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SYSTEM ABSTRACT

The 8-bit R6500 microcomputer system is produced with N-
Channel, Silicon Gate technology. Its performance speeds are
enhanced by advanced system architecture. This innovative
architecture results in smaller chips — the semiconductor threshold
to 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 pro-
vides memory and microcomputer system ... as well as low-cost
design aids and documentation.

R6500 MICROPROCESSOR (CPU) CONCEPT

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 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 at 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 applications where maximum
timing control is mandatory. All R6500 microprocessors are
also available in a variety of packaging (ceramic and plastic),
operating frequency (1 MHz and 2 MHz) and temperature (com-
mercial, industrial and military) versions.

MEMBERS OF THE R6500 MICROPROCESSOR
(CPU) FAMILY

Microprocessors with On-Chip Clock Oscillator

Mode! Addressable Memory
R6502 65K Bytes
R6503 4K Bytes
R6504 8K Bytes
R6505 4K Bytes
R6506 4K Bytes
R6507 8K Bytes

Microprocessors with External Two Phase Clock Output

\

FEATURES

Single +5V supply

N channel, silicon gate, depletion load technology
Eight bit parallel processing

56 Instructions

Decimal and binary arithmetic

Thirteen addressing modes

True indexing capability

Programmable stack pointer

Variable length stack

Interrupt capability

Non-maskable interrupt

Use with any type of speed memory

8-bit Bidirectional Data Bus

Addressable memory range of up to 66K bytes
“Ready’’ input

Direct Memory Access capability

Bus compatible with M6800

1 MHz and 2 MHz operation

Choice of external or onchip clocks
On-the<chip clock options

— External single clock input

— RC time base iffput

— Crystal time base input

o Commercial, industrial and military temperature versions
@ Pipeline architecture

Ordering Information

Order Number: RGE5XX_ — -

I

Temperature Range:
No suffix = 0°C to +70°C
E = -40°C to +85°C
(Industrial)

MT = -65°C to +125°C
(Military)

MIL-STD-883,
Class B

— Package:

C = Ceramic

P = Plasgtic
(Not Avaible for

(s,NdD) SHOSSIDOUJOHIIN 0099Y

Model Addressable Memory
M or MT suffix)

R6512 65K Bytes S anuonc.v Range:

R6513 4K Bytes No suffix = 1 MHz

R6514 8K Bytes A= 2MHz

R6515 4K Bytes ‘———— Model Designator:

XX = 02,03,04,..15
NOTE: Contact your local Rockwell Representative
concerning availability.
Specifications subject to
Rockwell Int: ! Corpor 1979 hange without notl

All Rights Reserved
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R6500 Signal Description

Clocks (¢4, ¢ )

The R651X requires a two phase non-overlapping' clock that runs
at the VCC voltage level.

The R650X clocks are supplied with an internal clock generator.
The frequency of these clocks is externally corntrolled.

Address Bus (A0-A15)

These outputs are TTL compatible, capable of driving one standard
TTL load and 130 pF.

Data Bus (D0-D7)

Eight pins are used for the data bus. This is a bidirectional bus,
transferring data to and from the device and peripherals. The out-
puts are tri-state buffers capable of driving one standard TTL load
and 130 pF.

Dats Bus Enable (DBE)

This TTL compatible input allows external control of the tri-state
datas output buffers and will enable the microprocessor bus driver
when in the high state. In normal operation DBE would be driven
by the phase two (¢,) clock, thus sllowing data output from
microprocessor only during ¢.,. During the read cycle, the data
bus drivers are internally disaebled, becoming essentially an open
circuit. To disable data bus drivers externslly, DBE should be held
low.

Ready (RDY)

This input signal allows the user to halt or single cycle the micro-
_processor on all cycles except write cycles. A negative transition
to the low state during or coincident with phase one (¢ 1) will halt
the microprocessor with the output address lines reflecting the
current address being fetched. |f Ready is low during a write
cycle, it is ignored until the following read operation. This con-
dition will remain through a subsequent phase two (¢ 9) in which
the Ready signal is low. This feature allows microprocessor inter-

" facing with the low speed PROMs as well as fast (max. 2 cycle)
Direct Memory Access (DMAY).

Interrupt Request (IRQ)

This TTL level input requests that an interrupt sequence begin
within the microprocessor. The microprocessor will complete the
current instruction being executed before recognizing the request.
At that time, the interrupt mask bit in the Status Code Register
will be Qxamined. iIf the interrupt mask flag is not set, the micro-
processor will begin an interrupt sequence. The Program Counter
and Processor Status Register are stored in the stack. The micro-
processor will then set the interrupt mask flag high so that no fur-
ther 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, 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 rec-
ognized. A 3K{2 external resistor should be used for proper
wire-OR operation.

Non-Maskable Interrupt (NM1).

A negative going edge on this input requests that a non-maskable
interrupt sequence be generated within-the microprocessor.

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 transferring pro-
gram control to the memory vector located at these addresses.
The instructions loaded at these locations cause the microproc-

-essor to branch to a non-maskable interrupt routine in memory.

NMi also requires an external 3K £2 register 10 Ve for proper
wire-OR operations.

Inputs iIRQ and NMIi are hardware interrupts. lines that are sam-
pled during ¢, (phase 2) and will begin the appropriste interrupt
routine on the d,, {phase 1) following the completion of the cur-
rent instruction.

Set Overflow Fiag (S.0.)

A negative going edge on this input sets the overflow bit in the
Status Code Register. This signal is sampled on the trailing edge of
o1 and must be externally synchronized.

SYNC

This output line is provided to identify those cycles in which the
microprocessor is doing an OP CODE fetch. The SYNC line goes
high during @, of an OP CODE fetch and stays high for the
remainder of that cycle. If the RDY line is pulled low during the
d:‘ clock puise 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.

This input is used to reset or start the microprocessor from a
power down condition. During the time that this line is held low,
writing to or from the microprocessor is inhibited. When a posi-
tive edge is detected on the input, the microprocessor will imme-
diately begin the reset sequence.

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

After VC 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) signal will become valid.

When the reset signal goes high following these two clock cycles,
the microprocessor will proceed with the normal reset procedure
detailed above. '



ADDRESSING MODES

ACCUMULATOR ADDRESSING — This form of addressing is
represented with a one bytae instruction, implying an cperation on
the eccumulator.

IMMEDIATE ADDRESSING - In immediate addressing, the
operand is contained in the second byte of the instruction, with
no further memory addressing required.

ABSOLUTE ADDRESSING — 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 addressing mode allows access to
the entire 65K bytes of addressable memory.

ZERO PAGE ADDRESSING — The zero page instructions allow
for shorter code and execution times by only fetching the second
byte of the instruction and assuming a8 zero high address byte.
Caroful use of the zero page can result in significant increase in
code efficiency.

INDEXED ZERO PAGE ADDRESSING — (X, Y indexing) — This
form of addressing is used in conjunction with the index register
and is referred to as “Zero Page, X'’ or ‘'Zero Page, Y*'. The effec-
tive address is calculated by adding the second byte to the con-
tents of the index register. Since this is 8 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 8 bits of memory
and crossing of page boundaries does not occur.

INDEXED ABSOLUTE ADDRESSING — (X, Y indexing) — This
form of addressing is used in conjunction with X and Y index reg-
ister 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 instruc-
tion. This mode allows the index register to contain the index or
count value and the instruction to contain the base address. This
type of indexing allows any location referencing and the index to
modify multiple fields resulting in reduced coding and execution
time.

IMPLIED ADDRESSING — In the implied addressing mode, the
address containing the operand is implicitly stated in the operation
code of the instruction.

RELATIVE ADDRESSING — Relative addressing is used only
with branch instructions and establishes a destination for the con-
ditional branch.

The second byte of the instruction becomes the operand which is
an “Offset’’ added to the contents of the lower eight bits of the
program counter when the counter is set at the next instruction.
The range of the offset is -128 to +127 bytes from the next
instruction.

INDEXED INDIRECT ADDRESSING — In indexed indirect
addressing (referred to as (Indirect, X)), the sscond byte of the
instruction is added to the contents of the X index register, dis-
carding the carry. The result of this addition points to a memory
location on page zero whose contents is the low order eight bits
of the effective address. The next memory locstion 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.

INDIRECT INDEXED ADDRESSING — In indirect indexed
addressing (referred to as (Indirect), Y), the second byte of the
instruction points to a memory location in page zero. The con-
tents of this memory location is added to the contents of the Y
index 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.

ABSOLUTE INDIRECT — 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 mem-
ory location is the low order byte of the effective address. The
next memory location contains the high order byte of the effec-
tive address which is loaded into the sixtesn bits of the program
counter.

INSTRUCTION SET — ALPHABETIC SEQUENCE

ADC Add Memory to Accumulator with Carry
AND “AND" Memory with Accumulator
ASL Shift left One Bit (Memory or Accumulator)

BCC Branch on Carry Clear

BCS Branch on Carry Set

BEQ Branch on Result Zero

BIT Test Bits in Memory with Accumulator
BMI Branch on Result Minus

BNE Branch on Result not Zero

BPL Branch on Result Plus

BRK Force Break

BVC Branch on Overflow Clear

BVS Branch on Overflow Set

CLC Clear Carry Flag

CLD Clear Decimal Mode

CL!  Ciear Interrupt Disable Bit

CLV Clear Overflow Flag

CMP Compare Memory and Accumulator
CPX Compare Memory and Index X
CPY Compare Memory and Index Y

DEC Decrement Memory by One
DEX Decrement Index X by One
DEY Decrement Index Y by One

EOR “Exclusive-or” Memory with Accumulator

INC Increment Memory by One
INX Increment Index X by One
INY Increment Index Y by One

JMP  Jump to New Location
JSR  Jump to New Location Saving Return Address

LDA Load Accumulator with Memory

LDX Load Index X with Memory

LDY Load Index Y with Memory

LLSR Shift One Bit Right (Memory or Accumulator)

NOP No Operation

ORA ‘““OR’’ Memory with Accumulator

PHA Push Accumulator on Stack
PHP  Push Processor Status on Stack
PLA  Pull Accumulator from Stack
PLP  Pull Processor Status from Stack

ROL Rotate One Bit Left (Memory or Accumulator)
ROR Rotate One Bit Right (Memory or Accumulator)
RTI Return from Interrupt

RTS Return from Subroutine

SBC Subtract Memory from Accumulator with Borrow
SEC Set Carry Flag

SED Set Decimal Mode

SEl  Set Interrupt Disable Status

STA Store Accumulator in Memory

STX Store Index X in Memory

STY Store Index Y in Memory

TAX Transfer Accumulator to Index X
TAY Transfer Accumulator to Index Y
TSX Transfer Stack Pointer to Index X
TXA Transfer Index X to Accumulator
TXS Transfer Index X to Stack Register
TYA Transfer Index Y to Accumulator
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R6502 — 40 Pin Package

Features of R6502

65K Addressable Bytes of Memory (A0-A15)
iRQ Interrupt
On-the<hip Clock

TTL Level Single Phase Input

RC Time Base Input

Crystal Time Base Input
SYNC Signal
(can be used for single instruction execution)
RDY Signal
(can be used to halt or single cycle execution)
Two Phase Output Clock for Timing of Support Chips
NMi Interrupt




INSTRUCTION SET

INSTRUCTIONS IMMEDIATE | ABSOLUTE | ZEROPAGE | AcCuM | wpLiED | wo.x) | (mop v |2 Page. x| aes.x ABS. v | meLamive | womect | 2 page. v ;mssonmms

MNEMONIC OPERATION 0P| n | #for| n]|afop|n|ujor{n|efor|n]|nforfn]ufor|n]ulor|n]afor|n|sora]slcrn]alor]n]elorln ':‘?15;:)?;2
ADC A+MsC-A e 2f2 |60| 4|3 ]es|[a]2 61 6]2)71]s|2]ws]al2]oflal3]rs]ala NV....2C| aDC
AND AAM = A e 2f2 20| a]3]25|3]2 1) 61213152 |3s)af2 30| af3]r9]a]3 Neoooeoz.| ano
ASL [oR Fam— OE| 6f3|o6f 5|2 foa| 2|1 6]6f2 €] 7|3 Neooooz2clast
BCC BRANCHONC = 0 (2) 0| 2|2 P XX
BCS BRANCHONC = 1 (2) , 8o 2| 2 s e e ] BCS
BEQ BRANCHONZ =1 (2 Fo| 2| 2 c o8 e+ ..l BEQ
BIT AAM claf3faa]al2 MM+« « 2| BIT
BMI BRANCHONN = 1 (2) w022 N XY
BNE BRANCHONZ = 0 (2) oop2| 2 v e e oo BNE
8PL BRANCHONN = 0 (2) w22 N Y
BRK BREAK 0|71]1 e e sdt o1 « o] BRK
BvC BRANCHONV = 0 (2 0|22 P
BVS BRANCHONV = 1 (2) 70{2]2 D R - )
cLc 0-C 1821 ]
cLOD 0-0 o8| 2|1 s s v 0]l cLD
cuLt 01 58| 211 « e e e e Dl CL
cLyv 0=V B8l 21 e 0 ¢ v s o sl CLYV
cMmPp A-M cal2|2|col 4| 3]cs{a|2 cif6|2|ov|s|2|os|4]|2fo0]a]a|ogfafs Neoooooze| cme
CPX X-M €0l 2| 2ec| 4| 3|es| 3|2 Neooeowzclcpx
CPY Y- M coj 2f 2]cc| 4| 3jca} 3] 2 N.....2clcepy
DEC M-1=m CE| 6| 3]|ce| 5| 2 06| 6 2ol 73 N.....z2.lD0EC
DEX X-1-X cal 2|1 Neoveooezo DEX
DEY Y-1=Y 88| 211 N+«oooeoe200EY
EOR AVM=A m 49| 2] 2]|4Df 4| 3]as| 3}2 arjef2lsiis|2|ss|al2|5|4|3]sefal3 Ne.oooo2. EOR
INC Mo+ 1M EE[ 6| 3|e6| 52 Fel 6] 2|FE{ 7|3 NeoveoeozZoliINC
INX X+ 1=X €8l 2|1 Noeoooo 2l iINX
INY Y+r-y cal2f1 Noowoeowozoiny
JMP JUMP TO NEW LOC acf 3|3 6|53 B Y ANV
JSR JUMP SUB 0(6|3 e e v e fusn
LDA M-A () (A9l 2] 20aD| 4 | 3fas| 3|2 Alle6l2leifs]2fps|a| 218D/ 43 [B9]a]3 N o oo o 20 LDA
LD X M-~ X m |a2{ 2| 2 |aE[ 4| 3]A6[ 3| 2 BEf4 |3 86[a|2N+ ooz LDX
LOY Moy o [aof 2| 2 {ac| 4 | 3|aef 3| 2 B4|af2fBc| e Ne oozl LDy
LSR o3 c 46 6| 3fa6f 5| 2)eal 2|1 56| 6| 215€[ 73 0+« .2clLsR
NOP NO OPERATION EA[ 2| 1 e e e NOP
ORA AVM=A 09| 2| 2 Joo|a|3fos|3]2 01]6|2]n|s|2]is|«| 2]0|a]|3]19fa]|s N+« o 2| ORA
PHA A=Ms S-1-5§ a3 ’ e ... | PHA
PHP P—=Ms §-1-§ 08 3|1 s e e s o o sl PHP
PLA S+1~-S Ms - A 68| 4|1 N+ e+ o 2l PLA
PLP S+1-S .Ms=P 28|40 (RESTORED) PLP
ROL 3~ 2€|6|3|2]5|2]ea| 2] | 6{2]| 7] N-+++z2c|lROL
ROR @Y% < 6E[ 6[3]66( 5|2 (6] 2|1 76l 6f2|7€| 7|3 N+« 2C|ROR
RTI RTRANINT 4016 |1 (RESTORED) RTI
RTS RTAN SUB 60|61 T R )
sec A-M-C-a m leo| 2|2 |ep| a| 3]es| 3] 2 E1|6|2]F1| 5| 2(Fs|a|2|Fo| a|3|Fafaf3a Nve: 23| s8cC
SEC 1=C 821 ces e o o1l SEC
SED 1-0 Fal 2|1 e e o1 e« |l SED
S E I 1= 7812|1 e e eV e ol SEI
STA A-M 8D| 4 | 385|232 sti6]2|91f{6f2 95| 4| 2f9pf5]3}e9]5]3 ce e e e e ol STA
STX X—=M BE|4[3]86|3]2 9Bl af2fe v v 00l STX
sTY Y-M 8C| af3|8a| 3|2 ufaf2 ce e e e e lsTY
TAX A=X AAl 2|1 N+ o2l TAX
TAY A=Y AB| 2|1 N« v v e o 2 ol TAY
TS X S-x BA| 2|1 N+ ozl Tsx
TXA X~A 8al 2|1 Noe oo ooz ofTxa
TXS X=S 9A| 2| 1 e e s s s e e sl TXS
TYA Y—=-A 98| 2 1 N o o oo 0 Z el TYA

(' ADD1to N IF PAGE BOUNDARY IS CROSSED X INDEX X .+ ADD M. MEMORYBIT?

120 ADD1TO N IF BRANCHOCCURS TO SAME PAGE Y INDEX Y . SUBTRACT M,  MEMORY BIT6

ADD2TO N IF BRANCH OCCURS TO DIFFERENT PAGE A ACCUMULATOR v AND n NO.CYCLES
(31 CARRY NOT = BORROW M MEMORY PER EFFECTIVE ADDRESS v OR " NO. BYTES
“ ':égf,f&'::g:ggg,ZBFEL&?E'S,::\&A;%?; ZERO RESULT Ms  MEMORY PER STACK POINTER ¥ EXCLUSIVEOR




Clock Timing — R6502, 03, 04, 05, 06, 07
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Clock Timing — R6512, 13, 14, 15
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Timing for Reading Data from Memory or Peripherals
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Timing for Writing Data to Memory or Peripherals
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Note: ‘“REF.” means Reference Points on clocks.
PROGRAMMING MODEL
7 0 7 0
[ A ] AccumuLaTor A InJVI [B[p] 1 fz]|c]procESSOR sTATUS REG P**
7 0
Y
[7 0] INDEX REGISTER Y CARRY 1= TRUE
I X ~ |INDEX REGISTER X L 2eRO 1 = RESULT ZERO
15 7 0
{ PCH [ PCL _]PROGRAM COUNTER “PC* IRQ DISABLE 1= DISABLE
8 7 0
i1 S ] sTACK POINTER  “§" L DECIMAL MODE 1= TRUE
BRK COMMAND = BRK
OVERFLOW 1 =TRUE
NEGATIVE 1= NEG.




@—— REGISTER SECTION CONTROL SECTION ———p>

RES ARG NMI
. . -
" RE'::):T);R () INTERRUPT
LOGIC
v o
Al g
| ¥
A2 - INDEX
REGISTER )
X s R D Y
A3 -
ABL &
A4 = STACK
|2k POINT -
3 REGISTER
< (S) 1
AS -— 2
= INSTRUCTION
2 DECODE
A6 <a— Y= -
u
. A =
A7 e -
ADDRESS
BUS
e g el —
A8 < ACCUMULATOR | TIMING
-
< A K= * conTROL
z et —
A9 ] x
b=
2 el ¢ (IN)
Ao - PCL & 3 1t 0, % R6512, 13, 14, 15
- @2 (IN)
Al «— - :) PCH
ABH |e— : PROCESSOR oo
STATUS 0 (IN}
REGISTER ceneraton [ %0 RE502, 03, 04, 05, 06, 07
A12 ag— P
c INPUT -
DATA l
A13 g A LATCH - @4 OUT
- o ‘> ¢ OUT
L——b R/W
A14 ag— "
DATA BUS INSTRUCTION
FFER -
A15 8U REGISTER
e S
I YXIXXRE!
00 ]
g
LEGEND: > D1
= D2
& D3
ﬂ -8 BIT LINE o SCSTA
» D5
I =1 BIT LINE = D6
o 07 )

Note: 1. Clock Generator is not included on R6512, 13, 14, 15
2. Addressing Capability and control options vary with each
of the R6500 Products.

R6500 Internal Architecture



