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Rockwell

R6500/41 AND R6500/42
ONE-CHIP INTELLIGENT
PERIPHERAL CONTROLLERS

SECTION 1
INTRODUCTION

1.1 FEATURES

o Directly compatible with 6500, 6800, 8080, and Z80 bus
families

o Asynchronous Host interface that allows independent clock
operation
Input, Qutput and Status Registers for CPU/Host data transfer
Status register for CPU/Host data transfer operations
Interrupt or polled data interchange with Host
Enhanced 6502 CPU
—Four new bit manipuiation instructions:

Set Memory Bit (SMB)

Aeset Memory Bit (RMB)

Branch on Bit Set (BBS)

Branch on Bit Reset (BBR)

—Decimal and binary arithmetic modes
-—13 addressing modes
—True indexing
1536-byte mask-programmable ROM
64-byte static RAM
23 TTL-compatible /O lines (R6500/41 only)
47 TTi-compatible 1O lines (R6500/42 only)
A 16-bit programmable counter/timer, with latch
— Puise width measurement
—Pulse generation
—interval timer
—Event counter
e Seven interrupts
—Two edge-sensitive lines; one positive, one negative
—Reset
—Counter Underflow
—Host data received
—OQutput Data Register full
—Input Data Register empty
o Multiplexed bus expandable to 4K bytes of external memory
o Unmultiplexed bus for Peripheral VO expansion

e 68% of the instructions are executed in less than 2us @
2 MHiz

NMOS-3 silicon gate, depletion load technology
Single +5V power supply

40-pin DIP (R6500/41 ondy)

64-pin QUIP (R8500/42 oniy)

*® & & o

NOTE

This document describes both the R6500/41 and
R6500/42. In the text, the terms IPC or device will be used
when describing both parts. The few differences will be
described in the text using the terms R6500/41 or R6500/
42

1.2 SUMMARY

The Rockwell R6500/41 and R6500/42 One-Chip Intelligent
Peripheral Controllers (IPC) are general purpose, program-
mable interface VO devices designed for use with a variety
of 8-bit and 16-bit microprocessor systems. The one-chip
R6500/4t IPC has an enhanced R6502 CPU, 1.5K by 8-bit
ROM, 64 by 8-bit RAM, three I/O ports with multiplexed special
functions, and a multi-function timer all contained within a 40-
pin package.

For systems requiring additional YO ports, the device is also
available in a 64-pin QUIP version, R6500/42, that provides
three additional 8-bit ports. In both versions, special interface
registers allow these IPC devices to function as peripheral con-
trollers for the 6500, 6800, Z80, 8080, and other 8-bit or 16-bit
host microcomputer systems.

The innovative architecture and the demonstrated high perfor-
mance of the R6502 CPU, as well as instruction simplicity,
results in system cost-effectiveness and a wide range of com-
putational power. These features make the device a leading
candidate for IPC computer applications.

To facilitate system and pragram development for the device
Rockwell has developed the R6541Q which can be used as an
Emulator. A description of the R6541Q is contained in the
R6541Q Product Description (Document Order No. 2136).
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R6500/41 and R6500/42

One-Chip Intelligent Peripheral Controllers

Rockwell supports development of the R6500/41 and R6500/
42 with the System 65 Microcomputer Development System
and the R6500/ % Family of Personality Modules. Complete
in-circuit emulation with the R6500/ % Family of Personality
Modules allows total system test and evaluation.

This product description is for the reader familiar with the
R6502 CPU hardware and programming capabilities. A
detailed description of the R6502 CPU hardware is included
in the RB500 Microcomputer System Hardware Manual
(Order Number 201). A description of the instruction capa-
bilities of the R6502 CPU is contained in the R6500 Micro-
computer System Programming Manual (Order Number 202).
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1.3 MASK OPTIONS

The R6500/41 has provision for internal pull-up resistors on
PA and PC ports as a mask option. This option is available
for port groups only, not for individual port lines.

The R6500/42 has provision for pull-up resistors on PA, PC,
PF, and PG ports as a mask option. This option is available
for port groups only, not for individual port lines.
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SECTION 2
INTERFACE REQUIREMENTS

This section describes the interface requirements for the In- pin of the devices. Figures 2-3 and 2-5 show the mechanical
telligent Peripheral Controller. Figure 2-1 is the Interface Dia- dimensions of the devices. Section 5 describes the Host
gram for the devices. Figures 2-2 and 2-4 show the pin out comptuter interface protocol and timing requirements.

configurations and Table 2-1 describes the function of each
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Table 2-1. Pin Description
PIN NO. PIN NO. '
SIGNAL NAME RG6500/41 |R6500/42 DESCRIPTION SIGNAL NAME R6500/41] R6500/33 DESCRIPTION
CLKIN 39 3 Symmetncal square wave PAO-PA7 22-29 25-32 8 bit /O port used for either
100 KHz to 2 MHZ, TTL com- input or output. Each line
patible input. consists of an active transis-
g2 20 23 Output timing signal—This is tor 10 Vss and an optional
passive pull-up to Vee. The
an internally synchronized Wo | bits PAD and PA1
1 - cleck output suitable for 0 lower bils and v/
also serve as edge detect in-
external memory or peri- !
pheral interfacing. puts. PA2 is time shared with
the 16 bit Counter Input or
RES 38 57 The reset input is used to in- output pin, CNTR, and is
tialize the device. Section 7 mode seiected.
th nd
describes the process and PBO-PB7 | 30-37 | 49-56 |8 bit O port used for either
conditions of the RES ) .
input or output. Each line
procedure. 7 ‘
consists of an active transis-
VCC 40 58 Power supply input { -5V) tor 1o Vg and an active pull-
up to Vcc. This port becomes
VSS 21 24 S(l)c_:';vr;a! and power ground a tri-state data bus, DO-D7.
e (OV)- in the Abbreviated or Muiti-
CS 1 4 Chip select pin. ptexed Bus Mode. D0-D7 are
) . multiplexed with address lines
RS (AQ) 4 7 Register select input pin used A4-A11 in the Multiplexed
by the Host processor to in- Bus Mod
dicate that information being €.
written into the IPC i1s a data PCO-PCé6 13-18 16-22 7 bit VO port used for either
or command byle or to indi- input or autput. Each line
cate that information being consists of an active trarisis-
read from the IPC is a status tor to Vg and an optional
or dala byte. passive puli-up to V... The
E (ﬁ) 2 5 Hast ttming control signal for f":s P(SJO t?h PC;?’ are ";:Id
data register write and read. iplexed wilh - address )
—_— control signals for use in
R/W (WR) 3 6 Host timing control signal for abbreviated and multiplex
data register write and read. modes. PC6 is multiplexed
HBO-HB7 5-12 8-15 Data bus between Host and with INT and is program se-
lectable. In these two modes
IPC data input and output PCO-PC5 h i b
registers - ave active pu
ups.
PEO-PE7 N/A 1, 2, 64-59 | For the RB500/42, the 64 pin
PFO-PF7 N/A 33-40 QUIP version, three addi-
PGO-PG7 N/A 41-48 tional ports (24 lines) are
provided. Each line consists
of an active transistor to V.
PFO-PF7 and PGO-PG7 are
bidirectional, and an optional
passive pull-up to V¢ is pro-
vided. PEQO-PE7 is outputs
only with an active pullup. All
ports will source 100 zamps.
at 2.4v except port E (PEO-
PE7) which will scurce 1 ma.
at 1.5v.
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SECTION 3
SYSTEM ARCHITECTURE

This section provides a functional description of the IPC de-
vice. Functionally, the device consists of a CPU, both
ROM and RAM memories, three parallel /O ports (six in the
64-pin RB500/42), counterilatch circuit, a mode control reg-
ister, and an interrupt flag/enable dual register circuit. A block
diagram of the system is shown in Figure 3-1.

NOTE

Throughout this document, unless specified otherwise,
all memory or register address locations are specified
in hexadecimal notation.

3.1 CPU LOGIC

The internal CPU of the device is an enhanced R6502 con-
figuration with an 8-bit Accumulator register, two 8-bit Index
Registers (X and Y); an 8-bit Stack Pointer register, an ALU,
a 16-bit Program Counter, and standard instruction register/
decode and internal timing control logic.

3.1.1 Accumulator

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

3.1.2 Index Registers

There are two 8-bit index registers, X and Y. Each index reg-
ister can be used as a base 10 modify the address data pro-
gram counter and thus obtain a new address—the sum of
the program counter contents and the index register contents.

When executing an instruction which specifies indirect ad-
dressing, the CPU fetches the op code and the address, and
modifies the address from memory by adding the index reg-
ister 1o it prior to loading or storing the value of memory.

Indexing greatly simplifies many types of programs, espe-
cially those using data tables.

3.1.3 Stack Pointer

The Stack Pointer is an 8-bit register. It is automatically in-
cremented and decremented under control of the micropro-
cessor to perform stack manipulation in response to either
user instructions, or an internal IRQ interrupt. The Stack
Pointer must be initialized by the user program.

The stack allows simple implementation of multiple level in-
terrupts, subroutine nesting and simplification of many types
of data manipulation. The JSR. BRK, RTI and RTS instruc-
tions use the stack and Stack Pointer.

The stack can be envisioned as a deck of cards which may
only be accessed from the top. The address of a memory
location is stored (or "pushed”) onto the stack. Each time
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data are to be pushed onto the stack, the Stack Pointer is
placed on the Address Bus, data are written into the memory
location addressed by the Stack Pointer, and the Stack
Pointer is decremented by 1. Each time data are read (or
"pulled") from the stack, the Stack Pointer is incremented by
1. The Stack Pointer is then placed on the Address Bus, and
data are read from the memary location addressed by the
Pointer.

The stack is located on zero page, i.e., memory locations
007F-0040. Normal usage calls for the initialization of the
Stack Pointer at 007F.

3.1.4 Arithmetic and Logic Unit (ALU)

All arithmetic and logic operations take place in the ALU, in-
cluding incrementing and decrementing internal registers
texcept the Pragram Counter). The ALU cannot store data
for more than ane cycle. If data are placed on the inputs to
the ALU at the beginning of a cycle, the result is always gated
into one of the storage registers or to externat memory during
the next cycle.

Each bit of the ALU has two inputs. These inputs can be tied
to various internal buses or to a logic zero; the ALU then
generates the function (AND, OR, SUM, and sc on) using
the data on the two inputs.

3.1.5 Program Counter

The 16-bit Program Counter provides the addresses that are
used to step the processor through sequential instructions
in a program. Each time the processor felches an instruction
from program memory, the lower (least significant) byte of
the Program Counter (PCL) is placed on the low-order bits
of the Address Bus and the higher (most significant) byte of
the Program Counter (PCH) is placed on the high-order 8
bits of the Address Bus. The Counter is incremented each
time an instruction or data is fetched from program memory.

3.1.6 Instruction Register and Instruction Decode

Instructions are fetched from ROM or RAM and gated onto
the Internal Data Bus. These instructions are fatched into the
Instruction Register then decoded along with timing and in-
terrupt signals to generate control signals for the various
registers.

3.1.7 Timing Control

The Timing Cantrol Logic keeps track of the specific instruc-
tion cycle being executed. This logic is initialized each time
an instruction fetch is executed and is advanced at the be-
ginning of each low level of the Clock In pulse for as many
cycles as are required to complete the instruction. Each data
transfer which takes place between the registers is caused
by decoding the contents of both the instruction register and
timing control unit.
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3.1.8 Interrupt Logic

Interrupt logic controls the sequencing of two interrupts: RES
and 1RQ. IRQ is generated by any one of four conditions:
Counter Overflow, Positive Edge Detect, Negative Edge De-
tect, and Input Data Register Full.

3.2 NEW INSTRUCTIONS

In addition to the standard 6502 instruction set, four instruc-
tions have been added to the devices to simplify operations
that previously required a read/modify/write operation. Inor-
der for these instructions to be equally applicable to any /O
ports, with or without mixed input and output functions, the
110 ports have been designed to read the contents of the
specified port data register during the Read cycle of the read/
modify/write operation, rather than 1/O pins as in normal read
cycles. The added instructions and their format are explained
in the following subparagraphs. Refer to Appendix A for the
Op Code mnemonic addressing matrix for these added
instructions.

3.2.1 Set Memory Bit (SMB m, Addr.)

This instruction sets ta “1" one of the 8-bit data field specified
by the zero page address (memory or IO port). The first byte
of the instruction specifies the SMB operation and 1 of 8 bits
10 be set. The second byte of the instruction designates ad-
dress (00-FF) of the byte or I/O port to be operated upon.

3.2.2 Reset Memory Bit (RMB m, Addr.)

This instruction is the same operation and format as SMB
instruction except a reset ta ‘0" of the bit results.

3.2.3 Branch on Bit Set Relative (BBS m, Addr,
DEST)

This instruction tests one of 8 bits designated by a three bit
immediate field within the first byte of the instruction. The
second byte is used to designate the address of the byte to
be tested within the zerc page address range (memory or
IO ports). The third byte of the instruction is used to specify
the B bit relative address to which the instruction branches
it the bit tested is a “1”. If the bit tested is nat set, the next
sequential instruction 1s executed.

3.2.4 Branch On Bit Reset Relative (BBR m,
Addr, DEST)

This instruction is the same operation and format as the BBS
instruction except that a branch takes place if the bit tested
isa Q.

3.3 READ-ONLY-MEMORY (ROM)

The ROM consists of 1536 bytes (1.5K) mask programmable
memory with an address space from FAOO to FFFF. ROM
locations FFFC through FFFF are assigned for interrupt and
reset vectors.

3.4 RANDOM ACCESS MEMORY (RAM)

The RAM consists of 64 bytes of read/write memory with an
assigned page zero address of 0040 through 0O7F.
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3.5 SYSTEM CLOCK

The device functions with an external clock. It is fully asyn-
chronous in reference to the Host computer timing. The de-
vice clock frequency equals the external clock frequency. It
is also made available for any external device synchroniza-
tion at pin @2.

3.6 MODE CONTROL REGISTER (MCR)

The Mode Control Register contains control bits for the mul-
tifunction 1/ ports and mode select bits for the Counter, the
6500 or BOBO Bus Select, and the Interrupt (INT). Its setting
determines the basic configuration of the device in any ap-
plication. initializing this register is one of the first actions of
any software program. The Mode Control Register bit as-
signment is shown in Figure 3-2.

The use of Counter A Mode Select is shown in Section 6.

The use of the 6500/8080 Host Bus Select is shown in Sec-
tion 6.

The use of Interrupt Select is shown in Section 4.5.

The use of Bus Mode Select is shown in Sections 4.4 and
45,

MCR T [ ] 5 4 3 H 1 a ADDR D014
—— [E——— R
COUNTER
SELECT MODE
BUS MODE
SELECT

NOT USED

0 0 INTERVAL TIMER
BUS SELECT 0 1 PULSE GENERATOR
0 - 8500/6800 BUS 1 0 EVENT COUNTER
1 = 2308080 BUS 1 1 PULSE WIDTH

MEASUREMENT

#

NT SELECT

i

0 PORT B ALL INPUTS

1 PORT 8 ALL QUTPUTS

0 ABBREYIATED BUS MODE
1 MULTIPLEXED BUS MODE

--00 —

Figure 3-2. Mode Control Register Bit Allocations
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IER

IFR 5

0
[
2 0

PAO ]POSITIVE

PA1 NEGATIVE
EDGE DETECT

INTERNAL INTERRUPT
REQUEST. IRQ ENABLE

INT-1 ENABLE

EXTERNAL INTERRUPT REQUEST 2,
INT-2 ENABLE

COUNTER UNDERFLOW
INTERRUPT ENABLE

ADOR 0012

ADDR 0011

EDGE DETECT
INTERRUPT ENABLE

INTERRUPT ENABLE

EXTERNAL INTERRUPTS REQUEST 1,

Figure 3-3.

Table 3-1.

Interrupt Enable and Flag Registers

Interrupt Enable Signals

Control Signal

Description

IER O

IER 1

IER 2

IER 3

IER 4

IER 5

Positive Edge Detect, Interrupt Enable—
when this bit is true, a positive going sig-
nal on PAD will generate an IRQ and set
the corresponding flag bit.

Negative Edge Detect Interrupt Enable—
when this bit is set 1o a “1" a negative
going signal on PA1 will generate an IRQ
and set the corresponding flag bit.

Input Data Register Full Interrupt Ena-
ble—setting this bit to a "1" allows an
RQ to be generated each time the Host
fills the IDR setting the IDFR bit.

Output Data Register Full Interrupt Ena-
ble—when this bit is an interrupt request
to the Host is generated each time the
ODRF flag is setto a "1". (See External
Interrupts, Paragraph 3.7.1). Reading the
ODR clears INT-t and ODRF Hags

Input Data Register Empty Interrupt En-
able—when this is set to a "1” an nter-
rupt is generated to the Host each time
the IDR is read by the CPU. The interrupt
occurs when the IDRF flag is cleared.
INT-2 is cleared when the Host reads the
status flag register. (See External Inter-
rupts, Paragraph 3.7.1).

Counter Interrupt Enable—if enabled, an
IRQ is generated whenever the Counter
overflows.
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3.7 INTERRUPT FLAG REGISTER (IFR)
AND INTERRUPT ENABLE
REGISTER (IER)

An IRQ interrupt request can be initiated by any or ail of four
possible sources. These sources are all capable of being
enabled or disabled by the use of the appropriate interrupt
enabled bits in the interrupt Enable Register (IER). Multiple
simultaneous interrupts wil cause the IRQ interrupt request
to remain active until all interrupting conditions have been
serviced and cleared.

The Interrupt Flag Register contains the information that in-
dicates which /O or counter needs attention. The contents
of the Interrupt Flag Register may be examined at any time
by reading at address: 0011. Edge detect IFR bits may be
cleared by executing a RMB instruction at address location
0010. The RMB X, {0010) instruction reads FF, modifies bit
X to a "0", and writes the modified value at address location
0011. In this way IFR bits set to a "1" after the read cycle of
a Read-Modity-Write instruction (such as RMB) are protected
from being cleared. IFR bits 6 and 7 are indeterminate on a
Read.

Each IFR bit has a corresponding bit in the Interrupt Enable
Register which can be set to a 1" by writing a “1” in the re-
spective bit position at location 0012. Individual |IER bits may
be cleared by writing a "0" In the respective bit position, or
by RES. If setto a “1", an IRQ will be generated when the
corresponding IFR bit becomes true. The Interrupt Flag Reg-
ister and Interrupt Enable Register bit assignments are shown
in Figure 3-3 and the functions of each bit are explained in
Table 3-1.

3.7.1 External Interrupts (INT)

An external interrupt INT to the Host computer may be se-
lected in two meodes. (See Section 5 for information on the
Host/Device interface).

OUTPUT DATA REGISTER (ODR) FULL

When IER 3 of the Interrupt Enable Register is set to a "1",
the device will assert the INT (PC6) line each time it loads
the ODR. The ODRF flag of the Status Fiag Register and the
IFR 3 of the IFR will be set to a "1" indicating the ODR is fuli.
The ODRF and IFR 3 flags are cleared and INT is negated
when the Host processor reads the ODR.

INPUT DATA REGISTER (IDR) EMPTY

When |IER 4 of the Interrupt Enable Register is set to a 1",
the device will assert the INT (PC8) line each time it reads
the IDR. The IDRF flag of the Host Status Flag Register will
be cleared and the IFR 4 flag of the IFR will be set to a "1”
indicating the IDR has just been read by the device. The IFR
4 flag i1s cleared and INT is negated when the Host processor
reads the Host Status Flag Register. RES clears the IDR and
sets the IFR4 flag to indicate the register is empty.
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3.8 PROCESSOR STATUS REGISTER

The 8-bit Processor Status Register, shown in Figure 3-4,
contains seven status fiags. Some of these flags are con-
trolled by the user program; others may be controlled both
by the user's program and the CPU. The R6502 instruction
set contains a number of conditional branch instructions
which are designed to allow testing of these flags. Each of
the eight processor status flags is described in the following
sections.

3.8.1 Carry Bit (C)

The Carry Bit (C) can be considered as the ninth bit of an
arithmetic operation. it is set to logic 1 if a carry from the
eighth bit has occurred or cleared to jogic O if no carry oc-
curred as the result of arithmetic operations.

The Carry Bit may be set or cleared under program control
by use of the Set Carry (SEC) or Clear Carry (CLC) instruc-
tion, respectively. Other operations which affect the Carry Bit
are ADC, ASL, CMP, CPX, CPY, LSR, PLP, ROL, ROR, RTI,
and SBC.

3.8.2 Zero Bit (Z)

The Zero Bit (Z) is set to logic 1 by the CPU during any data
movement or calculation which sets all 8 bits of the result to

zero. This bit is cleared to logic 0 when the resultant 8 bits
of a data movement ar calculation operation are not all zero.
The R6502 instruction set cantains no. instruction to specifi-
cally set or clear the Zero Bit. The Zero Bit is, however, at-
fecled by the following instructions; ADC, AND, ASL, BIT,
CMP, CPX, CPY, DEC, DEX, DEY, EGR, INC, INX, INY,
LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, ROR, RTI,
SBC, TAX, TAY, TXA, TSX, and TYA.

3.8.3 Interrupt Disable Bit {l)

The Interrupt Disable Bit (I} is used to control the servicing
of an interrupt request (IRQ). If the | Bit is reset to logic 0,
the IRQ signal will be serviced. If the bit is set 1a logic 1, the
IRQ signal will be ignored. The CPU will set the Interrupt
Disable Bit 10 logic 1 if a RESET (HES) or Non-Maskable
Interrupt (NMI) signal is detected.

The | bit is cleared by the Clear Interrupt Mask Instruction
(CLI) and is set by the Set Interrupt Mask Instruction (SEI).
This bit may also be set by the BRK Instruction. The Retumn
from Interrupt (RTI) and Pull Processor Status (PLP) instruc-
tions will also affect the I bit.

7 6 5 4 3 1 a
N v B D z Cc
L cARRY(C)(1)

1 - Carry Set
0 = Carry Clear
Zero (2) {1)
1 - Zero Resuit
0 - Non-Zero Result
iINTERRUPT DISABLE (I) (2)
1 = IRQ Interrupt Disabled
0 - IRQ Interrupt Enabled
DECIMAL MODE (D) (1)
1 - Decimal Mode
0 - Binary Mode
BREAK COMMAND (B) (1)
1 = Break Command
0 - Non-Break Command
OVERFLOW (0) (1)
1 - Overflow Set
0 - Overflow Clear
NEGATIVE (N) (1)

NOTES .

(1) Not initialized by RES 1 - Negative Value

(2) Set to Logic 1 by RES 0 - Positive Value

Figure 3-4. Processor Status Register
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3.8.4 Decimal Mode Bit (D)

The Decimal Mode Bit (D), is used to controi the arithmetic
mode of the CPU. When this bit is set to logic 1, the adder
operates as a decimal adder. When this bit is cleared to logic
0. the adder operates as a straight binary adder. The adder
mode is controlled only by the programmer. The Set Decmal
Mode (SED) instruction will set the D bit; the Clear Decimal
Mode (CLD) instruction will clear it. The PLP and RTI instruc-
tions also effect the Decimal Mode Bx.

CAUTION

The Decimal Made Bit will either set or clear in an un-
predictable manner upon power application to the de-
vice. This bit must be initialized to the desired state by
the user program or erroneous results may occur.

3.8.5 Break Bit (B)

The Break Bit (B) is used to determine the condition which
caused the TRQ service routine to be entered. If the IRQ ser-
vice routine was entered because the CPU executed a BRK
command, the Break Bit will be set to logic 1. if the IRQ rou-
tine was entered as the result of an IRQ signal being gen-
erated, the B bit will be cleared to logic 0. There are no in-
structions which can set or clear this bit.

3.8.6 Overflow Bit (V)

The Overflow Bit (V) is used to indicate that the resull of a
signed, binary addition, or subtraction, operation is a value
that cannot be contained in seven bits (-128 - n - 127).
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This indicator only has meaning when signed arithmetic (sign
and seven magnitude bits) is performed. When the ADC or
SBC instruction is performed, the Overflow Bit is set to logic
1 if the polarity of the sign bit (bit 7) is changed because the
result exceeds -127 or -128; otherwise the bit is cleared
to logic 0. The V bit may alsc be cleared by the programmer
using a Clear Overflow (CLV) instruction.

The Overflow Bit may also be used with the BIT instruction.
The BIT instruction which may be used to sample interface
devices, allows the overflow flag to reflect the condition of bit
6 in the sampled field. During a BIT instruction the Overflow
Bit is set equal to the content of the bit & on the data tested
with BET instrction. When used in this mode, the overflow has
nothing to do with signed arithmetic, but is just another sense
bit for the microprocessor. instructions which affect the V flag
are ADC, BIT, CLV, PLP, RT} and SBC.

3.8.7 Negative Bit (N)

The Negative Bit (N) is used to indicate that the sign bit (bit
7}, in the resulting value of a data movement or data arith-
metic operation, 1s set to legic 1. If the sign bit is set to logic
1, the resulting value of the data movement or arithmetic
operation is negative; if the sign bit 1s cleared, the result of
the data movement ar arithmetic operation is positive. There
are no instructions that set or clear the Negative Bit since the
Negative Bil represents only the status of a resull. The in-
structions that effect the state of the Negative Bit are: ADC,
AND, ASL, BIT, CMP, CPX, CPY, DEGC, DEX, DEY, EOR,
INC, INX, INY, LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL,
ROR, RTI. SBC, TAX, TAY, TSX, TXA, and TYA.
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SECTION 4
PARALLEL INPUT/OUTPUT PORTS

INPUT/OUTPUT PORTS

The IPC device provides three ports (PA, PB, and PC). The
15 lines of PA and PC are completely bidirectionai, that is,
there are no line grouping or port association restrictions.
The eight lines of Port B may be programmed as all inputs
or all outputs. Port PC, however, may be multiplexed under
program control with seven other signals. Six of these signais
form an address and control bus for extended addressing.
The seventh signal is multiplexed with an external interrupt
output, INT. All eight Port B lines are tri-state to permit their
use as a data bus during extended addressing modes.

The R6500/42, a 64 pin QUIP device, has three additional
ports: PE, PF, and PG. PE is outputs only. PF and PG are
bidirectional.

Internal pull-up resistors (FET's with an impedance range of
3K = Rpu = 12K ohm) may be provided on ports PA and
PC and ports PF & PG (R6500/42 only), as a mask option.

The direction ot the 1/O lines are controlied by 8-bit port reg-
isters located in page zero. This arrangement provides guick
programming access using simple two-byte zero page ad-
dress instructions. There are nc direction registers associ-
ated with the /O ports, which simplifies I/O handling. The
/O addresses are shown in Table 4-1. Section E.6 shows
the I/Q Port Timing.

Table 4-1. 1/Q Port Addresses
PORT ADDRESS
A 0000
B 0001
C 0002
E 0004
F RE500/42 only 0005
G 0006

4.1 INPUTS

inputs for Ports A and C, and also Ponts F and G of the
R6500/42, are enabled by loading logic 1 into all I/O port reg-
ister bit positions that are to correspond to /O input lines. A

low (<0.8V) input signal will cause a logic 0 to be read when
a read instruction is issued to the port register. A high (~2.0V)
input will cause a logic 1 to be read. An RES signal forces
all /O port registers to logic 1 thus initially treating all /O
lines as inputs.

Port B may be alf inputs or all outputs. All inputs is selected
by setting bits MCR6 and MCR7 of the Mcde Control Reg-
ister to a "0".

The status of the input lines can be interrogated at any time
by reading the I/O port addresses. Note that this wili return
the actual status of the input lines, not the data written into
the /O port registers.

Read/Modify/Write instructions can be used to modity the
operation of PA, PB, PC, and aiso PF, & PG of the R6500/
42. During the Read cycle of a Read/Modity/Write instruction
the Port /O register is read. For all other read instructions
the port input lines are read. Read/Modify/Write instructions
are: ASL, BBS, BBR, DEC, INC, LSR, AMB, ROL, ROR, and
SMB.

4.2 OUTPUTS

Outputs for Ports A thru C, and Ports E thru G of the R6500/
42, are controlied by writing the desired |/O line output states
into the corresponding 1/O port register bit positions. A logic
1 will force a high (~2.4V) output while a logic 0 will force
a low (< 0.4V) output. Port B alsc requires that MCR6 be set
to a "1” and MCA7 be setto a "0".

4.3 PORT A (PA)

Port A can be programmed via the Mode Control Register
{MCR) as a standard parallel 8-bil, bit independent, /O port,
or a counter /O line. Table 4-2 tabulates the control and
usage of Port A.

In addition to their normal I/Q functions, PAO can detect pos-
itive going edges, and PA1 can detect negative going edges.
An edge transition on these pins will set a corresponding
status bit in the IFR and generate an interrupt request if the
respective Interrupt Enable Bit is set. The maximum rate at
which an edge can be detected is one-half the @2 clock rate.
Edge detection timing is shown in Section E.5.

Table 4-2. Port A Control & Usage

PAO-PA1 /O PA2 I/O PA2 COUNTER PA3-PAT I/O
MCRO = 0 MCRO = 1 MCRO - X
MCR1 = ¢ MCR1 = 0 MCR1 = 1
SIGNAL SIGNAL SIGNAL SIGNAL SIGNAL
NAME TYPE NAME TYPE NAME TYPE NAME TYPE NAME TYPE
PAO (1) 1O PA2 110 CNTR OUTPUT CNTR INPUT (3) | PA3-PA7 1o
PA1(2) /0 :

{1) POSITIVE EDGE DETECT (2) NEGATIVE EDGE DETECT (3) HARDWARE BUFFER FLOAT
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4.4 PORT B (PB)

Port B can be programmed as an I/O Port, an 8-bit tri-state
data bus. or as a multiplexed bus. Mode selection for Port
B is made by the Mode Control Register (MCR). The Port B
output drivers can be selected as tri-state output drivers by
setting bit 7 of the MCR to 0 (zero) and bit 6 of the MCR to
1. An all inputs condition is created by setting both MCR6
and MCR7 to 0 (zero). Table 4-3 shows the necessary set-
tings for the MCR to achieve the various modes for Port B.
When Part B is selected to operate in the Abbreviated Mode
PB(0-PB7 serves as data register bits D0-D7. When Port B
is selected to operate in the Multiplexed Mode data bits DO
through D7 are time multiplexed with address bits A4 through
A11, respectively. Refer to the Memory Maps (Appendix B)
for Abbreviated and Multipiexed memory assignments. See
Appendix E.3 through E.5 for Port B timing.

4.5 PORT C (PC)

Port C can be programmed as an |/O port and in conjunction
with Port B, as an abbreviated bus, or as a multiplexed bus.

When used in the abbreviated or multiplexed bus modes,
PCO-PCS5 function as AD-A3, R/W, and EMS, respectively,
as shown in Table 4-4. EMS (External Memory Select} is
asserted (low) whenever the internal processor accesses
memory area between 0080 and OFFF. (See Memory Map,
Appendix C). The leading edge of EMS may be used to
strobe the eight address lines multiplexed on Port B in the
Multiplexed Bus Mode. See Appendix E.3 through E.5 for
Port C timing.

4.6 PORT E, PORT F AND PORT G (PE,
PF & PG) R6500/42 ONLY

Port E only operates in the Output mode. It provides a Dar-
lington output that can source current at the high (1) level.
Port F and Port G operate identically and can be pro-
grammed as bidirectional O ports. They have standard out-
put capability. See Appendix E.3 through E.5 for Port E, F
& Port G timing.

Table 4-3. Port B Control & Usage

Pl 'y
ABBREVIATED
F /a 1O MODES MODE MULTIPLEXED MODE
g '§§’ MCR7 = 0 MCR? - 0 MCR7 = 1 MCR7 = 1
& /g MCR6 - 0 MCR6 - 1 MCR6 - 0 MCRS6 = 1
&
SIGNAL SIGNAL SIGNAL PHASE 1 PHASE 2
PIN | PIN TYPE TYPE TYPE SIGNAL SIGNAL
# # NAME m NAME 2 NAME (3) NAME | TYPE(2) | NAME | TYPE (3)
30 | 49 PBO INPUT PBO | OUTPUT DO 110 A4 OUTPUT Do WO
31 50 PB1 INPUT PB1 OUTPUT D1 7! AS QUTPUT D1 VO
32 | st PB2 INPUT PB2 | OUTPUT |. D2 e A6 OUTPUT D2 1o
33 | s2 PB3 INPUT PB3 | OUTPUT D3 10 A7 OUTPUT D3 HO
s | 53 PB4 INPUT PB4 | OUTPUT D4 10 A8 OUTPUT D4 e
35 | 54 PBS INPUT PB5 | OUTPUT D5 1O Ag OUTPUT D5 1o
36 | 55 PBE | INPUT PB6 | OUTPUT D6 10 A10 | OUTPUT 06 1o
37 | 56 PB7 INPUT PB7 | OUTPUT D7 10 Al OUTPUT D7 1o
(1} TRI-STATE BUFFER IS IN HIGH IMPEDANCE MODE  (2) TRI-STATE BUFFER IS IN ACTIVE MODE
(3) TRI-STATE BUFFER IS IN ACTIVE MODE ONLY DURING THE PHASE 2 PORTION OF A WRITE CYCLE
Table 4-4. Port C Control & Usage
ABBREVIATED MULTIPLEXED
~ 1O MODE MODE MODE
) &
,3? § MCR7 = 0 MCR7 = 1 MCR7 = 1
S & MCR6 = X MCRS = 0 MCRS - 1
&
SIGNAL SIGNAL SIGNAL
PIN PIN TYPE TYPE TYPE
# # NAME ) NAME @ NAME @
13 16 PCO WO AO OUTPUT AO OUTPUT
14 17 PCH 1O Al QUTPUT A1 OUTPUT
15 18, PC2 10 A2 OUTPUT A2 OUTPUT
16 19 PC3 1o A3 ouTPUT A3 ouTPUT
17 20 PC4 e EMS OUTPUT EMS OUTPUT
18 21 PCS 10 RIW OUTPUT RIW OUTPUT
19 22 PCS" e} iNT OUTPUT INT OUTPUT

(1) RESISTIVE PULL-UP, ACTIVE BUFFER PULL-DOWN
(2) ACTIVE BUFFER PULL-UP AND PULL-DOWN

“PCB if MCR5 = 0; INT it MCR5 = 1
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SECTION 5
HOST INTERFACE BUS

Two way data transfers are performed between the IPC and
the Host microprocessor by means of the Output Data Reg-
ister and the Input Data Register. The Host can also write a
command to the IDR and read from the Host Status Flag
Register. Table 5-1 shows the Host addressing matrix. A
hardware interrupt procedure and a software paliing proce-
dure is available to control data traffic between the CPU and
Host.

Table 5-1. Host Addressing Matrix
RS (A} READ WRITE
HOST COMMAND
1 STATUS FLAG INPUT
0 DATA REG DATA REG
OUTPUT INPUT

5.1 DATA REGISTERS

The device has an 8-bit Input Data Register {IDR} and an
8-bit Qutput Data Register (ODR). The IDR serves as a tem-
porary storage for commands and data from the Hoest to the
device. When transferring data from the Host to the device,
the fellowing conditions are in effect:

o CSis asserted

¢ RS (AD) indicates command input or data input.

e The contents of the host data bus (HBO-HB7) are copied
into the IDR when the appropriate Host bus write signals
are asserted.

The ODR serves as a temporary storage for data from the
device to the Host. When the Host is reading data from the
device, the following conditicns are in effect:

e CSis asserted

e RS (AD) input selects ODR or HSFR

e The contents of ODR or the Ftag Register are placed on
the host data bus (HBO-HB7} when the appropriate Host
read signals are asserted.

5.2 HOST STATUS FLAG REGISTER

A Host Status Flag Register facilitates a software protocol
that permits independent and uninterrupted flow of data
asynchronously between the host computer and the device.

The Host Status Flag Register contains 8 flag bits that can
be read at anytime by either the Host or the device. See Fig-
ure 5-1. General purpose flags F2 through F6 are serviced
by the device in either read or write modes and monitored
by the Host {Read Only).

Flag F1 can be read at anytime by either the host or the de-
vice. The F1 flag copies the AQ (RS) input signal during any
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host write data exchange. The device can write to the F1 flag
at any time.

The ODRF (Output Data Register Full) flag is set each time
the device writes to the Output Data Register. The setting of
the ODRF sets the device Interrupt Status Register IFR3 flag.
An Output Interrupt (INT) may be generated under program
controt by setting IER3 in the interrupt enable register. The
ODRF flag is reset only by a hardware reset or by the host
performing a read on the output data register. The ODRF flag
is reset following the conclusion of any host output data reg-
ister read. The resetting of the ODRF causes the reset of the
IFR3 flag and thus the reset of the external interrupt (INT).

The IDRF (Input Data Register Full) flag is set following the
conclusien of any host write data exchange. The setting of
the IDRF causes IFR2 of the device status register to be set.
An internal interrupt may be generated under program con-
trol by setting IERZ2 in the Interrupt Enable Register. The set-
ting of IDRF also causes {FR4 to be reset. The IDRF resets
during device read of the input data register. IFA2 sets and
IFR4 resets following the reset of IDRF. IFR4 may generate
an external output interrupt (INT, input buffer empty), under
program control by setting IER4 in the interrupt enable
register.

The Host Status Flag Register is cleared by the RES input.

HGST STATUS FLAG REGISTER

g

Q
oy

Hskr| F6 | Fs [ Fa l F3 | F2 | F1 \Oef‘ ADDR 001E

INPUT DATA
REGISTER
FULL FLAG

OUTPUT DATA
REGISTER
FULL FLAG

COPIES RS ON
WRITE FROM HOST

GENERAL PURPOSE
FLAGS STATUS REGISTER

Figure 5-1. Host Status Flag Register Bit Allocation

5.3 HOST COMPUTER INTERFACE

The device will work with a variety of Host Computers. The
HOST mnterface consists of a chip select, one address line,
2 control lines and an 8 bit three state data bus. Internal logic
of the device, controlled by MCR4, configures, the address
and two control lines to either a 6500 or 8080 operational
methodology. The interface is compietely asynchronous and
will work with a Host Computer up to a 5 MHz bus transfer
rate. The device clock input frequency need not be the same
as the Host's. A mode control register is set to match the
intertace to that of the Host device as follows:
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MCR4 = 0 When MCR4 is set to a logic zero, the IPC is con-

figured 1o operate on a 6502/6800 type host bus. In this mode,
the E input is connected to the host transfer strobe (VMA or
02 for 6800, 02 for 6500) and the R/W input is connected to
the host microprocessor RAW output line. Figure 5-3 and
Table 5-2, together, specify the relevant timing for read and
write cycles on this type of host bus.

Table 5-2. Host Interface Timing Characteristics
BSEL = 0 (6500)

MCR4 = 1 When MCR4 is set to a logic one, the IPC is con-

figured for operation on an 8080/Z80 type bus. In this mode,
the RD input is used as a read strobe and the WR input is
connected to the write strobe of the host microprocessor bus.
Figure 5-4 and Table 5-3 show the relevant timing charac-
teristics for this mode of operation.

Table 5-3. Host Interface Timing Characteristics
BSEL = 1 (8080)

Characteristics Characteristics

1 and 2 MHz Symbol Min Max 1 and 2 MHz Symbol Min Max
CS. RW, RS Setup Time tes 10 - TS, A0 Setup Time tes 10 —
Access Time toa - 90° Data Access Time on Read toa — 80°
Data Hold Time torm 10 — Data Hold Time toHR 10 —
Control Hold Time tue 10 s Control Hold Time tue 10 —
Write Data Setup Time twos 75 - Write Data Setup Time twos 75 -
Write Data Hold Time oHwW 10 - Write Data Hold Time torw 10 —
Write Stroke Width twr 75 — Write Stroke Width twr 75 -
Note: Note:

90 ns when loading = 130 pF + 1 TTL LOAD and

75 ns when loading = 90 pF + 1 TTL LOAD.

90 ns when loading = 130 pF + 1 TTL LOAD and
75 ns when loading = 80 pF + 1 TTL LOAD.

WRITE

TCS -11—
THC

TCS —» H—‘.l

READ
—— TCS —
CS
- THC
TCS —»| fu—
RS
i
TCS l—
RW
—
E
TDA
HBO-HB7 :*
—»ﬂTDHH

TDHW

Figure 5-3. Timing Diagram—Host Interface (MCR4 =0) (6500 Version)

READ res., WRITE
cs "E“*"
—i-L— THC
TCS TCS —am b
AG
—»{l«—THC THC
__ TWR s
WR .
N
RD — J
1
TDA TWDS
HBO-HB7 E E Sl
TDHR —l<—ToHw

Figure 5-4. Timing Diagram—Host Interface (MCR4 = 1) (8080 Version)
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SECTION 6
COUNTER/TIMERS

The device contains a 16-bit counter and a 1B-bit latch as-
sociated with it. The counter can be independently pro-
grammed to operate in one of four modes:

Counter

Puise width measurement
Pulse Generation

Interval Timer

Event Counter

o & & @

Operating modes of the Counter are controlled by the Mode
Control Register. All counting begins at the initialization value
and decrements. When modes are selected requiring a
counter input/output line, PA2 is selected for Counter 1/O.

6.1 COUNTER

The Counter consists of a 16-bit counter and a 16-bit latch
organized as follows: Lower Counter (LC), Upper Counter
(UC), Lower Latch (LL), and Upper Latch (UL). The counter
contains the count of either @2 clock pulses or external
events, depending an the counter mode selected. The con-
tents of the Counter may be read any time by execuling a
read at location 0018 for the Upper Counter and at location
001A or location 0019 for the Lower Counter. A read at lo-
cation 0019 also ciears the Counter Underflow Flag (IFRS5).

The 16-bit latch contains the counter initialization value, and
can be loaded at any time by executing a write to the Upper
Latch at location 0018 and the Lower Latch at location 0O1A.
in either case, the contents of the accumulator are copied
into the applicable latch register.

The Counter can be started at any time by writing to address
0019. The contents of the accumulator will be copied into the
Upper Latch before the contents of the 16-bit latch are trans-
ferred to the Counter. The counter is set to the latch value
whenever the Counter underflows. When the Counter dec-
rements from 0000 the next counter value will be the latch
value, not FFFF, and the Counter Underflow Flag (IFR 5) will
be set to "1". This bit may be cleared by reading the Lower
Counter at location 0018, by writing to address location 0019,
or by RES.
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The Counter operates in any of four modes. These modes
are selected by the Counter Mode Control bits in the Control
Register.

MCR1 MCRO
(bit 1) (bit 0) Mode
0 8] interval Timer

0 1 Pulse Generation
1 0 Event Counter
1 1 Pulse Width Measuremert

The Interval Timer, Pulse Generation, and Pulse Width Mea-
surement Modes are P2 clock counter modes. The Event
Counter Mode counts the occurrences of an external event
on the CNTR line (PA2).

The Counter is set to the Interval Timer Mede (00) when a
RES signal is generated.

6.1.1 Interval Timer Mode

In the Interval Timer mode the Counter is initialized to the
Latch value by either of two conditions:

1. When the Counter is decremented from 0000, the next
Counter value is the Latch value (not FFFF).

2. When a write operation is performed to the Load Upper
Latch and Transfer Latch to Counter address 0019, the
Counter is loaded with the Latch value. Note that the
contents of the Accumulator are loaded into the Upper
Latch before the Latch value is transferred to the
Counter.

The Counter value is decremented by one count at the @2
clock rate. The 16-bit Counter can hold from 1 to 65535
counts. The Counter Timer capacity is therefore tus to 65.535
ms at the 1 MHz @2 clock rate or 0.5u5 to 32.767 ms at the
2 MHz @2 clock rate. Time intervals greater than the maxi-
mum Counter value can be easily measured by counting IRQ
interrupt requests in the counter IRQ interrupt routine.

When the Counter decrements from 0000, the Counter Un-
derfiow (IFR5) is set to logic 1. if the Counter Interrupt Enable
Bit {IER5) is also set, an TRQ interrupt request will be gen-
erated. The Counter Underflow bit in the Interrupt Flag Reg-
ister can be examined in the IRQ interrupt routine to deter-
mine that the [RQ was generated by the Counter Underflow.



R6500/41 and R6500/42

One-Chip Intelligent Peripheral Controllers

While the timer is operating in the Interval Timer Mode, PA2
operates as a PA 1/O.

A timing diagram of the Interval Timer Mode s shown in Fig-
ure 6-1.

L I s U s Yy O o B s B

COUNTER UNDERFLOW

v |

COUNTER 3 I 2 [ 1 ] ] UL, Ly I(UL. ELj -1 [
COUNTER INTERRUPT ENABLED | |
SET ANY TIME BEFORE
COUNTER UNDERFLOW FLAG COUNTER unoennorl
iRQ L—-—

Figure 6-1. Interval Timer Timing Diagram

6.1.2 Pulse Generation Mode

In the Puise Generation mode, the PA2 line operates as a
Counter Qutput. The line toggles from low to high or from
high to low whenever a Counter Underflow occurs. or a write
is performed to address 0019.

The normal cutput waveform is a symmetrical square-wave.
The PA2 output is iniialized high when entering the mode
and transitions low when writing to 0019,

Asymmetric waveferms can be generated If the value of the
tatch is changed after each counter underflow.

A one-shot waveform can be generated by changing from
Pulse Generation to Interval Timer mode after anly one oc-
currence of the output toggie condition.

6.1.3 Event Counter Mode

in this mode PAZ s used as an Event Input line, and the
Counter will decrement with each rising edge detected on
this line. The maximum rate at which this edge can be de-
tected is one-half the ¢2 clock rate.

The Counter can count up to 65,535 occurrences before un-
derflowing. As in the other modes, the Counter Underflow bit
(IERS) is set to logic 1 if the underflow occurs.

Figure 6.2 is a iming diagram of the Event Counier Mode.

e L LT

T |- | |
CNTR 20\!‘ 20VY 0By .[osv \ / \

‘4—7 n—l—}q--r,,_p‘

COQUNT N N-1 N-2

Figure 6-2. Event Counter Mode
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6.1.4 Pulse Widih Measurement Mode

This mode allows the accurate measurement of a low pulse
duration on the PA2 line. The Counter decrements by cne
count at the @2 clock rate as long as the PAZ line is held in
the low state. The Counter is stopped when PA2 is in the
high state.

The Counter underflow flag wifl be set onty when the count
in the timer reaches zero. Upon reaching zero the timer will
be loaded with the latch value and continue counting down
as long as the PA2 pin is held low. After the counter is
stopped by a high level on PA2, the count will hold as long
as PA2 remains high. Any further low levels on PA2 will again
cause the counter to count down from its present value. The
state of the PA2 line can be determined by testing the state
of PA2,

p2

- ]4— T | ‘ ‘
CNTR 20v |
COUNT N N-1 N-2 N-3
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SECTION 7
POWER ON/INITIALIZATION CONSIDERATIONS

7.1 POWER ON TIMING

After application of VCC power to the device, RES must be
held low for at least eight stable g2 clock cycles after Ve,
reaches operating range.

Figure 7-1 illustrates the power turn-on waveforms. External
clock stabilization time s typically 20ms.

§mm o~ —
v
0
Powst On

Extecnat
Clock

JUuuuuuge
| #- Clock Stabitizatian Time —]
9 AWMU

Iq— 8§z Ciock Cycien Min ——e

AES

Figure 7-1. Power Turn-On Timing Detail

7.2 POWER-ON RESET

The occurrence of RES going from low to high will cause the
device to set the Interrupt Mask Bit—bit 2 of the Processor
Status Register—and initiate a reset vector fetch at address
FFFC and FFFD to begin user program execution. All of the
I:O ports will be initialized to the high (logic 1) state. All bits
of the Control Register will be cleared causing the Interval
Timer counter mode to be selected and causing all interrupt
enabled bits to be reset.

7.3 RESET (RES) CONDITIONS

When RES s driven from low to high the device 1s put in a
resel state causing the registers and /O ports to be set as
shown in Table 7-1.
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Table 7-1. RES Initialization of 1/0 Ports and Registers

BIT NO. 7 6 5 4 3 2 1 40
REGISTERS
Processor Status B e
Mode Control (MCR) o 0 0o 0 o O 0 4
Int. Enable (IER) 0 a 0 0 g O 0 0
Int. Flag (IFR) 0 Q 0 1 g 0 [} 1]
Host Status Flag o 0 0 O 0o 0 0 0
Input Data o 0 0 O g 0 0 0
Output Data o ¢ 0 0 0o 0 0 0
PORTS
PA Latch 1 1 1 1 1 1 1 1
PB Latch 1 1 1 1 1 1 1 1
PC Latch 1 1 1 1 1 1 1 1
PE Latch 1 1 1 1 1 1 1 1
PF Latch RES500/42 1 1 1 1 1 1 1 1
PG Latch oMyl 4 4 9 1111

Al RAM and other CPU registers will initialize in a random, non-
repeatable data pattern.

7.4 INITIALIZATION

Any initialization process for the device should inciude a RES
as indicated in the preceding paragraphs. After stabilization
of the external clock {if a power on situation) an initialization
routine should be executed to perform (as a minimum) the
following functions:

The Stack Pointer should be set

Clear or Set Decimal Mode

Set or Ciear Carry Flag

Set up Mode Controls and Counter as required
Clear Interrupts.

wokwn

A typical initialization routine could be as follows:

LDX Load stack peinter starting address into
X Register
TXS Transfer X Register value to Stack Pointer
CLD Clear Decimal Mode
SEC Set Carry Flag
Set-up Mode Control,
Counter, special function
o registers and Clear RAM as required
CLI Clear Interrupts
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APPENDIX A
EXPANDED R6502 INSTRUCTION SET

This appendix contains a summary of the R6502 instruction The four instructions notated with a * are added instructions for
set. For detailed information, consult the R6502 Microcomputer the IPC devices which enhance the standard 6502 instruction
System Programming Manual, Document 29650 N30. set.

A.1 INSTRUCTION SET IN ALPHABETIC

SEQUENCE
MNEMONIC iNSTRUCTION MNEMONIC | INSTRUCTION
ADC Add Memory to Accumulator with Carry LDA Load Accumuiator with Memory
AND "AND" Memory with Accumulator LDX Load Index X with Memory
ASL Shift Left One Bit (Memory ar Accumulator) LDY Load Index Y with Memory
LSR Shift One Bit Right (Memory or
Accumulator)
*‘BBR Branch on Bit Reset Relative
*BBS Branch on Bit Set Relative
BCC Branch on Carry Clear NOP No Operation
BCS Branch on Carry Set
BEQ Branch on Result Zero
BIT Test Bits in Memory with Accumulator ORA "OR’ Memory with Accumulator
BMI Branch on Result Minus
BNE Branch on Result not Zero
BPL Branch on Result Plus PHA Push Accumulator on Stack
BRK Force Break PHP Push Processor Status on Stack
BVC Branch on Overflow Clear PLA Pull Accumulator from Stack
BVS Branch on Overflow Set PLP Pull Processor Status from Stack
CcLC Clear Carmry Flag "RMB Reset Memory Bit
CLD Clear Decimal Mode ROL Rotate One Bit Left (Memory or
CLl Ciear Interrupt Disable Bit Accumulator)
CLV Clear Overflow Flag ROR Rotate One Bit Right (Memory or
CMP Compare Memoary and Accumulator Accumulator)
CcPX Compare Memory and Index X RTi Retumn from interrupt
CPY Compare Memory and Index Y RTS Return from Subroutine
DEC Decrement Memory by One SBC Subtract Memary from Accumulator with
DEX Decrement Index X by One Borrow
DEY Decrement index Y by One SEC Set Carry Flag
SED Set Decimal Mode
SEI Set Interrupt Disable Status
EOR "Exclusive-Or' Memory with "SMB Set Memory Bit
Accumulator STA Store Accumulator in Memory
STX Store Index X in Memory
STY Store Index Y in Memory
INC Increment Memory by One
INX increment Index X by One
INY Incrament Index Y by One TAX Transfer Accumulator 1o Index X
TAY Transfer Accumulator to Index Y
TSX Transter Stack Pointer to Index X
JMP Jump to New Location TXA Transfer Index X to Accumulator
JSR Jump to New Location Saving Return TXS Transfer Index X to Stack Register
Address TYA Transfer Index Y ta Accumulator
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A.3 INSTRUCTION CODE MATRIX

0
BRK | —OP Code
0 | Implied | —Addressing Mode
1 7 —Instruction Bytes; Machine Cycles
a LsD 0 1 2 3 4 5 6 7 B 9 A B C D E F
(7]
= BRK ORA ORA ASL AMBJ PHP ORA ASL ORA ASL BBRO

0 | Implied |(IND, X) ZP 2P ZP | implied | IMM | Accum ABS ABS zrP 0
17 2 6 2 3 2 5 25|13 22|12 3 4 36 |3 5
8PL ORA ORA ASL RAMB1 CLC ORA ORA ASL BBR1

1 | Relative | (IND), ¥ 2P X | ZP. X ZP | Impiied | ABS, Y ABS, X |ABS, X | ZP 1
2 2|2 °5 2 4 2 6 25 1 2 3 4 3 4 | 37 |3 57
JSR AND BIT AND ROL | AMB2 | PLP AND ROL BIT AND ROL | BBR2

2 | Absolute| (IND, X) ZP ZP ZP zP Implied | IMM | Accum ABS ABS ABS ZP 2
3 6 2 6 2 3 2 3 2 5 2 5 1 4 2 2 12 3 4 3 4 3 6 |3 57
BMI AND ; AND ROL RMB3 SEC AND AND ROL BBR3

3 | Aelative | (IND. Y) ; ZP. X | ZP. X zZP Implied | ABS, Y ABS, X | ABS, X ZP 3
2 2| 2 5 ! 2 4 2 6 2512 |3 4 3 4 | 37 |3 5"
RTI EOR ] EOR LSR | AMB4 | PHA EOR LSR JMP EOR LSR | BBR4

4 | Imphed | (IND. X) pid pi ZP | Implied | IMM | Accum ABS ABS ABS ZP 4
16| 2 86 2 3 25 25 ] 13 22 11 2 a3 3 4 36 |3 5"
BVC EOR EQR LSR RAMBS cLt EOR EOR LSR BBR5

S | Relative | {IND), ¥ 2P, X | 2P. X ZP | Implied | ABS, Y ABS, X |ABS, X | ZP 5
2 2| 2 5 2 4 2 6 2 5 1 2 3 4 3 4| 37 |3 5"
RTS ADC ADC ROR AMB6 PLA ADC ROR JMP ADC ROR BBR&

6 | Implied | (IND, X} 2P rid P implied | IMM | Accum Indirect| ABS ABS ZP 6
18 2 6 2 3 2 5 25 |1 4 22 |12 35 3 4 3 6 |3 5"
BVS ADC ADC ROR RMB7 SEI ADC ADC ROR BBR7

7 [Relative | {IND, Y) P X | ZP, X ZP | Implied | ABS, Y ABS, X | ABS, X | ZP 7
2 2|2 5 2 a 2 8 2512 |3« 3 4! 37 |3 5"

STA STY STA STX SMBo DEY TXA STY STA STX BBSO

8 (IND, X) ZP zP ZP zP | Implied Implied ABS ABS ABS zZP 8
28 2 3 2 3 2 3 25|12 12 34 3 4 3 4 {3 5"
BCC STA STy STA STX SMB1 TYA STA TXS STA BBS1

9 | Relative | (IND, Y) ZP.X | ZP.X | ZP. Y zP Implied | ABS, ¥ | implied ABS, X ZP 9
2 2| 2 6 2 4 2 4 2 4 25 | 12 35 (1 2 3 5 3 5*
LDY LDA LDX LDY LDA LDX SMB2 TAY LDA TAX LDY LDA LOX BBS2

A IMM [ {IND, X) | IMM ZP zZP 2P ZP |implied | IMM |Implied ABS ABS ABS zP A
2 2 2 6 2 2 2 3 2 3 2 3 2 5 12 2 2 12 3 4 3 4 3 4 |3 5%
BCS LDA LDY LDA LDX SM83 CLv LDA TSX LDY LDA LOX BBS3

B | Relative | {IND), Y 2P, X | ZP, X | ZP, Y ZP | Implied | ABS, Y |Implied ABS, X| ABS, X | ABS, Y| ZP B
e 2| 2 5 2 4 2 4 2 4 2 5 12 3 4 1 2 3 4 3 4 |3 4 |3 57
CPY CMmP CPY CMP DEC SMB4 INY CMP DEX cPyY CMP DEC BBS4

C | IMM [{IND, X) ZP 2P 2P 2P | Implied | IMM | Implied ABS ABS ABS zZP C
2 2 2 6 2 3 2 3 2 5 2 5 1 2 2 2 t 2 34 3 4 3 6 |3 57
BNE CMP CMP DEC SMBS | CLD CcMP CMP DEC BESS

D | Relative | (IND), Y ZP. X | ZP. X ZP Imptied | ABS, ¥ ABS, X | ABS, X zP D
2 2| 2 5 2 4 2 6 25 |1 2 3 4 3 4 | 37 /3 85"
CPX SBC CPX S8C INC SMB6 INX SBC NOP CPX SBC INC BBS6

E IMM | {IND, X} P P ZP ZP implied | IMM | implied ABS ABS ABS zZP E
2 2 2 6 2 3 2 3 2 5 25 12 2 2 12 34 3 4 3 g (3 5
BEQ SBC SBC INC SMB7 SED SBC SBC INC BBS?

F | Relative| (IND), ¥ 2P X | 2P, X ZP | Implied [ABS, Y ABS, X | ABS, X | ZP F
2 2™ 2 &5 2 4 2 6 25 |12 3 4 3 44437 |3 5
0 1 2 3 4 5 6 7 8 8 A B C D E F

"Add 1 to N if page boundary is crossed.
**Add 1 to N if branch occurs fo same page;
add 2 to N if branch occurs to different page.
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APPENDIX B
KEY REGISTER SUMMARY

CPU Registers Processor Status Register
, 0 T L] L 4 3 2 1 4]
il A | accumuraron A F l v l ‘ e | ol I t!lc
7 1]
r ¥ | inDEX REGISTER ¥ v L———CARRY (G} {1)
7 a 1 Carry Set
[ X ] INDEX REGISTER X x 0 Carry Clear
15 7 ¢ L Zero{(2) (VD
PCH ®
[ Cl ], PCL Jﬂ ROGRAM COUNTER PC + Zeto Resul
0 Non-Zero Result
[ sP ] stacx painTER s
7 o L . INTERRUPT DISABLE () (2)
w[v] [e o] [z [0] procESSOR STATUS REG P 1 - IRQ Interrupt Disadled
0 IRQ interrupt Enabled

L DECIMAL MODE (D) (1}

1 Decimal Mode
a  Binary Mode

BREAK COMMAND (B} (1)

Mode Control Register 1 Break Command
0 - Mon-Bresak Command

OVERFLOW {Q) {1}
MCR T 8 5 4 kl 2 1 (1] ADOR 0014 ' Over St
0 Overtiow Clear
X — > NEGATIVE (N) (1)
NOTES .
(1) Nat initislized by ﬁ 1 Negative Yalus
COUNTER (2) Set 1o Logic 1 by AES 0 - Positive Yaiue
SELECT MODE
BUS MODE
SELECT
NOT USED [ 0 INTERVAL TMER
o 1 PULSE GENERATOR
* 0 EVENT COUNTER
BUS SELECT ' 1 PULSE WIDTH MEASUREMENT X
0 - B500/8800 BUS Interrupt Enable and Flag Registers
1 Zsieoso 8US
INT SELECT
¢ PC§ ER 7 § [ 4 3 z t 0 ADOR 0012
M Lo
0 0 POAT B ALL INPUTS
0 1 PORT B ALL OUTPUTS
1 0 ABBREVIATED BUS MODE
1 1 MULTIPLEXED BUS NMODE
¥R 5 . 3 2 1 0 ADDA 0011
Host Status Flag Register
PAO POSITIVE
EOGE DETECT
HSFR [ [ [ F3 F2 F1 QoRF IORF ADDR 0D1E INTERRUPT ENABLE
PA1 NEGATIVE
EDGE DETECT
INTERRUPT ENABLE
INTERNAL INTERRUPT
REQUEST, TRQ ENABLE
EXTEANAL INTERRUPTS REQUEST 1.
PUT DATA REGISTER INT-1 ENABLE
::,LUL n_:c EXTERNAL INTERRUPT REQUEST 2,
INT-2 ENABLE
COUNTER UNDERFLOW
INTERRUPT ENABLE
OUTPUT DATA REGISTER
FULL FLAG . .
Host Addressing Matrix
RS (A) READ WRITE
COPIES RS ON
WRITE FAROM HOST
1 HOST COMMAND
STATUS FLAG INPUT
GENERAL PURPOSE
FLAGS STATUS REGISTER 0 DATA REG DATA REG
OUTPUTY INPUT
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APPENDIX C
MEMORY MAPS AND ADDRESS AND PIN ASSIGNMENTS

C.1 ABBREVIATED BUS MODE MEMORY MAP

FFFE IRQ VECTOR
*RE500142 ONLY
FFFC FES VECTOR #DELETED FOR NORMAL MODE
FFFB
t ROM 1 5K
FAGO
OFFF , 001F
// INTERNAL
REGISTERS
ZONE FOR 16
B (ACTIVE LOW) PEMPHERAL /
DEVICE / 0010
ADDRESSES //
7/
) oome /
W.TF INTERNAL RAM //
64 BYTES) 0006
0040 ¢ ! / INTERNAL t
Vi VO PORTS E. F & G*
UNASSIGNED Vs 0004
001F
' INTERNAL INTERNAL 04z
1O AND REGISTERS 1/O PORTS A 8. C !
0000 ——— e ————— — 0000
FFFE IAG VECTOR
— 2 ONLY
FFFC RES VECTOR
FEFB
’ ROM 1 5K
FAQO
OFFF 001F
/
EXTERNAL / INTERNAL
. MEMORY / REGISTERS
BdS (ACTIVE LOW) 4096128 BYTES /
MULTIPLEXED // 0010
DATA AND ADDRESS p
aus ;
N 0080 //
oorF INTERNAL RAM /
t (54 BYTES) / 0006
0040 / INTERNAL N
/ /O PORTS £, F & G* t
UNASSIGNED / 0004
, —
001F 2
‘ INTERNAL INTEANAL fog
10 AND REGISTERS 10 PORTS A, B. € ‘
oo \l— e 0000
"R6500/42 ONLY
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C.3 I/O AND INTERNAL REGISTER ADDRESSES

ADDRESS READ WRITE
001F _— -
1E Host Status Flag Register Host Status Flag Register
1D —— _—
1C Input Data Register (IDR) Qutput Data Register (ODR)
1B —— —_—
1A Lower Counter Lower Latch
19 Lower Counter & Clear Flag {IFR5) Upper Latch/Transfer Latch to Counter & Clear Flag (IFR5)
18 Upper Counter Upper Latch
17 —— -
16 —_— _—
15 —_— —_—
14 Mode Control Register Mode Control Register
13 —— —_—
12 Interrupt Enable Register Interrupt Enable Register
1" Interrupt Flag Register _—
10 Read "FF” Clear Int Flag Bit
OF —_— —_—
0E —_— —_—
oD —_— ——
oC —_— ——
0B —— —_—
0A R -
09 —— -
08 —— _—
07 _— —
06 Port G (R6500/42 only) Port G (R6500/42 only)
05 Port F (R6500/42 only) Port F {R6500/42 only)
04 Port E (R6500/42 only) Port E (R6500/42 only)
03 —— ——
02 Port C Port C
01 Port B Port B
00 Port A Port A

C.4 MULTIPLE FUNCTION PIN ASSIGNMENTS

PIN NUMBER ’o ABBREVIATED PORT MULTIPLEXED PORT
R6500/41 R6500/42 FUNCTION FUNCTION FUNCTION

13 16 PCO A0 AD

14 17 PCt At Al

15 18 PC2 A2 A2

16 19 PC3 A3 A3

17 20 PC4 RIW R/W

18 21 PC5 EMS_ EMS
19 22 PCB/INT PCH/INT PCEIINT
30 ag PBO Do A4/DO

31 50 PB1 D1 AS/D1
32 51 P82 D2 AB/D2
33 52 P83 D3 A7/D3
34 53 PB4 D4 AB/D4
35 54 PB5 D5 A9/D5
36 55 PB6 D6 A10/D6
37 56 PB7 D7 A11/D7
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e

MAXIMUM RATINGS*®

Parameter Symbol Value Unit *NOTE: Stresses above those listed may cause permanent
damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above
Input Voltage Vin —081t +70 | Vdc / those indicated in the other sections of this document is not

Supply Voltage Vee -031t0 +7.0 | Vdc

Operating Temperature Ta T to Ty °C implied. Exposure to absolute maximum rating conditions for
Commercial Oto +70 extended periods may affect device reliability.
Storage Temperature Tstg -55to +150 °C

DC CHARACTERISTICS
(Vee = 5.0V £5%, Vgg = OV; T4 = 0° to 70°C, unless otherwise specified) N\

\
Parameter Symbo! Min Typ! ‘Wax Unit Test Conditions
Input High Voltage Vi +2.0 — Vee v
tnput Low Voltage Vi -0.3 — +08 v
Input Leakage Current ™ — — +10.0 pA Vin = Oto 5.0V
RES, NMI
Input Low Current I - Y-10 -16 mA Vi = 0.4V
Output High Voltage Vo +2.4 — Vee Vv ILoap = —100 uA
VCC = 475\/
Output H|gh Vol!age (CMOS) VCMOS VCC—SOO/O — VCC v VCC = 4.75V
Qutput Low Voltage Voo - — +0.4 \ loap = 1.6 MA
VCC = 475\/
/O Port Pull-Up Resistance B 3.0 L 6.0 11.5 Kohm
PAQ-PA7, PCO-PC7, PFO-PF73, PGO-PG73"™
Output High Current (Sourcing) lon -100 - — pA Vou = 2.4V
Output Low Current (Sinking, PE3) ™= loL 1.6 - - mA VoL = 0.4V
Darlingten Current Drive (PE3) =~ low -1.0 — — mA Von = 1.5V
Input Capacitance Cin — — 10 pF Ta = 25°C
PA, PB, PC, PF3, PG3 == Viy = OV
f=1.0MHz
Qutput Capacitance (Three-State Off) Cour — — 10 pF Ta = 25°C
Viy = OV
f = 1.0 MHz
Power Dissipation {Outputs High) Po — " 550 1050 mwW Ta = 25°C
Notes:
1. Typical values measured at T, = 25°C and Vg = 5.0V. -
2. Negative sign indicates outward current flow, positive indicates inward flow.
3. R6500/42 only.
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APPENDIX E
TIMING REQUIREMENTS AND CHARACTERISTICS

E.1 GENERAL NOTES E.2 CLOCK TIMING ™

1. Ve BV +5,0C<TAsT70C .
1 MHz 2 MHz
SYMBOL PARAMETER
MIN MAX MIN MAX

2 A vald V.. — RES sequence is regurred befare proper

operation 1s achieved Tore Cycle Time 1000 | 10 us | 500 | 10 us
3. All timing reference levels are 0.8V and 2 0V. uniess Towto CLKIN Input Clock | 475 | — | 240} —
Pulse Width

otherwise specified.

Output Clock Pulse | Tewgo | Tewso | Temwso Tewso

4 All time units are nanaseconds, unless otherwise specified T owoz
width at  Mimmum +95 +20
5. All capacitive loading 15 130pf maximum. except as noted o Tove
betow: T, T, Output Clock Rise. — 25 — 15
Fall Time
PA, PB —  50pf maximum T B
' T, T Input Clock Rise. — 10 — 10
PB, PC (/O Modes Only) —  50pt maximum R [
PB, PC (ABB and Mux Mode} — 130pf maximum - -— —L
Tere —>

|

CLKINWR 1.5V - 1.5V
, |

- prm ——
" -
g2
_—| |-—T, — - T,
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E.3 ABBREVIATED MODE TIMING—PB AND PC

(MCR5 - 1,MCR 6 - 0, MCR 7 ~ 1) / e
1 MHz 2 MHz
SYMBOL PARAMETER MIN | MAX | MIN | MAX
Tecrs (PC5) R'W Setup Time — | 225 | — | 140
Tecas (PCO-PC3) Address Setup Time —_ 225 — 140
Trasu (PB) Data Setup Time 50 — 35 —
Teann (PB) Data Read Hold Time 10 — 10 —
Teauw (PB) Data Write Hold Time 30 — 30 —
Teaoo (PB) Data Output Delay — 175 — 150
Techa {PCO-PC3) Address Hold Time 30 — 30 —
Tecun (PC5) R/W Hold Time 30 — 30 —
Techy (PC4) EMS Hold Time 10 - 10 —
Treur (PC4) EMS Stabilization Time 30 — 30 —
Tesy EMS Setup Time — 350 | — 210

NOTE 1: Values assume PCO-PCS have the same capacitive load.

E.3.1 Abbreviated Mode Timing Diagram

READ WRITE
—\ / \ ¥ \(
02 - - L
— - TPCHR
RIW ¥
(PC5) l /
Trcas
| jo—— Tpchy
EMI | Tesu
PC4
(PC4) Treve
Trcha Tecwe
X )
,—m
Trcas . ) —
— Tepsy -—
PBO-PB7 \
TreHr Trenw
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E.4 MULTIPLEXED MODE TIMING—PB AND PC

(MCRS5 = 1,MCR6 = 1, MCR7 = 1)

1 MHz 2 MHz

SYMBOL PARAMETER MIN | MAX | MIN : MAX
Tecrs (PC5) R'W Setup Time — 225 — 140
Tecas (PCO-PC3) Address Setup Time — 225 — 140
Teeas (PB) Address Setup Time — 225 —_ 140
Tresu (PB) Data Setup Time 50 — 35 —
Tearn (PB) Data Read Hold Time 10 —_ 10 —
Tranw (PB) Data Write Hold Time 30 — 30 —
Tesoo (PB) Data Output Delay —_ 175 — 150
Treua (PC0-PC3) Address Hoid Time 30 — 30 —
Tepua (PB) Address Hold Time 0 100 0 80
Tecun {PC5) A/W Hold Time 30 — a0 —
Trenv (PC4) EMS Hold Time 10 — 10 -
Tocwo ™ | (PC4) Address to EMS Delay Time | 30 — 30 —
Tocye (PC4) EMS Stabilization Time 30 — 30 —
Tesu "EMS Setup Time — | 380 | — | 210

NOTE 1: Values assume PCO-PC5 have the same capacitive kad.

E.4.1 Multiplex Mode Timing Diagram

READ WRITE

U /

— |=—— Tecnv

EMS o Tesy —
(PCa) Tecvo

Treve

Trcas T Tpeoo
- T PBHA — PBSV
PBO-PB7
r-r—-———' — | j-——— ) —_— |
Teaas —! = Tpew Teann Teenw
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E.5 1/0, EDGE DETECT AND COUNTER TIMING

1 MHz 2 MHz
SYMBOL PARAMETER
MIN | MAX | MIN | MAX

Internat Wnte to Peripheral Data Valid
Toow'’ PA, PC TTL — 500 | — 500
Temos™ PA, PC CMOS _ 1000 _ 1000
Teoow PB — 175 ¢+ — 150

Peripheral Data Setup Time
Teosu PA, PC 200 - 200 —
Teosu P8 50 — 50 —

Peripheral Data Hold Time
Teun PA, PC 75 —_ 75 —
Tenn PB 10 — 10 —_
Tepw PAQ-PA1 Edge Detect Pulse Width Teve - Teve _

_,‘r_

Counter ‘ :
Terw PAZ2 Input Pulse Width Teve _ Teve _
Teo' PAZ2 Qutput Delay — 500 | — 500

NOTE 1- Maximum Load Capacitance: S0pF Passive Puli-Up Required

E.5.1 1/0, Edge Detect, Counter
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