicon gate technology. Performance speeds are
enhanced by advanced system architecture, This innovative
_architecture results in smaller chips—the semiconductor
threshold Is cost-effectivity. System cost-effectivity Is further
enhanced by providing a family of 10 software-compatible
microprocessor (CPU) devices, described- in this document.
Rockwell also provides single chip microcomputers, memory and
peripheral devices—as well as low-cost design aids and
documentation.

Ten CPU devices are available. All are software-compatible.
They provide options. of addressable memory, interrupt input,
on-chip clock oscillators and drivers. All are bus-compatible with
earlier generation microprocessors like the M6800 devices.

The R650X and R651X family includes six microprocessors with
on-board clock oscillators and drivers and four microprocessors
driven by external clocks. The on-chip clock versions are aimed
al high performance, low cost applications where single phase
inputs, crystal or RC inputs provide the time base. The external
clock versions are. geared for multiprocessor system applica-
tions where maximum fiming. control is mandatory. All R6500
microprocessors are also avallable in a variety of packaging
(ceramic and plastic), operating frequency (1 MHz, 2 MHz and
3.MHz) and temperature {commercial and industrial) versions.

ORDERING INFORMATION

Part Number: R65XX o — —

lTemperalure Range (Ty to Ty):
No letter = 0°C'to +70°C

FEATURES

o N-channel, silicon gate, depletion foad technology
e 8-bit parallel processing

o 56 Instructions

o Decimal and binary arithmetic:

o -Thirteen addressing modes

o True indexing capabiiity

Programmable stack poainter

Varlable length stack

Interrupt request

Non-maskable interrupt

Use with any type of speed memory

8-bit bidirectional data bus

Addressable memory range of up to 64K bytes
“Ready” input

Direct Memory Access capability

Bus compatible with M6800

1 MHz, 2 MHz, and 3 MHz versions

Choice of external or on-chip clocks

On-chip clock options

—External single clock input

—Crystal time base input

Commercial and industrial temperature versions
Pipeling architecture

Single +5V supply

R6500 CPU FAMILY MEMBERS

E ~40°C to +85°C Microprocessors with Intemal Two Phase Glock Generator
Package: Mode! No. Pins Addressable Memory
’ C = Ceramic DIP R6502 40 84K Bytes
P = Plastic DIP R6503 28 4K Byltes
R6504 28 8K Bytes
Frequency Range: R6505 28 4K Byles
No letter = 1 MHz R6506 28 4K Bytes
. A = 2MHz R6507 28 8K Bytes
B = 3MHz
Microprocessors with External Two Phase Clock Input
l—— Model Designator:
XX = 02,03,04,...15 Model _ No. Pins Addressable Memory
R6512 40 64K Bytes
R6513 28 4K Bytes
RB514 . 28 8K Bytes
R6515 28 4K Bytes
Document No. 28000D39 Data Sheet Order No. D39
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R6500 Microprocessors (VFU)

INTERFACE SIGNAL DESCRIPTIONS

CLOCKS (91, 2)

The R651X requires a two phase non-overlapping clock that
runs at the V¢ voltage level. The R650X clocks are supplied
with an internal clock generator. The frequency of these clocks
is externally controlied.

ADDRESS BUS (A0-A15)

The address line outputs: access data in memory device loca-
tions or cells, access data in I/O device registers andfor effect
logical operations in I/O or controller devices depending on
system design. The addressing range is determined by the
number of address lines available on the particular CPU device.
The R6502 and R6512 can address 64K bytes with a 16-bit
address bus (A0-A15); the R6504, R6507, and the R6514 can
address 8K bytes with a 13-bit address bus (A0-A12); and the
R6503, R6505, R6506, R6513, and R6515 can address 4K
bytes with a 12-bit address bus (A0-A11). These outputs are
TTL-compatible and are capable of driving one standard TTL
load-and 130 pF.

DATA BUS (D0-D7)

The data lines (D0-D7) form an 8-bit bidirectional data bus
which transfers data between the CPU and memory or periph-
eral devices. The outputs are tri-state buffers capable of driving
one standard TTL load and 130 pF.

DATA BUS ENABLE (DBE, R6512 ONLY)

The TTL-compatible DBE input allows external control of the tri-
state data output buffers and will enable the microprocessor bus
driver when in the high state. In normal operation DBE is driven
by the phase two (#2) clock, thus allowing data output from
microprocessor only during @2. During the read cycle, the data
bus drivers are internally disabled, becoming essentially an
open circuit. To disable data bus drivers externally, DBE should
be held low.

READY (RDY)

The Ready input signal allows the user to halt or single cycle
the microprocessor on all cycles except write cycles. A negative
transition to the low state during or coincident with phase one
(B1) will halt the microprocessor with the output address lines
reflecting the current address being fetched. If Ready is low
during a write cycle, it is ignored until the following read oper-
ation. This condition will remiain through a subsequent phase two
(72) in which the Ready signal is low. This feature allows micro-
processor interfacing with the low speed PROMs as well as
Direct Memory Access (DMA).

INTERRUPT REQUEST (iRGQ)

The TTL level active-low TRQ Input requests that an interrupt
sequence begin within the microprocessor. The microprocessor
will complete the current instruction being executed before rec-
ognizing the request. At that time, the interrupt mask bit in the
Processor Status Register will be examined. If the interrupt
mask flag is not set, the microprocessor will begin an interrupt
sequence. The Program Counter and Processor Status Register

24

are stored in the stack. The microprocessor will then set the
interrupt mask flag high so that no further interrupts can occur.
At the end of this cycle, the program counter low will be loaded
from address FFFE, and program counter high from location
FFFF, therefore transferring program control to.the memory
vector located at these addresses. The RDY signal must be in
the high state for any interrupt to be recognized. A 3KQ external
resistor should be used for proper wire-OR operation.

NON-MASKABLE INTERRUPT (NMi)

A negative going edge on the NMI input requests that a non-
maskable interrupt sequence be generated within the micro-
Processor.

NMI is an unconditional interrupt. Following completion of the
current instruction, the sequence of operations defined for IRQ
will be performed, regardless of the state interrupt mask flag.
The vector address loaded into the program counter, low and
high, are locations FFFA and FFFB respectively, thereby trans-
ferring program control to the memory vector located at these
addresses. The Instructions loaded at these locations cause the
microprocessor to branch to a non-maskable interrupt routine
in memory.

NMI also requires an external 3KQ register to V¢ for proper
wire-OR operations.

Inputs TRQ and NMI are hardware interrupts lines that are sam-
pled during @2 (phase 2) and will begin the appropriate interrupt
routine on the @1 (phase 1) following the completion of the cur-
rent instruction:

SET OVERFLOW FLAG (SO)

A negative going edge on the SO input sets the overflow bit in
the Processor Status Register. This signal is sampled on the
trailing edge of 1 and must be externally synchronhized.

SYNC

The SYNC output line identifies those cycles in which the micro-
processor is doing an OP CODE fetch. The SYNC line goes high
during #1 of an OP CODE fetch and stays high for the remainder
of that cycle. If the RDY line is pulled low during the g1 clock
pulse 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.

RESET (RES)

The active low RES resets, or starts, the microprocessor from
a power down or restart condition. During the time that this line
is held low, writing to or from the microprocessor is inhibited.
When a positive edge is detected on the input, the microproc-
essor will immediately begin the reset sequence.

After a system initialization time of six clock cycles, the mask
interrupt flag is set and the microprocessor loads the program
counter from the memory vector locations FFFC and FFFD, This
is the start location for program control.

After Vg reaches 4.75 volts in a power up routine, reset must
be held low for at least two clock cycles. At this time the R/W
and SYNC signals become valid.
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~
R6502 FEATURES vss —
- 1 401 RES
e 64K addressable bytes of memory (AQ-A15) erroun? B[R ¢z0un
¢ On-chip ciock ﬁ E . a g%um
TTL-level single phase input T wbne
RC time base input svne 7 =2
crystal time base input vee  Hemesoz S5t
¢ Two phase output clock for timing of support chips oo g npo
¢ |RQ interrupt _ :i = lZ §§ g g;
o NMI interrupt . E " 2 g 06
26 o7
s RDY signal A7 = A1) 253 At1S
A8 fum BN 243 a4
* SYNC signal A9 = 1: 23f3 A1
{can be used for single instruction execution) N I b =
® 40-pin DIP
) AEs ! 85 ¢, 0uT)
R6503 FEATUR| vss 42 215 gg uN)
ES R=F 6 W
o 4K addressable bytes of memory (A0-A11) ﬁz‘ég : =B o
e On-chip clock PO = 230 02
1BG i a1 2 22[2 03
o |IRQ interrupt az =]s R6503 2104
 NHH nterupt o= T =1
¢ 28-pin DIP As 1 18 07
a6 (]2 170 ANl
a7 —duw 16 E A0
ag {14 15 A9
AES g 1 28| & (OUT]
VvSsS H 27 Qo lIND
R6504 FEATURES er=F H =
vec 4 25 00
e 8K addressable bytes of memory (AD-A12) a0 s 201
02
o On-chip clock 22 7 resos 2 os
* |RQ interrupt A: E 8 :; g g;
A 9
e 28-pin DIP As CFio 19 os
as OIn 18307
A7 (12 17 a2
AB 13 16 ALt
ag 14 15 A
AEs ! 28l w;;oun
R6505 FEATURES vss 42 215390 lIN]
ROYE3 26 RSW
« 4K addressable bytes of memory (A0-A11) ol q: bt =
s On-chip clock a0 s 2302
; « TRQ interrupt , A1 547 RB508 511 og
e RDY signal a3 s 2005
as o 19 06
« 28-pin DIP o= It e S
As (12 17 A1t
ar O3 1683 A0
Ag (314 1503 Ag
25
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\ RES 1 281 ¢, (OUT)
- vss =2 271¢¢ (IN}
R6506 FEATURES ¢4 louT) 43 26 3R/W
iRa Ja 25171 DO
® 4K addressable bytes of memory (A0-A11) vce s 24101
® On-chip clock Ao E 6 2; g g;
* Two phase output clock for timing of support chips :; A ; Re508 - s
* {RQ interrupt A3 o 1] 20f1 D6
® 28-pin DIP A4 jum BT 19306
A5 e BE] 18307
A6 1z 173 AN
A7 —=]13 16 At0
A8 14 150 Ag
ges 1 2815 ¢, (0UT)
vss 2 27 o N
RoY]3 26 R/W
R6507 FEATURES vee 4 261 D0
' A0 B35 241 DY
: o 8K addressable bytes of memory (A0-A12) A1 e 23{1 D2
' o On-chip clock A2 C]7 Reso7 220 D3
; * RDY signal A3 48 214
o 2801 A4 o 20{71 D5
28-pin DIP as 10 1906
ae 11 183 D7
A7 (112 17| A12
A8 313 16[0 A1
Ag 14 15173 A10
vss 1 40l RES
RDY 2 3913 ¢ (OUTI*
$1(N) 3 38f 80
Ra 4 373 ¢, (IN)»
R6512 FEATURES vss 46 36{ DBE
NMi e a5f) N.C.
* 64K addressable bytes of memory (AG-A15) synct]7 343 R/W
« Two phase clock input vee E 8 RE512 33 g g‘:
— A0 9 32
*IRQ interrupt A e a1 b2
o NM! interrupt A2 CIn 303 D3
* RDY signal A3 12 20§ D4
! Al 13 283 DB
* SYNC signal A6 E 14 B os
e Data Bus Enable as is 261 D7
@ 40-pin DIP A7 16 25| A16
AB 17 241 A14
A9 118 237 A13
A10 {19 223 A12
A1l 320 21§33 vss

*Ping 37 and 39 are connected internally
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vss .1 281— RES
R6513 FEATURES 1 (IN) 12 27 ¢2 (IN)
fRG C 2613 R
o 4K addressable bytes of memory (AO-A11) kg ) g
e Two phase clock input vee s 24 D1
o IRQ interrupt Ao e 23 g:
o NMi interrupt :; Eg RSt :? g D4
e 28-pin DIP A3 o 20{7 D6
A4 (o 19{9 D6
AB (11 18§ b7
A6 12 173 A1
A7 =13 16 A10
as 14 153 A9
vss .1 2813 RES
1 (IN) 2 2713 2 (IN)
iRa 43 26| RW
vec s 257 DO
R6514 FEATURES a0 s 247 b1
- Al s 23 D2
e 8K addressable by!es of memory (A0-A12) Az 1, Re514 22/ pa
e Two phase clock input R A3 s 21| D4
o IRQ inferrupt A4 o 20§ D6
. AS 110 19[) D6
® 28-pin DIP A6 g1 183 D7
A7 112 17 A2
A8 143 163 A1
A9 14 15 A10
vss .1 281 RES
ROY[]2 2713 ¢z (IN)
1 Ny 3 2613 R/W
R6515 FEATURES jRa CJ4 2517 po
vcc s 24301
o 4K addressable bytes of memory (A0~A11) A0 s 2302
e Two phase clock input A1 =37 R6515 22| D3
o IRQ interrupt :: :-____- 8 :; :-_:', g‘;
. 9
e RDY signal A4 —J10 i9f3 D6
* * 28-pin DIP A5 111 18307
As 112 17| AN
A7 13 16} a0
A8 14 153 A9
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FUNCTIONAL DESCRIPTION

The internal organization of all R6500 CPUs Is identical except
for some variations in clock interface, the number of address
output lires, and some unique inputfoutput lines between
versions. -

CLOCK GENERATOR

The clock generator develaps all internal clock signals, and (where
applicable) external clock signals, associated with the device. It is
the clock generator that drives the timing control unit and the exter-
nal timing for slave mode operations. ’

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 s
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 reg-
isters depends upon decoding the contents of both the instruction
register and the timing contro! unit.

PROGRAM COUNTER

The 16-bit program counter provides the addresses which step
the microprocessor through sequential instructions in a program.

Each time the microprocessor fetches an instruction from pro-
gram 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 fromprogram memory. -

INSTRUCTION REGISTER AND DECODE

Instructions fetched from memory are gated onto the Internal
data bus. These instructions are latched into the instuction regis-
ter, then decoded, along with timing and interrupt signals, to gen-
erate control signals for the various registers.

2-8

7= ¢ -7~
ARITHMETIC AND LOGIC UNIt (ALv)

All arithmetic and logic operations take place in-the ALU including
incrementing and decrementing intemal registers (except the pro-
gram counter), The ALU has no internal memory and is used onlyto
perform logical and transient numerical opsrations.

ACCUMULATOR

The accumulator is a general purpose 8-bit register that stores
the results of most arithmetic and logic operations, and in addi-
tion, 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 YY), which may be used
to count program steps or to provide an index value to be used in
generating an effective address.

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

STACK POINTER

The stack pointer is an 8-bit register used to contfol the addressing
of the variable-length stack on page one. The stack pointer is auto-
matically incremented and decremented under control of the micro-
processor to perform stack manipulations under direction of either
the program or interrupts (NMI) and IRQ). The stack allows simple
implementation of nested subroutines and multiple level interrupts.
The stack pointer should be'initialized before any interrupts or stack
operations occuf.

PROCESSOR STATUS REGISTER

The 8-bit processor status register contains seven stalus flags.
Some of the flags are controlled by the program, others may be
controlled both by the program and the CPU.

- |
DTS 91 DE.?&ZLLEI?B 0013099 0O r
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R6500 Microprocessors (CPU)

ADDRESS
BUS?

<«—— REGISTER SECTION

7-¢9 ~17~06

CONTROL SECTION ~——p»

RES jAQ NMI
] bid
a0 -] ; ] INDEX
neciren () wreanurT
. v »
) V * ‘J
A2 - INDEX
REGISTER )
X
ft————————— ppv2
A3 -
ABL o 5¥NC2
M - [Bld  rowr K
S REGISTER
< (s} 1
A5 - 2
I INSTRUCTION
2 DECODE
Ae - - -
. ALY
A7 -t—f w
] 9
a
H |‘<-
z &
A8 - < ACCUMULATOR =7 TIMING
:z(' A E CONTROL
A9 -—f § z
z [ 1 (N}*
- . ]
A10 «— cz PCL @ .
é2 Ny
AT1 g " PcH P
ey . PROGESSOR cLock
STATUS
] recisten ceneraton | [ 0 ONP
A12 wtf—] ) P
- DATA L T =
" LATCH L—= 31 (oune
A13 ©L) K= i
L] L3 03 (0UT?
i I
A4 ug—]
DBES
DATA BUS INSTRUCTION
a15 - BUFFER . REQISTER
L L v
00
LEGEND: ot
02
03 | paTa
ﬂ « 8 8IT LINE oot | BUS
05
I =1 8IT LINE — D6
-l ) 7
NOTE

1. CLOCK GENERATOR IS NOT INCLUDED ON R6512, R6513, R6514 AND R6515.
2. ADDRESSING CAPABILITY AND CONTROL OPTIONS VARY WITH EACH OF

THE CPUs.
3. R6502, R6503, R6504, R6505, R6506 AND R6507.
4. R6512, R6513, R6514 AND R6515.
5. R6512 ONLY.
6. R6502 AND R6506.

| SR P

R650X and R651X Internal Architecture

29
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R650X, R651X R6500 Microprocessors (CPU)
INSTRUCTION SET

The R6500 CPU has 56 instruction types which are enhanced Accumulator, index registers, Program Counter, Stack Pointer
by up to 13 addressing modes for each instruction. The and Processor Status Register are illustrated below.

Alphabetic Listing of Instruction Set

Mnemonic Function Mnemonic Function

ADC Add-Memory to Accumulator with Carry JMP Jump to New Location
AND "AND" Memory with Accumulator JSR Jump to New Location Saving Return Address
ASL Shift Left One Bit (Memory or Accurnulator)
LDA Load Accumulator with Memory
B8CC Branch on Carry Clear . LDX . Load index X with Memory
BCS Branch on Carry Set LDY Load Index Y with Memory
BEQ Branch on Result Zero LSR Shift One Bit Right (Memory or Accumulator)
BIT Test Bits in Memory with Accumulator
BMI Branch on Result Minus NOP No Opération
BNE Branch on.Result not Zero
BPL Branch on Result Plus ORA ~ "OR"™ Memory with Accumulator
BRK Force Break
BVC Branch on Overflow Clear PHA Push Accumulator on Stack
BVS Branch on Overflow Set PHP Push Processor Status on Stack
PLA Pull Accumulator from Stack
CLC Clear Carry Flag PLP Pull Processor Status from Stack
CLD Clear Decimal Mode
CLI Clear Interrupt Disable Bit ROL Rotate One Bit Left (Memory or Accumulator)
CLv Clear Overflow Flag ROR Rotate One Bit Right (Memory or Accumulator)
CMP Compare Memory and Accumulator RTI Return from Interrupt
CPX Compare Memory and Index X RTS Return from Subroutine
CPY Compare Memory and Index Y
N SBC Subtract Memory from Accumulator with Borrow
DEC Decrement Memory by One SEC Set Carry Flag
DEX Decrement Index X by One SED Set Decimal Mode
DEY Decrement Index Y by One SEl Set Interrupt Disable Status
STA Store Accumulator in Memory
EOR “Exclusive-OR" Memory with Accumulator STX Store Index X in Memory
; STY Store Index Y in Memory
INC Increment Memory by One
INX Increment Index X by One TAX Transfer Accumulator to Index X
INY increment Index Y by One TAY Transfer Accumulator to Index Y
TSX Transfer Stack Pointer to Index X
TXA i Transfer Index X to Accumulator
TXS Transfer index X to Stack Register
TYA Transfer Index Y fo Accumulator
7 0 7 0
A laccumulaTorR A [N[V[1]8]p]1]z][c] ProCESSOR STATUS REG *P"
7 0 L
INDEX REGISTER Y CARRY 1=TRUE
(X ]INDEXREGISTER X ZERO 1=RESULT ZERO
15 7 0
[ PeH | PCL | PROGRAM COUNTER "PC" JRG DISABLE 1=DISABLE
8 7 0
1] [ | STACK POINTER agr —————DECIMAL MODE 1=TRUE
BRK COMMAND 1=BRK
OVERFLOW  1=TRUE
NEGATIVE 1=NEG.

Programming Model .

2-10
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ADDRESSING MODES

The R6500 CPU family has 13 addressing modes. In the
following discussion of these addressing modes, a bracketed
expression follows the title of the mode. This expression is the
term used in the Instruction Set Op Code Matrix table (later in
this product description) to make it eadier to identify the actual
addressing mode used by the instruction. .

ACCUMULATOR ADDRESSING [Accum]-—This form of

addressing is represented with a one byte instruction, implying

an operation on the accumulator.

IMMEDIATE ADDRESS [IMM]—In immediate addressing,
the second byte of the instruction contains the operand, with
no further memory addressing required.

ABSOLUTE ADDRESSING [Absolute]—In absolute
addressing, the second byte of the instruction specifies the eight
low order bits of the effective address while the third byte
specifies the eight high order bits. Thus, the absolute address-
ing mode allows access to the entire 64K bytes of addressable
memory.

ZERO PAGE ADDRESSING [ZP]—The zero page instruc-
tions allow for shorter code and execution times by fetching only
the second byte of the instruction and assuming a zero high
address byte. Careful use of the zero page can result in slgmf -
cant increase in code efficiency.

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

INDEXED ABSOLUTE ADDRESSING [ABS, X or Y]—
This form.of 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 or
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

2-11

R6500 Microprocessor (CPU)

address. This type of indexing allows referencing of any loca-
tion and the index may modify multiple fields, resulting In
reduced. coding and execution time.

IMPLIED ADDRESSING [Implied]—In the implied address-
ing mode, the address containing the operand Is implicitly stated
in the operation code of the instruction.

RELATIVE ADDRESSING [Relative]—Relative addressing
is used only with branch instructions and establishes a destina-
tion for the conditional branch.

The second byte of the instruction is an operand. This operand
is an offset which Is added to the program counter when the
counter is set at the next instruction. The range of the offset is
~128 to +127 bytes.

INDEXED INDIRECT ADDRESSING [(IND, X)]—in indexed
indirect addressing (referred to as (indirect, X)), the second byte
of the instruction is added to the contents of index register X
discarding the carry. The result of this addition points to a
memory location on page zero which contains the low order byte
of the effective address. The next memory location in page zero
contains the high order byte of the effective address. Both
memory locations specifying the effective address must be in
page zero. ’

INDIRECT INDEXED ADDRESSING [(IND), Y)]—in
indirect indexed addressing (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 are added to
the contents of index register Y. The result is the low order byte
of the effective address. The carry from this addition is added
to the contents of the next page zero memory location, to form
the high order byte of the effective address.

ABSOLUTE INDIRECT [Indirect]—The second byte of the
instruction contains the low order byte of a memory location.
The high order eight bits of that memory location are contained
in the third byte of the instruction. The contents of the fully speci-
fied memory location are the low order byte of the effective
address. The next memnory location contains the high order byte
of the effective address which is loaded into the sixteen bits of
the program counter. (JMP (IND) only)

SC PDTS 91 DEJ] 7811073 0013102 b r'
' 749 ~(7-04
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R6500 Microprocessors (CP_L_Q

INSTRUCTION SET OP CODE MATRIX

The following matrix shows the Op Codés associated with the
R6500 family of CPU devices. The matrix identifies the hex-
adecimal code, the mnemonic code, the addressing mode, the

7-¢9 =7-06

number of instruction bytes, and the number of machine cycles
assoclated with each Op Code, Also, refer to the instruction set
summary for additional information on these Op Codes.

o Lso 0 1 2 3 4 5 6 7 8 ] A B c D E
a -
= BRK | ORA ORA | AsL PHP | ORA | ASL ORA | AStL
0 | implied | (IND, X} 2P zP Implied | IMM | Accum ABS | ABS
17 26 23 25 13 2 2 12 3 4 3 6
BPL ORA ORA ASL CLC ORA ORA ASL
Relative [ (IND), Y 2P, X | 2P, X Implied ; ABS, Y ABS, X | ABS, X
2 2|2 5 24|28 12 (3 &4 34|87
JSR. AND BIT AND AOL PLP AND ROL BIT AND ROL
2 | Absolute| (IND, X) 2P e p4J implied | IMM | Accum ABS | ABS | ABS
36|26 23|23 25 14 (22|12 34| 34]3°6
BMI | AND AND | ROL SEC | AND AND [ ROL
3 | Relative| (IND), Y 2P, X | ZP. X Implied | ABS, Y ABS, X | ABS, X
2 2|2 5 24|26 12 {3 & 3 4 (37
RTI EOR EOR LSR PHA EOR LsA JMP EOR LSR
Imptied | (IND, X) 2P yid Implied | IMM | Accum ABS ABS ABS
16|26 23|25 13|22 ]12 33| 34j36
BVC ECR EOR LSR cul EOR ECR LSR
§ | Relative | (IND), Y P, X | 2P, X impfied [ABS, Y ABS, X | ABS, X
2 2¢|2 5 24|26 t2 (3 @# 34|87
ATS | ADC ADC | ROR PLA | ADC | ROR JMP | ADC | ROR
Implied | (IND, X) 2P P Implied | IMM | Accum Indirect| ABS | ABS
16)286 25 14|22 1}12 35| 34]36
BvS | ADC ADGC | ROR SEI | ADC ADC | ROR
Relative | (IND), Y P, X | 2P, X Implied | ABS, Y ABS, X | ABS, X
2 2*| 2 5 24|28 12 |3 4 3 4|37
STA STY STA TX DEY TXA sTY STA STX
(IND, X) 2P P zP Implied Implied ABS | ABS | ABS
2 6 23j23|23 12 12 3434|234
BCC STA sTY STA STX TYA STA | TXS STA
Relative | (IND), Y ZP, X | 2P, X | ZP.Y Implied | ABS, Y |Implied ABS, X
2 20| 26 24 ]24)|24 12735 |12 ) 35
LDY | LDA | DX LDY | LDA TAY | LDA | TAX LDY | LDA | DX
A ] IMM [(IND,X) | IMM 2P P zp implied [ MM | Implied ABS | ABS | ABS
22|26 (22 23 |23)|23 12122 |t2 34| 34|34
BCS | LDA LDY | LDA. | LDX CLV | LDA | TSX DY | LDA | LDX
B | Relative} (IND), Y P, X | ZP. X | ZP.Y Implied | ABS, Y |Implied ABS, X| ABS, X | ABS, Y
2 2|25 24|24 24 12 ]3aa |12 3 4|3 4|3 4
CPY CMP CPY ‘| 'CMP DEC INY CMP DEX CPY CMP DEC
C | MM J{ND,X) zP zp P Implied | IMM | Implied ABS | ABS | ABS
22] 28 23|23]2¢5 12§22 |12 34|34 )36
BNE CMP CMP DEC CLD CMP cMmp DEC
D |Relative}{IND), Y 2P, X | ZP, X Implied- | ABS, Y ABS, X | ABS, X
2 2{2 5 24|26 1t 213 & 3 4|37
CPX | SBC CPX | SBC | INC INX | sBC | NOP CPX | SBC | INC
IMM [ (IND, X) 2p 44 P Implied | IMM | Implied ABS | ABS | ABS
2226 23|23125 12 (22|12 34{34)|3°¢6
BEQ | SBC sBC | INC SED | SBC SBC INC
Relative (IND), Y P, X | ZP, X Implied | ABS, Y ABS, X | ABS, X
2 2|25 24|28 12 |3 & 3 4137
[1} 1 2 3 4 5 6 7 8 9 A B (o} D E
0 *Add 1 to N if page boundary is crossed.
“*Add 1 to N if branch occurs to same page;
BRK | —OP Code add 2 to N if branch occurs to different page.
0| implied | —Addressing Mode pag
1 7 | —Instruction Bytes; Machine Cycles
212
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R650X, R651X R6500 Microprocessors (CPU)
7-99-(7-0¢

INSTRUCTION SET SUMMARY

IHSTRUCTIONS wamepate | assouote § zenorace | accum | miruco | gxo.xy | uworY [ZPAGE X | ABS.x | ADS.Y | RELATIVE | tHOIRECT | 2 PAGE.Y :{‘,&?’““‘"”’
MNEMONT PtaATiON e[ a1 e Jorl o] e|or| o |« [oi a } & o8] u] » |oF] o ] #[or] a] « [op] o] u[or] o] [or] o] afor]a] s for]n | « Jor| o | o bttt

ADC | AsMeE~A ineg|2]2 [eo] af3]es|afz s1|6|2|71f sz fs)fal2 o] «]a]re] 4|3 Nv...0Z2G| ADC
AND | AaM-a | 2]2 fiof 4fafzs|a]2 2l 23| sf2fssfaf2 a0 4a]s0)a]s Neoooozs| AND
ASL [ Fa— ] 0Ej 6|3 {os] 5|2 foa| 2§ 1 6672 [IEf 7|3 N-seooZcC|ase
BCC | BRANCHONC=0 @ w| 2]2 N T 1
8cCS BRANCHONG = 1 121 8o 2| 2 co s BCS
8EQ BRANCHONZ = 1 1 ol 2| 2 _ s .-+ BEQ
8IT AAM 2c| alalaafa|2 b My o o 2 Z < BIT
Ml BRANCHONN = T 21 0f2!2 se v e e | BM
8NE BAANCHONZ =0 21 ooh2 ]2 e X 1
8PL BRANCHONN = 0 121 0] 212 Ve s e s el BPL
8RK BREAK o7+ © 1t ] BREK
BvC BRANCHONV =0 @ sof2]2 A YT
BYS BRANCHONV =1 {2 10|2]2 e s e s =« BVS
cre | o-c 1821 P I I
cLp 0D oal 2|1 veers0esfcLo
cul 0~t sal2f1 BTN Y
cLY o~V B8] 2|1 e 0« s a s s ] CL YV
cup | A-m co| 2|2 {cof a{ajcs|3]2 c1|6f2{o1]|s|2[ps|a{2opf «]|3]oo]af N.-+.s2c|cme
cex | x-m eo| 2] 2 feclaf3fes|a]2 N« s2zCfcpx
cePy X-M Jdcal 2l 2jeclafafed 3] 2 N.....2¢|lcpy
DEC Mo1em cef 6| afcs| 5} 2 os|6]zfoe[7 |3 N.++...2. DEC
DEX X-1=X caj2|1 Neoowsza0EX
DEY Y-1-v sl2]1 N.+oooZs+| DEY
€EOR AVYM=A orfasf 2| 24nf a | 3fas| a2 a|s|2fsrfs|2yssf42]sn{4]afsefa]a Noe«souZef EOR

I8 C M 1M eej 5| ajes|s}2 Fei6 | 2 |FE k] No'eoeoaZoJINC §
TNX Xel1-X eaj2]1 No+oeo-+02-JINX
tNY Yet=y 3 csl2[1 NoasoerveZ2ZJINY
N JMP JUMP TONEWEOC ac{ala ec| 5|3 P R 'Y
" JSR JUMPSUB EI A E e R
- LDA M~ A iU JA9i 2] 2 A_D]l J{as|3}2 Atfelafen|sf2les5/4|2]BDj4[3|BSf4]|2 B+ s o « s Z+|] LDA

LOX ‘M—X i |a2f 2| 2[AE| 4| 3]AB} 3} 2 BEf4 | 3 B6j4|2{N =+ » + » » 2+ LDX :
Loy M-y m faoj zfz|ac]afa]aed ]2 adfa]2]ec|afa Ne+o-s e Z2slioY
LSA o3¢ 4€|s]afasfs|2faaj2]n ss| 6| 2|se| 7|3 0es oo 2cfLSR
NOP | NOQPERATION eal 211 e T -1
ORA AVM=A 09l 2| 2 Joof 4 [3los[3] 2 orfel2fifs[2frs]afz]ie|a]a]ie]els N+« oo+ 7| ORA
PHA A Ms §-1-5 48f 311 e s s v s v s| PHA
PHP P-Ms $-1-§ w3y e T
PLA Set-§ Ms—=A 68l 4|1 No ooz PLA
PLP S+i-5 Ms—P w4 (RESTORED) PLP
ROL €| 6fafae)s|2feal2f1 wlejzlel7]a N+ -+ 2Cc|ROL
ROR Core P 6E[6fafea[sf2feal2fs wie|21Eb 7] N-=« -+ Zc|ROR
RTL ATANINT 40|61 tAESTOREDY RT}
RIS RTAN SUB 6|6] N R 1)
SBC | A-M-CT-a mfes|z2f2{eo]a|3]es|af2 eife|2|r|s]2|rs|a|2frof afa]ra]a]3 Ny ez sec
SEC i-C 2 v el sEC
SED 1-0 rafz| T N )
SEF [ 2] T .« 1l fSET
STA | A-m 80| 4 |3]es| 3|2 s1f6|2]atf6f2jes|af2loo|s|3]eef5]3 ve e o s sTA
STXx | X-M sef ¢ [3]ssf 3|2 EIRYES DRI R 8 3
. STy =M ac| €[ 3]Bef 3| 2 42 N Y X
TAX A=X AAl 211 N v o =2l TAx
TAY | A-v agf 2] 1 Neo-or-2+|TAY
ISX S-Xx BAl 2| 3 N+ « « « &« sl T1SX
TXA X=A BAj 2| 3 N s o2l TxaA
Txs X=5 oa| 2| 1 | N T T
TYA YA gal 2|1 Nesve s ozo|lTYA

W ADD110 N IF PAGE BOUNDARY IS CROSSED X INDEX X . aoD M. MEMORYSIT? :

L . v S osemer b wewomrors :

15 CARRYNOT x BORROW M MEMORY PEREFFECTIVE ADORESS v OR +  No.EYIES :

14 IF IN OECIMAL MODE. Z FLAG IS INVALID !

ACCUMULATOR MUST 8E CHECKED FOR ZERQ RESULT Ms  MEMORY PFERSTACK POINTER ¥ EXCLUSIVEOR :
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R650X, R651X 7 : R6500 Microprocessors (CPU)
7-99-(7-06

R650X CLOCK TIMING
Y
eve
Togo Tug .
- T X0V Ty ¥ 7 bkt ™
- d0 0N . \-uv . . otvflj . Vo
F0 ] = RO - €
e ——
20V 20V
#1um osv 0y
fa—Tp To — N ~
Tn (A
B 20V 20V 20V
#2 (oum osv osv oav
=
REFA ALrs REFA
R651X CLOCK TIMING
Teve
Ta—=l Trvng, Te
/ Veg 02V Ve 02V Voo 92
10N 02v) 02V 02V
T ).._ _.—l T
$2 Ny V02V Veg-02V cc 02
02V 02V 02V
Te Ta Tewng, i
REFA ks REF A
R65XX READ WRITE TIMING
neFa rees REFA
- . —_
. 70V READ 70V
Z o3V waire v
Trws —] [ Tuaw
ADDRESS 20V 20V
ues osv asv
Tans Ta Togy—emt=—Tha
DATA LINES Fisv Tav
READ Xosv oav. z
m—
Tun
DATA LINES 3 20V 20V }_____
WRITE o8V 23V
-_—r‘“‘_'-l 'ulw Thw
23V kzov
vuc /‘
~—=Trovf*— pm— T )—
20V
nov
kaev
Teo [=—
Zov
b oav
FA ners i REF &
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R650X, R651X ' R6500 Microprocessors (CPU)

AC CHARACTERISTICS
RE5XX RE5XXA R65XXB
(1 MH2) (2 MHz) (3 MH2)
Characterlistic Symbol Min Max Min Max Min Max Unit

R650X CLOCK TIMING ’
Clock Cycle Time Teve 1.0 10 0.5 10 0.33 10 ns
#0 (IN) Low Pulse Width Tieo 480 - 240 - 160 —_ ns
40 (IN) High Pulse Width ™ 460 — I 20 - 160 — | ns
90 (IN) Rise and Fall Time': 2 Tror Tro — 10 - 10 - 10 s
@1 (OUT) High Pulse Width TewHs 460 — 235 — 155 - ns
#2 (OUT) High Pulse Width _ Tewhgz 460 - 24b —_ 160 —_ ns
Delay Between @1 (OUT) and @2 (OUT) To ] 0 - 0 - 0 - ns
91 (OUT), g2 (OUT) Rise and Fall Ter Tr —_ 25 - 25 — 15 ns
Time': 2

R651X CLOCK TIMING
Clock Cycle Time Teve 1.0 10 0.5 10 0.33 10 [TE]
@1 (IN) High Pulse Width Towret 430 — 215 - 150 | — ns
92 (IN) High Pulse Width TewHaz 470 — 235 — 160 — ns
Delay Between 91 and 2 To [ - 0 — [ — ns
@1 (IN), 92 (IN) Rise and Fall Timet: 3 T T,; — 25 — 20 - 15 ns

R65XX READ/WRITE TIMING
RAW Setup Time Taws —_ 225 - 140 — 110 ns
RAW Hold Time Trmwy 30 _ a0 — 16 — ns
Address Setup Time Taps — 225 —_ 140 — 110 ns
‘Address Hold Time T T 30 — 30 — 15 — ns
Read Access Time Tacc - 650 - 310 —_ 170 ns
Read Data Setup Time - . Tosu 100 — 50 —_ 50 — ns
Read Data Hold Time THr 10 — 10 - 10 - ns
Write Data Setup Time Tmos —_ 175 — 100 — 85 ns
Write Data Hold Time Thw 30 - 30 — 15 — ns
SYNC Hold Time Ty 30 - 30 - 15 — ns
RDY Setup Time Trov 100 - 50 —_ 35 — ns
SO Setup Time Tso 100 — 50 - 35 — ns
SYNC Setup Time Tsvn —_ 225 - 140 - 110 ns

Notes:

1. Loads: All cutput except clocks = 1 TTL + 130 pF. Clock outputs = 1 TTL + 30 pF.

2. Measured between 0.8 and 2.0 points on waveform load.

3. Measured between 10% and 90% points on waveforms.

4. *RDY must naver switch states within Rgpy to end of §2.
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R650X, R651X : ' ' R6500 Microprocessors (CPU)
' ' o 7-Y9 -(1-06

EXAMPLE OF TIME BASE GENERATION FOR R6502

1 3.0K
vy AVAVAV

AB50X

- ——Dc DO—DO_ 30 (IN)
7404
. 15K% 4 | 7404 7404 RE502
1 4‘—|D| - $2 (OUT) f~——0 62
XTAL :

(1 MHz ~ 3 MHz)*

“CRYSTAL: CTS KNIGHTS MP SERIES, OR EQUIVALENT
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R650X, R651X ' R6500 Microprocessor (CPU)
ABSOLUTE MAXIMUM RATINGS* . 7:.y9 -/7-06
Parameter ) Symbo! Value Unit *NOTE: Stresses above those listed may cause permanént
Supply Voltage Veo 0810 +7.0 | Vdc damage to the device. This [s a stress rating only and funcﬁonal
Tt Vot V. 0510 7.0 | va operation of the device at these or any other conditions above
nput Voltage N ~05to + 7 ° - those Indicated in the other sections of this document is not
Operating Temperature Range | T, °C implied. Exposure to absolute maximum rating conditions for
Commercial extended periods may affect device reliability.
industrial - -40to 485
Storage Temperature Tsva -5510 +150 | °C

OPERATING CONDITIONS

Parameter Symbol Value
Supply Voltage Vee 5V £5% .
Temperature Range Ta ' .
Commercial 0°C to +70°C
Industrial —40°C to +85°C
DC CHARACTERISTICS
(Voo = 5.0V £5%, Vgg = 0; T4 = T to Ty, unless otherwise noted)
Parameter Symbol Min. Typ.5 Max. Unit! Test Conditions
Input High Voltage Vi ' v
Logic 2.0 — Veo '
60 (IN) 24 — Veo |
#1 (IN), 92 (IN) Veg - 03 - Vee + 0256
Input Low Voltage Vi \'
Logic -03 — 0.8
00 (IN), §1°(IN), 92 (IN) -03 - 0.4
Input Leakage Current I pA Vi = OV to 6.26V
Logic {Excl. RDY, SO) — - 25 Vg = OV
81 (IN), 92 (IN) - - 100
90 (IN) - - 10
input Leakage Current for Three State Offf lrgi | wA Viy = 0.4V {0 2.4V
Do-D7 - - 0 . Vg =5.25V
Output High Voltage _ Voh v lioap = —100 pA
SYNC, D0-D7, A0-A15, RiW, $1 (OUT), 2 (OUT) +24 - —_ Ve = 475V
Output Low Voltage _ \ v Itoap = 1.6 ma
SYNGC, D0-D7, AO-A15, R/W, $1 (oUT), $2 (OUT) - — +0.4 Vee = 4.76V
Power Dissipation Pp mw
1 and 2 MHz - 450 700
3 MHz o - 5§00 800
Capacitance C pF Veg = 5.0V
Logic Cin - - 10 Vin = OV
Do-D7 - — 15 f=1MHz
AO-A15, RW, SYNC Cour —_ —_— 12 Tp = 25°C
$0 (IN) Clon) — —_ 15 .
01 (IN} (e }] - 30 50
$2 (IN) Cp2 — 50 80
Notes:
b 1. Al units are direct current (dc) except for capacitance.
2, Negative sign Indicates outward current flow, positive indicates inward flow.
3. TRQ and NMI require 3K pull-up resistor.
4. 91 (IN) and §2 (IN) apply to R6512, 13, 14, and 15; 90 (IN) applies to R6502; 03, 04, 05, 06 and 07.
5. Typical values shown for Ve = 5.0V and Ty = 25°C.
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