R6500/1

N

Rockwell

R6500/1
One-Chip Microcomputer

SECTION 1
INTRODUCTION

FEATURES

SUMMARY

The Rockwell R6500/1 microcomputer is a complete 8-bit com-
puter fabricated on a single chip using an N-channel silicon gate
MOS process. The R6500/1 compiements an established and
growing line of R6500 products and has a wide range of microcom-
puter applications.

The R6500/t consists of an R6502 Central Processing Unit(CPU),
2048 bytes of Read Only Memory (ROM}, 64 bytes of Random
Access Memory (RAM) and interface circuitry for peripheral
devices.

The innovative architecture and the demonstrated high perfor-
mance of the R6502 CPU, as well as instruction simplicity, resuits
in system cost-effectiveness and a wide range of computational
power. These features make the R6500/1 a leading candidate for
microcomputer applications.

To facilitate system and program development for the R6500/1,
Rockwell has developed a 64-pin R6500/1E Emulator device, as
well as a pin-compatible R6500/tEB Backpack Emulator device.
For more information, refer to the data sheets for the R65001E
{Order No. D51S) and the R65001EB (Order No. D60).

This product description is for the reader familiar with the R6502
CPU hardware and programming capabilities. A detailed descrip-
tion of the R6502 CPU hardware is included in the R6500
Microcomputer System Hardware Manual (Document Order
No. 201). A description of the instruction capabilities of the R6502
CPU is contained in the R6500 Microcomputer Systems Program-
ming Manual (Document Order No. 202).

ORDERING INFORMATION

Part Number:
R6500/1
1
Temperature Range (T to Ty):
Blank = 0°Cto +70°C
E = -40°Cto +85°C
Package
P = 40-Pin Plastic DIP
J = 44-Pin Plastic Leaded
Chip Carrier (PLCC)
Frequency
No Letter = 1 MHz
A = 2MHz

Single-chip microcomputer
R6502 software compatible
Eight-bit parallel processing
Decimal or binary arithmetic
Variable length stack

True indexing capability
Thirteen addressing modes

1 or 2 MHz clock operation, with the following options:
-— External single clock input

— RC time base input

— Crystal time base input

Single +5V power supply
500 mw operating power

Separate power pin for RAM with standby power only 10% of
operating power

2K x 8 ROM on chip
64 x 8 RAM on chip
40-pin DIP and 44-pin PLCC

64-pin R65001E Emulator part availabie, with 40 signals iden-
tical to production part

40-pin R65001EB Backback Emulator part available, pin com-
patible with an R6500/1

Pipetine architecture

32 bidirectional TTL compatible /O lines
— 1 positive edge sensitive I/O lines
— 1 negative edge sensitive /O line

1 bidirectional TTL compatible counter I/O line
16-bit timer/counter

Four timer/counter modes

— Internal timer

— Pulse generator

— Event counter

— Pulse width measurement

Three maskable interrupts
— 1 counter overflow
— 2 /0 edge detect

NMI and Reset interrupts

Document No. 29650N48
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SECTION 2
INTERFACE REQUIREMENTS

the R6500A. Figure 2-2 shows the pin out configuration and
Table 2-1 describes the function of each pin of the R6500/1.

This section describes the interface requirements for the R6500/1
single chip microcomputer. Figure 2-1 is the Interface Diagram for
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Figure 2-2. R6500/1 Pin Assignments
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Table 2-1. R6500/1 Pin Description

Signal Name 1o Description

vCC Power. Main power supply +5V.

VRR RAM Retention Power. Separate power pin for RAM. In the event that VCC power is lost, this power retains
RAM data +5V.

VSS Ground. Signal and power ground (OV).

XTI i Crystatl In. Crystal or clock input for internal clock oscillator.

XTLO L¢] Crystal Out. Crystal output from internal clock oscillator.

RES | Reset. The Reset input is used to initialize the R6500/1. The signal must not transition from low to high for at
least eight cycles after VCC reaches operating range and the internal oscillator has stabilized (see Section 5).

NMI 1 Non-Maskable Interrupt. A negative going edge on the Non-Maskable interrupt signal requests that a non-
maskable interrupt be generated within the CPU.

PAQ-PA7 o] Port A. General purpose |/0O Port A.

PBO-PB7 o Port 8. General purpose I/O Port B.

PCO-PC7 [le] Port C. General purpose I/O Port C.

PDO-PD?7 10 Port D. General purpase /O Port D.
Four 8-bit ports used for either inputioutput. Each line consists of an active transistor to VSS and an optional
passive pull-up to VCC. The two lower bits of the PA port (PAO-PA1) also serve as edge detect inputs with mask-
able interrupts.

CNTR {[e] Counter 1/0. This line is used as a Counter input/output line. CNTR is an input in the Event Counter and Pulse

Width Measurement modes and is an autput in the Interval Timer and Pulse Generator modes. It consists of
an active transistor to VSS and an optional passive pull-up to VCC.
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SECTION 3
SYSTEM ARCHITECTURE

This section provides a functional description of the R6500/t.
A block diagram of the R6500/1 is presented in Figure 3-1.

3.1 INDEX REGISTERS

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

When executing an instruction which specifies indirect
addressing, the CPU fetches the op code and the address,
and modifies the address from memory by adding the index
register to it prior to loading or storing the value of memory.

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

3.2 STACK POINTER

The Stack Pointer is an 8-bit register. It is automatically
incremented and decremented under control of the micro-
processor to perform stack manipufation in response to

either user instructions or the interrupt lines NMI and IRQ.
The Stack Pointer must be initialized by the user program.

The stack allows simple implementation of multiple level
interrupts, subroutine nesting and simplification of many
types of data manipulation. The JSR, BRK, RTl and RTS
instructions 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
data are to be pushed onto the stack, the Stack Pointer is
placed on the Address Bus, data are written into the mem-
ory 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 memory location addressed by
the Pointer.

3.3 ARITHMETIC AND LOGIC UNIT (ALU)

All arithmetic and logic operations take place in the ALU,
including incrementing and decrementing internal registers
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Figure 3-1. R6500/1 Block Diagram
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{except the Program Counter). The ALU cannot store data for more
than one 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 external 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 so on) using the data on the two
inputs.

3.4 ACCUMULATOR

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

3.5 PROGRAM COUNTER

The 12-bit Program Counter provides the addresses that are used
to step the processor through sequential instructions in a program.
Each time the processor fetches an instruction from program
memory, the lower (least significant) byte of the Program Coun-
ter (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 4 bits of the Address Bus. The Coun-
ter is incremented each time an instruction or data is fetched from
program memaory.

3.6 INSTRUCTION REGISTER AND
INSTRUCTION DECODE

Instructions are fetched from ROM or RAM and gated onto the
Internal Data Bus. These instructions are latched into the Instruc-
tion Register then decoded along with timing and interrupt sig-
nals to generate control signals for the various registers.

3.7 TIMING CONTROLS

The Timing Control Logic keeps track of the specific instruction
cycle being executed. Thislogic is set to TO each time an instruc-
tion fetch is executed and is advanced at the beginning of each
Phase One clock pulse for as many cycles as are required to com-
plete 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.

3.8 INTERRUPT LOGIC

Interrupt logic controls the sequencing of three interrupts; RES,
NMI and IRQ. IRQ is generated by any one of three conditions:
Counter Overflow, PAO Positive Edge Detected, and PA1 Nega-
tive Edge Detected.

3.9 CLOCK OSCILLATOR

The Clack Oscillator provides the basic timing signals used by the
R6500/1 CPU. The reference frequency is provided by an exter-
nal source, and can be from a crystal or clock. The external fre-
quency can vary from 200 kHz to 4 MHz. The internal Phase 2 ®2)
frequency is one-half the external reference frequency.

The on-chip oscillator is designed for a paraliel resonant crystal
connected between XTLI and XTLO pins. The equivalent oscilla-
tor circuit is shown in Figure 3-2.
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A parallel resonant crystal is specified by its load capacitance and
series resonant resistance. For proper oscillator operation, the load
capacitance (Cy), series resistance (Rs) and the crystal resonant
frequency (F) must meet the following two relations:

(C+2n=2C. or C=2C -27

2x108
(FC.)?

Rs < Remax =

where: F is in MHz; C and C_ are in pF; R is in ohms.

To select a parallei resonant crystal for the oscillator, first select
the load capacitance from a crystal manufacturer’s catalog. Next,
calculate Rsmax based on F and C.. The selected crystal must
have a R; less than the Rsmax.

For example, if C_ = 22 pF for a4 MHz parallel resonant crystal,
then

C =(2x22) - 27 = 17 pF
(use standard value, 18 pF)

The series resistance of the crystal must be less than

108
smax = 21 258 ohms
(4x22)2
C5%  XTL 27 pF
el 1 {] 1 ¢
2-4 MHz [_]XTAL R6500/1
N ] ] | €
7l . 1 |
= Ct5% XTLO 27pF —
A. CRYSTAL INPUT
2-aMHz XTL
R6500/1
NC é XTLO
B. CLOCK INPUT

Figure 3-2. Clock Oscillator Input Options

3.10 PROCESSOR STATUS REGISTER

The 8-bit Processor Status Register, shown in Figure 3-3,
contains seven status flags. 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 R6500 instruction
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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.

3.10.1 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 logic 0 if no carry
occurred as the result of arithmetic operations.

The Carry 8it may be set or cleared under program control
by use of the Set Carry (SEC) or Clear Carry (CLC)
instruction, respectively. Other operations which affect the
Carry Bit are ADC, ASL, CMP, CPX, CPY, LSR, PLP, ROL,
ROR, RTI, and SBC.

3.10.2 ZERO BIT (2)

The Zero Bit (Z) is set to logic t 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 result-
ant 8 bits of a data movement or calculation operation are

not all zero. The R6500 instruction set contains no instruc-
tion to specifically set or clear the Zero Bit. The Zero Bit is,
however, affected by the following instructions: ADC, AND,
ASL, BIT, CMP, CPX, CPY, DEC, DEX, DEY, EOR, INC,
INX, iINY, LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL,
ROR, RTI, SBC, TAX, TAY, TXA, TSX, and TYA.

3.10.3 INTERRUPT DISABLE BIT ()

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 to logic 1,
the IRQ signal will be ignored. The CPU will set the Inter-
rupt Disable Bit to_logic 1 if a RESET (RES) or Non-
Maskabile Interrupt (NMI) signal is detected.

The | bit is cleared by the Clear Interrupt (CLI) instruction,
the Pull Processor Status from Stack (PLP) instruction, or
as the result of executing a Return from Interrupt (RTI)
instruction (providing the Interrupt Disable Bit was cleared
prior to the interrupt). The Interrupt Disable Bit may be set
or cleared under program control using a Set Interrupt Disa-
ble (SEl) or a Clear Interrupt Disabie (CLI) instruction,
raspectively.

[f) Not initialized by RES

[2) Set to Lagic 1 by RE

7 6 5 4 3 2 0
N v B D | [
CARRY (C) {1}
1 = Carry Set
0 = Carry Clear
b————— ZERO {2) (1)
1 = 2ero Result
0 = Non-Zero Result
INTERRUPT DISABLE (1) (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 = Not Break Command
OVERFLOW (0} (1)
= Overtlow Set
0 = Overfiow Clear
NEGATIVE (N) (1)
NOTES

1
0

Negative Value
Positive Value

Figure 3-3. Processor Status Register
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3.10.4 DECIMAL MODE BIT (D)

The Decimal Mode Bit (D), is used to control 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 operales as a straight binary adder. The
adder mode is controlled only by the programmer. The Set
Decimal Mode (SED) instruction will set the D bit; the Clear
Decimal Mode (CLD} instruction will clear it. The PLP and
RTI instructions also effect the Decimal Mode Bit.

CAUTION

The Decimal Mode Bit will either set or clear in an
unpredictable manner upon power application to
R6500/1. This bit must be initialized to the desired
state by the user program or erroneous results may
occur.

3.10.5 BREAK BIT (B)

The Break Bit (B) is used to determine the condition which
caused the IRQ service routine to be entered. If the IRQ
service routine was entered because the CPU executed a
BRK command, the Break Bit will be set to logic 1. If the
iRQ routine was entered as the result ot an IRQ signal
being generated, the B bit will be cleared to logic 0. There
are no instructions which can set or clear this bit.

3.10.6 OVERFLOW BIT (V)

The Overflow Bit (V) is used to indicate that the result of a
signed, binary addition, or subtraction, operation is a value
that cannot be contained in seven bits (-128 < n =
127). This indicator only has meaning when signed arithme-
fic (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; other-
wise the bit is cleared to logic 0. The V bit may also 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 & in the sampled field. Duriing a BIT instruction the
Overflow Bit is set equal 1o the content of the bit 6 on the
data tested with BIT instruction. 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, RTI and
SBC.

3.10.7 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
arithmetic operation, is set to logic 1. If the sign bit is set
to logic 1, the resulting value of the data movement or
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arithmetic operation is negative; if the sign bit is cleared,
the result of the data movement or aritimetic operation s
positive. There are no instructions that set or clear the Neg-
ative Bit since the Negative Bit represents only the status of
a result. The instructions that effect the state of the Nega-
tive Bit are: ADC, AND, ASL, BIT, CMP, CPX, CPY, DEC,
DEX, DEY, EOR, INC, INX, INY, LDA, LDX, LDY, LSR,
ORA, PLA, PLP, ROL, ROR, RT!, SBG, TAX, TAY, TSX,
TXA, and TYA.

3.11 2K x 8 ROM

The R6500/1 2048 byte x 8-bit Read Only Memory (ROM)
usually contains the user's program instructions and other
fixed constants. These program instructions and constants
are mask-programmed into the ROM during fabrication of
the R6500/1 device. The R6500/1 ROM is memory mapped
from 800 to FFF.

3.12 64 x 8 RAM

The 64 byte x B8-bit Random Access Memory (RAM) con-
tains the user program stack and is used for scratchpad
memory during system operation. This RAM is completely
static in operation and requires no clock or dynamic refresh.
The data contained in RAM is read out nondestructively
with the same polarity as the input data. A standby power
pin, VRR allows RAM memory to be maintained on 10% of
the operating power. In the event that VCC power is lost
and execution stops, this standby power retains RAM data
until execution resumes.

In order to take advantage of zero page addressing capabil-
ities, the R6500/1 RAM is assigned page zero memory
address 0 to 03F.

3.13 CONTROL REGISTER

The Control Register (CR), shown in Figure 3-4, is located
at address 08F. The CR contains five control signals and
three status signals.

The control signals are summarized in Table 3-1. The con-
trol signals are set to logic 1 by writing logic 1 into the
respective bit positions and cleared to logic 0 either by wrif-
ing logic 0_into the respective bit position or by the occur-
rence of a RES signal.

Table 3-1. CR Control Signals

Bit
Control Signal Name Number

Counter Mode Contral 0 (CMCO0) 0
Counter Mede Control 1 (CMC1)
PA1 interrupt Enabled (A1IE)

-

PAO Interrupt Enabled (AOIE)
Counter Interrupt Enabled (CIE)

s W N

The three status signals are summarized in Table 3-2.
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7 6 [ 4 3 2 1 0
CR7 | CR6 | CR5 | CR4 | CR3 | CR2 | CR1 | CRO
CTRO|AOED {A1ED| CIE | AOIE | ATIE |CMC?{CMCO

I———l—— COUNTER MODE CONTROL (CMC1 & CMCO)

0 0 = Interval Timer

0 1 = Puise Generator

1 0 = Event Counter

1 1 = Pulse Width Measurement

PA1 INTERRUPT ENABLE (At1IE)

1 = Enable PAT Interrupt
0 = Disable PA1 Interrupt

PAO INTERRUPT ENABLE (AOIE)

1 = Enable PAD Interrupt
0 = Disable PAQ Interrupt

COUNTER INTERRUPT ENABLE (CIE)

1 = Enable Counter interrupt
0 = Disable Caunter Interrupt

PA1 NEGATIVE EDGE DETECTED (A1ED)

1
1]

PA1 Negative Edge Detected
PAY Negative Edge Not Detected

PAD POSITIVE EDGE DETECTED (AOED}

1
0

PAD Positive Edge Detected
PAO Positive Edge Not Detected

COUNTER OVERFLOW (CTRO)

Counter Overflow Occurred
No Counter Overflow

1
0

Table 3-2. CR Status Signals

Figure 3-4. Control Register (CR)

Table 3-3. Counter Mode Control Seiection

Status Signal Name Nu::::ef ?Bll'tcl; ?B'ftc(;)) Mode
PA1 Negative Edge Detected (A1ED) 5 0 0 Interval Timer
PAQ Positive Edge Detected (AOED) 6 0 1 Pulse Generator
Counter Overflow (CTRO) 7 1 [} Event Counter
The status signals are read-only information. The status bits 1 ! Pulse Width Measurement

are set 1o logic 1 by hardware monitoring logic and cleared
to logic 0 by the occurrence of RES signal or by specific
address commands. Each of these signals is described in
the following sections.

3.13.1 COUNTER MODE CONTROL 0 AND 1

Counter Mode Control signals CMCO and CMC1 (bits 0 and
1) control the Counter operating modes. The modes of
operation and the corresponding configuration of CMCO and
CMC1 are summarized in Table 3-3.

These modes are controlled by writing the appropriate bit
values into the Counter Mode Control bits.
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The Counter is set to the Interval Timer Mode (00) when a
RES signal is generated or if the user program stores logic
0 into Bits 0 and 1 of the Control Register. A complete
description of each of the Counter modes is given in Sec-
tion 3.14.1.

3.13.2 PA1 INTERRUPT ENABLE BIT (A1IE)

If the PA1 Interrupt Enable Bit (CR2) is set to logic 1, an
IRQ interrupt request signal will be generated when the
PA1 Negative Edge Detected Bit (CRS) is set.
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3.13.3 PAO INTERRUPT ENABLE BIT (AOIE)

It_the PAO Interrupt Enable Bit (CR3) is set to logic 1, the
IRQ interrupt request signal will be .generated when the
PAO Positive Edge Detected Bit (CR6) is set.

3.13.4 COUNTER INTERRUPT ENABLE BIT (CIE)

If the_Counter interrupt Enable Bit (CR4) is set to logic 1,
the iRQ interrupt request signal will be generated when
Counter Overflow (CR7) is set.

3.13.5 PA1 NEGATIVE EDGE DETECTED BIT
(A1ED)

The PA1 Negative Edge Detected Bit (CR5) is set to logic
1 whenever a negative (falling) edge is detected on PA1.
This bit is cleared 1o logic 0 by RES or by writing to
address 08A.

The edge detecting circuitry is active when PA1 is used
either as an input or as an output. When PA1 is used as
an output, A1ED will be set when the negative edge is
detected during a logical 1 to O transition.

When PA1 is used as an input and the negative edge
detecting circuitry is used, A1ED should be cleared by the
user program upon initialization and when the PA1 Negative
Edge Detected IRQ processing is completed.

3.13.6 PAO POSTIIVE EDGE DETECTED BIT (AOED)

The PAD Positive Edge Detected Bit (CR6) is set to logic 1
whenever a positive (rising) edge is detected on PAQ. The
bit is cleared to logic 0 by RES or by writing to address
089.

The edge detecting circuitry is active when PAO is used
either as an input or as an output. When PAQ is used as
an output, AOED will be set when the positive edge is
detected during a logical Oto 1 transition.

When PAO is used as an input and the positive edge
detecting circuitry is used, AOED should be cleared by the
user program upon initialization and upon completion of
PAO Positive Edge Detected IRQ processing.

3.13.7 COUNTER OVERFLOW BIT (CTRO)

The Counter Overflow Bit (CR7) is set to logic 1 whenever
a counter overflow occurs in any of the four counter operat-
ing modes. Overflow occurs when the counter is decre-
mented one count from 0000. This bit is cleared to logic 0
by RES or by reading from address 087 or writing to
address 088.

This bit should be cleared by the user program upon
initialization and upon completion of Counter Overflow IRQ
interrupt processing.

When a Counter Overflow occurs, the Upper Count (UC) in ad-
dress 086 and the Lower Count (LC) in address 087 are resetto
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the values contained in the Upper Latch (UL) in address 084 and
in the Lower Latch (LL) in address 085, respectively. Therefore, it
is important to load the Lower Latch value prior to executing the
Write to Upper Latch and Transter Latch to Counter (address
088) in order to prevent an unpredicted reoccurrence of Counter
Overflow and, if enabled, an TRQ interrupt request.

3.14 COUNTER/LATCH

The Counter/Latch consists of a 16-bit Counter and a 16-bit
Latch. The Counter resides in two 8-bit registers: address
086 contains the Upper Count value (bits 8-15 of the Coun-
ter) and address 0B7 contains the Lower Count value (bits
0-7 of the Counter). The Counter contains the count of
either @2 clock periods or external events depending on
which counter mode is selected in the Control Register
(Section 3.13.1).

The Latch contains the Counter initialization value. The
Laich resides in two B-bit registers: address 084 contains
the Upper Laich value {bits 8-15 of the Latch) and address
085 contains the Lower Latch value (bits 0-7 of the Latch).
The 16-bit Latch can hold values from 0 to 65535.

The Latch registers can be loaded at any time by executing
a write to the Upper Latch Address (084) and the Lower
Latch Address (085). In each case, the contents of the
Accumulator are copied into the applicable Latch register.
The Upper Laich and Lower Latch can be loaded independ-
ently; it is not required to load both registers at the same
time or sequentially. The Upper Latch can aiso be loaded
by writing to address 088.

The Counter can be initialized at any time by writing to
address 088. The contents of the Accumulator will be cop-
ied into the Upper Latch before the value in the Upper
Latch is transferred to the Upper Counter.

The Counter will also be initialized to the Latch value when-
ever the Counter overflows. When the Counter decrements
from 0000, the next Counter vaiue will be the Latch value,
not FFFF.

Whenever the Counter overflows, the Counter Overflow Bit
(CR7) is set to logic 1. This bit is cleared whenever the
lower eight bits of the counter are read from address 087
or by writing to address 088.

3.14.1 COUNTER MODES

The Counter operates in any of four modes. These modes
are selected by the Counter Mode Control bits in the Con-
trol Register.

Mode CMC1 CMCo
Interval Timer 0 0
Pulse Generator 0 1
Event Counter 1 o
Pulse Width Measurement 1 1
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The Interval Timer, Pulse Generator, and Puise Width
Measurement Modes are @2 clock counter modes. The
Event Counter Mode counts the occurrences of an external
event on the CNTR line.

Interval Timer (Mode 0)

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 Laich and Transfer Latch to counter address
(088), the Counter is foaded 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 1us to 65.535ms at the 1
MHz 92 clock rate or 0.5us to 32.768ms at the 2 MHz $2 clock
rate. Time intervals greater than the maximum 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
Overflow (CR7) is set to logic 1 at the next $2 clock pulse.
If the Counter Interrupt enable bit (CR4) is also set, an IRQ
interrupt request will be generated. The Counter Overflow
bit in the Control Register can be examined in the IRQ
interrupt routine to determine that the IRQ was generated
by the Counter Overflow.

While the timer is operating in the Interval Timer Mode, the
Counter Qut/Event line is held in the high (output disabled)
state.

A timing diagram of the Interval Timer Mode is shown in
Figure 3-5.

e | L L]

COUNTER OVERFLOW

COUNTER OVERFLOW
COUNTER 3 | 2 | 1 | 0 we ey [ owewa |
COUNTER INTERRUPT ENABLED [

SET ANY TIME BEFORE

COUNTER OVERFLOW

HELD HIGH IN MODE 00

Figure 3-5. Interval Timer (Mode 0) Timing Diagram

Pulse Generator Mode (Mode 1)

In the Pulse Generator mode, the Counter Out/Event In line
(CNTR) operates as a Counter Out. The CNTR line toggles
from low to high or from high to low whenever a Counter
Overflow occurs, or a write is performed to address 088.

Either a symmetric or asymmetric output waveform can be

3-35

output on the CNTR line in this mode. The CNTR output is
initialized high by a RES since the Interval Timer mode is
established by RES.

A one-shot waveform can be easily generated by changing

from Mode 1 Pulse Generator to Mode 0 (Interval Timer)
after only one occurrence of the output toggle condition.
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Event Counter Mode (Mode 2)

In this mode the CNTR line is used as an Event Counter. The
Counter will decrement with each rising edge detected on this
line. The maximum rate at which this edge can be detected is
one-half the 92 clock rate.

The Counter can count up to 65,535 occurrences before
overflowing. As in the other modes, the Counter Overflow
bit (CR7) is set to logic 1 if the overflow occurs.

Figure 3-6 is a timing diagram of the Event Counter Mode.

Pulse Width Measurement Mode (Mode 3)

This mode allows the accurate measurement of a low pulse
duration on the CNTR line. In this mode, CNTR is used in
the Event In capacity. The Counter decrements by one

count at the @2 clock rate as long as the CNTR line is held
in the low state. The Counter is stopped when CNTR is in
the high state.

If the CNTR pin is left disconnected, this mode may be
selected to stop the Counter since the internal pull-up
device will cause the CNTR input to be in the high (>2.0V)
state.

A timing diagram for the Pulse Width Measurement Mode is
shown in Figure 3-7.

3.15 INPUT/OUTPUT PORTS

The R6500/1 provides four 8-bit Input/Output (1/0) ports
(PA, PB, PC, PD). These 32 I/O lines are completely
bidirectional. Al lines may be used either for input or output
in any combination; that is, there are no line grouping or
port association restrictions.

e [ LI |

N i e

Tppsy (—

20v |

ov
CNTR 20 0.8V
Tow — l‘- Tow
COUNT N-1
READ N1

~N
T

N-2

N-2

Figure 3-6. Event Counter Mode (Mode 2)

oo [ LT LT 1

|

I [

e Thosu l‘* Trosu
CNTR 2.0V 2,0V
COUNT N N-1 N-2 N-3 N4 N4
READ N N-1 N-2 N3 N4 N4

Figure 3-7. Pulse Width Measurement (Mode 3)

3-36

www.DataSheetdU.com



R6500/1

One-Chip Microcomputer

The direction of the 32 1/0 lines are controlled by four 8-bit port
registers located in page zero. This arrangement provides quick
programming access using simple two-byte zero page address
instructions. There are no direction registers associated with the
1/0 ports, which simplifies 1/0 handling. The I/0 addresses are
shown in Table 3-4.

Table 3-4. I/O Port Addresses

Port Address
A 080
8 081
C 082
D 083

Figure 3-8 shows the I/O Port Timings.

3.15.1 INPUTS

Inputs are enabled by loading logic 1 into all I/O port register bit
positions that are to correspond to I/0 input lines. A low (<0.8V)
input signal will cause a logic O 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 I/O port registers to
logic 1 thus initially treating all I/0 lines as inputs.

The status of the input lines can be interrogated at any
time by reading the 1/O port addresses. Note that this will
return the actual status of the input lines, not the data writ-
ten into the I/O port registers.

3.15.2 OUTPUTS

Outputs are controlled by writing' the desired 1/O line output
states into the corresponding ¥/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,

3.15.3 EDGE DETECTION CAPABILITY

Ports PAO and PA1 have an edge detection capability. Fig-
ure 3-9 shows the edge detection timing.

PAO Positive Edge Detecting Capability

In addition to its normal /O function, PAO will detect an
asynchronous positive (rising) edge signal and set the PAQ
Positive Edge Detected signal (CR6) to logic 1. The maxi-
mum rate at which this positive edge can be detected is
one-half the ¢2 clock rate.

If the PAO Interrupt Enable Bit (CR3) is set, an IRQ inter-
rupt request will also be generated. The PAQ Positive Edge
Detected signal can be cleared by writing to address 089.

1/0 PORT OUTPUT TIMING

@2 | l | | | I
o

INTERNAL RAW

—{ f
I e Tepmos

f(-— Topwy ———=

PA, PB, PC, PD OUTPUT

1/0 PORT INPUT TIMING

¢2

INTERNAL RAW

PA, PB, PC, PD INPUT

Figure 3-8. /0 Port Timing
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92

EDGE DETECT
WINDOW

*NOTE: IRQWILL STAY LOW UNTIL IT IS SERVICED

*SEE NOTE

Figure 3-9. PAO and PA1 Edge Detection Timing

PA1 Negative Edge Detecting Capability

In addition to its normal VO function, PAt will detect an
asynchronous negative (falling) edge signal and set the PA1
Negative Edge Detected signal (CRS) to logic 1. The manxi-
mum rate at which this negative edge can be detected is
one-half the @2 clock rate.

It the PA1 Interrupt Enable signal (CR2) is set, an [RQ
interrupt request will also be generated. The PA1 Negative
Edge Detected signal may be cleared by writing to address
0BA.

3-38

3.16 MASK OPTIONS

An option is provided ta delete the internal pull-up resistance from
PA, PB, PC and/or PD ports atmask time. This option is available
tor 8-bit port groups only, not for individual port lines. This option
may by used to aid interface with CMOS drivers, or in order to
interface with external pull-up devices.

An option is also provided to delete the internal pull-up
resistance on the CNTR line.
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L SECTION 4
IRQ INTERRUPT REQUEST GENERATION

An iRQ interrupt request can be initiated by any or all of
three possible sources. These sources are all capable of
being enabled or disabled by the use of the appropriate
interrupt enabled bits in the Contro! Register.

The first source of IRQ is Counter Overflow. The IRG interrupt
request will be driven low whenever both the Counter Interrupt
Enable (CR4) and the Counter Overflow (CR7) are logic 1.

The second source of IRQ is detection of a positive edge
on PAO. The IRQ inerrupt request will be driven low when-
ever both the PAO Interrupt Enable (CR3) and the PAD
Positive Edge Detected (CR6) are logic 1.

The third source of IRQ is detection of a negative edge on
PA1. The IRQ interrupt request will be driven low whenever
both the PA1 Interrupt Enable (CR2) and the PA1 Negative
Edge Detected (CRS) are logic 1.

3-39

Multiple simultaneous interrupts will cause the TRQ interrupt
request to remain active until all interrupting conditions have
been serviced and cleared.

[

If the same data, i.e., the same RAM, counter/latch or 1/0
addresses, are operated on asynchronously by a normal
processing routine and by an interrupt service routine, care
must be taken to prevent loss of data due to the interrupt
routine altering the data during update of the data by the
normal processing routine. This situation can be prevented
by disabling the IRQ interrupt with the SE| instruction be-
fore starting the data update in the normal processing and
then enabling the interrupt with the CLI instruction upon
completion of data update.
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SECTION 5
POWER ON/OFF CONSIDERATIONS

5.1 POWER-ON RESET

The occurrence of RES going from low to high will cause
the R6500/1 to set the Interrupt Mask Bit — bit 2 of the
Processor Status Register — and initiate a reset vector fetch
at address FFE and FFF to begin user program execution.
All of the /O ports (PA, P8, PC, and PD) and CNTR will
be forced 1o the high (logic 1) state. All bits of the Control
Register will be cleared to logic @ causing the Interval
Timer counter mode {mode 00) to be selected and causing
all interrupt enabled bits to be reset.

5.2 POWER ON/OFF TIMING

After application of VCC power to the R6500/1, RES must
be held low for at least eight #2 clock cycles after VCC
reaches operating range and the internal clock oscillator has
stabilized. This stabilization time is dependent upon the
input VCC voltage and performance of the crystal, clock, or
RC network input circuit. The clock oscillator output can be
monitored on XTLO (pin 11).

Figure 5-1 illustrates the power turn-on waveforms.

5.3 RAM DATA RETENTION — VRR
REQUIREMENTS

For the RAM to retain data upon loss of VCC, VRR musl
be supplied within operating range and RES must be driven

low at least eight P2 clock pulses before VCC falls out of
operating range. RES must then be held low while VCC is
out of operating range and until at least eight @2 clock
cycles after VCC is again within operating range and the
internal @2 oscillator is stabilzed. VRR must remain within
VCC operation range during normat R6500/1 operation.
When VCGC is out of operating range, VRR must remain
within the VRR retention range in order to retain data. Fig-
ure 5-2 shows typical waveforms.

5.4 RAM DATA RETENTION OPERATION

The requirement for R6500/1 RAM data retention and re-
start operation is application dependent. If R6500/1 RAM
data retention is not required during loss of VCC, then VRR
can be connected to the same power source as VCC.
With this configuration a complete initialization of R6500/1
program variables in RAM is required upon VCC and VRR
power application.

I the R650011 RAM is to retain data during loss of VCC,
the following is required:

1. Connection of VCC and VRR to separate power supplies
or to the same primary power supply with isolation
diodes and battery or other backup power for VRR.

2. VCC power monitor hardware with power loss and
cold/warm start indications to the R6500/1.

3 Power loss detection as well as cold and warm start
initialization in the R6500/1 program.

F—— ——— — =
v
cc _(
POWER ON

| -«— CLOCK STABILIZATION TIME

o
m
2

N UL

o e NWVWWOLLT LT LML L L
'—_——s (2 CLOCKS CYCLES MIN

‘S [

Figure 5-1. Power Turn-On Timing Detall
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- RAM OPERATING MODE RAM RETENTION MODE

5° =~ - ¢ — e = o
VRR

o_j @ @ @

- |- — - - -2 |
vee o/ S Py A

{ C
o 27
RES | l o
_ 3
— l—e—@ —-—| vt () -»‘ e—TRL (2)

(1) INITIAL APPLICATION OF VCC AND VRR.
(2) LOSS OF vCC, RAM ON STANDBY POWER,
(3) REAPPLICATION OF VCC,

(3 >8 $2CLOCK PULSES AFTER 2 OSCILLATOR STABILIZATION.

(®) >8 ¢$2CLOCK PULSES.

Figure 5-2. RAM Retention Mode Timing

The power monitor hardware must sense the loss of VCC
power in sufficient time to allow the R6500/1 to save re-
quired CPU register data in RAM. The power loss indication
line can be connected to the NMI interrupt input in order to
cause an immediate R6500/1 interrupt upon power loss
detection.

The power monitor hardware shouid also provide an indica-
tion of cold start (initial VCC and VRR power application) or
warm start (VCC power re-application while VRR is retained
on backup power) provided as input on a data I/O pin.

A level indication is sufficient. The R6500/t program can
then initialize all, or partial, program variables upon initiai-
ization then jump to any other starting address as required

341

depending upon cold/warm start condition.

Upon power loss detection, the R6500/1 should save all required
CPU register data in either the stack or dedicated RAM. The stack
may be preferred if dedicated RAM is not available. If the program
is to restart at the interrupted address, then all CPU registers
mustbe saved, i.e., S, P, PC, A, X, and Y. The stack pointer must
be savedin a dedicated RAM address. Note that processor status
P andthe program counter, PC, are already saved on the stack by
the NMlinterrupt R6500/1 hardware processing. If the warm start
can be performed at a specific address, then the saving of the
register data at power loss detection may not be required. Figure
5-3 shows top level flowcharts of typical power down and
power-up processing.
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NMI INTERRUPT RESET

ACQUIRE/COMPUTE
AND SAVE DATA COMMON INITIALIZATION
AS REQUIRED

v

SAVE A, X, & Y IN STACK
SAVE S IN DEDICATED RAM

R6500/1

{0

coLD WARM
JMP TO PC* START START
ADDRESS ADDRESS
INITIALIZE COLD START INITIALIZE WARM START
*HANG UP IN SHORT
LOOP UNTIL EXECUTION UNIQUE VARIABLES UNIQUE VARIABLES
TERMINATES *
RESTORE S FROM DEDICATED RAM
a. Program Recovery at CONTINUE RESTORE A, X, Y FROM STACK

Address of Interruption

NMI INTERRUPT RESET

ACQUIRE/COMPUTE &
SAVE DATA AS COMMON INITIALIZATION
REQUIRED

{0

JMP TO PC*

)

*HANG UP IN SHORT
LOOP UNTIL EXECUTION CcoLD WARM
TERMINATES START START
ADDRESS ADDRESS

INITIALIZE WARM START

INITIALIZE COLD START
UNIQUE VARIABLES

UNIQUE VARIABLES

b. Program Recovery at
CONTINUE CONTINUE

Specific Restart Address

Figure 5-3. Typical R6500/1 Power Loss Recovery Flowcharts
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APPENDIX A — SYSTEM MEMORY MAP

HEX
IRQ Vector High FFF )
IRQ Vector Low FFE
RES Vector High FFD
RES Vector Low FFC RO
NMI Vector High FFB
NMI Vector Low FFA
FF9
User Program J
800
7FF
R6500/1E User Program
400
i 3FF
2 Unassigned 2900
Control Register 08F )
2 Unassigned éan
08B
Clear PA1 Neg Edge Detected (Write Only) (1y] osa
Clear PAQ Pos Edge Detected (Write Only) (1)] 089
Upper Latch and Transfer Latch to Counter (Write Only) (2){ 088
Lower Count (Read Only) (2)] 087 > Input/Output
Upper Count (Read Only) 086
Lower Latch (Write Qnly) 085
Upper Latch (Write Onily) 084
PORT D 083
PORT C 082
PORT B 081
PORT A 080 _J
2 Unassigned e
03F }
User RAM RAM
000
Notes:

(1) 1/0 command only; i.e., no stored data.
(2) Clears Counter Qverflow — Bit 7 in Control Register.
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APPENDIX B — R6500 INSTRUCTION SET

This appendix contains a summary of the RE500 instruction set. For detailed information, consult the R6500 Microcomputer System Program-
ming Manual, Document Order No. 202.

B.1 INSTRUCTION SET IN ALPHABETIC SEQUENCE

Mnemonic Description Mnemonic Description
ADC Add Memory to Accumulator with Carry LDA Load Accumulator with Memory
AND “AND" Memory with Accumulator LDX Load Index X with Memory
ASL Shift Left One Bit (Memory or Accumulator) LbY Load Index Y with Memory
LSR Shift One Bit Right (Memory or Accumulator)
BCC Branch on Carry Clear
BCS Branch on Carry Set NOP No Operation
BEQ Branch on Result Zero
BIT Test Bits in Memory with Accumulator ORA “OR" Memory with Accumutator
BMI Branch on Result Minus
BNE Branch on Result not Zero PHA Push Accumulator on Stack
BPL Branch on Result Plus PHP Push Processor Status on Stack
BRK Force Break PLA Pull Accumulator from Stack
BvVC Branch on Overflow Clear PLP Pull Processor Status from Stack
BVS Branch on Overflow Set
ROL Rotate One Bit Left (Memory or Accumulator)
CLC Clear Carry Flag ROR Rotate One Bit Right (Memory or Accumulator)
CLD Clear Decimal Mode RTI Return from Interrupt
cu Clear Interrupt Disable Bit ATrs Return from Subroutine
CLv Clear Overflow Flag
CMP Compare Memory and Accumulator SBC Subtract Memory from Accumulator with Borrow
cPX Compare Memory and Index X SEC Set Carry Flag
CPY Compare Memory and Index Y SED Set Decimal Mode
SEI Set Interrupt Disabie Status
DEC Decrement Memory by One STA Store Accumulator in Memory
DEX Decrement Index X by One STX Store Index X in Memory
DEY Decrement Index Y by One STY Store index Y in Memory
EOR “Exclusive-Or” Memary with Accumulator TAX Transfer Accumulator to Index X
TAY Transfer Accumuiator to Index Y
INC Increment Memory by One TSX Transfer Stack Pointer to Index X
INX Increment Index X by One TXA Transfer Index X to Accumulator
INY Increment Index Y by One TXS Transfer Index X to Stack Register
TYA Transfer Index Y to Accumulator
JMP Jump to New Location
JSR Jump to New Location Saving Return Address
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B2. INSTRUCTION SET SUMMARY TABLE

INSTRUCTIONS weomre ] ansouure | zenapace | accum | mepueo | gwo.x | oworv [z Pace. x| asS.x | ASS.v | RELATIVE | INGRECT | Z PAGE, Y %i"‘”‘“‘““
WNEMONIC OPERATION el » | v [or] o | #lor| o | o forl n i afap} ala]op| n]nfor]nlnlop|anjajor|njejornisioP|n]a|OP]n lOnlL:f;gE;g
ADC AsMaC~a wrmles| 2|2 fe0] 4}3]es{3i2 e 6]2|7|s|2|rsfefz]0] «]afrafals NV..o++2C|ADC
AND AAM=A im|2| 212 |oo] « |3 ]2 32 2| e|2]a|sf2|sla]2 0| a|s]m]a}r Neeoeozolano
ASL (o am—- Ll 0l 6|3 |06) 5]2 jOA} 21 16|62 [1E] 7|2 Na.oswoasZC|l ASL
BcC BRANCHONC = 0 & w| 2|2 i P X1
8eS BAANCHONC = 5 {2} o 2| 2 s i e e el BES
BEOQ BRANCHONZ = 1 (2 Fol 2] 2 i+ -+« -] BEDQ
BT AAM 2ci 4 | afes[ 3 ]2 MM« -+ 2+l 81T
BMI BRANCHONN = 1 (2 0|22 C e e e o BM
BNE BRANCHONZ = 0 (2} oal 2| 2 i e e ]| BNE
8P L BRANCHONN =0 () w|2]2 e 1L
BRX BREAK 007 PRSP NS BRK
BvC BAANCHONY =0 (2 s0l21t2 s e e BYVE
BVS BRANCHONY = 1 @) ! 7al2]2 i e i BYS
cLe e~c B2t e e e e s 0l CLE
cuin 00 D8 2] R S I
cul 0 saf 2|1 A
cuLyv b=V 88 2|1 R 15
cue A-M co| 22 |co| 4 |atos|3]2 ct|6|2]|or|5|2|os|a|2qoDj 4| 3[os}a] 3 Neo oo 2Cl CMP
cPX x-M Eo| 2|2 |eci{ 4| ale| 3|2 N.+. .+ .zc|lcex
cPY Y-M col 2] 2lec]aslcals] 2 N...-..2ClCPY
DEC MM e[ 6 3fcs| 5| 2 pe| 6| 2pEf 7] 3 N»a+o+2.2:0€C
DEX X=X cal 2| ¢ N'.ovo+2o2s| DEX
DEY Yoy i Baf 2|1 R 1 K 1
EOR AYM A mlae 2] 240l a]ajes) a2 o] 6|2fst] sl 2]ss|af2|sD]aiafss)a]a Nes:o+o-o2.|]€0R
INC Mo 1M l EE| 6 | 3]E6| 512 fele|2|rEi 73 Neo+osoeo2:]ine
VN X X+ 1=K €8l 21 R EEE
INY Y+ 1Y Cej 21 N s ¢ « = = 2 INY
ime JUMP TG NEWLOC ac| {3 ec|s|a e T
JsA JUMP SUB 20|63 N I X
LDA Mo A (1 |nel 2] 2 ap] 4| 3fasi3] 2 ar|6l2fs1]|slafes|af21en]¢|3]89) 413 M+ s+ s s Z+| LDA
Lox M~ X (0 {a2| 2| 2 jaE} & | 3]asl 3} 2 BEl4 |3 o6l ¢ [2fne - o - 2] LDX
Lo MY o jao) 2| 2 {ac) 4 | 3(as] 3] 2 Bafa|2]nclala Neeo-s2-|LoY
LSH [l - 4|6l 3|a8] 5| 2anl2 | s 6] 2]5€}7]3 D+ s+ ¢« 2ZC[LSR
NOP ND OPERATION eal 21 N T
aRA AVM=A o9 2 2]opja3fes[3]2 orf6f2|n]sja]sjaj2fip|4j3irslafs No.e«-+-2-| ORA
PHA A= Ms §-1-+5 |3l e e s s e e sl PHA
PHP PeMs $-1-% o8| 3| N T
PLA S+ 1-5 Ms ~ A 68| af: N-++«<2+|PLA
PLP 2814 (RESTORED) PLP
AOL = 2| 6]a|msjalaai2l a6l 6} 2)3€[7]3 N>+ 2ClROL
ROR e o 6E| 6|3 66/ 5|2 {6al 2|1 |6 2]} 7|3 N+ -+« 2C|ACR
RT | RTARNINT ! wle| {RESTORED) AT
RTS RTRN SUB | sof6 1 N R XY
$8C A-M-T-a o feaf 2|2 [eol o afes]al2 Ei|6|2]|F1ys|2|Fsfa]2 4|3 Nver >z s8C
sec | 1-c i »|2]1 R T
SED 1+D | FBj 2|1 i el sED
S E 1 | w21 .« - 1.+ SEL
ST A=M eDj 4 [3iBs5| 3} 2 srjei2fonle|2|os|af2fopjsa]esisfs s e e e o el STA
ST X X -m 8Ei 4| 3186| 3 {2 glalaf- oo v ofsTX
STY Y™ BC: 4| 3|84 3|2 B4l 4|2 R -
TAX A=A AAl 211 Ne -2« t1ax
Tav A=Y a8l 2} MR EYY]
TS x =X BAl 2|t Neoeses2o|lr1sk
TXA X A ! sal 2] Noeowoos2ef1xa
TXs X -5 i sal 2|1 N EE T
TYaA v -a i 9|21 Noeooo 2ol TYa
1 ADD 1o N IF PAGE BOUNDARY IS GRDSSED X INDEX X . aOD M.  MEMORY@IT?
B ADII0 N SN OCCUIS IO SE RS v o v D osuermcr W wewomvare
5 CARAYNOT - BORROW A AGCUMULATOR A AND n  NO.CYCLES
o IF IN DECIMAL MODE 2 FLAG (8 INVALID M MEMORY PER EFFECTIVE ADORFSS v OR 4 NO.BYIES
ACCUMULATOR MUST BE CHECKED FORZEAD RESULT Ms  MEMORY PER STACK POINTER ¥ EXCLUSIVEOR
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APPENDIX C — SYSTEM SPECIFICATIONS
MAXIMUM RATINGS*

Parameter Symbol Value Unit *NOTE: Stresses above those listed may cause permanent
Supply Voltage Ve Var _03t0 +70 | Vdc damage to the device. This is a stress rating only and _fync-
tional operation of the device at these or any other conditions
Input Voltage Yin —0310 +70 vde above those indicated in other sections of this document is not
Operating Temperature Ta TLtoTy °C implied. Exposure to absolute maximum rating conditions for
Commercial Oto +70 extended periods may affect device reliability.
Industrial -40tc +85
Storage Temperature Ts1e -55to +150 °C

DC CHARACTERISTICS
(Voo = 5.0V +£10% for R6500M, Vo = 50V 5% for R6500M1A, Vg = Veg; Vgg = OV; Ta = 0° to 70°C, unless otherwise specified)

Parameter Symbol Min Typ! Max Unit Test Conditions
RAM Standby Voitage (Retention Mode) Var 35 — Vee \
RAM Standby Current (Retention Mode) lar mA
Commercial — 10 —
Industrial - 12 —
input High Voltage Vi A
All Except XTLI +20 - Vee
XTLI +40 — Vee
Input Low Voltage Vi -03 - +08 v
Input Leakage Current ™ — +1.0 +25 pA Viy = 0to 50V
RES, NMI
Input Low Current I — -10 -16 mA Vi = 04V
Output High Voltage Vou +24 - — v lloap = =100 pA
Voo = 475V
Output High Voltage {CMOS) Vemos Vee - 30% - — \ Ve = 475V
Output Low Voltage Vou — — +04 \ Voc = 475V
lLoap = 16 mA
IO Port PullUp Resistance Ry 30 60 115 Kohm
PAD-PA7, PBO-PB7, PCO-PC7,
PDO-PD7, CNTR
Output High Current (Sourcing) on -100 — — #A Vout = 24V
Output Low Current (Sinking) loL 16 — — mA Vour = 04V
Input Capacitance Cn pF Ty = 25°C
XTLI, XTLO — — 50 Vin = OV
PA, PB, PC, PD, CNTR — — 10 f =10 MHz
Output Capacitance (Three-State Off) Cout — — 10 pF T, = 25°C
Viy = OV
f=10MHz
Power Dissipation (Outputs High) Pp — 600 990 mw Voo = +55V
Notes: -
1. Typical values measured at T, = 25°C and Ve = 50V.
2. Negative sign indicates outward current flow, positive indicates inward flow.
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AC CHARACTERISTICS
(Vo = 5V + 10% for R6500/1, Ve = 5V 5% for R6500/1A)
1 MHz 2 MHz
Parameter Symbol Min Max Min Max Unit
XTLI Input Clock Cycle Time Teye 0.500 5.0 0.250 5.0 nsec
intemal Write to Peripheral Data Valid (TTL) Trow 1.0 0.5 pnsec
Internal Write to Peripheral Data Valid (CMOS) Temos 20 1.0 wsec
Peripheral Data Setup Time Teosu 400 200 nsec
Count and Edge Detect Pulse Width Tew 1.0 0.5 usec
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R6500/1 One-Chip Microcomputer
PACKAGE DIMENSIONS

40-PIN PLASTIC DIP MILLIMETERS | INCHES

MIN | MAX | MIN | MAX
annaannnan
(@ 2 T
: B

51.82 | 52.32 | 2.040 [ 2.060
| 13.46 | 13.97 | 0D.530 [ 0.550
i
1 20
LA AYAYS
s A i L
N

! - 1
_Aﬁﬂfﬁf‘m LI -

102 | 152 | 0.040 | 0.060
254 BSC 0.100 BSC
185 | 216 | 0.065 | 0085
020 | 030 | 0.008 | 0012
330 | 43z | 0130 | 0170
1524 8SC | 0600 BSC
7 [ 1w [ 72 [ 10°
051 | 102 | 0.020 | 0040

Z(|IriX|-(T|DO(n|OD(O|D(>

0.38 053 | D015 | 0021
+Gje Kellam

44-PIN PLASTIC LEADED CHIP CARRIER (PLCC)

INDEX SEATING PLANE MILLIMETERS INCHES
CORNER OIM | MIN | MAX | MIN | MAX
A 414 | 439 [ 0163 [ 0173
v At | 137 [ 147 [ 0054 [ 00s8
« A2 [ 231 | 246 [ 0.091 [ 0097

D / b 0.457 TYP 0018 TYP
D1 PIN 1 0 | 1745 [ 1760 | 0.687 | 0.603
D2 INDICATOR D1 ! 1645 | 16.56 | 0.648 | 0.652
E D2 | 1262 | 12.78 | 0497 | 0.503

d-17 2 03 15.75 REF 0.620 REF

S— e 1.27 BSC 0.050 BSC

h 1.15 TYP 0.045 TYP

TOP VIEW SIDE VIEW J 0.25 TYP 0.010 TYP

" . N - « 45° TYP 45° TYP

CHAM.J x 45 [T S R 0.89 TYP 0.035 TYP

03—} R1 0.25 TYP 0.010 TYP

Z (I
— e )
R
SECTION A-A
TYP FOR BOTH AXIS (EXCEPT FOR BEVELED EDGE)
CHAM. 11 PINS EJECTOR PIN MARKS
h x 45° pER SIDE 4 PLCS BOTTOM OF
3PLCS EQUALLY PACKAGE ONLY
SPACES (TYPICAL)
BOTTOM VIEW
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R6500/1 One-Chip Microcomputer

-
PACKAGE DIMENSIONS 7-Y%-19~0%
40-PIN PLASTIC DIP . MILLIMETERS |  INCHES
oM | MIN | MAX | MIN | MAX
4 2 A | 5182 | 5232 | 2.040 | 2.060
_1 B_| 1346 | 1397 | 0530 | 0550
B c | 3s6| s.08] 0140 | 0.0
D | o038 | 053] 0015 | 0021
) 20 ¢ | 102 152 | 0.040 | 0060
[TV 7 G | 2s54BsC 0.100 BSC
| ~ c l‘_L H 1.65 | 2.16 | 0.065 | 0.085
, i J | 020 020 | 0008 [0z
{_{r‘ 2! n [ n _j_N K 330 | 4920130 [ 0170
I %ﬁp L T g ; ;5.24[ BS;: ;)emoj e?;:
e [ 10 .
’H" +{Gle F=fep K M N | o5t t02 | 0020 | 0.040

44-PIN PLASTIC LEADED CHIP CARRIER (PLCC)
INDEX D ! SEATING PLANE MILLIMETERS | INCHES
CORNER n om | MmN | sax | miN | max
D2—-I A | 414 ] 439 | 0163 | 0473
o—annaannnana 3 a1 | 137 | 147 {0054 | 0058
[] O 39- o A2 2.31 2.46 0.091 | 0.097
D 1 b 0.457 TYP 0018 TYP
[>]] PIN 1 D |} 17.45 | 17.60 | 0.667 | 0.693
D2 INDICATOR D1 | 16.46 | 16.56 | 0.648 | 0.652
| b bz | 1262 | 12.78 | 0.497 | 0503
q-17 28 = o] 15.75 REF 0.620 REF
o e ® 1.27 BSC 0.050 BSC
h 1.15 TYP 0.045 TYP
TOP VIEW SIDE VIEW J 0.25 TYF 0.010 TYP
R1 L3 45° TYP 45° TYP
CHAM.J x 45° o " R | osatvp 0,035 TYP
03— a1 0.25 TYP 0.010 TYP
R
SECTION A-A
TYP FOR BOTH AXIS (EXCEPT FOR BEVELED EDGE)
CHAM. 11 PINS EJECTOR PIN MARKS www.DataSheetdU.com
h x 45° PpER SIDE 4 PLCS BOTTOM OF
3 PLCS EQUALLY PACKAGE ONLY
SPACES (TYPICAL)
BOTTOM VIEW




R6500/1E Microprocessor Emulator Device

PACKAGE DIMENSIONS 7-Y9 19 =S'F

R6500/1EC 64-PIN DIP CERAMIC
10° MAX

DENOTES PIN NO. 1

.800 NOM 900 NOM
(20.03 MM) (22.86 MM)

S

.050 NOM
(1.27 MM) ‘

3.235
(62.17 MM)

|

et

028 (.71 MM)

. -1 .070 (1.78 MM)

.032 (.81 MM)‘_] L“ l:j) MIN ,080 (2.03 MM)
‘ | (3.05 MM)

.015 (.38 MM

0198 2.43 m& LEADS .100 ¢ TO §

(2.54 MM)
NOTE: PIN NO. 1 IS IN LOWER LEFT CORNER WHEN
SYMBOLIZATION IS IN NORMAL ORIENTATION

R6500/1EQ 64-PIN QUIP PLASTIC

1.50
(3.81 MM)
— I(-——
e R R =
9 =
4 5
P T o 2
.020 TYP, =2 — :
(:508 MM) == = 925
— E— «——(23.405 MM)_____,.
= E= 2 - 750
(6135 M) = = & (19.05 M)
. = = ] L
= = 032 el -
i = 9@ (6.68 MM); i
— —— 2 C y |_|
[= =) o> (I ]
l == = & = €€ ¢ ¢
= = &3 | 84 PIN QUIP
= 5 £ ,
3 — —1 o
= P__ ; m i
l a2 33 Et%:_l H;*
' o wywe.Datas ;
L_ 660 o.so’nEF .020 REF heet4U.com
(17.27 MM) ™1 (1.27 MM) TYP

TYP




R6500/1EB and R6500/1EAB Backpack Emulator

PACKAGE DIMENSIONS - 7-9Y7 -19-57

49-PIN BACKPACK

“
I—ADDDDDDDDDUEDH HHHHHHH ’
5

DO00OoO0D000o0 e
20
PNT /|1
IDENTIFICATION 2.020 MAX
—| o050 s.020
| 1.220 MAX
¥ 0.530 SQ. 0.185
| l ...—I | 0.300 =" | max
— MAX —a—r r
R}
2.010 X A
ol #.002 0040 |

- osso__| somso—l | ) l L I R
BO’ — 0.100 +.010 1
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