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AMO217BPC MPS2316 2632N MPS2332 SYP/CB504B  MPS/CS6504B
AM9217BDC MCS2316 2664N MPS2364 SYP/C6505A MPS/CS6505A
AM9232BPC  MPS2332 SYP/C6505B MPS/CS6505B
AMRREDC MCSZS2 | ry  commosre | SESSO NESCSEOR
TMS4732NL  MPS2332 SYP/C6507A MPS/CS6507A
AMI Commodore TMS4732JL  MCS2332 SYP/CE507B  MPS/CS6507B
$68316A MPS2316 TMS4764NL  MPS2364
568332 MPS2332 TMS4764JL  MCS2364 SYP/CB512A  MPS/CSE512A
SYP/C6512B  MPS/CS6512B
SYP/C6513A MPS/CS6513A
EA Commodore Mostek Commodore SYP/C6513B MPS/CS6513B
EA2316B MPS2316 MK31000N-3 MCS2316 SYP/C6514A  MPS/CS6514A
EA2332 MPS2332 MK31000P-3 MPS2316 SYP/C6514B  MPS/CS6514B
MK36000P-5 MPS2364 SYP/CB515A MPS/CS6515A
Gl Commodore MK36000N-5 MCS2364 gzgg%ezs?ss mggg%%sws
RO-3-9316B MPS2316
RO3.93328 MP32332 SYP6520A MPS6520A
SYC6520 MCS6520
MICROPROCESSORS | svces20a  MCse520A
Intel Commodore Synertek Commodore SYP6522 MPS6522
P23168 MPS2316 SYP=Plastic MPS=Plastic SYPB522A  MPSB522A
C23168 MCS2316 SYC=Ceramic MCS=Ceramic SYC6522 MCS6522
P2332 MPS2332 SYP/CB502  MPS/CS6502 SYCB522A  MCS6522A
2332 MCS$2332 SYP/CB503  MPS/CS6503 SYP6530 MPS6530
SYP/C6504  MPS/CS6504 SYC6530 MCS6530
SYC/C6505 MPS/CS6505 SYP6532 MPS6532
:A‘gﬁgz’;; o8 f\’/‘%"s‘;“s‘;?“ SYP/C6506  MPS/CS6506 SYPE532A  MPSB532A
MOMB8332  MPS2332 SYP/C6507  MPS/CS6507 SYC6532 MCS6532
SYP/C6512  MPS/CS6512 SYC6532A  MCS6532A
SYP/CB513  MPS/CS6513 SYP6545-1 MPS6545-1
National Commodore SYP/C6514 MPS/CS6514 SYC6545-1 MCS6545-1
MM2316B  MPS2316 SYP/CB515 MPS/CS6515 SYP8551 MPS6551
MM52132  MPS2332 SYC6551 MCS6551
A=2MHz A=2MHz
MMS52164  MPS2364 B=3MHz  B=3MHz Rockwell  Commodore
SYP/CE6502A MPS/CS6502A R6502P MPS6502
NEC Commodore SYP/CB502B MPS/CS65028 R6502AP MPS6502A
UPD2316B  MPS2316 SYP/CB503A MPS/CS6503A R6502C MCS6502
UPD2332 MPS2332 SYP/C6503B MPS/CS6503B R6502AC MCS6502A
UPD2364 MPS2364 SYP/C6504A MPS/CS6504A R6503P MPS6503
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6500/1

ONE-CHIP

MICROCOMPUTER

6500/1 ONE-CHIP MICROCOMPUTER

INTRODUCTION

The MOS Technology 6500/1 is a complete, high-performance 8-bit NMOS microcomputer on a single chip, and
is totally upward/downward software compatible with all members of the 6500 family.

The 8500/1 consists of a 8502 CPU, an internal clock oscillator, 2048 bytes of Read Only Memory (ROM), 64 g
of Random Access Memory (RAM) and flexible interface clrcuitry The interface circuitry includes a 16-bit
programmable counter/latch with four operatmg modes, 32 bidirectional input/output lines (including two edge-

sensitive lines), five Interrupts and a counter VO line.

PRODUCT SUPPORT

To allow prototype circuit development, Mos Tech-
nolog¥ offers a PROM compatible 64-pin Emulator de-
vice. This device provides all 6500/1 interface lines
plus routing the address bus, data bus, and asso-
ciated control lines off the chip to be connected to
external memory.

FEATURES
6502 CPU
—Software upward/downward compatibility
—Decimal or binary arithmetic modes
—13 addressing modes
—True direct and indirect indexing
—Memory addressable /0

ORDERING INFORMATION e 2048 x 8 mask programmable ROM

Order Package Frequency Temperature

Number Type Option Range s 64 x 8 static RAM

MPS6500/1 Plastic 1MHz  0°Cto 70°C i-directi i i

MCS6500/1 Ceramic 1 MHz 0°C 16 70°C o 32 bi-directional TTL compatible 1/O lines (4 ports)
MPS8500/1A Plastic 2 MHz 0°C to 70°C ¢ 1 bi-directional TTL compatible counter I/O line
MCS6500/1A  Ceramic 2 MHz 0°C to 70°C

MCS6500/1E Emulator Device 1MHz ¢ 16-bit programmable counterflatch with four
* MCS6500/1EA Emulator Device 2MHz modes

‘ . —Interval Timer —Event Counter
Note: ':'ha lfllc gg%%ency option is available only in the —Pulse Generator —Pulse Width Measurement
z .

e Five Interrupts

—Reset —Two external edge sensitive
XTL ——] GLOCK p—— —Non-maskable  —Counter
XTLO ~—] |OSCILLATOR DETECT * 1 of 3 frequency references
RES —Crystal —Clock —RC (resistor only)
—| | INTERRUPT
i —el | LOGIC PORT A <ra> PAOPA7 o 4 MHz max crystal or clock external frequency
e 2 MHz or 1 MHz internal clock
VCC —» g&,‘;, PORT B <-83> PBOPBY * 1 s minimum instruction execution
VSS —p « N-channel, silicon gate, depletion load technology
VRR —»| OR‘A:AS PORT C <r83> PCOPC? e Single + 5V power supply
* 500 mW operating power
m" 8 PORT D <8z> PDOPD7 o Separate power pin for RAM
e 40 pin DIP
CONTROL COUNTER/ i i -devi
REQISTER ey l«—> cNTR * 64 pin PROM compatible Emulator device

Interface Diagram
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6500/1

FUNCTIONAL DESCRIPTION
CENTRAL PROCESSING UNIT (CPU)
Clock Oscillator

The Clock Oscillator provides the basic timing
signals used by the 6500/1 CPU. The reference fre-
quency is provided by an external source, and can be
from a crystal, clock or RC network input. The RC net-
work mode Is a mask option. The external frequency
can vary from 200 kHz to 4 MHz. The internal Phase 2
(22) frequency Is one-half the external reference fre-
quency. A 4.7K ohm resistor will provide nominal 2
MHz oscitlation and 1 MHz internal operation in the
RC mask option (£ 35%).

Timing Control

The Timing Control Logic keeps track of the
specific instruction cycle being executed. Each data
transfer which takes place between the registers is
caused by decoding the contents of both the Instruc-
tion Register and Timing Control Logic.

Program Counter

The 16-bit Program Counter provides the addresses
which step the CPU through sequentlal instructions
in a program. The Program Counter is incremented
each time an instruction or data Is fetched from
memory.

instruction Register and Decode

Instructions fetched from memory are gated onto
the Internal Data Bus. These instructions are latched
into the Instruction Register then decoded, along with
timing and interrupt signals, to generate- control
signals for the various registers.

Arithmetic and Logic Unit (ALU)

All arithmetic and logic operations take place in the
ALU, including Incrementing and decrementing Inter-
nal registers (except the Program Counter).

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 con-
t|alns one of the two data words used in these opera-
tions.

Index Registers

There are two 8-bit index registers, X and Y. These
registers can be used for general purpose storage, or
as a displacement to modify the base address and
thus obtain a new effective address. Pre- or post-
indexing of indirect addresses is possible.

Stack Pointer

The Stack Pointer is an 8-bit register. It is automat-
Ically Incremented and decremented under control of
the CPU to perform stack manipulation under direc-
tion of either the program or interrupts NMI and IRQ.
The stack allows simple implementation of nested
subroutines and multiple level interrupts.

w
—
o
N
0 o

NOTES: __
(1) Not initializad by RES

[ CARRY (C) (1)

1 = Carry Set
0 = Carry Clear

ZERO ) (V)
1 = Zero 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)
1 = Overtlow Set
0 = Overftow Clear

NEGATIVE (N) (1)
1 = Negative Value
0 = Positive Value

(2) Set to Logic 1 by RES

Processor Status Register

Processor Status Register

The 8-bit Processor Status Register contains seven
status flags. Some of the flags are controlled by the
program, others may be controlled both by the pro-
gram and the CPU. The 6500 Instruction set contains
a number of conditional branch instructions which
are designed to allow testing of these flags.

Interrupt Logic

Interrupt logic controls the sequencing of three in-
terrupts; RES, and IRQ. IRQ Is generated by any
one of three conditions: Counter Overflow, PAO
Positive Edge Detected, and PA1 Negative Edge De-
tected.

MEMORY
2048 x 8 ROM

The 2048 byte Read-Only Memory (ROM) contains
the program instructions and other fixed constants.
These program Instructions and constants are mask
programmed into the ROM during fabrication of the
6500/1 device. The 6500/1 ROM is memory mapped
from 800 to FFF.

64 x 8 RAM

The 64 byte Random Access Memory (RAM) is used
for read/write memory during system operation, and
contains the stack. This RAM is completely static in
operation and requires no clock or dynamic refresh. 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.

In order to take advantage of efficient zero page ad-
dressing capabilities, the RAM is assigned memory
addresses 0 to 03F.




Cx mos 6500/1

INPUT/IOUTPUT
Bidirectional /O Ports

The 6500/1 provides four 8-bit input/output ports
(PA, PB, PC, and PD). Assoclated with the I/O ports
are four 8-bit registers located on page zero. See the
system memory map for specific addresses. Each /O
line is individually selectable as an input or an output
without line grouping or port assoclation restrictions.

An internal active transistor drives each /O line to
the low state. An internal passive resistance pulls the
IO lines to the high state, eliminating the need for ex-
ternal pull-up resistors.

An option is available to delete the internal pull-up
resistance on 8-bit port groups or on the CNTR line at
mask time. This option is employed to permanently
assign an 8-bit port group to input functions, to inter-
face with CMOS drivers, or to interface with external
pull-up devices.

Inputs

Inputs are enabled by setting the appropriate bit of
the 1/O port to the high state (Logic 1). A low input
signai causes a logic 0 to be read. A high input signal
causes a logic 1 to be read. RES loads Logic 1 into the
/O ports, thereby initializing all /O lines as inputs.

Outputs

Outputs are set by loading the desired bit pattern
into the corresponding /O ports. A Logic 1 selects a
high output; a Logic 0 selects a low output.

CONTROL REGISTER

The Control Register (CR) controls four Counter
operating modes and three maskable interrupts. It
also reports the status of three interrupt conditions.
There are five control bits and three status bits. The
control bits are set to Logic 1 or cleared to Logic 0 by
writing the desired state into the respective bit posi-
tions. The Control Register Is cleared to Logic 0 by the
occurrence of RES.

78 5 4 ) 2 1 [

ICTRO [ AGED A‘EDI CIE lAOvE [A"E lCMG:[CMO(Z‘

00 = Internal Timer

01 = Pulse Generator

10 = Event Gounter

11 = Pulse Width Measurement
++-———= PA1 INTERRUPT ENABLE (A1IE}

1 = Enable PAT interrup!

0 = Diaabte PAT Interupt

—— PAD ENABLE (AOIE}
1 = Enabls PAO interrupt
© = Oisabie PAQ Interrupt
SR — COUNTER INTERRUPT ENABLE (CIE)
1 = Enabls Counter intercupt
0 = Disable Counter Interrupt

1 = PA1 Negative Edge Detected
0 = PA1 Nagative £dge Not Datected

~ PAQ POSITIVE EDGE DETECTED (AOED)
1 = PAO Poultive Edge Detected
0 = PAD Positive Edge Not Detecled

~--- COUNTER OVERFLOW (CTRO)

1 = Counter Overfiow Occurred
0 = No Counter Overfiow

Control Register

!» [__ J._‘ COUNTER MODE CONTROL (CMC1 & CMCO)

« == —-- PA1 NEGATIVE EDGE DETECTED (A1ED)

EDQE DETECT CAPABILITY

There is an asynchronous edge detect capability on
two of the Port A 1/0 lines. This capability exists in ad-
ditlon to and independently from the normal Port A
IO functions. The maximum rate at which an edge
can be detected Is one-half the @2 clock rate. The
edge detect logic is continuously active. Each edge
detect signa! is associated with a maskable interrupt.

PPAO Positive Edge Detection

A positive (rising) edge Is detectable on PAO. When
this edge is detected, the PAO Positive Edge Detected
bit—Bit 6 in the Control Register—Is set to Logic 1.
When both this bit and the PAQ Interrupt Enable
Bit—Bit 3 of the Control Register—are set to Logic 1,
an IRQ interrupt request is generated, The PAQ
Positive Edge Detected bit is cleared by writing to ad-
dress 089.

PA1 Negative Edge Detection

A negative (falling) edge is detectable on PA1.
When this edge Is detected, the PA1 Negative Edge
Detected bit—Bit 5 of the Control Register—Iis set to
Logic 1. When both this bit and the PA1 interrupt
Enable bit—Bit 2 of the Control Register—are set to
Logic 1, an IRQ interrupt request is generated. The
PA1 Negative Edge Detected bit is cleared by writing
to address 0BA.

COUNTER/LATCH

The Counter/Latch consists of a 18-bit decrement-
ing Counter and a 16-bit Latch. The Counter is com-
prised of two 8-bit registers. Address 086 contains the
Upper Count (UC) and address 087 contains the Lower
Count (LC). The Counter counts either @2 clock
periods or occurrences of an external event, depend-
Ing on the selected counter mode. The UC and LC can
be read at any time without affecting counter opera-
tion.

The Latch contalns the Counter preset value. The
Latch consists of two 8-bit registers. Address 084 con-
tains the Upper Latch (UL) and address 085 contains
the lower latch (LL). The 16-bit Latch can hold a count
from 0 to 65,535. The Latch can be accessed as two
write-only memory locations.

The Latch registers can be loaded at any time by
storing into UL and LL. The UL can also be-loaded by
writing into address 088.

The Counter can be preset at any time by writing to
address 088. Presetting the Counter in this manner
causes the contents of the accumutator to:be stored
into the UL before the 16-bit value in the Latch (UL and
LL) is transferred in the Counter (UC and LC).

The Counter Is preset to the Latch value when the
Counter overflows. When the counter decrements
from 0000, Counter overflow occurs causing the next
counter value to be the Latch value, not FFFF.

When the Counter overflows, Counter Overflow
bit—Bit 7 of the Control Register—is set to Logic 1.
When both this bit and the Counter Interrupt Enable
bit—Bit 4 of the Contro! Register—are set, an IRQ in-
terrupt request Is generated. The Counter Overflow bit
in the Control Register can be examined in an IRQ in-
terrupt service routine to determine that the IRQ was
generated by Counter overfiow.
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The Counter Overflow bit is cleared when the LC is
read or Counter preset is performed by writing into ad-
dress 088.

COUNTER MODES
The Counter operates In any of four modes. These

modes are selected by the Counter Mode Control bits
in the Control Register.

Mode CMC 1 CMC 0
Interval Timer 0

Pulse Generator
Event Counter
Pulse Width Measurement

=0
—~O -

The Interval Timer, Pulse Generator, and Pulse
Width Measurement Modes are @2 clock counter
modes. The Event Counter Mode counts the occur-
rences of an external event on the CNTR line.

Interval Timer (Mode 0)

In this mode the Counter is free running and decre-
ments at the @2 clock rate. Counter overflow sets the
Control Register status bit and causes the Counter to
be preset to the Latch value.

The CNTR line is heid in the high state.
Pulse Generator (Mode 1)

In this mode the Counter is free running and decre-
ments at the @2 clock rate. Counter overflow sets the
Control Register status bit and causes the Counter to
be preset to the Latch value.

The CNTR line toggles from one state to the other
when Counter overflow occurs, Writing to address 088
will also toggle the CNTR line.

A symmetric or asymmetic output waveform can
be generated on the CNTR line in this mode. A one-
shot waveform can easily be generated by changing
from Mode 1 to Mode 0 after only one occurrence of
the output toggle condition.

Event Counter (Mode 2)

In this mode the CNTR line is used as an event in-
put line. The Counter decrements each time a rising
edge is detected on CNTR. The maximum rate at
which this edge can be detected is ong-half the @2
clock rate. Counter overflow sets the Control Register
status bit and causes the Counter to be preset to the
Latch value.

Pulse Width Measurement (Mode 3)

This mode allows the accurate measurement of the
duration of a low state on the CNTR line. The Counter
decrements at the @2 clock rate as long as the CNTR
line is heid 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 state.

RESET CONSIDERATIONS
The occurrence of RES going from low to high

causes Initialization of various conditions in the
6500/1. All of the /O ports (PA, PB, PC, and PD) and

CNTR are forced to the high (Logic 1) state. All bits of
the Control Register are reset to Logic 0, causing the
Interval Timer Mode (Mode 0) to be selected and all in-
terrupt enabled bits to be cleared. Neither the Latch
nor the Counter registers are Initialized by RES. The
Interrupt Disable bit in the CPU Processor Status
Register is set and the program starts execution at
the address contained in the Reset Vector location.

TEST LOGIC

Specia! test logic provides a method for thoroughl

testing the 6500/1. Applying a + 10V signal to the

line places the 6500/1 in the test mode. While in this
mode, all memory fetches are made from Port PC. Ex-
ternal test equipment can use this feature to test in-
ternal CPU logic and 1/0. A program can be loaded in-
to RAM allowing the contents of the instruction ROM
to be dumped to any port for external verification.

All 6500/1 microcomputers are tested by MOS
Technology using this feature.

MEMORY ADDRESSABLE 1/10

The I/O ports, registers, and commands are treated
as memory and are assigned specific addresses. See
the system memory map for the addresses. This /O
technique allows the full set of CPU instructions to be
used in the generation and sampling of /O com-
mands and data. When an instruction is executed
with an I/O address and appropriate RW state, the
corresponding I/O function is performed.

SYSTEM MEMORY MAP

HEX
@ Vector High FFF
1RQ Vector Low FFE
RES Vector High FFD
RES Vector Low FFC
NM1 Vector High Fre [ FOM
NMI Vector Low FFA
FF9
User Program
800
< Unassigned <
| Control Register | 08F
08E
Unassigned }
088
Clear PA1 Neg Edge Detected (1)} 08A
Clear PAQ Pos Edge Detected (1) 089
Upper Latch and Transfer Latch
Tower Gant B oo | ouvoutou
Upper Count 086
Lower Latch 085
Upper Latch 084
PORT D 083
PORTC 082
| PORTB 081
PORT A 080
Unassigned ¢
03F
User RAM 000 } RAM
Notes:

(1) /O command only; i.e., no stored data.
(2) Clears Counter Overflow—Bit 7 in Control Register.
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INSTRUCTION SET—ALPHABETIC SEQUENCE

ADC
AND
ASL

BCC
BCS
BEO
BIT

BMI

BNE
BPL
BRK
BVC
BVS

CLC
CLD
CLl

CLv
CMP
CPX
CPY

DEC
DEX
DEY
EOR
INC
INX
INY
JMP
JSR

Add Memory to Accumulator with Carry
“AND" Memory with Accumulator
Shift Left One Bit (Memory or Accumutator)

Branch on Carry Clear

Branch on Carry Set

Branch on Result Zero

Test Bits in Memory with Accumulator
Branch on Result Minus

Branch on Result not Zero

Branch on Resuit Plus

Force Break

Branch on Overflow Clear

Branch on Overflow Set

Clear Carry Flag

Clear Decimal Mode

Clear Interrupt Disable Bit

Clear Overflow Flag

Compare Memory and Accumulator
Compare Memory and index X
Compare Memory and Index Y

Decrement Memory by One
Decrement Index X by One
Decrement Index Y by One

“Exclusive-or” Memory with Accumulator

Increment Memory by One
Increment Index X by One
Increment Index Y by One

Jump to New Location
Jump to New Location Saving Return Address

LDA
LDX
LDY
LSR

NOP
ORA

PHA
PHP
PLA
PLP

ROL
ROR

RTI
RTS

sBC

SEC
SED
SEl

STA
STX
STY

TAX
TAY
TSX
TXA
TXS
TYA

Load Accumulator with Memory

Load Index X with Memory

Load Index Y with Memory

Shift One Bit Right (Memory or Accumulator)

No operation
“OR" Memory with Accumulator

Push Accumulator on Stack
Push Processor Status on Stack
Pull Accumulator from Stack
Pull Processor Status from Stack

Rotate One Bit Left (Memory or Accumulator)

Rotate One Bit Right (Memory or
Accumulator)

Return from Interrupt

Return from Subroutine

Subtract Memory from Accumulator with
Borrow

Set Carry Flag

Set Decimal Mode

Set Interrupt Disable Status

Store Accumulator in Memory

Store Index X in Memory

Store Index Y in Memory

Transfer Accumulator to Index X
Transfer Accumulator to Index Y
Transfer Stack Pointer to Index X
Transfer Index X to Accumulator
Transfer Index X to Stack Register
Transfer Index Y to Accumulator

6500/1 Block Diagram

CNTR

110 PAOGRAM PROGRAM ARITHMETIC STACK INDEX i E.
ROM RAM NObREss i ACCUMULATOR NDEX
COUNTER & LOGIC POINTER REGISTER
2048 x 8 84x8 DECODE HIGH PCH | Cow trcLi | | UNIT (ALU» (5) e JeaisTeR
1 ﬂ lﬁ fﬂ’ ﬂ INTERNA] TA BUS —
ITI I l [ CONTROLLINES. =
C [l erL ENGELECT |
L U U [ 1
1o 1o 1o o e0Ge | o] conTroL PROCESSOR) INSTRUCTION INSTR
PORT D PORT C PORT B PORT A oetect | | RecisTeR STATUS DECODE REGISTER N
Py
J L=
PDO-PD7 PCO-PC7 PBO-PB7 PAO-PA7 ¥ 3 r 1
COUNTER |  LATCH INTERRUPT TIMING LOCK
Q6) (16) LOGIC CONTROL SCILLATOR]

2
Al
wi

NMI XTLO  XTLI
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SIGNAL DESCRIPTIONS
SIGNAL PIN SIGNAL PIN )
NAME NO. DESCRIPTION NAME NO. DESCRIPTION
vce 30 Main power supply + 5V NMI 40 A negative going edge on the Non-
Maskable interrupt signal requests
VRR 1 Separate power pin for RAM. In the A
evapnt thatpecc gower is lost, this that a non:maskable interrupt be
power retains RAM data. ) generated within the CPU.
VSS 12 Signal ground PAO-PA7 3831 Four 8 bit ports used for either
PBO-PB7 20-22 input/dutput. Each line consists
XTLI 10 Crystal, clock or RC network input of an active transistor to VSS and
for internal clock osclllator. PCO-PC7 2013 4 passive pull-up to +5V. The two
XTLO 11 Crystal or RC network output from PDO-PD7 92 lower bits of the PA port (PAO and
internal clock oscillator. PA1) a';g Servz a:' etlige detect in-
BES 39 The Reset input is used to initialize putsz maskable interrupts.
the 6500/1. This signal must not CNTR 21 This line is used as a Counter in-
transition from low to high for at putfoutput line. CNTR is an input in
least elght cycles after VCC the Event Counter and Pulse Width
reaches operating range and the in- Measurement modes and is an out-
ternal oscillator has stabilized. put in the Int:(rjval Timer and Pulse
+ 10V Input enables the test mode. Generator modes.
VRR [ 1 40 [—J NMmi
P07 [ 2 39 [ RES
Po6 [ 3 38 [ Pao
PD5 [ 4 37 [ PA1
o 36 ] PA2
PD3 | 6 35 ] PA3
PD2 | 7 34 ] PA4
por T8 33 [ pas
poo [T 9 32 [ Pa6
xtu T 10 31 ::] PA7
xTLo [ 1 30 ] vce
vss [T] 12 20 T PBO
pc7 ] 13 28 [ JPBi
pce ] 14 27 JpB2
pcs [ 15 26 ] PB3
pca [ 16 25 ] PB4
pcs [ 17 24 [ pBs
pc2 [ 18 23— pBe
rct T 19 22 [ a7
PCO 20 21 ] CNTR
Pin Configuration

2-7
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ADDRESSING MODES

ACCUMULATOR ADDRESSING—This form of ad-
dressing Is represented with a one byte Instruction,
implying an operation on the accumulator.

IMMEDIATE ADDRESSING—In immediate ad-
dressing, the operand Is contained In the second byte
of the Instruction, with no further memory addressing
required.

ABSOLUTE ADDRESSING—In absolute address-
ing, the second byte of the Instruction specifies the
eight fow order bits of the effective address while the
third byte specifies the eight high order bits.

ZERO PAGE ADDRESSING-—The zero page in-
structlions allow for shorter code and execution times
by only fetching the second byte of the Instruction
and assuming a zero high address byte. Careful use
of the zero page can result in significant increase in
code efficiency.

INDEXED ZERO PAGE ADDRESSING—(X, Y index-
ing)—This form of addressing Is used in conjunction
with the index register and Is referred to as “Zero
Page, X" or “Zero Page, Y."” The effective address is
calculated by adding the second byte to the contents
of the Index reglster. Since this is a form of “Zero
Page” addressing, the content of the second byte
references a location in page zero. Additlonaily due to
the “Zero Page” addressing nature of this mode, no
carry is added to the high order 8 bits of memory and
crossing of page boundaries does not occur.

INDEXED ABSOLUTE ADDRESSING—(X, Y index-
Ing)—This form of addressing Is used In conjunction
with X and Y Index register and is referred to as “Ab-
solute, X", and “Absolute, Y.” The effective address is
formed by adding the contents of X or Y to the ad-
dress contained In the second and third bytes of the
instruction. This mode allows the index register to
contaln the index or count value and the Instruction to
contain the base address. This type of indexing
allows any location referencing and the index to
modify multiple flelds resulting in reduced coding and
execution time.

IMPLIED ADDRESSING—In the implied address-
Ing mode, the address containing the operand is im-
plicitly stated in the operation code of the instruction.

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

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

INDEXED INDIRECT ADDRESSING—In indexed In-
direct addressing (referred to as [Indirect, X)), the se-
cond byte of the instruction Is added to the contents
of the X index register, discarding the carry. The result
of this addition points to a memory focation on page
zero whose contents is the low order eight bits of the
effective address. The next memory location in page
zero contains the high order eight bits of the effective
address. Both memory locations specifying the high
and low order bytes of the effective address. must be
In page zero.

INDIRECT INDEXED ADDRESSING—In indirect
indexed addressing (referred to as [Indirect, Y]),
the second byte of the instruction points to a
memory location in page zero. The contents of this
memory location are added to the contents of the
Y index register, the result being the low order
eight bits of the effective address. The carry from
this addition is added to the contents of the next
page zero memory tocation, the result being the
high order eight bits of the effective address.

ABSOLUTE INDIRECT—The second byte of the
instruction contains the low order eight bits of a
memory location. The high order eight bits of that
memory location are contained in the third byte of
the instruction. The contents of the fully specified
memory location are the low order byte of the
effective address. The next memory location con-
tains the high order byte of the effective address
which is loaded Into the sixteen bits of the pro-
gram counter.

2-8
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INSTRUCTION SET ol
a Ty
INSTRUCTION SET — OP CODES, Execution Time, Memory Requirements i—f <
&
LAl 40 ] W ATE] ABBRLUTE | MABPACL ACCw L UL} .. 5 we v eacin LR s v Mt -nalct 2eac v CORMTIDN COOLS
et SRATHN OPIN | M OPIN| s[OPFIN| »JOPIN | »jOP|N | S OPIN| =JOP|IN| sjOP|N]| »lOPIN| =|OP|N [ 2jOPIN| s]OPIN] =JlOPIN|#IN Z Cc 1 D v
aoclaemec-a winfesz{2|eola[3]es[a]2 er[ef2]rifsf2|rs[a{2]r0[a]3]r0]a R
AND] AAM 2w|212{20|a|3|25(3 ]2 2v)6|2{311512|35|4 12|3D}4 | 3[ID]4 |3 v - - - -
ASL -0 ocle|3jo6(s5[2/0al2 |1 1rele f2]rel7 |3 R
8CC | SRANCHONC-8 (2] o0j2|2 [
BCS | BRANCHONC=1  (2) »ej2 |2 - - - - -
BEQ | BRANCHONZY 12)) Fo|2]2 - - - = - .
81T | AAM 2cfa]3f24|a]2 M, s - - m
emi BRANCH ON N=1 2H (22 - e e e - -
BNE | BRANCHONZ-0 (2} oe|z|2 e e - -
BPL BRANCH ON N9 2) 19(2(2 - e . e - -
BRK | iSeeFig Vi L _IRER] - - - - - =
8vC | BRANCHON V-8  (2) se|2|2 e - - -
BVS | BRANCH ON Vet 2y 2|2
cLcjeo-c (2|1
cLoje-p o8}z |1 3
cLr | o1 58(2 1
cLv|e-v 8821
CMP | Am 114Ce|2 | 2|COja | 3jCS|3 ] 2 €1|6{2]0115] 2105|4 | 2)0D{4 [ 3|D9|4 |3 A A
cPx X-M E0|2 [2|EC|a|3]Eajr|2 i 4 - - -
CPY Y-M COi2 |2{CCla|3jCald |2 444 - - -
DEC | M-1 =M CE|6|3|C6[5|2 06(6 | 2|0E|7 |3 Jovo- - - -
DEX | X-V - X CAl2 (1 - - - -
DEY | Y1V 882 |1 s - - - =
EOR | AymM—A {14492 | 2|40 |4 | 3{a5(3 |2 41|6|2]51|5|2]55|4 |2|sD|a|3|59(4}3 Jod- - - -
INC M+ =M EE[6|J|€6|5)2 FB|6 |2JFE|7 |3 J 4 = = = =
INX LERED E8}{2 |1 4 J - - - -
INY Yel1=Y C8j2 |1 4t - - -
JMP | SUMP TO NEW LOC ac|3 |3 ecfs|3] t | |------
ISR | (Ses Fip. 20 JUMP SUB 2016 3| - - - .
LDA I M—-A {tHAS]|2 | 2]AD{4 [ 3] AS[a} 2 AV1612]81]5)|2]85|4 [2|8D]4 }3|B9|4a}3 S I - - - -
MOSLYTE | TIRS PARE ACCwn el ll -e K L Al 1.9080 3 -3 L_2J AELATIVE | emaecT 2as Y CONDITION CORES
usmenc EAATION 0PN | sjoP|N| sloriN| sjoPiN | sjor|n | Mor|n] #jor|n] wlorin] slorin| wlop|n | #]orin | sjorini sorin]efn 2 ¢ 1 D v
LOX | M~X 11)|A2]2 [2|AE[4 | 3]|AG[3 |2 BE|4 |3 |2k v - - - -
LDY | M—-Y 1)jAe12 | 2]AC|a [3]|A4|3(2 84|4)218C|4 )3 vy - - -
LSA | o> c acle|3jesls]2anlz |1 5616 2|s€(7]3 ¢ v - - -
NOP | NOOPERATION CYATZ K] I R T T T I T A N I A A [ O Y [P
ORA|AVM=-A 92 !2]e0[a|3]0s]3|2 e1f6f2[11]s| 2)rs|a|2[1D[a|3]10{a |3 4 - -
PHA | A= $1=5 B [T T 1T TTr I T Ity rryrirrTrry----==-
PHP | P $-1-5 8|31 - - - - -
PLA | Sei1~S s - A 84| v 4 - - - -
eLP S+e1-§ M = P w4 {RESTORED)
2ej6{3|26]s|2[2a[2 |1 36| 2f3e]7 |3 V44 -
eE[6|a[es|s|2[6a7 |1 76[6|2[7E]7[3 R
{See Fig. 1) RTRN INT 40|61 RESTORED)
RATS | (Ses Frg. 2) RTRN SUB . efs|o] 1L I (LT LY E LTV
§8C | AMT—-A )es|2 | 2|eofe|3fes|a |2 e1]6f 2fF1[s| 2]Fs|a|2)rola]3]Foja |3 PRI R—_—
SEC | 1~C (2|1 B B
SED | 1-D 8|21 - - == -
SEI | V-1 7821 [
STA | Aa-m 80(4|afes (3|2 e16fz|o1ef2|osla|2]o0(s|3]oais(3} | || ||| | ||------
sSTx X-—-M BE|4[3]086|3|2 (42 - - - = = =
STY | vem scia|3feala|2 oalafz -
TAXK | A~-X AAIZ |1 4= = = -
TAY | A=Y ABI2 |1 L
TSX $~X BAI2 11 ¢ - -
TXA| X=A 8al2 (1 v - = = -
TXS x-S 9AI2 11 - - = = -
TYA] VY =-A 92| ¢« ¢ = = = -
1) ADD 1 TO “N" IF PAGE BOUNDARY {5 CROSSED X INDEX X + ADD NOT MODI#IED
(23 ADG 1 YO IF BRANCH OCCURS TO SAME PAGE Y INDEX Vv SUBTRACT M MEMORY BIT 7
ADD 2TO ¥ BRANCH OCCURS TO D'FFERENT PAGE A ACCUMULATOR A ANC M MEMORY 81T 6
(31 CARRY NOT - BELOW M MEMORY PER EFFECTIVE ADDRESS v OR N NO CYCLES
{4) IF 1N DECIMAL MODE 2 FLAG IS INVALID My MEMORY PER STACK POINTER v EXCLUSIVE OR NO BYTES
ACCUMULATOR MUST 8f CHECKED FOR 2ERO RESULT ) MODIFIED
Note: MOS Technology cannot assume liability for the use of undefined OP Codes
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SPECIFICATIONS
Maximum Ratings
Rating Symbol Value Unit
Supply Voltage Vee -03to +70 Vde
Input Voltage Vin -03to +70 Vdc
Operating Temperature Range Ta Oto +70 °C
Storage Temperature Range Tstg —5510 +150 °C

This device contalns circuitry to protect the inputs against damage due to high static voitages, however, it is ad-
v'lsed Ithat~normal precautions bae taken to avoid application of any voltage higher than maximum rated voltages to
this circuit.

Static D.C. Characteristics (Voo = 5V £5%, Tp = 0° —70° C)

Characteristic Symbo! Min Typ Max Unit
Power Dissipation (Outputs High) Pp — 500 — mwW
RAM Standby Voltage (Retention Mode) VRR 35 - Vco Vdc
RAM Standby Current (Retention Mode) IRR — 10 - mAdc
Input High Voitage (Normal Operating Levels) ViH +20 — Vee Vde
Input Low Voltage (Normal Operating Levels) ViL -03 — +08 Vdc
Input Leakage Current
Vin = 010 50 vde N - +1.0 25 | uAde
RES, NMI - +1.0 - wAdc
Input High Voltage (XTLI) VIHXT +4.0 - Vco Vdc
Input Low Voltage (XTLI) VILXT -03 — +08 Vdc
Input Low Current
(ViL = 0.4 Vdc) L - -1.0 -16 mAdc
Output High Voltage
(VoG = min, I gag = - 100 pAdc) VoH -24 - - vde
Output High Voltage Vemos | Voo -30% | — - Vdc
Olf:l;gl?Lowm\Ilg)ltage
(Ve = min, | gad = 1.6 mAdc) VoL — - +0.4 Vdc
Output High Current (Sourcing)
(VoH = 24 Vdc) loH -100 | - — pAdc
Output Low Current (Sinking)
(VOL = 0.4 Vdc) |o|_ 16 - —_ mAdc
Input Capacitance
Vin-% ¥ 08 P, ORTR ) Cin - - 10 pF
XTLI, XTLO — - 50 pF
Output Capacitance
(Vin-0, TA = 25°C, f = 1.0 MH2) Cout - - 10 pF
/0 Port Resistance R 30 6.0 11.5 KQ
PAO-PA?7, PBO-PB7, PCO-PC7,
PDO-PD7, CNTR

NOTE: Negative sign indicates outward current flow, positive indicates inward flow.

2-10
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AC Characteristics (Voc = 5V £5%, Tp = 0° to 70°C)

1MHz 2MHz
Parameter Symbol Min Max Min Max
XTLI Input Clock Cycle Time Tcyc 0.500 | 50 0250 | 50 usec
Internal Write to Peripheral Data Valid (TTL) Tppw 1.0 - 0.5 - usec
Internal Write to Peripheral Data Valid (CMOS) Tcmos | 20 - 1.0 - usec
Peripheral Data Setup Time TeDSU 400 - 200 — nsec
Count and Edge Detect Pulse Width Tpw 1.0 - 0.5 - usec

TIMING CHARACTERISTICS

/O PORT OUTPUT TIMING

RIF | Temos
[, Tpr—-ﬁ
LV -30%
PA. PB. PC. PD OUTPUT L,Sf,; )
R
{10 PORT INPUT TIMING
02 | |
A o o= e oo o - - e e e - e e . — - —— - —
fe— TPDSU ~tmmrf
2.0v
PA, PB. PC. PD INPUT
0.8v

PAO AND PA1 EDGE DETECT TIMING

=L I

;--Tposuﬁ

s 20V 20V
PAQ or PAt

k 0.8v 0.8v
Tew

| TRG will stay low until serviced.

EY

EVENT COUNTER TIMING

: A P e B

|e— Tppgy —e=-f

CNTR L 200 20v /
0.8V 0.8v

Tew 1 Tew
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PROGRAMMING INSTRUCTIONS FOR MOS TECHNOLOGY 6500/
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MOS Technology utilizes computer aided techniques to manufacture and test custom bit patterns. New custom
bit data and address information is supplied on standard 80 column computer cards, 1 Inch wide paper tape, or
standard 1/4 inch wide audio tape cassette, or 2708/2716 EPROMS. ROM Data will also be accepted in other for-
mats. Consult MOS Technology for details.
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MOS TECHNOLOGY (6500) CARD FORMAT
All addresses and related bit patterns must be completely defined. Each deck of cards consists of: 1) Four Title
Cards, 2) Address and Memory Data Records.

Pgsltlve loglc is generally used on all input cards: A logic “1" is the most positive or high level (True), and logic
“0" is the most negative or low level (False). This includes chip select specifications as well as bit patterns.

TITLE CARDS
COLUMN INFORMATION
FIRST CARD 1-4 MOS PART NUMBER (6500/1)
580 BLANK (FOR MOS TECHNOLOGY USE)
SECOND CARD 120 CUSTOMER NAME

21-40 CUSTOMER PART NUMBER
4160 CUSTOMER TECHNICAL CONTACT (PERSON)
61-80 CUSTOMER PHONE NUMBER

THIRD CARD 1-20 DATA FORMAT (PUNCH “MOS")
21-40 LOGIC FORMAT (PUNCH “POSITIVE" OR “NEGATIVE)
41-60 VERIFICATION CODE (PUNCH “HOLD" IF CUSTOMER APPROVAL REQ.,
PUNCH “OKAY" IF FINAL APPROVAL NOT REQ.)
61-80 BLANK (FOR MOS TECHNOLOGY USE)

FOURTH CARD 16 PULLUP SELECT CARD (PUNCH “PULLUP")
7 PULLUP OPTION FOR I/O PORT A:1 = PULLUP
8 PULLUP OPTION FOR i/O PORT B;1 = PULLUP
9 PULLUP OPTION FOR I/0 PORT C;1 = PULLUP
10 PULLUP OPTION FOR /O PORT D;1 = PULLUP

A set of four (4) Title Cards should accompany each data deck. These cards provide our computer programs ad-
ditional information necessary to accurately produce the ROM Data. These four Title Cards must contain the
above information.

MOS CARD DECK FORMAT

Output data is punched on standard 80 column cards in ASCII Hollerith Code. Each byte of data to be stored is
converted to two half bytes. The half bytes (whose possible values are.0 to Fygx) are translated into their ASCII
equivalents and punched onto cards. Each record contains record length, memory address, and checksum infor-
mation in addition to data. A column by column description of a data record follows.

COLUMN ONE  —Record Mark. Signals start of record. ASCHi character * ; "' (HEX 3B)

COL. 2~3 —Record Length. Two ASCII characters representing a HEX number in the range 0 to 18 (O
to 24). This is the count of actual data bytes in the record. A record length of 0 indicates end of
file.

COL. 4-7 —Load Address. Four ASCII characters. The starting address high and starting address low

are the left and right bytes respectively. The first data byte is stored in the memory location
pointed to by the load address, succeeding data bytes are loaded into ascending address.

COL. 8—n — Data. Each 8 bit memory word is represented by two ASCII characters (0 to 9, A to F) to repre-
sent a hexadecimal number (0 to 255).
{n -8+ 2-(RECORD),_ 4
LENGTH

COL. n+ 1—n+5 —Checksum. The sum of all 8 bit bytes in the record since the record mark ( ;) in four ASCIl
characters (HEX).

REMAINING —Not Used. Leave blank or use for comment or labels.

COLUMNS

SPECIAL LAST —As mentioned above, a record length of zero ("0") indicates an end of file. Following the re-
CARD cord length on this terminal record should be a four character ASCII (HEX) count of all data

records in deck. Following this is the usual checksum for this record.

See the example under heading “MOS PAPER TAPE FORMAT."
A set of four title cards should accompany each data deck.
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MOS PAPER TAPE FORMAT

The paper tape which should be used Is 1” wide paper tape using 7 or 8 bit ASCH code. Each byte of data to be
stored Is converted to two haif bytes. The half bytes (whose possible values are 0 to Fyg) are translated into thelr
ASCH equivalents and written onto paper tape in this form.

Each record output begins with a semicolon (“;") character (ASCH 3B) to mark the start of a valid record. The
next byte transmitted (Range: 1 to 18 is the number of data bytes contained In the record. The record'’s star-
ting address high (1 byte, 2 character;, starting address low (1 byte, 2 characters), and data (usually 24 bytes, 48
characters) follow. Each record Is terminated by the record’s check-sum (2 bytes, 4 characters), a carriage return
(ASCII 0D), Line Feed (ASCII 0A), and six “NULL" characters (ASCII 0). No other characters, such as rubouts, are
allowed anywhere.

The last record transmitted has zero data bytes (indicated by ;00). The starting address field is replaced by a
four digit HEX number representing the total number of data records contained in the transmission, followed by
the records usual check-sum digits. An “XOFF" character ends the transmission.

EXAMPLE:
;180000FFEEDDCCBBAA0099887766554433221122334455667788990AFC;0000010001
All records must be punched in consecutive order and the data at each address must be completely and ex-

plicitly defined. All invalid data will be ignored and zeros substituted. Additional information as described in sec-
tion entitled “TITLE CARDS” should be provided at transmission.

Commodore Semiconductor Group reserves the right to make changes to any products herein to improve
reliability, function or design. Commodore Semiconductor Group does not assume any liability arising out of
the application or use of any product or circuit described herein; neither does it convey any license under its
patent rights nor the rights of others.
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6500 MICROPROCESSORS

THE 6500 MICROPROCESSOR FAMILY CONCEPT —

The 6500 Series Microprocessors represent the first totally software compatible microprocessor
family. This family of products includes a range of software compatible microprocessors which pro-
vide a selection of addressable memory range, interrupt input options and on-chip clock oscillators
and drivers. All of the microprocessors in the 6500 group are software compatible within the group
and are bus compatible with the M6800 product offering.

The family includes six microprocessors with on-board clock osciliators and drivers and four
microprocessors driven by external clocks. The on-chip clock versions are aimed at high perfor-
mance, low cost applications where single phase inputs, crystal or RC inputs provide the time base.
The external clock versions are geared for the multi processor system applications where maximum
timing control is mandatory. All versions of the microprocessors are available in 1 MHz, 2 MHz (“A”
suffix on product numbers), and 3 MHz (“B" suffix on product numbers) maximum operating
frequencies.

FEATURES OF THE 6500 FAMILY

¢ Single +5 volt supply ¢ 8 BIT Bi-directional Data Bus

¢ N channel, silicon gate, depletion load * Addressable memory range of up to
technology 65K bytes

¢ Eight bit parallel processing ¢ “Ready” input (for single cycle execution)

¢ 56 Instructions ¢ Direct memory access capability

¢ Decimal and binary arithmetic * Bus compatible with M6800

¢ Thirteen addressing modes ¢ Choice of external or on-board clocks

¢ True indexing capability * 1 MHz, 2 MHz, and 3 MHz operation

* Programmable stack pointer * On-the-chip clock options

¢ Variable length stack * External single clock input

¢ Interrupt capability * RC time base input

* Non-maskable interrupt * Crystal time base input

¢ Use with any type or speed memory * Pipeline architecture

MEMBERS OF THE 6500 MICROPROCESSOR
(CPU) FAMILY ORDER NUMBER: MXS 66XX ___

Microprocessors with On-Chip Clock Oscillator
Model Addressable Memory

R6502 65K Bytes
R6503 4K Bytes
R6504 8K Bytes
RB505 4K Bytes FREQUENCY RANGE
R6506 4K Bytes NO SUFFIX = 1 MHz
R6507 8K Bytes A = 2MHz
B = 3MHz
Microprocessors with External Two Phase
Clock Inputs L— MODEL DESIGNATOR
Model Addressable Memory XX = 02,03,04,...15
RE512 65K Bytes
R8513 4K Bytes '————— PACKAGE DESIGNATOR
R6514 8K Bytes C = CERAMIC
R6515 4K Bytes P = PLASTIC

2-14
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COMMENTS ON THE DATA SHEET

The data sheet is constructed to review first the basic “Common Characteristics” —those features
which are common to the general family of microprocessors. Subsequent to a review of the family
characteristics will be sections devoted to each member of the group with specific features of each.

| COMMON CHARACTERISTICS |

@———  REGISTER SECTION CONTROL SECTION ——4
RES 1RG NMI
M 144
AD - INDEX INTERRUS
REGISTER = trradd
i 1y
A2 -] INDEX
REGISTER
X e
DY
A3 -] | b
-
M 2 M POINT
REGISTER
AS tJ | S—
INSTRUCTION
DECODE
A6 - -
ALY =
A7 -]
—_—
ADDRESS
BUS
g o=
As - < ACCUMULATOR TIMING
b A b [+~ conTrOL
o=
A9 ‘J é
E D¢ |a—— O (IN)
Alo = PcL -y 1 - 6512,13,14,15
220N
Al -] PcH =
STATUS’ CLOCK CLOCK
A H & KE  secisTer GENERATOR INPUT 0502,3.4.5.6,7
e § 5 b
TFOT 0 (IN)
DA 1
ALY <l LATCH @y0ur
(DL} o300
L——b R/W
A4 ‘
- DBE 6512
DATA BUS INSTRUCTION
EGISTER
AlLS g L_. L
N ¥ U
.12}
ND. I ) By
LEGEND: o
ﬂ D3 DATA
=8 BITLINE - D¢ s
DS
l = 1 BIT LINE > Dé
»D?

Note: 1. Clock Generator is not included on 6512,13,14,15

2. Addressing Capabllity and control options vary with
each of the 6500 Products.

6500 Intemal Architecture
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| COMMON CHARACTERISTICS |
MAXIMUM RATINGS
RATING l SYMBOL J VALUE I UNIT
This device contains input protection

SUPPLY VOLTAGE Vee -03t0 +70 Vde against damage due to high static

INPUT VOLTAGE Vin -03to +70 vde voltages or e e -
- P
3. OPERATING TEMPERATURE T, 0 to+70 c plication ot’ .v‘?lnt:ou higher than the
o= g
m STORAGE TEMPERATURE Tsta -56 to +150 ¢
w
5P
X
w

ELECTRICAL CHARACTERISTICS (Vcc = 5.0V £ 5%, Vss = 0, Ty = 0° to + 70°C)
@, & (in) applies to 6512, 13, 14, 15; Q"(In) applies to 6502, 03, 04, 05, 06 and 07

CHARACTERISTIC SYMBOL MIN. TYP. MAX, UNIT

Input High Voitage
Logic,@. (in) Vss + 24 - Vee Vde
Q-Q(ln) VIH Vee - 0.2 - Vee + 1.0V Vdc

Input High Voltage
RES, NMI, RDY, iRQ, Data, S.0. Vss + 20 - - Vde

Input Low Voltage

Logle,@o I Vss - 03 - Ves + 04 Vde
.Sy viL vss - 03 - Vss + 0.2 Vde
RES, NMI, RDY, TRG, Data, S.0. - - Vss + 08 Vde
Input Leakage Current
V|n = 010525V, vee = 525V}
Logic (Excl. RDY.S.0) lin - - 25 wA
@By - - 100 WA
Boiny - - 100 KA

Three State (Off State) Input Current
(Vi = 04 10 24V, Vcc = 5.26V)
Data Lines ITs| —_ - 10 pA

Output High Voltage
(loH = - 100uAde, Veo = 4.75V)

SYNC, Data, AO-A15, RW VOH Ves + 24 - - Vde
Out Low Voitage

(lgp = 16mAdc, Vec = 4.75V)

BYNC, Data, AO-A15, RW voL - - Vss + 04 Vde
Power Supply Current lce - 70 160 mA
Capacitance C pF

N'" =0, TA = 25°C, f = 1MH2)

" Loglc Cin - - 10
Data - - 15
AC-A15RW, SYNC Cout - - 12
Deginy Coon) - - 15
[+ Cg‘ —_ 30 50
a Co - 50 8

Note: TRQ and NMI require 3K pull-up resistors.
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| COMMON CHARACTERISTICS |

Ciock Timing— 8502, 03, 04, 05, 06, 07
T
> TFeo ju— TRag
o5 —24v
woN /__T\\_L__
04V ‘ ' :
e PWHO oL PWHO oM
— 18V
@,(0un
PWH®,
{Oun 15v 15V 15V
o 4V 4V 4V
PWH2,
] et — THRW —
T
Fws 70V
RW
THA —]
ADDRESS *®< 20v
" N
OATA -—» Taps |e— 20V}~
FROM <
MEMORY oavl -
- Tacc—»tat—05Usl la—Typ
|
so.
|
ol 750 le— |
RDY ‘l
-»{ Troy I
| |
SYNC
| |
- Toyne  fe— ’ l
I
Timing for Reading Data from Memory or Peripherals
| | |
- T F—-
RW —] Aws
—&k 08V
ADDRESS
FROM I 20v
MPy N4 08y
_ T
DATA > Thos 20v
FroM
P 08V
-» Tmos | HWla—

Timing for Writing Data to Memory or Peripherals

ADDRESS
FROM
MPY

DATA
FROM
MEMORY

8.0.
ROY

SYNC

ADDRESS
FROM
MPU
DATA

FROM
MPU

Clock Timing—

6512, 13, 14, 16

Teve

— !

|
Timing for Reading Data
|

rq—

Taws

_&Q 08V

I :
he=08V A8V
—» Tas |e— 20V
0BV -
(«—— [Tacc lat—THR
]
|
o Tso fa— |
|
|
- TRoY |
[
| |
—»| Tsync | | I

from Memory or Peripherals

0.

N 08V
T
- AD! o
s 20V
o8v
- Tmos

THW

Timing for Writing Data to Memory or Peripherals
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| COMMON CHARACTERISTICS |
L 1 MH_ TIMING | l 2 MH; TIMING —l | 3 MH; mmej
Electrical Characteristics: (Vcc = 5V + 5%, Ves =0 V, TA = 0°-70°C)
Minimum clock frequency = 50 KH,

CLOCK TIMING—8502, G3, 04, 05, 08, 07
CHARACTERISTIC 8YMBOL MIN.  |TYP|  wAX MIN, v MAX. MIN e |  mAx.  |unms
Cycle Time Teve 1000 - - 500 - - £ - = ne
@ qn) Puise Width (messured at 1.5 PWHS, 0 - 50 240 - 200 180 - 1 ™
| @g guy Pie, Fall Time TROGTFOg - - 10 - - 10 - - 1 ™
Delay Tme betwsen Clocks (measured at 1.8 Tp [ - - 5 - - s - - .
@ yy0m) PUie Width (messured st 1.6v PWHD 4 PWHO o 20| — | PWHO G PWHO - 20| — PWHR o PWHO -20) — | PWHEG | ™
| @a0um Puise Width (messured st 1.6 PWHZ, PWHO oy - 40| — [PWH@ Gy - 10 PWHOOu -] — |PWHOG-10| |PWHO G, -40| — |PWHOG 10| e
P00ty @ 2r0uT) Fioe, Fall Time TaTe - - F) - - » - - ] ™

(meseured B 10 201

(Load % 30pf % 1 TTL)
CLOCK TIMING—8512, 13, 14, 16
CHARACTERISTIC SYMBOL N, TR max MIN, ™R MAX, MIN, e |  wmax.  |unms
Cycle Time ’ Teve e - 50 - - a0 - - e
Ciock Puise Width 2] PWH 21 430 a5 150 ns

Oossured st Vo, - 02 22 PWH 22 470 - - 2 - - 160 - -
Fali Time, Rise Time
\ (Measured from 0.2V 1o Vo — 029 TeT - - » - - 15 - - 1 s
Delsy Time between Ciocks

(Measured at 0.2v) To ] - - 0 - - o - - ns
READWRITE TIMING (LOAD = ITTL)
CHARACTERISTIC N, [Tve MAX. MIN, v MAX. MIN, e  MAx.  |unms
Read/Write Setup Time trom 6500 - 100 300 - 100 150 -_— 80 110 ns
Address Setup Time from 0500 - 100 00 - 100 150 = ] 126 n
Memory Read Access Time - - 575 - - 300 - - 170 ne
Data Stability Time Period 100 - - % - - L) - - ™
Data Hold Time—Peed 10 - - 10 -~ - 10 = - e
Data Hoid Time—Write K J o0 - 0 60 - 10 - - ns
Data Setup Time from 8500 - 150 200 - 7 100 - 0 100 ns
8.0, Setup Time 100 - - 50 - - 50 - - ns
SYNC Setup Time from 6500 - - 350 - - 175 - - 120 ns
Address Hold Time 30 L - 0 [ - 10 k. - na
AW Hoid Time ) ) - EY Ly - 10 2 - "
RDY Setup Time 100 - - 50 - - - - 18 ns
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PROGRAMMING MODEL
? e 7 )
(a1 accumutaton A [n B]o]1[z]c] PROCESSOR STATUS REG.
7 @
7 [
[ X ] npExREGISTER x CARRY 1= TRUE
15 7 [] L— 2ERO 1 = RESULT 2ERO
L PCH I PCL ] PROGRAM COUNTER “PC" L« (RODISABLE 1= DISABLE
gz @ L . DECIMAL MODE 1 - TRUE
EE_—S———) STACK POINTER BRK COMMAND
OVERFLOW 1= TRUE
— NEGATIVE 1= NEG.
INSTRUCTION SET — OP CODES, Execution Time, Memory Requirements
[ o o D T ) T T D) T X T
[—— et oe[w [ Jor[n] forin] =jorn [[orIn 4 or[n] sforn] Jorln] <Jor]w] <[or) or[n]Jorv [ Jor]nT[n 2z ¢ T © v]
apclacmec-a @nljes|2]2eoja]s]es]a ]2 sr|s| 2|2 [s]z]rs]a[2[r0[e[3]r0[e]a 774 -7
AND | AAM-A afeiz2|2|ofsj2f25]3 |2 n|6f2fas|2(rs|a [2]3D[e(3]|39]e |3 P
AsL [ca___olwe oo faless|2feala |1 o6 2|17 |3 VAPV
scc | smancHonC-e  12) ol2]2! [
8CS | BRANCH ON Cet 2 022 e o -
BEQ | BRANCHON Z-1 [ AL [P
0T {aam 2c|a]3|2afaf2 ™, s -
L BRANCH ON N1 2 w|2|2 . P
. BNE BRANCH ON 2-9 Q) [ ] 2,
L1 BRANCH ON N=§ 12 9[22
BAK | (Seefrg 11 TT1 711 T
BVC | BRANCHON VS (21 se|2(2 .- .
BvS | SRANCHON VST (2] 22| [
cuLc|o-c w2 e .- -
cwole-p ne 082 (v 1) oo o8-
cur oy T %821 " e B
civ|e-v #8{2 |1 r I
CMP | am oncs|2 | 2|cojei3cs|a| 2 €1]6)| 2|o1[s | 2]os[a [ 2|oO|a [IfOB|a |3 R A -
cPx x-M E8)2 |2]€C|4 || Ea|d ]2 R IV I,
cPrY ¥-M C#{2 |2{ccla[3[cala]|2 L» RN
DEC | M1 =M Cej6 3[cels|2 D66 {2|DE|7 (3 A
oEx | x1-x calz |1 VIR
DEv | vy 821 VR
EOR AyMm-A L] 2|40|4 | 3| 4V[6| 2]51 (5| 2]ss |4 [2}sD|a|3]58 a3 L= - -
INC [Me1-W o * HIL7E L F6i6 |2]FE]7]0 A
TTRETIET] b eslz (0 P
INY {Yerav cs|2 |1 V.
g JUMP TO NEW LOC 4C|3 |3 o 4 b} - = = = =
ISR See £ 2) JUMP SUB (6|3 - - - - -
LOA ] M=a 1) A9|2 | 2]AD|4 | djAs|3]2 LUk LUE 2|eofaf3]es)af2 4l - . = -
e [ 0 X TR ) el T Bt
[ [ or[n ] Jor[n] efor]n sJor]] eJor|n] elorn] efoe]n] alorln] eJor[w]afw 2 ¢+ 0 v
LOX | Mx NHA2[2]2]AE|e | 2|A813 |2 LUIERRE L g V- - -
LOY | MY ONAS(2 | 2|AC|4|3|Ad]2}2 aja|2(wC|e | v 4 - - -
LSA > 4|6 |2]as|s|2]aniz |1 86 (8| 2|SE|7 (I ®v - -
NOP | NOOPERATION EAl2 |1 - - - - - -
ORA| AvM-A #9[2)2/00]4 |3 32 6| 2]11is] 218 e 2]1Dja|3]19[a ) - -
PHA Ay $-1 -8 A8{3 |1 - - - - -
PHP LEX"N $-1 -8 a3/ L)1ttt rryereerrrry------
LA Ser~$§ - A o84 |1 [ —_—
PLP $+1~% e d 284 [ (MESTORED!
rOL kg 26j6 13285 )6 ]2|3e|7]3 R
ROAR E}’u_h__wﬂ (OO L e8] 2]7€]7 |3 V4w m -
AT See g 1) RTAN INT 1 RESTORED!
RTYS | iSes Fogp 21 ATAN SUB 1 .. - -
50C | AM~a mies|2 | 2]eplef3]es|s €1/6f 2|r1]s] 2|rs]a|2|FO|a]3[e0|a|a PRV TR
SEC V -C 1 B B
SEO {1V -D 1 - = - =1 -
SEN [ 11 i B S
STA AsM 8D |4 | 3|85 (3 sis) 2|01 (6| 2]osfa(2fs0|5|3f9sf{s|3} |} | | (|} V| ]~-=---~- =
STX X ™ LICARIE JE] 9%la|7) - - - - - -
STV Y o.M 8C(a | 3[8a ) 94 (e ]2 - - e -
Tax|a-x | - n L4 - =
Tav ATy ; PR ——
TS X §-x ] " n = = =
TxA | x4 ) Lol
TXS | x -5 il - - - ==
TYA| Y A 1, P
11 ADD 1 TO "N If PAGE BOUNDARY 1S CROSSE D X INDEX X AQL NOT MODU LD
121 ADD 1 TO "N' I1F BRANCH OCCURS TO SAME PAGE v OINDEX ¥ SUBTRACT M MEMOMY B1T 1
ADD 2 TO "N ' 1f @RANCH OCCURS TO DIF FEHENT PAGE A ACCUMULATOR A ANC M. MEMOAY BIT 6
CARAY NOT » BELOW M MEMORY PER EFFECTIVE ADDHESS v Ok N NO CYCLES
(F 1N DECIMAL MODE Z FLAG IS INVALID M MEMORAY PER STACK POINTER v EACLUSIVE OR NO BYTES
ACCUMULATOR MUST BE CHECXED FOR ZERD RESULT MODI (D
Note: MOS Technology cannot assume liability for the use of undefined OP Codes
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| COMMON CHARACTERISTICS |

Clooks (2, @,)
The 861X requires a two phase non-overlapping clock that runs at the Vcc voltage level.
The 650X clocks are supplied with-an internal clock generator. The frequency of these clocks is externally controlied.

Address Bus (AA,)
These outputs are TTL compatible, capable of driving one standard TTL load and 130 pf.

Data Bus (D,-D,)
Eight pins are used for the data bus. This Is a bi-directional bus, transferring data to and from the device and peripherals. The
outputs are tri-state buffers capable of driving one standard TTL load and 130pf.

Data Bus Enable (DBE)

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

Ready (RDY)

This input signal allows the user to single cycle the microprocessor on all cycles except write cycles. A:negative transition to
the low state during or coincident with phase one (2,) and up to 100ns after phase two (J,) will halt the microprocessor with the
output address lines reflecting the current address being fetched. This condition will remain through a subsequent phase two
(2,) in which the Ready signal Is low. This feature allows microprocessor interfacing with low speed PROMS as well as fast (max.
2 cycle) Direct Memory Access (DMA). If Ready Is low during a write cycle, it is ignored until the followirig read operation.

Request (IRQ)

This TTL level input requests that an interrupt sequence begin within the microprocessor. The microprocessor will complete
the current instruction being executed before recognizing the request. At that time, the interrupt mask bit in the Status Code
Register will be examined. If the interrupt mask flag is not set, the microprocessor will begin an interrupt sequence. The Program
Counter and Processor Status Register are stored in the stack. The microprocessor will then set the interrupt mask flag high so
that no further interrupts may occur. At the end of this cycle, the program counter low will be loaded from address FFFE, and pro-
gram counter high from location FFFF, therefore transferring program contro! to the memory vector located at these addresses.
The RDY signal must be in the high state for any interrupt to be recognized. A 3KQ external resistor should be used for proper
wire-OR operation.

Non-Maskabie interrupt (NMI)
A negative going edge on this input requests that a non-maskable interrupt sequence be generated within the microprocessor.
NMI is an unconditional interrupt. Following completion of the current instruction, the sequence of operations defined for IRQ
will be performed, regardless of the interrupt mask flag status. The vector address loaded into the program counter, low and high,
are locations FFFA and FFFB respectively, thereby transferring program control to the memory vector; located at these ad-
dresses. The instructions loaded at these locations cause the microprocessor to branch to a non-maskable interrupt routine in

memory.
NMI also requires an external 3KQ resister to Vcc for proper wire-OR operations.
Inputs TRQ and NMI are hardware interrupt lines that are sampled during @, (phase 2) and will begin the appropriate interrupt
routine on the @, (phase 1) following the completion of the current instruction.

Set Overtiow Flag (5.0
A NEGATIVE going edge on this input sets the overflow bit in the Status Code Register. This signal is sampled on the trailing
edge of J,.

SYNC

This output line is provided to identify those cycles in which the microprocessor is doing an OP CODE: fetch. The SYNC line
goes high during @, of an OP CODE fetch and stays high for the remainder of that cycle. If the RDY line is; pulled low during the
@, clock pulse in which SYNC went high, the processor will stop In its current state and will remain in the state until the RDY line
goes high. In this manner, the SYNC signal can be used to control RDY to cause single instruction execution.

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

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

After Vcc reaches 4.75 volts in a power up routine, reset must be held low for at least two clock cycles. At'this time the RW and
(SYNC) signal will become valid.

When the reset signal goes high following these two clock cycles, the microprocessor will proceed with the normal reset pro-
cedure detailed above.
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6500

| COMMON CHARACTERISTICS

ACCUMULATOR ADDRESSING—This form of
addressing is represented with a one byte
instruction, implying an operation on the
accumulator.

IMMEDIATE ADDRESSING—In immediate ad-
dressing, the operand is contained in the sec-
ond byte of the instruction, with no further
memory addressing required.

ABSOLUTE ADDRESSING—In absolute ad-
dressing, the second byte of the Instruction
specifies the eight low order bits of the effec-
tive address while the third byte specifies the
eight high order bits. Thus, the absolute ad-
dressin? mode allows access to the entire 65K
bytes of addressable memory.

ZERO PAGE ADDRESSING—The zero page in-
structions allow for shorter code and execution
times by only fetching the second byte of the in-
struction and assuming a zero high address
byte. Careful use of the zero page can result in
significant increase in code efficiency.

INDEXED ZERO PAGE ADDRESSING—(X, Y in-
dexing)—This form of addressing is used in
conjunction with the index register and is re-
ferred to as “Zero Page, X" or “Zero Page, Y."
The effective address Is calculated by adding
the second byte to the contents of the index
register. Since this is a form of “Zero Page” ad-
dressing, the content of the second byte
references a location in page zero. Additionally,
due to the “Zero Page” addressing nature of
this mode, no carry is added to the high order 8
bits of memory and crossing of page bound-
arles does not occur.

INDEXED ABSOLUTE ADDRESSING-—(X, Y in-
dexing)—This form of addressing is used in
conjunction with X and Y index register and is
referred to as “Absolute, X," and “Absolute, Y.”
The effective address is formed by adding the
contents of X and Y to the address contained in
the second and third bytes of the instruction.
This mode allows the index register to contain
the index or count value and the instruction to
contain the base address. This type of indexing
allows any location referencing and the index to
modify multiple fields resulting in reduced
coding and execution time.

INSTRUCTION SET—ALPHABETIC SEQUENCE

ADGC  Add Memory to Accumulator with Carry
AND  “AND" Momorg with Accumulator

ASL  Shift left One Bit (Memory or Accumulator)
BCC  Branch on Carry Clear

BCS  Branch on Carry Set

BEQ  Branch on Result Zero

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

BNE  Branch on Result not Zero

BPL  Branch on Result Plus

BRK  Force Break

BVC  Branch on Qverflow Clear

BVS  Branch on Overflow Set

CLC  Ciear Carry Flag

CLD  Clear Decimal Mode

CLI Ctear Interrupt Disable Bit

CLV  Clear Overflow Flag

CMP  Compare Memory and Accumulator

CPX  Compare Memory and index X

CPY  Compare Memory and Index Y

DEC  Decrement Memory by One

DEX  Decrement Index X by One

DEY  Decrement Index Y by One

EOR  “Exclusive-or’" Memory with Accumuiator
INC  Increment Memory by One

INX Increment Index X by One

INY Increment index Y by One

JMP  Jump to New Location

JSR Jump to New Location Saving Return Address

ADDRESSING MODES

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

RELATIVE ADDRESSING —Relative addressing
is used only with branch instructions and estab-
lishes a destination for the conditional branch.

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

INDEXED INDIRECT ADDRESSING~In in-
dexed indirect addressing (referred to as (In-
direct, X)), the second byte of the instruction is
added to the contents of the X index register,
discarding the carry. The result of this addition
points to a memory location on page zero
whose contents is the low order eight bits of the
effective address. The next memory location in
page zero contains the high order eight bits of
the effective address. Both memory locations
specifying the high and low order bytes of the
effective address must be in page zero.

INDIRECT INDEXED ADDRESSING —In indirect
indexed addressing (referred to as (Indirect), Y),
the second byte of the instruction points to a
memory location in page zero. The contents of
this memory location is added to the contents
of the Y index register, the result being the low
order eight bits of the effective address. The
carry from this addition is added to the contents
of the next page zero memory location, the
result being the high order eight bits of the ef-
fective address.

ABSOLUTE INDIRECT—The second byte of the
instruction contains the low order eight bits of a
memory location. The high order eight bits of
that memory location is contained in the third
byte of the instruction. The contents of the fully
specified memory location is the low order byte
of the effective address. The next memory loca-
tion contains the high order byte of the effective
address which is loaded into the sixteen bits of
the program counter.

LDA  Load Accumulator with Memory

LDX Load Index X with Memory

LoY Load Index Y with Memory

LSR  Shift One Bit Right (Memory or Accumulator)

NOP  No Operation
ORA  "OR" Memory with Accumulator

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

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

RTS  Return from Subroutine

SBC  Subtract Memory from Accumulator with Borrow
SEC  Set Carry Fla&

SED  Set Decimal Mode

SE¢ Set interrupt Disable Status

STA Store Accumulator in Memory

STX Store Index X in Memory

STY Store Index Y in Memory

TAX  Transfer Accumulator to Index X
TAY  Transfer Accumulator to Index Y
TSX  Transter Stack Pointer to Index X
TXA  Transfer Index X 10 Accumulator
TXS  Transfer Index X to Stack Register
TYA  Transfer Index Y to Accumuiator
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RES 6502——40 Pin Package
@2 (0un
;2'(,,‘, Features of 6502
NG * 65K Addressable Bytes of Memory (AQ-A15)
RIW ¢ 1RQ Interrupt
DO ¢ On-the-chip Clock
3‘2 TTL Level Single Phase Input
08 RC Time Base Input '
D4 Crystal Time Base Input
D5 e SYNC Signal :
g? (can be used for single instruction execution)
AlS ¢ RDY Signal
Al4 (can be used to halt or single cycle execution)
A13 ¢ Two Phase Output Clock for Timing of
C;g Support Chips
¢ NMI Interrupt
RES = 1 28 @2 1oun
vss =] 2 27 B0 (IN)
RG = 3 26 B AW 6503—28 Pin Package
NMI e 4 25 Do
VCC ={ 5 24 D1
A0 o6 2 G oo Features of 6503
Al T 22 |2 D3 ¢ 4K Addressable Bytes of Memory (A0-A11)
A2 =t 8 21 Da .
a3 o e 20 B bs ¢ On-the-chip Clock
A4 =10 19 D6 . ¢ IRQ Interrupt
A5 &= 1 18 o7 ¢ NMI Interrupt
AG = 12 17 Al * 8 Bit Bidirectional Data Bus
A7 = 13 16 A10
A8 g 14 15 A9
RES = ! 28 P2 @, oun
vss = g 27 b go Ny
IRQ = 26 Aaw —
vee o 4 2B oo 6504—28 Pin Package
A0 = 5 24 01
Al e=f 6 23 b2 Features of 6504
A2 22 D3 ;
A3 8 21 & pa ¢ 8K Addressable Bytes of Memory (AO-A12)
Ad £ 9 20 $2 D5 ¢ On-the-chip Clock
A5 510 19 2 06 ¢ |RQ Interrupt
oA I e * 8 Bit Bidirectional Data Bus
A8 = 13 16 A1
A9 14 15 A10

6505—28 Pin Package

Features of 6505

® 4K Addressable Bytes of Memory (AO-A11)
¢ On-the-chip Clock

¢ |RQ Interrupt

* RDY Signal

¢ 8 Bit Bidirectional Data Bus
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A2 e 8 21 2 D4 ¢ On-the-chip Clock
o ?0 ® o ¢ TRQ Interrupt
A5 e 1 18 b o7 * Two phase output clock for timing of
A6 = 12 17 o At support chips
A7 = 13 16 |2 A10 * 8 Bit Bidirectional Data Bus
A8 14 15 A9
s = 28 |2 @5 OUD
vss =| 2 27 [ Po N
3 26 R/W
ot i [ 2 B oo 6507—28 Pin Package
AD =] 5 24 D1
K=K 23 Dg Features of 6507
A2 7 2D
A3 =] 8 21 [p D4 ¢ 8K Addressable Bytes of Memory (AO0-A12)
= 20 82 ¢ On-the-chip Clock
= W E o * RDY Signal
A7 =g 12 17 a2 ¢ 8 Bit Bidirectional Data Bus
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A9 = 14 15 A10
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roy & 2 39 @2 0Un
BN = 3 38 SO.
RO & 4 37 B2(IN) 6512—40 Pin Package
vss & 5 36 DBE
YR =1 35 NC
svne o 7 3 B rw Features of 6512
veeds podl s * 65K Addressable Bytes of Memory (AQ-A15)
A1 & 10 31 B D2 ¢ |IRQ Interrupt
A2 & 1 30 D3 * NMI Interrupt
A3 g 12 29 D4 ¢ RDY Signal
e Z 2 B « 8 Bit Bidirectional Data Bus
A6 o 15 26 B D7 ¢ SYNC Signal
AT A 16 25 I3 Al * Two phase clock input
a8 17 24 |2 A4 ¢ Data Bus Enable
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vss 5 1 28 |9 AES
BN =] 2 27 BNy
A = 2 26 B rw 6513—28 Pin Package
NM| = 4 25 Do
5
Vico z 6 23 3; Features of 8513
o . zpe e 4K Addressable Bytes of Memory (AC-A11)
A3 9 20 |2 os ¢ Two phase clock input
A4 £ 10 1ol D6 * |RQ Interrupt
A5 = 11 18 = D7 o NMI Interrupt
i 54 e * 8 Bit Bidirectional Data Bus
A8 o 14 15 B2 A9
ves H ! 28 b RES
1N = 2 27 B Bain)
TRo = 3 26 2 A/W
\;C o s I 0o 651428 Pin Package
A0 =] 5 24 D1
= 23 b o2 Features of 6514
A2 = 7 22 D3
A3 o 8 21 o4 ¢ 8K Addressable Bytes of Memory (A0-A12)
As 9 20 2 05 ¢ Two phase clock input
A5 : :f’ :g gj * IRQ Interrupt
g I 5B a « 8 Bit Bidirectional Data Bus
A8 1 13 16 Al
A9 g 14 15 A10
VvSs g 1 28 RES
RDY 2 27
gun = 5 % g%'vm 6515—28 Pin Package
RO 4 25 DO
vee o 5 24 D3 Features of 6515
el SE 2 * 4K Addressable Bytes of Memory (AG-A11)
A2 = 8 21 |5 pa ¢ Two phase clock input
A3 =9 20 E D5 ¢ |IRQ Interrupt
:g =R 19 os e RDY Signal
ne o 12 I A * 8 Bit Bidirectional Data Bus
A7 =13 16 2 A10
A8 e 14 15 AS
MOS TECHNOLOGY, INC. reserves the right to make changes to any products herein to improve reli-
ability, function or design. MOS TECHNOLOGY, INC. does not assume any liability arising out of the
application or use of any product or circuit described herein; neither does it convey any license under
its patent rights nor the rights of others.
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6508 MICROPROCESSOR WITH RAM AND 1/0

DESCRIPTION

The 6508 is a low-cost microcomputer system capable of solving a broad range of small-systems
and peripheral-control problems at minimum cost to the user.

One full page (256 bytes) of RAM is located (on chip) concurrently at Page 0 and a 1, allowing
Zero Page Addressing and stack operations with no additional RAM. y o

An 8-bit Bi-Directional I/O Port is located on-chip with the Output Register at A res&o o“"a,uj and the
Data-Direction Register at Address 0000. The I/O Port is bit-by-bit progra mablé S

o
The Three-State sixteen-bit Address Bus allows Direct Memory Agce sm@ “NZBMA) and multi-
processor systems sharing a common memory.

The internal processor architecture is identical to the MOS Teqkh"” “bi@gy GEQg h;?* provide software
compatibility. g

m m% "
o ‘%‘ LW & g
N "\\M ‘L\“ %

LN
PN

ES W T, W
AN
f-'v“"“w% " CRY
¢ N N7 6508 PIN CONFIGURATION
y h iy, R

FEATURES OF THE 6508 . .. MWM ; M‘NM 4 s [ s ]| s
e 8-Bit Bi-Directional /O Port AN ‘“‘m} o BN | 2 % | AW
e 256 Bytes fully Static RAM (internal) N eI I 38 | DB,
e Single +5 volt supply W AEC | 4 37 | DB,
¢ N channel, silicon gate, deple Ioad techigolpgy ch : ;‘: gsr
e Eight bit parallel process ngs, u 0 s
¢ 56 Instructions ) M“Wﬂ % A 7 34 | DB,
e Decimal and binary ari M;: w‘“ N 8 a3 | b8,
e Thirteen addressing m y‘”‘\w N o 32 | DB,
e True indexing ﬁm' &A}n N :‘13 6508 :; :B:
. Programmable L% A* . . P«
¢ Variable Iength‘ t w A' . - P'
e |nterrupt ¢é s A' 14 o Pz
e 8 Bit Bi:Di t Bus A' o - P!
¢ Addressat ory range of up to 65K bytes A:.. It o P:
e Direct memy ‘gccess capability A - 2 | b
e Bus compatible with M6800 A 8 o
¢ Pipeline architécture i A 10 o | AL
e 1 MHz, 2MHz (Suffix “A”), and 3MHz (Suffix “B”) ves | 2 ol a
¢ Use with any type or speed memory
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MAXIMUM RATINGS

[ 6508 CHARACTERISTICS

This device contains input protection against

RATING SYMBOL | VALUE UNIT
SUPPLY VOLTAGE Vee -03to +7.0 Vde
INPUT VOLTAGE Vin -03to +7.0 vdc
OPERATING TEMPERATURE Ta Oto +70 °C
STORAGE TEMPERATURE Tsta —-56to +150 °C

ge due to high static voltages or
electric flelds; however, precautions should
be taken to avoid application of voltages
higher than the maximum rating.

ELECTRICAL CHARACTERISTICS (Vec = 5.0V = 5%, Vss = 0, TA = 0° to + 70°C)

CHARACTERISTIC

SYMBOL

MIN.

TYP.

Input High Voltage
D1, Dain)

Input High Voltage
RES, P.-P,iRQ, Data

VIH

Vee - 0.2

Vss + 20 - -

— Vee + 1.0V

UNIT W

Vde

Vde

Input Low Voltage
@1, Doin)

RES, P,-P, 1RQ, Data

VIL

Vss - 03

- Vss + 0.2

- Vss + 0.8

Vdc

Vvdc

input Leakage Current
{Vin = 0to 5.25V, Vec = 5.26V)
Logic
@y, Dainy

Three State (Off State) Input Current
(Vin = 0.4 10 2.4V, Vce = 5.25V)
Data Lines

lin

TSI

Output High Voltage
(loH = -100xAdc, Vec = 4.75V)
Data, AO-A15, RIW, PP,

VOH

Vss + 24 — -

‘3%

Vdc

Out Low Voltage
(loL = 1.6mAdc, Vce = 4.75V)
Data, AO-A15, RIW, P,-P,

VoL

— Vss + 04

Power Supply Current

ICC

125

Capacitance
Vin = 0,TA = 25°C, t = 1MH2)
Logic, Po-P;

Data
AO-A15, RW

@,
Qs

Cin

Cout

Co,
Ca,

88

2-27




Rel
pe)
D
(s}
m
w
w
[e]
X
w

)
)
=}

NMOS

MPS

6508

| Y

CLOCK TIMING

Teve

PWHO, .___>|

4/~ vec-oav VCC - 0.2V
|
| |
| |
i
. (In) | - :
1 |
D |- »| o | 1
vec-o2v |
|
|
| z
|
[
+ lt—— PWH®
@, (in) Tr let— | —= TR fe— ’ |
DO Y — THRW — ™ *<f
N N/___
RIW
Tha — |—
ADDRESS
FROM 7~ 20v
MPU
3 osv
[—— TaDS B
2.0V
DATA
FROM
MEMORY
0.8v }—
le————— | : a3 > t—
C T
AC I rosy HR
- TpDsy ————»
PERIPHERAL
DATA
TAES
vee-0.2v
ADDRESS
ENABLE
CONTROL

TIMING FOR READING DATA FROM
MEMORY OR PERIPHERALS
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CLOCK TIMING
Teve >|
la—— . PWH@, _ e
VCC - 0.2V VCC - 0.2V
| i
| i
! 1
2, (in) °42‘|’ :
™ |je— —>| Tp let— |
VCC - 0.2V : . :
' |
o | :
in)
' o2y | T~ la——PWHO,. h
T l-q— I Tp (e— |
|
[<— —TRws" —
RIW \
A\_ oav
ADDRESS
FROM A 2.0V
MPU
0.8V
1
[ Taps ————
20V =
DATA
TO
MEMORY
0.8v
THwW
r€——— TMps ——»» -
|t———TPowW
PERIPHERAL
DATA
Taes
-
veC - 0.2v
ADDRESS
ENABLE
CONTROL

TIMING FOR WRITING DATA TO
MEMORY OR PERIPHERALS
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AC CHARACTERISTICS

© .
0
Sz 1 MHz TIMING I 2 MHz TIMING l [ 3 MHz TIMING '
m o
§ 3 ELECTRICAL CHARACTERISTICS (VCC = 5V % 5%, VSS = 0V, TA = 0°—70°C)
2 Minimum Clock Frequency = 50 KHz
CLOCKTIMING
CHARACTERISTIC SYMBOL| MIN. | TYP. | MAX. MIN. | TYP. | MAX. MIN. | TYP. | MAX.| UNITS
Cycle Time Teye 1000 - - 500 - — 333 - — ns
Clock Pulse Width o PWH@1 430 - — 215 - - 150 ns
(Measured atvVCC —0.2V) @2 PWHP2 470 - - 235 - - 160 - .
Fall Time, Rise Time
(Measured from 0.2V to VCC —0.2V) TeTR — — 25 - - 15 — — 15 ns
Delay Time between Clocks
(Measured at0.2V) o 0 — — 0 - — 0 — — ns

READ/WRITE TIMING (LOAD=1TTL)

CHARACTERISTIC SYMBOL (| MIN. | TYP. [MAX. MIN. | TYP. | MAX. MIN. | TYP. | MAX. | UNITS
Read/Write Setup Time from 6508 TRwS — 100 300 - 100 150 - 80 110 ns
Address Setup Time from 6508 TADS — 100 300 — 100 150 — 80 125 ns
Memory Read Access Time TaCC — — 575 — - 300 - - 170 ns
Data Stability Time Period Tpsu 100 — - 50 — - 50 - - ns
Data Hold Time-Read THR 10 —_— — 10 — - 10 — — ns
Data Hold Time-Write Thw 10 30 — 10 30 — 10 - — ns
Data Setup Time from 6508 TMDS — 150 200 — 75 100 - 70 100 ns
Address Hold Time THA 10 30 — 10 30 — 10 30 — ns
R/W Hold Time THRW 10 30 — 10 30 - 10 30 - ns
Delay Time, @2 negative transition

to Peripheral Data valid Tppw — — 1 — — 05 — — 0333 -
Peripheral Data Setup Time TPDSU 300 — — 150 — - 75 - - ns
Address Enable Setup Time TAES — — 60 - - 60 - — 60 ns
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SIGNAL DESCRIPTION

Clocks (D1, J.)
The 6510 requires a two phase non-overlapping clock that runs at the Vcc voltage level.

Address Bus (A;-A,;)
The three state outputs are TTL compatible, capable of driving one standard TTL load and 130 pf.

Data Bus (D,-D,)

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

Reset

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

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

After Vcc reaches 4.75 volts in a power up routine, reset must be held low for at least two clock cycles. At this
time the R/W signal will become valid.

When the reset signal goes high following these two clock cycles, the microprocessor will proceed with the nor-
mal reset procedure detailed above.

Interrupt Request (IRQ)

This TTL level input requests that an interrupt sequence begin within the microprocessor. The microprocessor
will complete the current instruction being executed before recognizing the request. At that time, the interrupt mask
bit in the Status Code Register will be examined. If the interrupt mask flag is not set, the microprocessor will begin
an interrupt sequence. The Program Counter and Processor Status Register are stored in the stack. The
microprocessor will then set the interrupt mask flag high so that no further interrupts may occur. At the end of this
cycle, the program counter low will be loaded from address FFFE, and program counter high from location FFFF,
therefore transferring program control to the memory vector located at these addresses.

Address Enable Control (AEC)
The Address Bus is valid only when the Address Enable Control line is high. When low, the Address Bus is in a
high-impedance state. This feature allows easy DMA and multiprocessor systems.

110 Port (P,-P;)

Eight pins are used for the peripheral port, which can transfer data to or from peripheral devices. The Output
Register is located in RAM at Address 0001, and the Data Direction Register is at Address 0000. The outputs are
capable at driving one standard TTL load and 130 pf.

Read/Write (R/W)
This signal is generated by the microprocessor to control the direction of data transfers on the Data Bus. This line
is high except when the microprocessor is writing to memory or a peripheral device.
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ADDRESSING MODES

ACCUMULATOR ADDRESSING—This form of
addressing is represented with a one byte
Instruction, implying an operation on the
accumulator.

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

ABSOLUTE ADDRESSING—In absolute ad-
dressing, the second byte of the instruction
specifies the eight low order bits of the effective
address while the third byte specifies the ei?ht
high order bits. Thus, the absolute addressin
mode allpws access to the entire 65K bytes of ad-
dressable memory.

ZERO PAGE ADDRESSING—The zero page in-
structions allow for shorter code and execution
times by only fetching the second byte of the in-
struction and assuming a zero high address byte.
Careful use of the zero page can result in signifi-
cant increase in code efficiency.

INDEXED ZERO PAGE ADDRESSING—(X, Y in-
dexing)—This form of addressing is used in con-
junction with the index register and is referred to
as “Zero Page, X" or “Zero Page, Y."” The effective
address is calculated by adding the second byte
to the contents of the index register. Since this is
a form of “Zero Page' addressing, the content of
the second byte references a location in page
zero. Additionally, due to the “Zero Page" ad-
dressing nature of this mode, no carry is added to
the high order 8 bits of memory and crossing of
page boundaries does not occur.

INDEXED ABSOLUTE ADDRESSING—(X, Y in-
dexing)—This form of addressing is used in con-
junction with X and Y index register and is re-
ferred to as “Absolute, X," and “Absolute, Y." The
effective address is formed by adding the con-
tents of X and Y to the address contained in the
second and third bytes of the instruction. This
mode allows the index register to contain the in-
dex or count value and the instruction to contain
the base address. This type of indexing allows
any location referencing and the index to modify
multiple fields resulting in reduced coding and
execution time.

IMPLIED ADDRESSING—In the implied ad-
dressing mode, the address containing the
operand is Impticitly stated in the operation code
of the instruction.

RELATIVE ADDRESSING—Relative addressing
Is used only with branch instructions and estab-
lishes a destination for the conditional branch.

The second byte of the instruction becomes the
operand-which is an “Offset” added to the con-
tents of the lower eight bits of the program
counter when the counter Is set at the next in-
struction. The range of the offset is —128 to
+ 127 bytes from the next instruction.

INDEXED INDIRECT ADDRESSING—In indexed
Indirect addressing (referred to as [Indirect, Xj),
the second byte of the instruction is added to the
contents of the X index register, discarding the
carry. The result of this addition: points to a

‘memory location on page zero whose contents is

the low order eight bits of the effective address.
The next memory location in pa?e 2ero contains
the high order eight bits of the effective address.
Both memory locations specifying the high and
low order bytes of the effective address must be
in page zero.

INDIRECT INDEXED ADDRESSING—In indirect
indexed addressing (referred to as [Indirect, Y)).
the second byte of the instruction points to a
memory location in page zero. The contents of
this memory location is added to the contents of
the Y index register, the result being the low order
eight bits of the effective address. The carry from
this addition is added to the contents of the next
page zero memory location, the result being the
high order eight bits of the effective address.

ABSOLUTE INDIRECT—~The second byte of the
Instruction contains the low order eight bits of a
memory location. The high order eight bits of that
memory location is contained in the third byte of
the Instruction. The contents of the fully
specified memory location is the Iow order byte
of the effective address. The next memory loca-
tion contains the high order byte of the eftective
address which is loaded into the sixteen bits of
the program counter.

INSTRUCTION SET—ALPHABETIC SEQUENCE

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

BCC Branch on Carry Clear

BCS  Branch on Carry Set

BEQ  Branch on Result Zero

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

BNE  Branch on Resuit not Zero

BPL  Branch on Result Plus

BRK  Force Break

BVC  Branch on Overflow Clear

BVS  Branch on Overflow Set

CLC  Clear Carry Flag

CLD  Clear Decimal Mode

CLI Clear Interrupt Disable Bit

cLv Clear Overfiow Flag

CMP  Compare Memory and Accumulator
CPX  Compare Memory and Index X

cPY Compare Memory and Index Y

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

EOR  “Exclusive-or” Memory with Accumulator

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

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

LDA Load Accumulator with Memory

LDX Load Index X with Memory

LDY  Load Index Y with Memory

LSR Shift One Bit Right (Memory or Accumutator)

NOP  No Operation
ORA  "OR’ Memory with Accumulator

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

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

RTS  Return from Subroutine

§BC  Subtract Memory from Accumulator with Borrow
SEC  Sel Carry Flag

SED  Set Decimal Mode

SEl Set Interrupt Disable Status

STA Store Accumulator in Memory

STX Store Index X in Memory

sTY Store Index Y in Memory

TAX Transfer Accumulator to Index X
TAY Transter Accumulator to Index Y
TSX  Transfer Stack Pointer to Index X
TXA  Transfer Index X to Accumulator
XS Transfer Index X to Stack Register
TYA  Transfer Index Y to Accumulator




C: NIOS s

PROGRAMMING MODEL
7 0 7 0
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FFFF
ADDRESSABLE
EXTERNAL
MEMORY
~ »
- -
3 1/ il 1
Q=
o=
g
0200
gg @ 01FF STACK
EE 01FF - POINTER
l STACK l INITIALIZED
Page 1
0100
OOFF
Page 0

B - ———

OUTPUT REGISTER 0001 Used For
Internal
DATA DIRECTION REGISTER 0000 110 Port

6508 MEMORY MAP

APPLICATIONS NOTES

Locating the Qutput Register at the internal 1/0O Port in Page Zero enhances the powerful Zero Page
Addressing instructions of the 6510.

By assigning the I/0O Pins as inputs (using the Data Direction Register) the user has the ability to change the con-
tents of address 0001 (the Output Register) using peripherat devices. The ability to change these contents using
peripheral inputs, together with Zero Page Indirect Addressing instructions, allows novel and versatile programming
techniques not possible earlier.

COMMODORE SEMICONDUCTOR GROUP reserves the right to make changes to any products herein to
improve reliability, function or design. COMMODORE SEMICONDUCTOR GROUP does not assume any
liability arising ot of the application or use of any product or circuit described herein; neither does it convey
any license under its patent rights nor the rights of others.
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6509 MICROPROCESSOR WITH MEMORY MANAGEMENT

DESCRIPTION

The 6509 is a low-cost microprocessor capable of solving a broad range

memory management problems at minimum cost to the user.

A memory management system allows for up to One Mega-Byte ohm@mor%

loading languages, operating systems or other data.

The Three-State sixteen-bit Address Bus allows Direct Mem@‘q@«p ss‘img (DMA) and multi-
processor systems sharing a common memory while the F

allows for up to one Mega-byte of data storage.

The interna!l processor architecture is identical }mihé M@&f‘l’echnology 6502 to provide

software compatibility.

ﬁ o
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FEATURES OF THE 6509

= Memory management

= On board clock logic w

= Addressable memory range of u@ W 1M th@s

= Single +5 volt supply 4 o

= N channel, silicon gate, depl t#@n Ioa‘f

= Eight bit parallel processj h@\ AN A y

» 56 Instructions ",

» Decimal and binary arl?hmettm

= Thirteen addressing- nnbcje“&, )

= True indexing cgﬁabmty i

. Programmableastéck pfﬁm
Stack

g®

“!echnology
#

= Variable Ier;,gth g m J

= Interrupt ¢ it 4

= 8 Bit Bi- tr thﬂ | ata Bus

® Program./ dﬁr@§ le memory range of up to 65K bytes
L] Dl q&me lory.aeéess capability

» B(s'eo pa\f’b,le with M6800

palipetarchitecture
Z*“QWHZ and 3 MHz operation
u U‘ng with any type or speed memory

V. “!

READY
iRQ
SYNC
NMI
AEC
VDD
AQ

Al

A2
A3

A4

A5

A6

A7

A8

A9
A10
At1
A2
A3

PIN CONFIGURATION

= 40 @0 IN
= 39 RESET
= 3 38 go ouT
s 4 37 R/W
g s 36 )

S 6 35 D1

o 7 34 D2
=} 33 D3

= o9 32 D4
0 6509 31 D5
11 30 D6
12 29 D7
13 28 S0.
o 14 27 PO

o 15 26 P1

d 16 25 P2

o 17 24 P3

] 18 23 A15
=119 22 Al4
o 20 21 VSS
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DESCRIPTION
The 6510 is a low-cost microcomputer system capable of solving a broad range of small-systems
and peripheral-control problems at minimum cost to the user.

An 8-bit Bi-Directional I/O Port is located on-chip with the Output Register at Add S 0000and
the Data-Direction Register at Address 0 0 0 1. The 1/0 Port is bit-by-bit pro

The Three-State sixteen-bit Address Bus allows Direct Memory Accg§é W multi-
processor systems sharing a common memory. <¥

The internal processor architecture is identical to the MOS TechnoloS&v

ide software

compatibility.
N ?”b
- -
e\
NN
FEATURES OF THE 6510... Ve 1N NQ PIN CONFIGURATION
o

P A \“’} RES 1 40 | P2IN
¢ 8Bit Bi-Directional 1/O Port 4 “k .> R ) 39 | Rw
* Single +5 volt supply e \ | oa 38 | oB,
e N channel, silicon gate, depletion Igﬁq\}éqh\ AEC 4 a7 | o,
¢ Eight bit paraltel processing vee 5 36 | DB,
* 56 Instructions «zﬁ\ -, } A, 6 35 | DB,
¢ Decimal and binary arithmetic u% s A 7 a4 | o,
e Thirteen addressing de[Pe J M”KW{:‘“ A, 8 33 | ps,
¢ True indexing capabijf > A‘fj A, 9 32 | oB.
* Programmable stack | m ey“f 5 A |10 6510 31 | o,
* Variable length §tack L:M v‘é ’ A | 20 | p.
s Interrupt cap tﬁlg’é »2 A, 12 2 [P
* 8 Bit Bi- Dvreg?w 2 E? At 2 | P,
e Addressgble r rf of up to 65K bytes A | 14 27 | ps
e Direct OF apabu lity A 15 2 | P
e Bus c%mg 4D WIth 6800 Ao | 16 25| P
e Pipeline «gh‘ cture As 17 24 | P,
e 1 MHz and 2M operation Ao 18 2B P
e Use with any type or speed memory C‘- 19 if iw

ss | 20 "
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| 6510 CHARACTERISTICS
MAXIMUM RATINGS
RATING SYMBOL l VALUE 1 UNIT

SUPPLY VOLTAGE Vee -03to +7.0 Vde This device contains Input protection against
E d due to high static voltages or
> INPUT VOLTAGE Vin -03to +7.0 Vdc electric flelds; however, precautions should
rcg be taken to avoid application of voltages
I OPERATING TEMPERATURE Ta 0to +70 c higher than the maximum rating.
w
2 STORAGE TEMPERATURE Ts1G -6510 +150 °C
[

ELECTRICAL CHARACTERISTICS (Vec = 5.0V = 5%, Vss = 0, TA = 0° to + 70°C)

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT

Input High Voltage
@1, D) VIH Vee - 0.2 - Vee + 1.0V Vdc

Input High Voltage
RES, P.-P,iRQ, Data vss + 20 — - vde

Input Low Voltage
D1, Dajn) viL Vss - 0.3 — Vss + 0.2 Vdc

RES, P,-P; IRQ, Data — - Vss + 08 Vdc

Input Leakage Current
Vin = 0t0 525V, Vec = 5.25V)

Logic lin - — 25 2A

Dy, Da(iny — — 100 #A
Three State (Off State) Input Current

Vin = 0.4 t0 24V, Vcc = 525V)

Data Lines Tst — — 10 A

Output High Voitage
loH = -1004Adc, Ve = 4.75V)

Data, AO-A15, RIW, P.-P; VOH Vss + 24 — - Vde

Out Low Voitage
(loL = 1.8mAdc, Vec = 4.75V)

Data, AG-A15, RW, Pi-P, VoL —_ - Vss + 0.4 Vdc
Power Supply Current ICC - 125 mA
Capacitance C pF

Vin = O, Tp = 26°C, f = 1MH2)

Loglc, PP, Cin - - ©

Data - - 15

AO-A15, RW Cout - - 12

a Cop, - 30 50

50 80

@, Co, -
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CLOCK TIMING
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| AC CHARACTERISTICS j

[ 1mHzTIMING || 2MHzTIMING ]

ELECTRICAL CHARACTERISTICS (VCC = 5V + 5%, VSS = 0V, Tp = 0° —70°C)
Minimum Clock Frequency = 50 KHz

CLOCK TIMING

CHARACTERISTIC SYMBOL MIN. TYP. MAX. MIN. TYP. MAX. UNITS
Cycle Time Tcye 1000 — — 500 - - ns
Clock Pulse Width o1 “Pwhet | 40 | — _ 215 Z _ W_E—J
{Measured at VCC - 0.2V) @2 PWH®2 470 - —~ 235 — — ns
Fall Time, Rise Time T B T
{Measured from 0.2V to VCC ~ 0.2V) Tr. TR - —_ 25 — —_ 15 ns
Delay Time between Clocks I T T
(Measured at 0.2V) o 0 — —_ 0 - — ns

READ/WRITE TIMING (LOAD =1TTL)

CHARACTERISTIC SYMBOL MIN. TYP. MAX. MIN. TYP. MAX. UNITS
Read/Write Setup Time from 6508 T TRWS - 100 300 o 100 150 ns
Address Setup Time from 6508 T Taos - 100 300 =T 0 + 150 ns
Memory Read Access Time T Tace — - 575 | - 1 = 300 ns
Data Stability Time Period T j Tosu w |- 1 - ] s ns
Data Hold Time-Read THR — — ns
Data Hold Time-Write THwW T o | 10 30 ns
Data Setup Time from 6510 T T™MDS - 10 | 200 - 75 100 ns
Address Hold Time A tea {10 30 = 10 % ns
RIW Hold Time Ttew | 10 | x| = ] w0 30 ns
Delay Time, Address valid to T T
@2 positive transition TAEW 180 - - ns
Delay Time, @2 negative transition ]
to Peripheral Data valid Tpow - - R ‘{ B L 05 | s
Peripheral Data Setup Time TPDSU 300 - - I I L
Address Enable Setup Time hAE,S o ' “’» 80 L 60 ns |
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SIGNAL DESCRIPTION

Clocks (2., @.)
The 6510 requires a two phase non-overlapping clock that runs at the Vcc voltage level.

Address Bus (A;-A,s)
The three state outputs are TTL compatible, capable of driving one standard TTL load and 130 pf.

Data Bus (D,-D;)

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

Reset

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

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

After Vcc reaches 4.75 volts in a power up routine, reset must be held low for at least two clock cycles. At this
time the R/W signal will become valid.

When the reset signal goes high following these two clock cycles, the microprocessor will proceed with the nor-
mal reset procedure detailed above.

Interrupt Request ({RQ)

This TTL level input requests that an interrupt sequence begin within the microprocessor. The microprocessor
will complete the current instruction being executed before recognizing the request. At that time, the interrupt mask
bit in the Status Code Register will be examined. If the interrupt mask flag is not set, the microprocessor will begin
an interrupt sequence. The Program Counter and Processor Status Register are stored in the stack. The
microprocessor will then set the interrupt mask flag high so that no further interrupts may occur. At the end of this
cycle, the program counter low will be loaded from address FFFE, and program counter high from location FFFF,
therefore transferring program control to the memory vector located at these addresses.

Address Enable Control (AEC)
The Address Bus is valid only when the Address Enable Control line is high. When low, the Address Bus is in a
high-impedance state. This feature allows easy DMA and multiprocessor systems.

110 Port (P,-P,)

Eight pins are used for the peripheral port, which can transfer data to or from peripheral devices. The Output
Register is located in RAM at Address 0001, and the Data Direction Register is at Address 0000. The outputs are
capable at driving one standard TTL load and 130 pf.

Read/Write (R/W)
This signal is generated by the microprocessor to control the direction of data transfers on the Data Bus. This line
is high except when the microprocessor is writing to memory or a peripheral device.
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6510

ADDRESSING MODES

ACCUMULATOR ADDRESSING—This form of
addressing is represented with a one byte
Instruction, implying an operation on the
accumulator.

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

ABSOLUTE ADDRESSING—In absolute ad-
dressing, the second byte of the Instruction
specifies the eight low order bits of the effective
address while the third byte specifies the eight
high order bits. Thus, the absolute addressing
mode allpws access to the entire 65K bytes of ad-
dressable memory.

ZERO PAGE ADDRESSING—The zero page in-
structions allow for shorter code and execution
times by only fetching the second byte of the in-
struction and assuming a zero high address byte.
Careful use of the zero page can result in signifi-
cant increase In code efficiency.

INDEXED ZERO PAGE ADDRESSING—(X, Y in-
dexing)—This form of addressing is used in con-
Junction with the index register and is referred to
as “Zero Page, X" or “Zero Page, Y." The effective
address is calculated by adding the second byte
to the contents of the index register. Since this is
a form of “Zero Page" addressing, the content of
the second byte references a location in page
zero. Additionally, due to the “Zero Page” ad-
dressing nature of this mode, no carry is added to
the high order 8 bits of memory and crossing of
page boundaries does not occur.

INDEXED ABSOLUTE ADDRESSING—(X, Y in-
dexing)—This form of addressing is used in con-
junction with X and Y index register and is re-
ferred to as “Absolute, X," and “Absolute, Y.” The
effective address is formed by adding the con-
tents of X and Y to the address contained in the
second and third bytes of the instruction. This
mode allows the index register to contain the in-
dex or count value and the instruction to contain
the base address. This type of indexing allows
any location referencing and the index to modity
multiple fields resulting in reduced coding and
execution time.

IMPLIED ADDRESSING—In the Implied ad-
dressing mode, the address containing the
operand is Implicitly stated in the operation code
of the instruction.

RELATIVE ADDRESSING—Relative addressing
is used only with branch instructions and estab-
lishes a destination for the conditional branch.

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

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

INDIRECT INDEXED ADDRESSING—In indirect
indexed addressing (referred to as {Indirect, Y]).
the second byte of the instruction points to a
memory location in page zero. The contents of
this memory location is added to the contents of
the Y index register, the result being the low order
eight bits of the effective address. The carry from
this addition is added to the contents of the next
page zero memory location, the result being the
high order eight bits of the effective address.

ABSOLUTE INDIRECT—The second byte of the
instruction contains the low order eight bits of a
memory location. The high order eight bits of that
memory location is contained in the third byte of
the instruction. The contents of the fully
specified memory location is the low order byte
of the effective address. The next memory loca-
tion contains the high order byte of the effective
address which is loaded into the sixteen bits of
the program counter.

INSTRUCTION SET—ALPHABETIC SEQUENCE

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

BCG  Branch on Carry Clear

BCS Branch on Carry Set

BEQ  Branch on Result Zero

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

BNE  Branch on Result not Zero

BPL Branch on Result Plus

BRK  Force Break

BVC  Branch on Overflow Clear

BVS  Branch on Overflow Set

CLC  Clear Carry Flag

CLD  Clear Decimal Mode

CLI Clear Interrupt Disable Bit

GLV  Clear Overflow Flag

CMP  Compare Memory and Accumulator
CPX Compare Memory and Index X

CPY Compare Memory and Index Y

DEC Decrement Memory by One

DEX  Decrement index X by One
DEY  Decrement Index Y by One

EOR “Exclusive-or'” Memory with Accumulator
INC Increment Memory by One
INX Increment Index X by One

INY Increment Index Y by One

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

LDA Load Accumulator with Memory

LDX Load Index X with Memory

LDY Load Index Y with Memory

LSR Shift One Bit Right (Memory or Accumulator)

NOP  No Operation
ORA  "OR" Memory with Accumulator

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

ROL  Rotate One Bit Left (Memory or Accumulator)
ROR Rotate One 8it Right (Memory or Accumulaton
RTI Return from Interrupt

RTS  Return from Subroutine

SBC Subtract Memory from Accumulator with Borrow
SEC Set Carry Flag

SED  Sel Decimal Mode

SEI Set Interrupt Disable Status

STA Store Accumulator in Memory

8TX Store Index X in Memory

STY Store index Y in Memory

TAX Transfer Accumulator to Index X
TAY Transfer Accumulator to Index Y
TSX Transfer Stack Pointer to Index X
TXA Transfer Index X to Accumulator
TXS Transfer Index X to Stack Register
TYA Transfer Index Y to Accumulator
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PROGRAMMING MODEL

7 0 7 0
A ACCUMULATOR A [N]V] Te[p[1]Z][C] PROCESSORSTATUS REG “P"
7 0
INDEXREGISTER ¥
NOEXREGISTER X caRRY 1= TAUE
m 15 7 0 L ZERO 1 = RESULT ZERO
2 [ PCH | eaL | PROGRAMCOUNTER “PC" L= RQDISABLE 1 = DISABLE
b= 87 0 L DECIMALMODE 1 = TRUE
» [ s ] sackronTer "8” ——————> BRK COMMAND
wn
O
e =
2 OVERFLOW 1 = TRUE
> NEGATIVE 1= NEG

INSTRUCTION SET — OP CODES, Execution Time, Memory Requirements
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FFFF ‘
ADDRESSABLE
EXTERNAL J
MEMORY
- < L~
T // T
0200
01FF 'STACK
01FF -«—————— POINTER
l STACK L INITIALIZED
Page 1
0100
FF
Page 0
OUTPUT REGISTER 0001 Used For
Internal
0000 DATA DIRECTION REGISTER 0000 110 Port
6510 MEMORY MAP

APPLICATIONS NOTES

Locating the Output Register at the internal I/O Port in Page Zero enhances the powerful Zero Page
Addressing instructions of the 6510.

By assigning the I/O Pins as inputs (using the Data Direction Register) the user has the ability to change the con-
tents of address 0001 (the Output Register) using peripheral devices. The ability to change these contents using
peripheral inputs, together with Zero Page Indirect Addressing instructions, allows novel and versatile programming
techniques not possible earlier.

COMMODORE SEMICONDUCTOR GROUP reserves the right to make changes to any products herein to
improve reliability, function or design. COMMODORE SEMICONDUCTOR GROUP does not assume any
liability arising ot of the application or use of any product or circuit described herein; neither does it convey
any license under its patent rights nor the rights of others.
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6520 PERIPHERAL ADAPTER
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DESCRIPTION

The 6520 Peripheral Adapter is designed to solve a broad range of peripheral control problems in
the implementation of microcomputer systems. This device allows a very effective trade-off between
software and hardware by providing significant capability and flexibility in a low cost chip. When
coupled with the power and speed of the 6500 family of microprocessors, the 6520 allows
implementation of very complex systems at a minimum overall cost.

Control of peripheral devices is handled primarily through two 8-bit bi-directional ports. Each of
these lines can be programmed to act as either an input or an output. In addition, four peripheral
control/interrupt input lines are provided. These lines can be used to interrupt the processor or for
“hand-shaking” data between the processor and a peripheral device.

FEATURES
= High performance replacement for Motorola/AM|
/MOSTEK/Hitachi peripheral adapter. 6520
= N channel, depletion load technology, single +5V supply.
= Completely Static and TTL compatible. Ves =T T CA1
= CMOS compatible peripheral control lines. P/S\0 P 39 CA2
= Fullyautomatic “hand-shake” allows very positive control PAl = 3 38 b= ROA
of data transfers between processorand PA2 = 4 37 b= i®as
peripheral devices. PA3 == 5 36 = RSO
PA4 =X 6 35 = RS1
PA5 = 7 34 > RES
. . PA6 = 8 33 = DO
Basic 6520 Interface Diagram PA7 == 9 32 == DI
PBO =10 31 = D2
PB1 11 30 = D3
PB2 =12 29 == D4
PB3 =13 28 F= D5
(> CONTROL PB4 =14 27 = D6
% 8 BIT 8 BIT PBS =15 26 = D7
% DATA BUS 6520 C>DATA PORT PERIPHERAL ’223 =16 5= ¢2
et MO
§§ DDATA PORT | DISPLAYS, E+C. CB2 —{19 22 — cSo
g CONTROL ) "> CONTROL vVee 20 21 RW
s
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SUMMARY OF 6520 OPERATION
See MOS TECHNOLOGY Microcomputer Hardware Manual for detailed description of 6520 operation.

CA1/CBI CONTROL
CRA (CRB) —
Active Transition IRQA (IRQB)
Bit1 | Bito | of Input Signal* Interrupt Outputs
0 0 negative Disable — remain high
0 1 negative Enable —goes lowwhen bit 7 in CRA (CRB)is setby
active transition of signal on CA1 (CB1)
0 positive Disable — remain high
1 positive Enable — as explained above

*Note: Bit 7 of CRA (CRB) will be set to a logic 1 by an active transition of the CA1 (CB1)
signal. This is independent of the state of Bit 0 in CRA (CRB).

CA2/CB2 INPUT MODES

CRA (CRB) PR —
Active Transition IRQA ({RQB)
Bit5 | Bit4 [ Bit3 | of Input Signal* Interrupt Output
0 0 0 negative Disable — remains high
0 0 1 negative Enable — goes low when bit6 in CRA (CRB) is setby
active transition of signal on CA2 (CB2)

0 1 0 positive Disable — remains high
0 1 1 positive Enable — as explained above

*Note: Bit 6 of CRA (CRB) will be set to a logic 1 by an active transition of the CA2 (CB2)
signal. This is independent of the state of Bit 3 in CRA (CRB).

CA2 OUTPUT MODES

CRA
BitS | Bit4 | Bit3 Mode Description
1 0 0 “Handshake”" CA2is sethighon an active transition of the CA1 interrupt

on Read input signal and set low by a microprocessor “Read A
Data” operation. This allows positive control of data
transfers from the peripheral device to the microprocessor.

1 0 1 Pulse Output CA2 goes low for one cycle after a “Read A Data™

operation. This pulse can be used to signal the peripheral

device that data was taken.

1 1 0 Manual Output CA2 set low

1 1 1 Manual Qutput CAZ2 set high

CB2 OUTPUT MODES

CRB
Bit5 | Bit4 | Bit3 Mode Description
1 0 0 “Handshake" CB2 is set low on microprocessor “Write B Data”
on Write operation and is set high by an active transition of the
CB1 interrupt input signal. This allows positive control of
data transfers from the microprocessor to the peripheral
device.

1 0 1 Pulse Output CB2 goes low for one cycle after a microprocessor “Write
B Data" operation. This can be used to signal the
peripheral device that data is available.

1 1 0 Manual Output CB2 set low

1 1 1 Manual Output CB2 set high
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MAXIMUM RATINGS COMMENT

Supply Voltage, Vcc -0.3 to +7.0V Stresses above those listed under “Absolute Maximum
Input Voltage, VN —03 to +7.0V Ratings” may cause permanent damage to the device. These
Operating Temperature Range, Ta 0to +70°C are stress ratings only. Functional operation of this device at
Storage Temperature Range, TSTG —55 to +150°C these or any other conditions above those indicated in the

operational sections of this specification is not implied and
This device contains circuitry to protect the inputs against exposure to absolute maximum rating conditions for extended
damage due to high static voltages, however, it is advised that periods may affect device reliability.
normal precautions be taken to avoid application of any
voltage higher than maximum rated voltages to this circuit.

STATIC D.C. CHARACTERISTICS (Vce = 5.0 V £ 5%, Vgg = 0, Ta = 25°C unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Input High Voltage (Normal Operating Levels) ViH +20 - vee Vdc
. Input Low Voltage (Normal Operating Levels) VIL -03 — +8 Vdc
m Input Threshold Voltage vIT 08 — 20 Vde
% Input Leakage Current IIN uAdc uAdc
T Vin = 010 5.0 Vdc _ — +10 +25
iy R/W, Reset, RSO,RS1,.CS0.CS1.CS2CA1 CB1 B2
I- Three-State (Off State Input Current) ITs1
19 (Vin = 0.4 to 2.4 Vdc, Ve = max) D0-D7,PBO-PB7.CB2 — +20 +10 MAdC
Input High Current IiH
(ViH = 24 Vdc) PAQ-PA7.CA2 -100 -250 — JAdC
Input Low Current liL
(Vi = 0.4 Vdc) PAO-PA7.CA2 - -10 -16 mAdc
Output High Voltage VOH
(Ve = min, 1 gad = —100 uAdc) 24 — - Vdc
Output Low Voltage VoL
(Ve = min, 1 oad = 1.6 mAdc) - — +04 vdc
Output High Current (Sourcing) IOH
(VoH = 2.4 Vdc) -100 -1000 — MAdC
VMO =15 Vdc, the current for driving other than —10 —25 - mAde
TTL, eg. Darlington Base) PBO-PB7.CB2
Output Low Current (Sinking) loL
(VoL = 0.4 Vdc) . — 16. — — mAdc
Output Leakage Current (Off State) IRQA, IRQB loff — 1.0 10 uAdc
Power Dissipation Pp — 200 500 mw
Input Capacitance Cin pF
Vin -0, Ta = 25°C, f = 1.0 MHz)
D0-D7,PAO-PA7 PBO-PB7,CA2CB2 — — 10
R/W,Reset,RS0,RS1.CS0,CS1.CS2, — e 70
CA1.CB1@2 - — 20
Output Capacitance Cout
Vin-0,Ta =25°C,f=1.0 MH2) — - 10 pF

NOTE: Negative sign indicates outward current flow, positive indicates inward flow.

FIGURE 1 — READ TIMING CHARACTERISTICS

TaEw—oo -
Enable ..1/.32 Yoav [/ ) / \
o e 24V
Address 04V
‘ 'PDSU4 214 N
Peripheral X:ov
Data o8V
—] 04V
— - 24V
Data Bus F¥M
Teaz[*— —= gj x
CA2 :
(Pulse Out) \ __" v 04V
CA1 zov 24y
o8v
Y Trsz 04V
CA2 . 24V
(Hand Shake) N\ > 0av
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FIGURE 2 — WRITE TIMING CHARACTERISTICS
e— TE
Enable / \;044 v /r_\__} \ /
TAEW"‘ jo— —=  e—'psu
20V 24V
Address 08 v
t_ 04V
_ﬂ:wf 24V
i o8v
Read/Write _T rTHW 04V
24V
Data Bus >4 ooy Tomos 04V
Toow ’,F_____.____._._____vcc_ 30%
) Y 24V
Peripheral Data 08V o]
04V i
—! ja—Tcs2 — TRot T
24V 3!
CB2 N 20V z
(Pulse Out) \ 04V I
Toc fe— ot — 2!
24V
CcB1 g.g?
. 04V
TRs2
cB2 Y 20v 2.0v 24V
(Hand Shake)
— 04V
A.C. CHARACTERISTICS
Figure 1 — Read Timing Characteristics (Loading 130 pF and one TTL load)
Characteristics Symbol Min Typ Max Unit
elay Time, Address valid to Enable positive transition TAEW 180 — — ns
Delay Time, Enable positive transition to Data valid on bus TEDR — — 395 ns
Peripheral Data Setup Time TPDSU 300 — — ns
Data Bus Hold Time THR 10 - — ns
Delay Time, Enable negative transition to CA2 negative transition TcA2 — — 10 us
Delay Time, Enable negative transition to CA2 positive transition TRS1 — — 10 us
Rise and Fall Time for CA1 and CA2 input signals tedf — - 10 us
Delay Time from CA1 active transition to CA2 positive transition TRS2 - — 20 us
Rise and Fall Time for Enable input tE fE - — 25 ns
Figure 2 — Write Timing Characteristics
Characteristics Symbol Min Typ Max Unit
Enable Pulse Width TE 0470 . 25 us
Delay Time, Address valid to Enable positive transition TAEW 180 - - ns
Delay Time, Data valid to Enable negative transition Tpsu 300 — — ns
Delay Time, Read/Write negative transition to Enable positive TWE 130 — — ns
transition
Data Bus Hold Time THW 10 - ns
Delay Time, Enable negative transition to Peripheral Data valid TPDW — 10 us
Delay Time, Enable negative transition to Peripherai Data valid, TcMOS - 20 us
CMOS (V(E:C - 30%) PAQ-PA7, CA2
Delay Time, Enable positive transition to CB2 negative transition TcB2 — — 10 us
Delay Time, Peripheral Data valid to CB2 negative transition TDC 0 — 15 us
Delay Time, Enable positive transition to CB2 positive transition TRS1 —_ — 10 us
Rise and Fall Time for CB1 and CB2 input signals tr. tf - — 1.0 us
Delay Time, CB1 active transition to CB2 positive transition TRS2 — - 20 us
COMMODQRE SEMICONDUCTOR GROUP reserves the right to make changes to any products herein to
improve reliability, function or design. COMMODORE SEMICONDUCTOR GROUP does not assume any
liability arising out of the application or use of any product or circuit described herein; neither does it convey
any license under its patent rights nor the rights of others.
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6522 VERSATILE INTERFACE ADAPTER

DESCRIPTION

The 6522 Versatile Interface Adapter (VIA) provides all of the capability of the 6520. In addition, this
device contains a pair of very powerful interval timers, a serial-to-parallel/parallel-to-serial shift
register and input data latching on the peripheral ports. Expanded handshaking capability allows
contro! of bi-directional data transfers between VIA's in multiple processor systems.

Control of peripheral devices is handled primarily through two 8-bit bi-directional ports. Each of
these lines can be programmed to act as either an inputor an output. Also, several peripheral 1/0 lines
can be controlled directly from the interval timers for generating programmable-frequency square
waves and for counting externally generated pulses. To facilitate control of the many powerfu!
features of this chip, the internal registers have been organized into an interrupt flag register, an

interrupt enable register and a pair of function control registers.

FEATURES

= Very powerful expansion of basic 6520 capability.

= N channel, depletion load technology, single +5V supply.

= Completely static and TTL compatible.

s CMOS compatible peripheral control lines.

= Expanded “handshake” capability allows very positive
control of data transfers between processor
and peripheral devices.

6522 Interface Diagram

8 Bit > _
Data Bus € > Control
RW  —> 8 Bit
To Clock ——34 [<—> Port L To
650X 6522 Peripheral
Register 8 Bit Devices
& Chip <— Pon
Selects >
— Control
-~ |IRQ - > -

Vss
PAO
PAT

PA2
PA3
PA4
PAS
PAG
PA7
PBO
PB1

PB2
PB3
PB4
PBS
PB6
PB7
CB1
cB2

vee

6522

nnannnnaonooanaqgnoan

N O WD -

40
39
38
37
36
35
34
33

CA1
CA2
RSO
RS1
RS2
RS3
RES
DO
D1
D2
D3
D4
D5
D6
D7
2
Cs1
¢s2
R/W
IRQ
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INTERRUPT - T
CONTROL
NPT
ATA FLAGS LATCH
[T O I sl -k
DATA s ——r—--—— - ouTPUT BUFFERS b FoAT
Bus BUFFERS ENABLE | (e __<:> (A} A
OER) DATA O,
(0DAA)
PORT A
REGISTERS
PERIPHERAL oA
iy iy o2
AW —— ] e | Fumcrion PORT &
CONTROL
oK — HANDSHAKE
CONTROL
o81 —=i TATCH
— cHIP | _muh ey | SHIFY REs, = o
R F’ COUNTER | COUNTER (5) o2
ps0 —m=] CONTROL medy | (mey >
TIMER |
a1 — PORT B REGISTERS
RS2 — INPUT LATCH
— COUNTER | COUNTER | TR BUFFERS
3 mecH | e | omy Q . K Pt
TINER 2 ONTA DIR.

(DDRB)

Figure 1. 6522 Block Diagram

PROCESSOR INTERFACE

This section contains a description of the buses and control
lines which are used to interface the 6522 to the system
processor. AC and DC parameters associated with this inter-
face are specified on pages 21 through 24 of this document.

1. Phase Two Clock (@2)

Data transfers between the 6522 and the system processor
take place only while the Phase Two Clock is high. In addition,
2 acts as the time base for the various timers, shift registers,
etc. on the chip.

2. Chip Select Lines (CS1, CS2)

The two chip select inputs are normally connected to
processor address lines either directly or through decoding.
The selected 6522 register will be accessed when CS1 is high
and CS2 is low.

3. Register Select Lines (RSO, RS1, RS2, RS3)

The four Register select lines are normally connected to the
processor address bus lines to allow the processorto select the
internal 6522 register which is to be accessed. The sixteen
possible combinations access the registers as follows:

4. Read/Write Line (R/W)

The direction of data transfers petween the 6522 and the
system processor is controlled by the R/W line. If R/W is low,
data will be transferred out of the processor into the selected
6522 register (write operation). If R/W is high and the chip is
selected,data will be transferred out of the 6522 (read operation).

5. Data Bus (DBO-DB7)

The 8 bi-directional data bus lines are used to transfer data
between the 6522 and the system processor. The internal
drivers will remain in the high-impedance state exceptwhenthe
chipis selected (CS1 = 1,C32 = 0), Read/Write is high and the
Phase Two Clock is high. At this time, the contents of the
selected register are placed on the data bus. When the chip is
selected, with Read/Write low and 82 = 1, the data on the data
bus will be transferred into the selected 6522 register.

6. Reset (RES)

The Reset input clears all internal registers to logic 0 (except
T1,T2 and SR). This places all peripheral interface lines in the
input state, disables the timers, shift register, etc. and disables
interrupting from the chip.

RS3 RS2 RS1 RSO Register Remarks RS3 RS2 RS1 RSO Regist R rh
L L L L ORB H L L L ToL-L Write Latch
L L L ORA Controls T2C-L Read Counter
Handshake H L L H T2C-H Triggers T2L-L/
L L H L DDRB T2C-L Transfer
L L H DDRA H L H L i
T A T T TILL Write Latch H L H H ACR
T1C-L Read Counter H H K K P%B
H H L H [
L H H L TIC-H Trigger T1L-L/ ~1T T " T TER
T1C-L Transf. " " oR =
H H A No Effect
L H H L TiLL on Handshake
L H H H Til-H
Note: L= 0.4V DC,H =24V DC.
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7. Interrupt Request {IRQ)

The Interrupt Request output goes low whenever an internal
interrupt flag is setand the corresponding interruptenable bitis
a logic 1. This output is “open-drain” to allow the interrupt
request signal to be “wire-or'ed” with other equivalent signals in
the system.

PERIPHERAL INTERFACE

This section contains a brief description of the buses and
control lines which are used to drive peripheral devices under
control of the internal 6522 registers.

1. Peripheral A Port (PAO-PA7)

The Peripheral A port consists of 8 lines which can be
individually programmed to act as an input or an output under
control of a Data Direction Register. The polarity of output pins
is controlled by an Output Register and input data can be
latched intoan internal register under control of the CA1 line. All
of these modes of operation are controlled by the system
processor through the internal control registers. These lines
represent one standard TTL load in the input mode and will
drive one standard TTL load in the output mode.

2. Peripheral A Control Lines (CA1, CA2)

The two peripheral A control lines act as interrupt inputs or as
handshake outputs. Each line controls an internal interrupt flag
with a corresponding interrupt enable bit. In addition, CA1
controls the latching of data on Peripheral A Port input lines.
The various modes of operation are controlled by the system
processor through the internal control registers. CA1 is a high-
impedance input only while CA2 represents one standard TTL
load in the input mode. CA2 will drive one standard TTL load in
the output mode.

3. Peripheral B Port (PBO-PB7)

The Peripheral B port consists of 8 bi-directional lines which
are controlled by an output registerand a data direction register
in much the same manner as the PA port. In addition, the
polarity of the PB7 outputsignal can be controlled by one of the
interval timers while the second timer can be programmed to
count pulses on the PB6 pin. These lines represent one
standard TTL load in the input mode and will drive one standard
TTL load in the output mode. In addition, they are capable of
sourcing 30 ma at 1.5 VDC in the output mode to allow the
outputs to directly drive Darlington transistor switches.

4. Peripheral B Control Lines (CB1, CB2)

The Peripheral B control lines act as interrupt inputs or as
handshake outputs. As with CA1 and CA2, each line controls
an interrupt flag with a corresponding interrupt enable bit. in
addition, these lines actas a serial port under control of the Shift

+5V

Input/Output
Control

PAQO-PA7,

™ ca2

1/0 Control H
Output Data :D"_"

Input Data  ~+—————rd

Qutput Data

Input Data  «——

Register. These lines represent one standard TTL load in the
input mode and will drive one standard TTL load in the output
mode. In addition, they are capable of sourcing 1.0 ma at1.5
VDC in the output mode to allow the outputs to directly drive
Darlington transistor switches.

6522 OPERATION

This section contains a discussion of the various blocks of
logic shown in Figure 1.1n addition, the internal operation ofthe
6522 is described in detail.

A. Data Bus Buffers (DB), Peripheral A Buffers (PA),
Peripheral B Buffers (PB)

The characteristics of the buffers which provide the required
voltage and current drive capability were discussed in the
previous section. AC and DC parameters for these buffers are
specified on pages 21 through 24 of this document.

B. Chip Access Control

The Chip Access Control contains the necessary logic to
detect the chip select condition and to decode the Register
Selectinputs to allow accessing the desired internal register.In
addition, the R/W and @2 signals are utilized to control the
direction and timing of data transfers. When writing into the
6522, data is first latched into a data input register during #12.
Data is then transferred into the desired internal register during
@2 - Chip Select. This allows the peripheral /0 line to change
without “glitching.” When the processor reads the 6522, data is
transferred from the desired internal register directly onto the
Data Bus during @2.

C. Port A Registers, Port B Registers

Three registers are used in accessing each of the 8-bit
peripheral ports. Each port has a Data Direction Register
(DDRA, DDRB) for specifying whether the peripheral pins are to
act as inputs or outputs. A 0 in a bit of the Data Direction
Register causes the corresponding peripheral pin to actas an
input. A 1 causes the pin to act as an output.

Each peripheral pin is also controlled by a bit in the Output
Register (ORA, ORB) and an Input Register (IRA, IRB). When
the pinis programmed to actas an output, the voltage on the pin
is controlled by the corresponding bit of the Output Register. A
1 in the Output Register causes the pin to go high, and a 0
causes the pin to go low. Data can be written into Output
Register bits corresponding to pins which are programmed to
act as inputs; however, the pin will be unaffected.

Reading a peripheral port causes the contents of the Input
Register (IRA, IRB) to be transferred onto the Data Bus. With
input latching disabled, IRA will always reflect the data on the

~ PBO-PB7,
CB1.CB2

Figure 2. Peripheral Output Buffers
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PA pins. With input latching enabled, IRA will reflect the
contents of the Port A prior to setting the CA1 Interrupt Flag
(IFR1) by an active transition on CA1.

The IRB register operates in a similar manner. However, for
output pins, the corresponding IRB bit will reflect the contents
of the Output Register bit instead of the actual pin. This allows
proper data to be read into the processor if the output pin is not
allowed to goto full voltage. With inputlatching enabled on Port
B, setting CB1 interrupt flag will cause IRB to latch this
combination of input data and ORB data until the interrupt flag
is cleared.

D. Handshake Control

The 6522 allows very positive control of data transfers
between the system processor and peripheral devices through
the operation of "handshake" lines. Port A lines (CA1, CA2)
handshake data on both a read and a write operation while the
Port B lines (CB1, CB2) handshake on a write operation only.

Read Handshake

Positive control of data transfers from peripheral devices into
the systern processor can be accomplished very effectively
using “Read” handshaking. In this case, the peripheral device
must generate “Data Ready” to signal the processor that valid
data is present on the peripheral port. This signal normally
interrupts the processor, which then reads the data, causing

Data Available

generation of a “Data Taken” signal. The peripheral device
responds by making new data available. This process con-
tinues until the data transfer is complete.

In the 6522, automatic “Read"” handshaking is possible on
the Peripheral A port only. The CA1 interrupt input pin accepts
the “Data Ready" signal and CA2 generates the “Data Taken”
signal. The Data Ready signal will setan internal flag which may
interrupt the processor or which can be polled under software
control. The Data Taken signal can be either a pulse or a DC
level which is set low by the system processorand is cleared by
the Data Ready signal. These options are shown in Figure 3
which illustrates the normal Read Handshaking sequence.

Write Handshake

The sequence of operations which allows handshaking data
from the system processor to a peripheral device is very similar
tothatdescribed in Section A for Read Handshaking. However,
for “Write” handshaking, the processor must generate the “Data
Ready” signal {through the 6522) and the peripheral device
must respond with the “Data Taken” signal. This can be accom-
plished on both the PA portand the PB porton the 6522.CA2 or
CB2acts as a Data Ready output in either the DC level or pulse
mode and CA1 or CB1 accepts the “Data Taken” signal from
the peripheral device, setting the interrupt flag and clearing the
“Data Ready” output. This sequence is shown in Figure 4.

Pase o coae —I LI LI LMLy ML ML ML, i

(A1) 1

W77

T

iRQ Output!

L

[ I

Read ORA
Operation?

[TL

Data Taken-

Handshake Mode
(CA2)

1

Data Taken-
Pulse Mode

(CA2) Notes:

L1

t
L
3
4
1
[

oY
4
I
td
C
C
)
z

1. Signals "data available" to the system processor.
2. RW=1,C52=0,CS1 = 1,RS3=0,RS2=0,RS1 =0,RS0 = 1.

Figure 3. Read Handshake Timing Sequence

PraseTwocook — LI L LI Ly ML ML rL il mirire

Write ORA
Operation!
Data Available-

Handshake Mode — | [

{CA2CB2)

Data Available-
Pulse Mode
(CA2CB2)
Data Taken
(CA1,CB1)

L

| 7/ /A1,

TRG Outputy

Notes;

1. AW =0,CS2 = 0,CS1 = 1,RS3 = 0,AS2 = 0,RS1 =0, RS0 =1.
2. Signals “data taken" to the system processor.

Figure 4. Write Handshake Timing Sequence
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Introduction

Interval Timer T1 consists of two 8-bit latches and a 16-bit
counter. The latches are used to store data which is to be
loaded into the counter. After loading, the counter decrements
at system clock rate, i.e,, under control of the clock applied to
the Phase Two input pin. Upon reaching zero, an interrupt flag
will be set, and IRQ will go low. The timer will then disable any
further interrupts, or will automatically transfer the contents of
the latches into the counter and will continue to decrement. In
addition, the timer can be instructed to invert the output signal
on a peripheral pin each time it “times-out” Each of these
modes is discussed separately below.

Writing the Timer 1 Registers
The operations which take place when writing to each of the
four T1 addresses are as follows:

Transfer low order latch into low order

RS3 | RS2 | RS1 | RSO | Operation (R/W = L)
L H L L Write into low order fatch.

L H L H Write into high order latch.

Write into high order counter.

Transfer low order latch into low order counter.
Reset T1 interrupt flag.

Write low order latch.
Write high order latch.

Reset T1 interrupt flag.
Note that the processor does not write directly into the low

order counter (T1C-L). Instead, this half of the counter is loaded
automatically from the low order latch when the processor
writes into the high order counter. In fact, it may not be
necessary to write to the low order counter in some applications
since the timing operation is triggered by writing to the high
order counter.

The second set of addresses allows the processor to write
into the latch register without affecting the count-down in
progress. This is discussed in detail below.

H H L
L H H H

Reading the Timer 1 Registers
For reading the Timer 1 registers, the four addresses relate
directly to the four registers as follows:

RS3 RS2 RS1 RSO Operation (R/W = H)
L H L L Read T1 low order counter.
Reset T1 interrupt flag.
L H L H Read T1 high order counter.
L H H L Read T1 low order latch.
L H H H Read T1 high order latch.

MPS
Timer 1 Operating Modes

Two bits are provided in the Auxiliary Control Register to
allow selection of the T1 operating modes. These bits and the
four possible modes are as follows:

ACR7 ACR6
Output }“Free-Run”
Ensble | Enable | Mode

0 0 Generate a single time-out interrupt each time T1 is
loaded. PB7 disabled.

0 1 Generate continuous interrupts. PB7 disabled.

1 0 Generate a single interruptand an outputpulse on PB7

for each T1 load operation

Generate continuous interrupts and a square wave
output on PB7.

1 1

Timer 1 One-Shot Mode

The interval timer one-shot mode allows generation of a
single interrupt for each timer load operation. As with any
interval timer, the delay between the “write T1C-H" operation
and generation of the processor interrupt is a direct function of
the data loaded into the timing counter. In addition to gener-
ating asingle interrupt, Timer 1 can be programmed to produce
a single negative pulse on the PB7 peripheral pin. With the
output enabled (ACR&=1) a “write T1C-H" operation will cause
PB7 to go low. PB7 will return high when Timer 1 times out. The
result is a single programmable width pulse.

NOTE

PB7 wili act as an output if DDRB7 = 1 or if ACR7 = 1. However, if
both DDRB7 and ACR?7 are logic 1, PB7 will be controlled from Timer 1
and ORB7 will have no effect on the pin.

In the one-shot mode, writing into the high order latch has no
effect on the operation of Timer 1. However, it will be necessary
to assure that the low order latch contains the proper data
before initiating the count-down with a "write T1C-H" operation.
When the processor writes into the high order counter, the T1
interrupt flag will be cleared, the contents of the low order latch
will be transferred into the low order counter, and the timer will
begin to decrement at system clock rate. If the PB7 output is
enabied, this signal will go low on the phase two following the
write operation. When the counter reaches zero; the T1 interrupt
flag will be set, the IRQ pin will go low (interrupt enabled), and
the signal on PB7 will go high. At this time the counter will
continue to decrement at system clock rate. This allows the
system processor to read the contents of the counter to
determine the time since interrupt. However, the T1 interrupt
flag cannot be set again unless it has been cleared as
described on page 13 of this specification.

Timing for the 6522 interval timer one-shot modes is shown
in Figure 5.

Phase Two Clock ] L l__! L_J l,,_j L_l Ll L_] L_] l_..l l._

Write TIC-Hq I L )
Operation 1f
1RQ Output it —
PB7 Output ____L ] |
NIN-1|N-2|N-3| ‘0|FFI|F5|FD|FCI
N+ 15 Cycles —.l
Notes:

1. AW =L, CS2 =L, C81 = H,RS3 = L RS2 = H,RS1 = RSO = H.
Figure 5. Interval Timer “One-shot” Mode Timing Sequence.
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Timer 1 Free-Running Mode

The mostimportant advantage associated with the latches in
T1 is the ability to produce a continuous series of evenly
spaced interrupts and the abillity to produce a square wave on
PB7 whose frequency is not affected by variations in the
processor interrupt response time. This is accomplished in the
“free-running” mode.

In the free-running mode (ACR6 = 1), the interrupt flag is set
and the signal on PB7 is inverted each time the counter
reaches zero. However, instead of continuing to decrement
from zero after a time-out, the timer automatically transfers the
contents of the latch into the counter (16 bits) and continues to
decrement from there. The interrupt flag can be cleared by
writing T1C-H, by reading T1C-L, or by writing directly into the
flag as described below. However, it is not necessary to rewrite
the timer to enable setting the interrupt flag on the next time-out.

All interval timers in the 6500 family devices are “re-
triggerable.” Rewriting the counter will always re-initialize the
time-out period. In fact, the time-out can be prevented com-
pletely if the processor continues to rewrite the timer before it
reaches zero. Timer 1 will operate in this manner if the
processor writes into the high order counter (T1C-H). However,
by loading the latches only, the processor can access the timer
during each down-counting operation without affecting the
time-out in process. Instead, the data loaded into the latches
will determine the length of the next time-out period. This
capability is particylarly valuable in the free-running mode with
the output enabled. In this mode, the signal on PB7 is inverted
andthe interrupt flag is set with each time-out. By responding to
the interrupts with new data for the latches, the processor can
determine the period of the next half cycle during each half
cycle of the output signal on PB7. In this manner, very complex
waveforms can be generated. Timing for the free-running mode
is shown in Figure 6.

TIMER 2
Timer 2 operates as an interval timer (in the “one-shot” mode
only), or as a counter for counting negative pulses on the PB6

peripheral pin. A single control bit is provided in the Auxiliary
Control Register to select between these two modes. This timer
is comprised of a “write-only” low-order fatch (T2L-L), a “read-
only” low-order counter and a read/write high-order counter.
The counter registers actas a 16-bit counter which decrements
at g2 rate.

Timer 2 addressing can be summarized as follows:

RS3 | RS2 | RS1 | RSO| R’'W =0 R/W =1
H L L L | Write T2L-L Read T2C-L
Clear Interrupt flag
H L L H | Write T2C-H Read T2C-H

Transfer T2L-L to T2C-L
Clear Interrupt flag

Timer 2 Interval Timer Mode

As an interval timer, T2 operates in the “one-shot” mode
similarto Timer 1. In this mode, T2 provides a single interrupt for
each “write T2C-H" operation. After timing out, the counter will
continue to decrement. However, setting of the interrupt flag will
be disabled after initial time-out so that it will not be set by the
counter continuing to decrement through zero. The processor
must rewrite T2C-H to enable setting of the interrupt flag. The
interrupt flag is cleared by reading T2C-L or by writing T2C-H.
Timing for this operation is shown in Figure 5.

Timer 2 Pulse Counting Mode

In the pulse counting mode, T2 serves primarily to count a
predetermined number of negative-going pulses on PB6. This
is accomplished by first loading a number into T2. Writing into
T2C-H clears the interrupt flag and allows the counter to
decrement each time a pulse is applied to PB6. The interrupt
flag will be set when T2 reaches zero. At this time the counter will
continue to decrement with each pulse on PB6. However, it is
necessary to rewrite T2C-H to allow the interrupt flag to set on
subquent down-counting operations. Timing for this mode is
shown in Figure 7. The pulse must be low on the leading edge
@2.

semciock —| LS LT Ly, LT LT LI LT L, LI LrifL

Write T1C-H ]
Operation {f—
TRQ Output —} n! /—————\—_—_(
PB7 Output — 0 I {f—
|-—— N+1.5 Cycles ——+——— N+2 Cycles ——-I
Figure 8. Timer 1 “Free-Running” Mode
Write T2C-H [——]
Operation
P86 Input U L] f—
I.ﬁomput
| I
N |~ | N2 2 | 1 | o

Figure 7. Timer 2 Pulse Counting Mode
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SHIFT REGISTER

The Shift Register (SR) performs serial data transfers into and
out of the CB2 pin under control of an internal modulo-8
counter. Shift pulses can be applied to the CB1 pin from an
external source or, with the proper mode selection, shift pulses
generated intemally will appear on the CB1 pin for controlling
shifting in external devices.

The control bits which allow control of the various shift
register operating modes are located in the Auxitiary Control
Register. These bits can be set and cleared by the system
processor to select one of the operating modes discussed in
the following paragraphs.

Shift Register Input Modes

Bit 4 of the Auxiliary Control Register selects the input or
output modes. There are three input modes and four output
modes, differing primarily in the source of the pulses which
control the shifting operation. With ACR4 = 0 the input modes
are selected by ACR3 and ACR2 as follows:

ACR4 ACR3 ACR2 Mode
0 0 0 Shift Register Disabled
0 0 1 Shift in under control of Timer 2
0 1 0 Shift in at System Clock Rate.
0 1 1 Shift in under control of external
input pulses

Mode 000 — Shift Register Disabled

The 000 mode is used to disable the Shift Register. In this
mode the microprocessor can write or read the SR, but the
shifting operation is disabled and operation of CB1 and CB2 is
controlled by the appropriate bits in the Peripheral Contrdl
Register (PCR). In this mode the SR Interrupt Flag is disabled
(held to a logic 0).

System Clock

Mode 001 — Shift in under Control of Timer 2

In this mode the shifting rate is controlled by the low order 8
bits of T2. Shift pulses are generated on the CB1 pin to control
shifting in external devices. The time between transitions of this
output clock is a function of the system clock period and the
contents of the low order T2 latch.

The shifting operation is triggered by writing or reading the
shift register. Data is shifted first into the low order bit of SR and
is then shifted into the next higher order bit of the shaft register
on the trailing edge of each clock pulse. As shown in Figure 8,
the input data should change before the leading edge of the
clock pulse. This data is loaded into the shift register during the
system clock cycle following the trailing edge of the clock
pulse. After 8 clock pulses, the shift register interrupt flag will be
set and IRQ will go low.

Mode 010 — Shift In at System Clock Rate

In this mode the shift rate is a direct function of the system
clock frequency. CB1 becomes an output which generates
shift pulses for controlling external devices. Timer 2 operates as
an independent interval timer and has no effect on SR. The
shifting operation is triggered by reading or writing the Shift
Register. Data is shifted firstinto bit 0 and is then shifted into the
next higher order bit of the shift register on the trailing edge of
each clock pulse. After 8 clock pulses, the shift register interrupt
flag will be set, and the output clock pulses on CB1 will stop.

Mode 011 — Shift in under Control of External Clock

In this mode CB1 becomes an input. This allows an external
device to load the shift register at its own pace. The shiftregister
counter will interrupt the processor each time 8 bits have been
shifted in. However, the shift register counter does not stop the
shifting operation; it acts simply as a pulse counter. Reading or

sem oo LML UM U L LU UL L L,

Write or Read- __r‘_’]

Shift Reg.

SO ///// /I I L LT SR S A
Bl — LT —1
iRQ 1

Figure 8. Shifting in Under Control of T2

Sysfem Clock
@2 mm 758 U U [

Write SR

Operation

Output Clock
(C81)

Input Data
(CB2)

J—

FARVALINURNRAARARRVIRRALNAARAGS ANLINNG A NWAAV @I AN\

1 r—

RQ

L

Figure 9. Timing Sequence for Shifting in at System Clock Rate
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writing the Shift Register resets the Interrupt flag and initializes
the SR counter to count another 8 pulses.

Note that data is shifted during the first system clock cycle
following the leading edge of the CB1 shift pulse. For this
reason, data must be held stable during the first full cycle
following CB1 going high. Timing for this operation is illustrated
in Figure 10.

Shift Register Output Modes

The four Shift Register Output Modes are selected by setting
the Input/Output Control Bit (ACR4) to a logic 1 and then
selecting the specific output mode with ACR3 and ACR2. In
each of these modes the Shift Register shifts data out of bit 7 to
the CB2 pin. At the same time the contents of bit 7 are shifted
back into bit 0. As in the input modes, CB1 is used either as an
output to provide shifting pulses out or as an input to allow
shifting from an external pulse. The four modes are as follows:

ACR4 ACR3 ACR2 Mode

1 0 0 Shift out — Free-running mode.
Shift rate controlled by T2.

1 0 1 Shiftout— Shiftrate controlled by T2.
Shift pulses generated on CB1.

1 1 0 Shift out at system clock rate.

1 1 1 Shift out under control of an external
pulse.

Mode 100 Free-Running Output

This mode is very similar to mode 101 in which the shifting
rate is setby T2. However, in mode 100 the SR Counter does not
stop the shifting operation. Since the Shift Register bit 7 (SR7) is
recirculated back into bit 0, the 8 bits loaded into the shift
register will be clocked onto CB2 repetitively. In this mode the
shift register counter is disabled.

Mode 101 — Shift out under Control of T2

In this mode the shift rate is controlled by T2 (as in the
previous mode). However, with each read or write of the shift
register the SR Counter is reset and 8 bits are shifted onto CB2.
At the same time, 8 shift pulses are generated on CB1 to control
shifting in external devices. After the 8 shift pulses, the shifting is
disabled, the SR Interrupt flag is set and CB2 goes to a state
determined by the CB2 Contro! bit (PC5) in the Peripheral
Control Register.

If the shift register is reloaded before the last time-out, the
shifting will continue. This sequence is illustrated in Figure 11.

Mode 110 — Shifting out at System Clock Rate

In this mode the shift register operation is similar to that
shown in Figure 11. However, the shifting rate is a function of the
system clock on the chip enable pin (02) and is independent of
T2. Timer 2 resumes its normal function as an independent
interval timer. Figure 12 illustrates the timing sequence for
mode 110.

Mode 111 — Shift out under Control of an External Pulse

In this mode, shifting is controlled by pulses applied to the
CB1 pin by an external device. The SR counter sets the SR
Interrupt flag each time itcounts 8 pulses butitdoes notdisable
the shifting function. Each time the microprocessor writes or
reads the shift register, the SR Interrupt flag is reset and the SR
Counterisinitialized to begin counting the next 8 shift puises on
pin CB1. After 8 shift pulses, the interrupt flag is set. The micro-
processor can then load the shift register with the next byte of
data.

72 s WO s I e T e e Y Y N N s Y s T Y O

e e U e S
—_
CB2 X
TR )
NOTE: Data is shifted at point A
Figure 10. Timing sequence for shifting in under control of external clock
Ao AL R U U U P U P I U P A O I
Clock K
WRITE SR | |
Operation
QOutput Data 1 X ( 1
(CB2) j D X
Output Clock l l——{ !—_—\______J—
(CBY)
iRQ

Notes:

1. Data out determined by CB2 control in PCR.

Figure 11. Shifting out under Control of T2.
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INTERRUPT CONTROL

Controlling interrupts within the 6522 involves three prin-
cipal operations. These are flagging the interrupts, enabling
interrupts and signalling to the processor that an active
interrupt exists within the chip. Interrupt flags are set by
interrupting conditions which exist within the chip or on inputs
to the chip. These flags normally remain set until the interrupt
has been serviced. To determine the source of an interrupt, the
microprocessor mustexamine these flags in order from highest
to lowest priority. This is accomplished by reading the flag
register into the processor accumulator, shifting this register
either right or left and then using conditional branch instruc-
tions to detect an active interrupt.

Associated with each interrupt flag is an interrupt enable bit.
This bit can be set or cleared by the processor to enable
interrupting the processor from the corresponding interrupt
flag. If an interrupt flag is set to a logic 1 by an interrupting
condition, and the corresponding interrupt enable bitis setto a
1, the Interrupt Request Output (IRQ) will go low. IRQ is an
“open-collector” output which can be “wire ored” with other
devices in the system to interrupt the processor.

In the 6522, all the interrupt flags are contained in one
register. In addition, bit 7 of this register will be read as a logic 1
when an interrupt exists within the chip. This allows very
convenient polling of several devices within a system to locate
the source of an interrupt.

7 ] 5 4 3 2 1 o
Interrupt IRQ T T2 CB1 | CB2 SR CA1 | CA2
Flag
Register

Interrupt Set/ T T2 | CB1 [ CB2 | SR | CA1 | CA2
Enable clear
Register control

Interrupt Flag Register

The IFR is a read/bit-clear register. When the proper chip
select and register signals are applied to the chip, the contents
of this register are placed on the data bus. Bit 7 indicates the
status of the IRQ output. This bit corresponds to the logic
function: IRQ = IFR6 X IER6 + IFR5 X IER5 + IFR4 X IER4 +
IFR3 X IER3 + IFR2 X IER2 + IFR1 X IER1 + IFRO X IERQ.
Note: X = logic AND, + = Logic OR.

Bits sixthrough zero are latches which are setand cleared as
follows:

Bit# | Setby Cleared by
0 Active transition of the Reading or writing the A Port Output
signal on the CA2 pin. Register (ORA) using address 0001.
1 Active transition of the Reading or writing the A Port Output

Register (ORA} using address 0001.
Reading or writing the Shift Register.

signal on the CA1 pin.
2 Completion of eight shifts

3 Active transition of the Reading or writing the B Port Output
signal on the CB2 pin. Register.

4 Active transition of the Reading or writing the B Port Qutput
signal on the CB1 pin. Register.

5 Time-out of Timer 2. Reading T2 low order counter.

Writing T2 high order counter.

Reading T1 lower order counter.
Writing T1 high order latch.

6 Time-out of Timer 1.

The IFR bit 7 is not a flag. Therefore, this bit is not directly
cleared by writing a logic 1 into it. It can only be cleared by
clearing all the flags in the register or by disabiling all the active
interrupts as discussed in the next section.

Interrupt Enable Register (IER)

For each interrupt flag in IFR, there is a corresponding bitin
the Interrupt Enable Register. The system processor can set or
clear selected bits in this register to facilitate controlling
individual interrupts without affecting others. This is accom-
plished by writing to address 1110 ({ER address). If bit 7 of the
data placed on the system data bus during this write operation
isa 0,each 1 in bits 6 through 0 clears the corresponding bitin
the interrupt Enable Register. For each zero in bits 6 through 0,
the corresponding bit is unaffected.

Setting selected bits in the Interrupt Enable Register is
accomplished by writing to the same address with bit 7 in the
dataword setto alogic 1.n this case,each 1 in bits 6 through 0
will set the corresponding bit. For each zero, the corresponding
bit will be unaffected. This individual control of the setting and
clearing operations allows very convenient control of interrupts
during system operation.

In addition to setting and clearing IER bits, the processor
can read the contents of this register by placing the proper
address on the register select and chip select inputs with the
R/W line high. Bit 7 will be read as a logic 0.

PhaseTon l ||||]l|l_l|_]|_]|_] UUI—IUU[—IL

Clock

Write SR l 1

Operation
Clock Out

Goekow ——— | 1L L

Data Out

(B2 X X X

XX X

[

|

Figure 12. Shifting out under Control of System Clock

witeSR [T

Operation

Input CLK

(cB1) I—f

=
=

Qutput Data
(©82) X

W
LJ

RG

Figure 13. Shifting out under Control of External Clock
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FUNCTION CONTROL

Control of the various functions and operating modes within
the 6522 is accomplished primarily through two registers, the
Peripheral Control Register (PCR), and the Auxitiary Control
Register (ACR). The PCR is used primarily to select the
operating mode for the four peripheral control pins. The
Auxiliary Control Register selects the operating mode for the
interval timers (T1, T2), and the serial port (SR).

Peripheral Control Register
The Peripheral Control Register is organized as follows:

gi#— |7 | 6| 5] 4 [a] 2] 1] o
Function— CB2 Control CB1 CA2 Control CA1
Control Control

Each of these functions is discussed in detail below.

1. CA1 Control

Bit O of the Peripheral Control Register selects the active
transition of the input signal applied to the CA1 interrupt input
pin. If this bit is a logic 0, the CA1 interrupt flag will be set by a
negative transition (high to low) of the signal on the CA1 pin. If
PCRQ is a logic 1, the CA1 interrupt flag will be set by a positive
transition (low to high) of this signal.

2. CA2 Control

The CA2 pin can be programmed to act asn an interrupt
input or as a peripheral control output. As an input, CA2
operates in two modes, differing primarily in the methods
available for resetting the interrupt flag. Each of these two input
modes can operate with either a positive or a negative active
transition as described above for CA1.

In the output mode, the CA2 pin combines the operations
performed on the CA2 and CB2 pins of the 6520. This added
flexibility allows processor to perform a normal “write” hand-
shaking in a system which uses CB1 and CB2 for the serial
operations described above. The CA2 operating modes are
selected as follows:

PCR3 | PCR2 | PCR1 Mode

0 0 o] Input mode — Set CA2 interrupt flag (IFRO) on a
negatlive transition of the input signal. Clear IFRO
on a read or write of the Peripheral A Output

Register.

Independentinterruptinputmode —SetIFRO on
a negative transition of the CA2 input signal.
Reading or writing ORA does not clear the CA2
interrupt fiag.

Input mode — Set CA2 interrupt flag on a positive
transition of the CA2 input signal. Clear IFRO with
aread orwrite of the Peripheral A Output Register.

Independentinterruptinput mode —Set IFRO on
a positive transition of the CA2 input signal.
Reading or writing ORA does not clear the CA2
interrupt flag.

Handshake output mode — Set CA2 output low
on a read or write of the Peripheral A Output
Register. Reset CA2 high with an active transition
on CA1.

Pulse Output mode — CA2 goes lowforonecycle
following a read or write of the Peripheral A
Output Register.

Manual output mode — The CA2 output is held
low in this mode.

Manual output mode — The CA2 output is held
high in this mode.

In the independent input mode, writing or reading the ORA
register has no effecton the CA2 interruptflag. This flag mustbe
cleared by writing a logic 1 into the appropriate IFR bit. This
mode allows the processor to handle interrupts which are
independent of any operations taking ptace on the peripheral
1/0 ports.

The handshake and pulse output modes have been de-
scribed previously. Note that the timing of the output signal
varies slightly depending on whether the operation is initiated
by a read or a write.

3. CB1 Control

Control of the active transition of the CB1 input signal
operates in exactly the same manner as that described above
for CA1.1f PCR4 is a logic O the CB1 interrupt flag (IFR4) will be
set by a negative transition of the CB1 input signal and cleared
by a read or write of the ORB register. 1f PCR4 is a logic 1, IFR4
will be set by a positive transition of CB1.

If the Shift Register function has been enabled, CB1 will act
as an input or output for the shift register clock signals. In this
mode the CB1 interrupt flag will still respond to the selected
transition of the signal on the CB1 pin.

4, CB2 Control

With the serial port disabled, operation of the CB2 pin is a
function of the three high order bits of the PCR. The CB2 modes
are very similar to those described previously for CA2. These
modes are selected as follows:

PCR7 | PCR8 | PCR5
0 0 0

Mode

Interrupt input mode — Set CB2 interrupt flag
(IFR3) on a negative transition of the CB2 input
signal. Clear IFR3 on a read or write of the
Peripheral B Output Register.

Independent interrupt input mode — Set IFR3 on
a negative transition of the CB2 input signal.
Reading or writing ORB does not cear the
interrupt flag.

Input mode — Set CB2 interrupt flag on a positive
transition of the CB2 input signal. Clear the CB2
interrupt flag on a read or write of ORB.

Independent input mode — Set I[FR3 on a posi-
tive transition of the CB2 input signal. Reading or
writing ORB does notclearthe CB2 interruptflag.
Handshake output mode — Set CB2 low on a

write ORB operation, Reset CB2 high with an
active transition of the CB1 input signal.

Pulse output mode — Set CB2 low for one cycle
following a write ORB operation.

Manual output mode — The CB2 output is held
low in this mode.

Manual output mode — The CB2 output is held
high in this mode.

Auxiliary Control Register

Many of the functions in the Auxiliary Control Register have
been discussed previously. However,a summary of this register
is presented here as a convenient reference for the 6522 user.
The Auxiliary Control Register is organized as follows:

Bit # — 1 6 5 4i3 | 2 1 0

Function— T2 PB PA
T1 Control | Control | Shift Register Control | Latch | Latch
Enable |Enable
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1. PA Latch Enable

The 65622 provides input latching on both the PA and PB
ports. In this mode, the data present on the peripheral A input
pins will be latched within the chip when the CA1 interrupt flag
is set. Reading the PA port will result in these latches being
transferred into the processor. As long as the CA1 interrupt flag
is set, the data on the peripheral pins can change without
affecting the data in the latches. This input latching can be used
with any of the CA2 input or output modes.

It is important to note that on the PA port, the pro¢essor
always reads the data on the peripheral pins (as reflected in the
latches). For output pins, the processor still reads the latches.
This may or may not reflectthe data currently in the ORA. Proper
system operation requires careful planning on the part of the
system designer if input latching is combined with output pins
on the peripheral ports.

Input latching is enabled by setting bit 0 in the Auxiliary
Control Registertoa logic 1.As long as this bitis a 0, the latches
will directly reflect the data on the pins.

2. PB Latch Enable

Input latching on the PB port is controlled in the same
manner as that described for the PA port. However, with the
peripheral B port the input latch will store either the voltage on
the pin or the contents of the Output Register (ORB) depending
on whether the pin is programmed to act as an input or an
output.As with the PA pont, the processor aiways reads the input
latches.

3. Shift Register Control
The Shift Register operating mode is selected as follows:

ACR4 | ACR3 | ACR2 Mode
0 0 0 Shift Register Disabled.
0 0 1 Shift in under control of Timer 2.
0 1 0 Shift in under control of system clock.
0 1 1 Shift in under control of external clock pulses.
1 0 0 Free-running output atrate determined by Timer 2.
1 0 1 Shift out under contro! of Timer 2.
1 1 0 Shift out under control of the system clock.
1 1 1 Shift out under control of external clock pulses.
4. T2 Control

Timer 2 operates in two modes. If ACR5 = 0, T2 acts as an
interval timer in the one-shot mode. If ACR5 = 1, Timer 2 acts to
count a predetermined number of pulses on pin PB6.

5. T1 Control

Timer 1 operates in the one-shot or free-running mode with
the PB7 output control enabled or disabled. These modes are
selected as follows:

ACR7 ACR8 Mode
0 0 One-shot mode — Output to PB7 disabled.
0 1 Free-running mode —Outputto PB7 disabled.
1 0 One-shot mode — Output to PB7 enabled.
1 1 Free-running mode. Output to PB7 enabled.

APPLICATION OF THE 6522

The 6522 represents a significant advance in general-
purpose microprocessor /0. Unfortunately, its many powerful
features, coupled with a set of very flexible operating modes,
cause this device to appear to be very complex at first glance.
wever, a detailed analysis will show that the:VIA is organized to
allow convenient control of these powerful features. This
section seeks to assist the system designer in his under-
standing of the 6522 by illustrating how the device can be used
in microprocessor-based systems.

A. Control of 6522 Interrupts

Organization of the 6522 interrupt flags into a single register
greatly facilitates the servicing of interrupts from this device.
Since there is only one IRQ output for the seven possible
sources of interrupt within the chip, the processor must exam-
ine these flags to determine the cause of an interrupt. This is
best accomplished by first transferring the contents of the flag
register into the accumulator. At this time it may be necessary to
mask off those flags which have been disabled in the Interrupt
Enable Register. This is particularly important for the edge
detecting inputs where the flags may be set whether or not the
interrupting function has been enabled. Masking off those flags
can be accomplished by performing an AND operation be-
tween the |IER and the accumulator or by performing an “AND
IMMEDIATE.” The second byte of this AND # instruction
should specify those flags which correspond to interrupt
functions which are to be serviced.

If the N flag is set after these operations, an active interrupt
exists within the chips. This interrupt can be detected with a
series of shift and branch instructions.

Clearing interrupt flags is accomplished very conveniently
by writing a logic 1 directly into the appropriate bit of the
Interrupt Flag Register. This can be combined with an interrupt
enable or disable operation as follows:

LDA #@10010000 initialize accumulator

STA IFR clear interrupt flag

STA IER set interrupt enable flag
or.

LDA #@00001000 initialize accumulator

STA IFR clear interrupt flag

STA IFR disable interrupt

Another very useful technique for clearing interrupt flags is to
simply transfer the contents of the flag register back into this
register as follows:

LDA IFR

STA IFR

transfer IFR to accumulator
clear flags corresponding to active
interrupts

After completion of this operation the accumulator will still
contain the interrupt flag information. Most important, writing
into the flag register clears only those flags which are already
set. This eliminates the possibility of inadvertently clearing a
flag while it is being set.

B. Use of Timer 1

Timer 1 represents one of the most powerful features of the
6522. The ability to generate very evenly spaced interrupts and
the ability to control the voltage on PB7 makes this timer
particularly valuable in various timing,data detection and wave-
form generation applications.

Time-of-Day Clock Applications

An important feature of many systems is the time-of-day
clock. In microprocessor-based systems the time of day is
usually maintained in memory and is updated in an interrupt
service routine. A regular processor interrupt will then assure
that this time of day will always be available when itis needed in
the main program.
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Generating very regular interrupts using previously available
timers presented difficulties because of the need to re-load the
timer for each interrupt. Unfortunately, the time between the
interrupts will fluctuate due to variations in the interrupt response
time. This program is eliminated in the Timer 1 “free-running”
mode. The accuracy of these “free-running” interrupts is only a
function of the system clock and is not affected by interrupt
response time.

Asynchronous Data Detection

The extraction of clock and data information from serial
asynchronous ASCII signals or from any single channel data
recording device relies on the ability to establish accurate
strobes. As discussed previously, the period of these strobes
can be seriously affected by the interrupt response time using
conventional timers. However, T1 again allows generation of
very accurate interrupts. The processor responds to these
interrupts by strobing the input data. The ability to reload the T1
latches without affecting the count-down in progress is very
useful in this application. This allows the strobe time to be
doubled or halved during data detection. See Figure 14 for
sequence of operations.

Waveform Generation with Timer 1
In addition to generating processor interrupts, Timer 1 can
be used to control the output voltage on peripheral pin PB7

(output mode). In this mode a single negative pulse can be
generated on PB7 (one-shot made), or in the free-running
mode, a continuous waveform can be generated. In this latter
mode the voltage on PB7 will be inverted each time T1 times
out.

A single solenoid can be triggered very conveniently in the
one-shot mode if the PB7 signal is used to control the solenoid
directly. With this configuration the solenoid can be triggered
by simply writing to T{C-H.

Generating very complex waveforms can be a simple prob-
lemif T1 is used to control PB7 in the free-running mode. During
any count-down process the latches can be loaded to deter-
mine the length of the next count-down period. Figure 15 shows
this timing sequence for generating ASClI serial data.

An application where this mode of operation is also very
powerful is in the generation of bi-phase encoded data for tape
or disk storage. This encoding technique and the sequence of
operations which would take place are illustrated in Figure 16.

These applications represent only a tiny portion of the
potential T1 applications. Some other possibilities are pulse
width modulation waveforms, sound generation for video
games, A/D techniques requiring very accurate pulse widths,
and waveform synthesis in electronic games.

1. Load T1 counter and fatch.

4. Shift T1 latch right during this

| Start Bit | Data Bit | Data Bit |
Serial
e — 1 /
TRQ
L U L L
T o—mfe———— T ——fe——— o1 >t T >
Load T into T1 counter and 2T into
T1 latch at beginning of stant bit.
Figure 14. Detecting Asynchronous Data Using Timer 1
|  statBit | DaaBt | | | | |
Output
Data (PB7)
i LI L]
[ L J oL 41
T T T
1 2 3 4
1. Load T into T1 counter and latch. Load T into T2 to trigger T1 latch reload.
2. Load 2T into T1 latch during this bit time. Load 2T into T2.
3. Load Tinto T1 latchanytime during this period. Load NTinto T2.N = number of
1's or 0's which follow.
4. A series of 1's and 0's will be generated until the T1 latch is again changed.
Note that the use of T2 to control reloading the T1 latch eliminates the need to
interrupt on each lransition.
Figure 15. ASCII Serial Data Generation Using T1
S e e S A ST R B
Data (PB7) l l 1 | 1 I'_ '] |_‘] [_—‘I
| L J L ] |__'___j
T T
1 2 3 4

2. Shift T1 latch one bit to the right during this period.
3. Shift T1 latch left during this period.

period.

Note that Tt mustbe accessed only when the output data changes. A string of 1's
and 0's can be generated without processor intervention.

Figure 16. Generating Bi-phase Encoded Data
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Using the 6522 Shift Register

The Shift Register in the 6522 is designed primarily as a
synchronous serial communications port for distributed sys-
tems. These systems can be either single-processor with
distributed peripheral controllers or distributed processor sys-
tems. The most important characteristic of the Shift Register in
these applications is its ability to transfer information at rela-
tively slow data rates to allow the use of R-C noise suppression
techniques. This transfer can be accomplished while the
processor is servicing other aspects of the system.An example
of a simple 2-processor distributed system is shown in Figure
17.Use of the 6522 Shift Register allows effective communica-
tion between the two systems without the use of relatively
complex asynchronous communications techniques.

System 2

CB2 Data
CB1 Clock
PBO Setect 1
650% — 6522 [ 5@y Seieci2
] To Display
J I ::§ Select 3 Lamp Drivers
To next
display To Display
Lamp Drivers

System 1

CB2

Dala

CB2

CB1

Clock

CB1

650X

PBO

“Busy" Control _ PBO

—-l '__ I j 6522

6522

650X

—

= Wl
Figure 17. Using Shift Register for Inter-System
Communication

In a system with distributed peripherals, the Shift Register
can be used to transfer data to the peripheral interface devices.
This is illustrated in Figure 18 for a system with a number of
distributed status displays. These displays are serviced by
stand-alone controllers which actuate the lamps in the status
displays through simple drivers. The data and clock lines are
wired in parallel to each unit. In addition, a single 6522
peripheral port output allows selection of the display to be
loaded. These select lines can be eliminated if all displays are
to contain the same information. With the system shown, the
status display can be updated at any time by simply selecting
the desired display and then writing to the Shift Register.

Remote input devices can be serviced in much the same
manner by shifting data into the Shift Register under control of a
peripheral port output as shown in Figure 18. Each set of input
switches can be polled by first selecting the set to be polled and
then triggering the shifting operation with a Shift Register read
operation. A shift register interrupt can be used to cause the
processor to read the resulting input information after shifting is
complete.

The techniques described above can be utilized to expand
1/0 capability in a microprocessor based system. In a system
with many status lamps or many input switches, simple TTL shift
registers will provide the necessary 1/0 in a very cost effective
manner. This is illustrated in Figure 19.

CcB1

cB2

Figure 18. Using the Shift Register for Servicing Remote
Status Displays

]
|

To Lamp Drivers, etc.

L T

Senal In/ Senal In/ Senal In/

1 Parallel Out Parallel Out Parallel Out
[o:]] [ [
PEO ) J
6522 [op,
Parallel fn/ Parallel in/ Parallel In/
Senal Out Serial Out Seral Out

[T T

X . )
To Input Swilches

Figure 19. Expanding System 1/O Using Shift Register

Clock Generation Using the Shift Register

In all output modes the data shifted out of bit 7 will also be
shifted into bit 0. For this reason the Shift Register need not be
re-loaded if the same data is to be shifted out each time. A Shift
Register read operation can be used to trigger the shifting
operation.

This capability is very useful for generating peripheral clocks
in the continuous output mode. This mode allows an 8-bit
pattern to be shifted out continuously. This is illustrated in
Figure 20. Note that in this mode the shifting operation is
controlled by Timer 2. A single bit time can therefore be up to
256 clock cycles in length.

1 I

Notes:

1. Shift Register loaded with 1110 00003 initially.

2. T determined by Timer 2.

Figure 20. Clock Generation Using SR Free-Running Mode
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MAXIMUM RATINGS

Supply Voltage, Vcc —0.3V to +7.0V
Input/Output Voltage, VIN —-0.3Vto +7.0V
Operating Temperature, TOp 0Cto70C
Storage Temperature, TSTG —55Cto 150 C

Allinputs contain protection circuitry to preventdamage due

COMMENT

Stresses above those listed under “Absolute Maximum
Ratings” may cause permanent damage to the device.
These are stress ratings only. Functional operation of this
device at these or any other conditions above those indi-
cated in the operational sections of this specification is not

implied and exposure to absolute maximum rating condi-

to high static discharges. Care should be exercised to ) f X 9
9 9 tions for extended periods may affect device reliability.

preventunnecessary application of voltages in excess of the
allowable limits.

STATIC D.C. CHARACTERISTICS (Vcc =50 V £ 5%, Vss = 0, TA = 0 to +70 “C unless otherwise noted)

Characteristic Symbol Min Typ Max Unit ‘;’l‘i
Input high voltage (normal operation) VIH +2.4 — Vece Vdc :,;9
fai
Input low voltage (normal operation) ViL -03 — +04 Vdc fj
Input leakage current- Vin = 0 to 5 Vdc 1IN — +10 +25 uAdc i
R, RES, RS0, RS1, RS2, RS3, CS1,
CS2,CA1, g2
Off-state input current- Vin, = 4 to 24 V ITs| — 20 +10 WAdc
Vce = Max, DO to D7
Input high current- Viq = 24V IH —100 —250 — MAdC
PAO-PA7, CA2, PBO-PB7,CB1, CB2
Input low current- Vi = 0.4 Vdc I — -1.0 -16 mAdc
PAO-PA7, CA2, PBO-PB7, CB1, CB2
Output high voltage VCH 24 —_ — Vdc
Vee = min, lioad = —100 pAdc
PAQO-PA7,CA2, PBO-PB7, CB1,CB2
Output low voltage VoL — — +04 Vdc
Vee = min, ljpad = 1.6 mAdc
Qutput high current (sourcing) IOH
VOH =24V —100 —1000 - MAdc
VoH =15V, PBO-PB7, CB1, CB2 -30 -5.0 — mAdc
Qutput low current (sinking) oL 16 — — mAdc
VoL =04 Vdc.
Output leakage current (off state) IOFF — 10 10 MAdC
IRQ
Input Capacitance- Ta = 25 °C,f =1 MHz CIN
R/W, RES, RS0, RS1, RS2, RS3, CSt1, CS2 — — 70 pF
DO-D7, PAO-PA7, CA2, PBO-PB?7, — — 10 pF
CB1,CB2
@2 input — — 20 pF
Output capacitance-Tp=25°C,f=1 MHz Cout —_ — 10 pF
Power dissipation Pp — 1000 MW
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fe— TC
Phase Two
Clock
—»l TACR p—
le— TCR TACR =
-24V
Phase Two Address ><
Clock ) / k. 04V
e TcoR+| e Ter Twews [+ TOGW -+ Tamos
24V 24v
!
Address >< Read/Mite
04v fe —— = 04V
r——— TPCRU —=1 - THW
24v I N U,
Peripheral _
Data X Data Bus ><
4 - ———t = 04V

e mmm = Ve
Data Bus ><

X
— 24V

Peripheral

s Data

i‘i Figure 21. Read Timing Characteristics Figure 22. Write Timing Characteristics

% A.C. CHARACTERISTICS

1% Read Timing Characteristics (loading 130 pF and one TTL load)

Characteristic Symbol Min Typ Max Unit
Delay time, address valid to clock positive transition TACR 180 - - nS
Delay time, clock positive transition to data valid on bus TCDR — - 395 nS
Peripheral data setup time TPCR 300 . - nS
Data bus hold time THR 10 - - nS
Rise and falt time for clock input Tch - - 25 nS
RF

Write Timing Characteristics

Characteristic Symbol Min Typ Max Unit
Enable pulse width Tc 047 — 25 us
Delay time, address valid to clock positive transition TACW 180 - - nS
Delay time, data valid to clock negative transition Tocw 300 - — nS
Delay time, read/write negative transition to clock Twew 180 — - nS

positive transition

Data bus hold time THW 10 — — nS
Delaytime, Enable negative transition to peripheral data valid TcPw — — 1.0 MHS
Delay time, clock negative transition to peripheral datavalid | TcMOS — — 20 us

CMOS (Vec — 30%)

TiPw
PB8 Input 24v
Pulse Counting
Mode
— e e e m - 04v

CB2 Serial s 24V
Data in ><
S 04V
—

TSR3
Ticw
24v
CB1 Clock
- - —04v
l::Tsm—u
TsR2—*
— 24v
CB2 Serial
Data Out
0av

Figure 23. 1/0 Timing Characteristics
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Peripheral Interface Characteristics

Characteristics Symbol Min Typ Max Unit

Rise and fall time for CA1,CB1,CA2 and CB2 input signals. TRF — — 10 [IS]

Delay time, clock negative transition to CA2 negative Tca2 — - 10 MS
transition (read handshake or pulse mode).

-Delay time, clock negative transition to CA2 positive TRS1 — — 10 uS
transition (pulse mode).

Delay time, CA1 active transition to CA2 positive TRS2 — — 20 MS
transition (handshake mode).

Delay time, clock positive transition to CA2 or CB2 TWHS — — 1.0 MS
negative transition (write handshake).

Delay time, peripheral data valid to CB2 negative TDC 0 — 15 uS
transition.

Delay time, clock positive transition to CA2 or CB2 TRs3 - — 10 us
positive transition (pulse mode).

Delay time, CB1 active transition to CA2 or CB2 positive TRS4 — — 20 uS
transition (handshake mode).

Delay time, peripheral data valid to CA1 or CB1 active TIL 300 — — nS
transition (input latching).

Delay time, CB1 negative transition to CB2 data valid TSR1 — — 300 nS
(internal SR clock, shift out).

Delay time, negative transition of CB1 input clock to TSR2 — — 300 nS
CB2 data valid (external clock. shift out).

Delay time. CB2 data valid to positive transition of TSR3 — — 300 nS
CB1 clock (shift in. internal or external clock)

Pulse Width — PB8 Input Puise TipwW 2 — — uSs

Pulse Width — CB1 Input Clock TIcCW 2 — — uS

Pulse Spacing — PB®6 Input Pulse lips 2 - — JIN]

Pulse Spacing — CB1 Input Pulse lics 2 — — uS

COMMODORE SEMICONDUCTOR GROUP reserves the right to make changes to any products herein to
improve reliability, function or design. COMMODORE SEMICONDUCTOR GROUP does not assume any
liability arising out of the application or use of any product or circuit described herein; neither does it convey
any license under its patent rights nor the rights of others.
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6523 TRI-PORT INTERFACE

CONCEPT ...

The 6523 TRI-PORT Interface (TPI) is designed to simplify the implementation of complex I/0 6perations in
microcomputer systems. It has three dedicated 8-bit I/0 ports which provide 24 individually programmable 1/0

lines.
6523 REGISTERS
FEATURES: *000 RO PRA — Port Register A
w 24 individually programmable 1/0O lines 001 R1 PRB — Port Register B
) . 010 R2 PRC — Port Register C

= Completely static operation 011 R3  DDRA — Data Direction Register A

; bilit 100 R4 DDRB — Data Direction Register B
= Two TTL Drive Capability 101 R5 DDRC — Data Direction Register
n 6 directly addressable registers 110

s 1 MHz, 2MHz and 3MHz operation

ORDER NUMBER:

MXS 6523

SPEED RANGE

NO SUFFIX=450ns
A=225ns
B=165ns

PACKAGE DESIGNATOR
C=CERAMIC
P=PLASTIC

111

*NOTE: RS2, RS1, RSO respectively

} lllegal States
IHegal States

6523 PIN CONFIGURATION

Vss
PAO
PA1
PA2
PA3
PA4
PAS
PAG
PA7
PBO
PB1
PB2
PB3
PB4
PBS
PBS
PB?
cs

Voo

1 40
2 39
3 38
4 37
5 36
6 35
7 34
8 33
9 32
10 31
1 30
12 29
13 28
14 27
15 28
16 25
17 24
18 23
19 22
20 21

DB7
DB6
DBS
DB4
DB3
DB2
DB1
DBO
PC7
PCé
PC5
PC4
PC3
PC2
PC1
PCO
RSO
RS1
RS2
RES
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6523 INTERNAL ARCHITECTURE

Port

bt Bus | D Reaser KT 3 port A
Data Bus Port A D
Bufters Buffers

Data
DB7-DBO Direction PA7-PAO
D
Register Port B
CS —> B Port B
5o Buters [K___
> Direction PB7-PBO
B
R/W =

RSO —> Chip
Access

Control

RS1 =™

RS2 ™

‘ Port
> Register CD Port C
C Port C
eutes K
— Data
RES M Direction PC7-PCO
‘ c
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MAXIMUM RATINGS

Supply Voltage, VCC —03Vto +7.0V
Input/Output Voltage, V|N —-03Vto+7.0V
Operating Temperature, TOp 0°Cto 70°C
Storage Temperature, TSTG —55°Ct0150°C

All inputs contain protection circuitry to prevent damage
due to high. static discharges. Care should be exer-
cised to prevent unnecessary application of voltages in
excess of the allowable limits.

COMMENT

Stresses above those listed under “Absolute Maximum
Ratings” may cause permanent damage to the device.
These are stress ratings only. Functional operation of
this device at these or any other conditions above those
indicated in the operational sections of this specifica-
tion is not implied and exposure to absolute maximum
rating conditions for extended periods may affect
device reliability.

CHARACTERISTICS (VCC = 5.0 V + 5%, Vg = OV, TA = 0" to 70°C)

CHARACTERISTIC SYMBOL MIN TYP MAX UNIT
input High Voltage (Normal Operating Levels) ViH +20 vee \
Input Low Voltage (Normal Operating Levels) VIL -03 +08 \
Input Leakage Current N 0 +10 +25 A
Vin=0150V__
WRITE, RES, CS, RS2-RS0

Three-State (Off State) Input Current ITs) 0 +20 +10 UA
(Vin=041024VVcc = max)
D0-D7, PAQ-P7, PBO-PB7. PCO-PC7

Output High Voltage VOH 24 35 vee \
(Vce = min, Load = 200 pA)

Output Low Voltage VoL Vss 02 04 \
(Vcc = min, Load = 3.2 mA)

Qutput High Current (Sourcing) IOH —200 —1000 - UA
(VoH =24V)

Output Low Current (Sinking) loL 32 — — mA
VoL=04V)

Supply Current lcc — 50 100 mA

Input Capacitance Cin — 7 10 pF
(Vin OV, TA = 25°C,f = 1.0 MH2)
D0-D7, PAG-PA7, PBO-PB7, PCO-PC7
WRITE, RES, RS2-RS0, CS

Output Capacitance Cout — 7 10 pF
(Vin =0V, Ta =25"C,f = 1.0 MH2)

Note: Negative sign indicates outward current flow, positive indicates inward flow.
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READ CYCLE
-« TRC
—
RS2-RS0 §<
N 7
) i \
f«— TRCS TRCH ~{= >
Tco —»
& /
_
ht————— TACC —————»] TAOD > ToTp
DB7-DBO Topg e TeDH 11\
PORT IN >§<
WRITE CYCLE
Twe >
vd N/
RS2-RS0 T TAWH —l -
e — A
f——————— TwA —————
RW \ /
= \ /
F — TDH
DATA IN Tos
DB7-DBO
PORT OUT X§
[ Twpp —™
Note: All timings referenced to Vi max, V|4 min on inputs and Vo max, VOH min on outputs.
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READ CYCLE TIMING

6523 6523A 6523B
SYMBOL CHARACTERISTIC MIN MAX MIN MAX MIN MAX UNITS

TRC Read Cycle 450 — 225 . 165 — ns

TACC Access Timel — 450 — 225 — 165 ns

Tco CSto Output Valid — 270 - 120 — 70 ns

TRCS | R/W high to CS Setup 0 — 0 — 0 — ns

® TRCH | R/W high to CS Hold 0 - 0 - 0 - ns
B

?; ToTD | CS to Output Off Delay 20 120 20 120 20 120 ns

%; TAOD Address to Output Delay 50 — 50 — 50 — ns

TPDS Port Input Setup 120 - 60 — 40 - ns

TPDH Port Input Hold 150 e 150 — 150 — ns

Note 1. Access Time measured from later of WRITE high or RS stable.

WRITE CYCLE TIMING

6523 6523A 65238
SYMBOL CHARACTERISTIC MIN MAX MIN MAX MIN MAX | UNITS
TWC Write Cycle 450 — 225 — 165 — ns
TWA Write Active Time2 420 — 200 — 150 — ns
TaAWS Address to R/W low Setup 0 — 0 — 0 — ns
TAWH Address to R/W low Hold 0 — 0 — 0 . ns
DS Data bus in Setup 150 - 100 — 50 — ns
TDH Data bus in Hold 0 — 0 - 0 — ns
TWPD Write active to Portout Delay — 1000 — 500 - 330 ns

Note 2. Twa is the time while both CS and R/W are low.
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6523 FUNCTIONAL DESCRIPTION

Three 8 bit bi-directional ports (A, B, C) are available on the 6523, Each port has two associated read/write registers:

Data Direction Registers (DDRA, DDRB, DDRC)

Each bit of the data direction registers controls the corresponding pin of the associated port as follows:

DDR bit Direction of port pin
0 Input (Output driver disabled)
1 Output (Output driver enabled)

Port Registers (PRA, PRB, PRC)
Reading the Port Register returns the logic states of the associated port pins. The pin voltage levels must meetthe ViH and
V|L specification limits to ensure valid data. (Excessive loading of the output driver may cause the data read to differ from the

expected output) If the port pin is programmed as an output by the DDR, the output driver is set to the last data written to the
correspanding PR bit.

6523 INTERFACE SIGNALS
cs — Chip Select Input

The S input controls the activity of the 6523. A low level on CS causes the device to respond to signals on the R/W and
address (RS) lines. A high on CS prevents these lines from controlling the 6523. The CS line is normally activated (low) by the
appropriate address combination from the processor.

R/W — Read/Write Input

The R/W signal is normally supplied by the microprocessor and controls the direction of data transfers of the 6523. A high
on R/W indicates a read (data transfer out of the 6523), while a low indicates a write (data transfer into the 6523).

RS2-RSp — Address Inputs

The address inputs select the internal registers (in conjunction with ¢S and R/W) as indicated by the register table.
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DB7-DBO — Data Bus Inputs/Outputs

The eight data bus pins transfer information between the 6523 and the system data bus. These pins are high impedance
inputs unless CS is low and R/W is high, to read the device. During this read, the data bus output buffers are enabled, driving the
data from the selected register onto the system data bus.

RES — Reset Input

Alowonthe RES pin clears internal registers. This sets all three ports as inputs (floating), preventing any conflicts on the bi-
directional port lines. For port pins to be used as outputs, the desired output data may be written to the port register before
enabling the output driver. This sequence can eliminate undesired output conditions when the outputs are enabled via the
DDR.
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COMMODORE SEMICONDUCTOR GROUP reserves the right to make changes to any products herein to
improve reliability, function or design. COMMODORE SEMICONDUCTOR GROUP does not assume any
liability arising out of the application or use of any product or circuit described herein; neither does it convey
any license under its patent rights nor the rights of others.
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65245 OCTAL BUS TRANSCEIVER WITH 3-STATE OUTPUTS

DESCRIPTION

2 Q

u
I
e}

o

The 65245 is an octal bus transceiver designed for asynchronous, bi-directional communica-
tion between data busses.

ol

The level of the Direction input (DIR) allows data transmission from bus A to bus B or from bus B
to bus A. The Enable input (E) can be used to provide isolation between the busses.

The device is fully TTL and CMOS compatible, and is pin-for-pin compatible with the 74L.5245.

PIN CONFIGURATION
65245
TRUTH TABLE DIRE 1 20 VDD
L — 198 E
E | DR OUTPUT a3 182 Bo
A2 =) 4 17 B4
L B data to A bus
A data to B bus A3 S 5 16 B2
H X Isolation At = 6 15 B3
A5 o 7 14 By
L = LOW level
H = HIGH level Ag = 8 13 Bs
X = Irrelevant
A7 =5 9 12= Be
Vss &4 10 11 B7
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MAXIMUM RATINGS

RATING SYMBOL VALUE UNIT
SUPPLY VOLTAGE Vee —03 10 +70 Vdc This device contains circuitry to protect
the Inputs against damage due to high
INPUT VOLTAGE vin —03to +70 vde static voltag it is that
o normal precautions tie taken to avoid
OPERATING TEMPERATURE Ta 0to+70 c application of any voltage higher thah
STORAGE TEMPERATURE TsTG —55 to +150 °C maximum rated voltages to this circuit.

ELECTRICAL CHARACTERISTICS (Vcc = 5.0V t+ 5%, Vss = 0, Tp =0° to + 70°C)

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT
Input High Voltage VIH 20 - — Vdc
Input Low Voltage VIL —_ - 08 Vdc

Output High Voltage
Vee=MIN, VIH=20V
IOH= —3mA VOH 24 — - Vdc

IOH=—15mA 20 - -

Output Low Voltage
Vee=MIN, VIL = 0.8V
I0L = 12mA VoL — — 04 Vvde

10L = 24mA — 05

High-impedance
Output Current
E = 20V, Voo = MAX 10ZH - - 50 JA
Vout = 2.7V

High-impedance
Qutput Current
E =20V, Vcc = MAX lozL - - -50 MA
Vout = 04V

High-Level Input Current
Vee=MAX, VIH = 2.7V ItH — 20 100 nA

Low-Level Input Current
Vee = MAX, VIL = 04V L — 20 —=100 nA

High-Level Output Current
Vee=NOM, Vot = 24V IOH — — -15 mA

Low-Level Output Current

Vee = NOM, Vgt = 04V 1oL — — 24 mA
Power Supply Current

Outputs High 47 64

Outputs Low 44 100

Outputs Hi-Z ICC - 56 105 mA
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AC CHARACTERISTICS (VCC=5.0V, VSS=0V, TaoA=+25°C)

CHARACTERISTIC SYMBOL CONDITIONS MIN. TYP. MAX. UNIT
Propagation Delay TPLH - - 40 ns
Data to Qutput TPHL - _ 40 ns
Output Enable Time TPZH SEE - — 40 ns

TPZL BELOW — — 40 ns
Output Disable Time TPHZ — - 40 ns
TPLZ — — 40 ns

Vee

Vour e

8208

——p——A—4
JAN
KHHT

Commodore Semiconductor Group reserves the right to make changes to any products herein to improve
reliability, function or design. Commodore Semiconductor Group does not assume any liability arising out of
the appiication or use of any product or circuit described herein; neither does it convey any license under its

patent rights nor the rights of others.

B
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6525 TRI-PORT INTERFACE

CONCEPT ...

The 6525 TRI-PORT Interface (TP) is designed to simplify the implementation of complex 1/O
operations in microcomputer systems. It combines two dedicated 8-bit I/O ports with a third 8-bit port

) programmable for either normal I/O operation or priority interrupt/handshaking control. Depending on
=z the mode selected, the 6525 can provide 24 individually programmable 1/0 lines or 16 1/O lines, 2
B handshake lines and 5 priority interrupt inputs.
el
>
»n
6525 REGISTERS
FEATURES:
* 24 individually programmable 1/O lines or 000 RO PRA — Port Redister A
R X i * — Port Registe|
16 1/0 lines, 2 handshake lines and 5 in 001 R1  PRB—Port Register B
terrupt inputs. 010 R2  PRC—Port Register C
¢ Priority or non-priority interrupts 011 R3  DDRA—Data Direction Register A
e Automatic handshaking 100 R4 DDRB — Data Oirection Register B
¢ Completely static operation 101 R5 DDRC — Data Eireptioh Register C
¢ Two TTL Drive Capability 110 R6  CR-—Control Register
¢ 8 directly addressable registers i R7 AIR=Active Int_erlrupt Register
e 1 MHz, 2MHz and 3MHz operation “NOTE: RS2, RS1, RSO respectively

ORDER NUMBER:
6525 PIN CONFIGURATION

MXS 6525

Vss 1 4 | DBY7

PAO 2 33 | DBe

PA1 3 38 | DBS

PA2 4 37 | DB4

PA3 5 36 | DB3

PA4 8 35 | DB2

PAS 7 34 | DB1

SPEED RANGE PAS 8 33 | pBo
NO SUFFIX =450 ns PA7 9 a2 | pcr
A=225ns PBO 10 k)| PCé
B=155ns PB1 1 30. | PCs

PB2 12 20 | PCa

PB3 13 28 | pc3

PACKAGE DESIGNATOR PB4 18 2 | poz
C=CERAMIC PB5 | 15 28 | pci
P=PLASTIC PB6 16 25 | pPCoO

PB7 17 24 | RSO

cs 18 23 RS1

AW 19 220 | RS2

Vpp 20 21 | RES
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6525 INTERNAL ARCHITECTURE

Port
Data Bus Data Bus Register A Port A
DB7-DBO O Buffers ‘ o Buffers < >
Direction A Port A

PA7-PAO

CS —am|
egister B Port B
R/W =3 Data Buffers <:>
Direction B ngnpg 0
Chip )
RSO —3 Access
Control |
RS1 —3
RS2 =3
RST —

¢ Control
> Register

e,

! LI I
INT LATCHNES
Aetve Cone K

Register C
ac Reg. Data Buffers

Direction C Port C

PC7-PCO
‘Q\
S - e 0 NN rode o ony
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MAXIMUM RATINGS

Supply Voltage,VcC —03Vto +7.0V
Input/Output Voltage, V|N -0.3Vto+7.0V
Operating Temperature, TOp 0°Cto 70°C
Storage Temperature, TSTG —55°C to 150°C

Allinputs contain protection circuitry to prevent damage
due to high static discharges. Care should be exer-
cised to prevent unnecessary application of voltages in
excess of the allowable limits.

COMMENT

Stresses above those listed under “Absolute Maximum
Ratings” may cause permanent damage to the device.
These are stress ratings only. Functional operation of
this device at these or any other conditions above those
indicated in the operational sections of this specifica-
tion is not implied and exposure to absolute maximum
rating conditions for extended periods may affect
device reliability.

CHARACTERISTICS (VCC = 5.0 V + 5%, Vgs = OV, TA = 0° to 70°C)

CHARACTERISTIC SYMBOL MIN TYP MAX UNIT
Input High Voltage (Normal Operating Levels) VIH +20 15 vece v
Input Low Voltage (Normal Operating Levels) ViL -03 12 +038 v
Input Leakage Current NN 0 +10 +25 A
Vin=01050V__
WRITE, RES, CS, RS2-RS0
Three-State (Off State) Input Current ITs| 0 +20 +10 MA
(Vin=04 1024 VVcc = max)
DO-D7, PAC-P7, PBO-PB7, PCO-PC7
Output High Voltage VOH 24 35 vee v
(Vcc = min, Load = 200 uA)
Output Low Voltage VoL Vgs 02 04 \Y
(Vcc = min, Load = 3.2 mA)
Output High Current (Sourcing) I0H —200 —1000 — MA
(VOH =24 V)
Output Low Current (Sinking) loL 32 — — mA
VoL=04V)
Supply Current Icc - 50 100 mA
Input Capacitance Cin — 7 10 pF
(Vin OV, TA = 25°C,f = 1.0 MH2)
D0-D7, PAG-PA7, PBO-PB7, PCO-PC7
WRITE, RES, RS2-RS0, TS5
Output Capacitance Cout — 7 10 pF
(Vin =0V, Tpo =25°C, f = 1.0 MHz)

Note: Negative sign indicates outward current flow, positive indicates inward flow.
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READ CYCLE TIMING
- TRC >
e———— TACS —————— «— TACH —>
RS2-RS0 K
A
|€&——+— TR ————} l&— TpCH —>|

WRITE }
o ) /

- TCO —
t<— TOTD —»
- Tacc —>
DATA BUS OUT {
—» Tpps le&—— TppH ——
.
PORT INPUT }(
- v,
WRITE CYCLE TIMING
- Twe >
[€—————— Tpcg —————— > < TACH —™

kg
RS2-RS0O &
R 7
r—— Twos — P—A TwCH

WRITE

[ ——— Tegp ———

& \ /
je—Tos »>t—»— TDH

1—-% Tcpp —™

PORT OUTPUT

Note: All timings referenced to V)i max, Vi min on inputs and VoL max, VoH min on outputs.
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READ CYCLE TIMING

8525 6525A 65258

Symbol Characteristic MIN MAX MIN MAX MIN MAX UNITS
TRC Read Cycle 450 - 225 - 165 - ns
TacC Access Timel — 450 - 225 - 155 ns
Tco CS to Output Valid — 270 - 120 — 70 ns
TACS RS to CS Set Up 0 - 0 - 0 — ns
TACH RS to €S Hold 0 - 0 - 0 — ns
TRCS R/W hightoCS SetUp 0 - 0 — 0 — ns
TRCH R/W high to CS Hold 0 — 0 — 0 — ns
TOTD CSto Output off Delay 20 120 20 120 20 100 ns
TPDS Port input Set Up 120 — 60 . 40 — ns
TPDH Port Input Hold 150 - 150 - 150 — ns

NOTE 1 — Access time measured from later of R/W high or RS stable.

WRITE CYCLE TIMING

6525 6525A 85258
Symbol Characteristic MIN MAX MIN MAX ~MIN MAX™ UNITS
TWC Write Cycle 450 - 225 - 165 — ns
Tacs | RSto CS SetUp 0 - 0 - 0 - ns
TACH RS to S Hold 0 - 0 - 0 — ns
TWGCS R/MW low to CS Set Up 0 — 0 — 0 — ns
TWCH | RMW low to CS Hold 0 - 0 - 0 - ns
DS Data Bus to CS SetUp 150 — 100 — 50 - ns
TDH Data Bus to CS Hold 0 - 0 — 0 - ns
TcPD CS to Port Out Delay - 1000 — 500 — 330 ns
Tcsp | CS Pulse Width 420 - 200 - 150 - ns
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6525 INTERNAL REGISTERS

ADDRESS REGISTER BITS REGISTER NAME COMMENT
RS2 RS1 RSO MC D7 D8 D5 D4 D3 D2 D1 DO
0 0 0 X | PA7 PAg PAg PAq PA3 PAp PA{ PAg | Port Register A (PRA)
0 0 1 X | PB7 PBg PBs PBg PBg PBo PBy PBg | Port Regisler B (PRB)
0 1 ] 0 | PC7 PCg PCs PC4q PCg PCp PCy PCq | PortRegister C (PRC)
0 1 0 1 CB CA IRQ L4 ILg ILp 1Ly Ig | PortRegister C (PRC) Handshake and Interrupt Latches (MODE 1)
0 1 1 X DA7 DAg DAg DA4 DA3 DAp DAy DAg | Data Direction O=input, 1=0Output
Register A (DDRA)
1 0 o] X | DBy DBg DBs DB4 DBz DBp DBy DBg | Data Direction 0=Input; 1=0Output
Register B (DDRB)
1 0 1 0 | BC7 DCg DCs DC4 DC3 DCp DCy DCq | Data Direction O=Input: 1=Output {(MODE 0)
Register C (DDRC)
1 0 1 1 — — — Mg Mz Mz M{ Mg | Interrupt Mask Register 0=Mask: 1=Enable (MODE 1)
1 1 0 X | CBy CBp CAy CAp IE4 IE3 P MC | Control Register (CR) Mode Selected by MC
1 1 1 1 - - — Alg Alg Alp Al Alg | Activelnterrupt Register(AIR)

6525 FUNCTIONAL DESCRIPTION

Control Register (CR) -

The bits of the control register select the various operating
modes of the 6525. Although the exact function of each bit is
explained throughout the functional description. the func-
tions are summarized here for convenience.

CONTROL REGISTER BIT 7 6 5 4 3 2 1.0
FUNCTIONAL DESIGNATION|CBy CBg CAy CAg IE4 IE3 IP MC

B R

CB Line Control

CA Line Control

14 Active Edge Select

13 Active Edge Select

Interrupt Priority
Enable

Port Registers (PRA, PRB, PRC)

Reading the Port Register returns the logic states of the
associated port pins. The pin voitage levels must meet the
V|H and Vit specification limits to ensure valid data. (Exces-
sive loading of the output driver may cause the data read to
differ from the expected output) If the port pin is pro-
grammed as an output by the DDR. the output driver is set to
the last data written to the corresponding PR bit.

MODE 1 — (MC=1)

InMode 1,the 6525 provides 2 8-bitbi-directional ports (A
and B) as in Mode 0. By writing MC==1, Port C is automati-
cally converted to a 5 level priority interrupt controller with
interrupt output (IRQ) and a handshake control line for each
port (CA and CB).

Mode Control

MODE 0 — (MC=0)

In Mode 0, three 8 bit bi-directional ports (A, B, C) are
available on the 6525. Each port has two associated read/
write registers:

Data Direction Registers (DDRA, DDRB, DDRC)

Each bit of the data direction registers controls the
corresponding pin of the associated port as follows:

DDR bit Direction of port pin
0 input (Output driver disabled)
1 Output (Output driver enabled)

PC7 PC6 PC5 PC4 PC3 PC2_PC1 PCO
CB CA TRQ 14 13 12 1 10

MODE 0 PIN NAMES
MODE 1 PIN NAMES

Port Register C — PRC (Mode 1)

All bits of the PRC can be read as in Mode 0 but the state
of the interrupt latches, rather than the interrupt pins, is
returned in the five low order bits of PRC. Writing “0"toa PRC
bit clears the corresponding interrupt latch but has no effect
on the CA, CB, or IRQ outputs. Writing “1" to a PRC bithas no
effect on Mode 1.

MODE 0 BIT NAMES
MODE 1 BIT NAMES

PC7 PCg PCgs PCq4 PC3 PCo PCy PCo
CB CA TQ Iz 1Lz ILp 17 g
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CA and CB Outputs — (PC6 and PC7)

CA and CB may be used as general purpose outputs or
as data transfer signals for ports A and B. The operation of
CA and CB is selected as follows:

CA4 [CAp|CA OUTPUT MODE CB1|CBp| CB OUTPUT MODE

0 0 |Set high by active 0 0 | Set low by writing PRB.
transition of 13. Reset low| Reset high by active
by reading PRA transition of 14.

0 1 |Pulseslowforatleast500[ 0 1 | Pulses low foratleast 500
ns after reading PRA. ns after writing PRB.

1 0 [CA low 1 0 |CBlow

1 1 }CA high 1 1 | CB high

IRQ Output — (PC5)

The Interrupt Request is set low when an unmasked
interrupt (see below) is activated. IRQ is reset_high by
reading the Active Interrupt Register (AIR). The IRQ output
has an open drain to allow wire AND tying of multiple
outputs.

14, 13, 12, 11, 10 Inputs — (PC4-PCO)

The five low order pins of Port C are interrupt inputs in
Mode 1. A negative (high to low) transition on 12, 11 or |0 sets
the corresponding latch in PRC to indicate an interrupt,
while either transition of I3 or 14 can be selected to set its
latch as follows:

IE3}13 EDGE SELECTION IE4} |14 EDGE SELECTION

0 |13 sets L3 latch on negative 0 | 14 sets (L4 latch on negative
{hi—low) transition. transition.
13 sets IL3 latch as positive 1 | 14 sets IL4 latch on positive
(low—hi) transition. transition.

Interrupt Mask Register (DDRC in Mode 1)

In Mode 1, the five low order bits of the DDRC are utilized
as interrupt mask bits of the five corresponding interrupt
latches. Writing a "1" to, the mask register enables the
corresponding interrupt latch to initiate an interrupt while a
“0" masks the interrupt latch output. Masking does not
prevent the interrupt latch from being set by an active input
transition. The interrupt mask register can be read and
written.

Active Interrupt Register (AIR)

The five low order bits of the AIR contain the present
interrupt status of the 6525. A “1" in a bit of the AIR indicates
that the corresponding interrupt is active. Reading the AIR
clears all AIR bits and resets any interrupt latch. which had
set a bitin the AIR. READING AND WRITING OF THE AIR
AFFECTS THE INTERRUPT PRIORITY STACK. Therefore,
the AIR should be accessed only in strict accordance to the
following rules:

1. READTHEAIRONLYTO INDICATE BEGINNING OF
INTERRUPT SERVICE.

2. WRITETHE AIRONLY TO INDICATE CONCLUSION
OF INTERRUPT SERVICE.

DESCRIPTION OF PRIORITY INTERRUPT OPERATION

No Priority Operation Selected — (IP=0)

When an active transition occurs on an interrupt input
(see 14-10), the corresponding interrupt latch is set. If this
latch is not masked, the corresponding bit of the AIR is set,
IRQ (PC5) is activated low, and other interrupt latches are
prevented from setting new bits in the AIR. After reading the
AlR, the interrupt latch corresponding with the bit set in the
AlR is cleared to await new input and:IRQ is reset high. Any
interrupt latches remaining set will now restart this interrupt

.sequence. If multiple interrupts have been received in the

interim, multiple bits witl be setin the AIR and all correspond-
ing interrupt latches will be cleared when the AIR is read.
Therefore, software must recognize the occurrence of multi-
ple interrupts when no priority operation is selected.

Priority Operation Selected — (IP=1)

The five interrupt inputs have a fixed priority:
14>13> 12 > 11> 10. When priority operation is selected,
only the highest priority interrupt is placed in the AIR,
ensuring only one bit set in the AIR at any time. When an
interrupt occurs, the corresponding interrupt latch is set as
before butis then compared with the presentactive interrupt,
the new bit in the AIR is set and IRQ is activated low. When
AlRis read, the contents of the AIR are pushed ontoa 5 level
stack for comparison with subsequent interrupts and AIR is
cleared.

After servicing the new interrupt, the processor must write
to the AIR (clearing the AIR) to instruct the 6525 that this
interrupt service is complete. The previous interrupt status is
then recalled (popped) to the top of the stack to be used for
evaluating new interrupt inputs. Interrupts of lesser priority
than the active interrupt are masked until all higher level
interrupts are acknowledged and completed by the pro-
cessor (as indicated by AIR reads and writes). When all
higher priority interrupts have been serviced, the 6525 will
allow a lower priority interrupt to indicate a new interrupt
sequence.

The following examples illustrate the priority interrupt
operation:

A. Single Interrupt

. Interrupt received by negative transition on 1.

. Interrupt latch 1 (IL1) is set.

. Bit A1 setin AIR.

. IRQ activated low.

. Processor responds by reading AIR to determine
which interrupt occurred.

. AR is pushed onto interrupt stack and latch 1 is
cleared. —

. AlR is cleared and IRQ reset high.

. Upon completion of service, processor writes to AIR.

. Interrupt stack is popped, restoring previous inter-
rupt status.

[(=Ne-JN [=>] GOhArwWND =
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B. Lower priority interrupt received during active interrupt

. I1 received and latched.

. A1 is set and IRQ activated low.

. Processor reads AIR to determine I1 is active.

. AIR pushed onto stack and ILq cleared.

. AIR cleared and IRQ reset high.

. Processor is servicing |1 while 10 occurs and sets
ILo.

. Interrupt stack prevents lower priority ILg from
initiating a new interrupt.

. Upon completion of I1 service, processor writes to
AIR, popping 1 interrupt out of stack.

. ILp is now permitted to initiate a new interrupt
service.

© [oe] ~ OO WOWN

C. Higher priority interrupt received during active interrupt
1. Interrupt It received and latched.

2. A{ is setand IRQ activated low.

3. Processor reads AIR to determine |1 is active.

4. AIR is pushed onto stack and IL{ cleared.

5. AIR cleared and IRQ reset high.

6. Processor is servicing 11 when (2 occurs and sets
Lo _

7. Ap is set and IRQ activated low because IL2 has

higher priority than I1 in stack.

8. Processor recognizes interrupt request and calls
interrupt service routine.

9. Processor reads AlR to determine 12 is active.

10. New AIR is pushed onto interrupt stack and IL2
cleared. .

11. AIR cleared and IRQ reset high.

12. Processor services 12.

13. Upon completion of 12 service, processor writes to
AIR popping 12 interrupt from stack, restoring |1
status to top of stack (still preventing an |0 interrupt).

14, Processor return from interrupt resumes services of
suspended 11 routine.

15. Upon completion of 11, processor writes to AIR,
popping 1 interrupt from stack, leaving no active
interrupts.

6525 INTERFACE AND CONTROL

Initialization

A low on the RES pin clears all 6525 internal registers.
This puts the 6525 in Mode 0 with all three ports selected as
inputs (floating), preventing any conflicts on the bi-directional
port lines. For port pins to be used as outputs, the desired
output data may be written to the port register before
enabling the output driver. This sequence can eliminate
undesired output conditions when the outputs are enabled
via the DDR.

When selecting Mode 1, all interrupt inputs and 1E3, IE4
must be stable before writing MC bit to “1.” If this can not be
ensured, the interrupt latches (PRC4-PRCg) should be
cleared by writing 0 to PRC after MC=1 and before unmask-
ing the interrupt latches. Similarly, if CA and CB are to be
used as data transfer handshake lines,no PRA reads or PRB
writes should occur after RES or before actual data transfers
are to begin.

Processor Interface

The 6525 is a fully static device with interface charac-
teristics similar to a static RAM. To read, the RS and R/W
lines are stabilized and then CS is switched low, gating the
desired register onto the system data bus. (in 650X systems,
CS may be gated with #2). The system timing must accom-
modate both the TACC (address) and Tco (chip select)
delays before requiring valid data. To write to the 6525,
similar timing is required, with the processor providing valid
write data at least pg before CS switches high. To guarantee
proper operation of the 6525, THE R/W LINE MUST BE
STABLE ANY TIME CS IS LOW.

COMMODORE SEMICONDUCTOR GROUP reserves the right to make changes to any products herein to
improve reliability, function or design. COMMODORE SEMICONDUCTOR GROUP does not assume any
liability arising ot of the application or use of any product or circuit described herein; neither does it convey
any license under its patent rights nor the rights of others.
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6526 COMPLEX INTERFACE ADAPTER (CIA)

DESCRIPTION

The 6526 Complex Interface Adapter (CIA) is a 65XX bus compatible peripheral Interface device
with extremely flexible timing and 1/O capabilities.

FEATURES

= 16 Individually programmable 1/0 lines
s 8 or 16-Bit handshaking on read or write

= 2 independent, linkable 16-Bit interval timers < < ) ‘
s 24-hour (AM/PM) time of day clock with programmable alarm N ™, \»”

wi
» 8-Bit shift register for serial 1/0 6
= 2TTL Load capability

s CMOS compatible 1/O lines ‘b
= 1 or 2 MHz operation available

ORDERING INFORMATION WPIN CONFIGURATION

MXS 6526 (es pry -
pa0 & 2 39 SP
pal & 3 38 RSO
pA2 & 4 37 RS1

g pa3 & 5 36 RS2
PAs & 6 35 RS3
PA5 & 7 34 RES
PA6 & 8 33 DBO
PA7 £ 9 32 DB1
PBO & 10 6526 31 DB2
pe1 & 11 30 DB3
PB2 g 12 29 DB4
GE DESIGNATOR PB3 & 13 2P 0%
PB4 14 27 DB6
C=CERAMIC PB5 4 15. 26 DB7
P = PLASTIC PB6 f 16 25 b ¢2
PB7 o 17 24 FLAG
PC 18 23 cs
TOD g 19 22 RW
vCC 20 21 IRQ
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6526
BLOCK DIAGRAM
087
DATA BUS BUFFERS
¢ N\
PA
A | purrens <> PAOPA7
; SP 1. 1 SERIAL
SP <> pyere <] St K
DORA
E —
| ot - > > PC
CNT BUFFER BUFFER
7B
PAB | BUFFERS D PBo-PB7
T00 A o
TOD BUFFER ALARM K / )
DDRB
TIMER 8
et
— CRB
—_— 3 FLAG
FLAG BUFFER
\ . |
— TIMER A
— ] INT/
IRQ 1 pycres MASK
CAA

l [HiAccfss Ioninol l

R/W @2 CS RS3 RS2 RS1 RSO RES
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MAXIMUM RATINGS COMMENT
Supply Voltage, Voo —-03Vto +7.0V Stresses above those listed under “Absolute Maximum
Input/Output Voltage, Vi —0.3V to +7.0V Ratings” may cause permanent damage to the device.
Operating Temperature, TOp 0“C to 70°C These are stress ratings only. Functional operation of this
Storage Temperature, TSTG —55°C to 150°C device_ at these or any othe( conditions abo_vg th.ose‘ indi-
Allinputs contain protection circuitryto prevent damage due cated in the operational sections of this specification is not
to high static discharges. Care should be exercised to implied and exposure to absolute maximum rating condi-
prevent unnecessary application of voltages in excess of the tions for extended periods may affect device reliability.
allowable limits.
ELECTRICAL CHARACTERISTICS (VCC =+ 5%, VSS = Ov, Ta = 0-70°C)
Characteristic Symbol Min. Typ. Max. Unit
5 Input High Voltage VIH +24 - vece v
};}
f Input Low Voltage ViL -03 - +08 \
w
Input Leakage Current;, VN = Vsg + 5v. N — 10 25 MA
(TOD, RW, FLAG, @2, RES, RS0-RS3, CS)
Port Input Pull-up Resistance Rp| 31 50 - K&
Output Leakage Current for High Impedance ITs| — 1.0 +100 /uA
State (Three State); V|y = 4v to 24v;
(DBO-DB7, SP, CNT, IRQ)
Output High Voltage _ VOH +24 — Vce \
VCC=MIN, ILOAD < —20QuA (PAO-PA7, PC
PBC-PB7, DBO-DB7)
Output Low Voltage VoL — — + 040 \
VCC = MIN, ILOAD < 32mA
Output High Current (Sourcing); 10H —-200 —1000 — /uA
VOH > 2.4v (PAQ-PA7, PBO-PB7, PC, DB0-DB7)
Output Low Current (Sinking); VOL < 4 v oL 32 — — mA
(PAO-PA7, PC, PB0O-PB7, DB0-DB7)
Input Capacitance CIN —_ 7 10 pf
Output Capacitance CouTt - 7 10 pf
Power Supply Current Icc — 70 100 mA
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6526 WRITE TIMING DIAGRAM

-« - Teve
T
TR i: CHW F Touw
#2 INPUT ‘o
TPD ™
PERIPHERAL
DATA OUT g
a Twes
& /e
—>»{ TADS je—o TADH—>  je—
RS3-RSO x K
[€— TRws TRWH —»] F‘
RW 1
| ;i TDH
DATA IN X
DB7-DBO o
6526 READ TIMING DIAGRAM
#2 INPUT ,t N\ /
—» Tps
PORT IN X
T
Twes
& \ /
TaDs TADH
RS3-RSO )

RW
[—— TCO —y
e

TRWH

LLLLLLY

DATA OUT 77177

DB7-DBO

Tacc

Tor -

6526 INTERFACE SIGNALS
@2 — Clock Input

The @2 clock is a TTL compatible input used for
internal device operation and as a timing reference for
communicating with the system data bus.

CS — Chip Select Input

The CS input controls the activity of the 6526. A low
level on CS while #2 is high causes the device to
respond to signals on the R/W and address (RS) lines. A
high on CS prevents these lines from controlling the
6526.The CS line is normally activated (low) at @2 by the
appropriate address combination.

R/W — Read/Write Input

The R/W signal is normally supplied by the micro-
processor and controls the direction of data transfers of
the 6526. A high on R/W indicates a read (data transfer
out of the 6526), while a low indicates a write (data
transfer into the 6526).

RS3-RS0O — Address Inputs
The address inputs select the internal registers as
described by the Register Map.

DB7-BDO — Data Bus Inputs/Outputs

The eight data bus pins transfer information between
the 6526 and the system data bus. These pins are high
impedance inputs unless CS is low and R/W and 42 are
high, to read the device. During this read, the data bus
output buffers are enabled, driving the data from the
selected register onto the system data bus.

IRQ — Interrupt Request Output

IRQ is an open drain output normally connected to
the processor interrupt input. An external putlup resistor
holds the signal high, allowing multiple IRQ outputs to
be connected together. The IRQ output is normally off
(high impedance) and is activated low as indicated in
the functional description.

RES — Reset Input

A low on the RES pin resets all internal registers. The
port pins are set as inputs and port registers to zero
(although a read of the ports will return all highs
because of passive pullups). The timer control registers
are set to zero and the timer latches to all ones. All other
registers are reset to zero.
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6526 TIMING CHARACTERISTICS

1MHz 2MHz

Symbol Characteristic MIN MAX MIN MAX . Unit

@2 Clock
Tcye Cycle Time 1,000 20,000 500 20,000 nS
TR TF Rise and Fall Time - 25 - 25 nS
TCHW Clock Pulse Width (High) 420 10,000 200 10,000 nS
Toww Clock Pulse Width (Low) 420 10,000 200 10,000 nS

Write Cycle
TPD Qutput Delay From @ — 1,000 - 500 nS
TWeS CS low while @2 high 420 — 200 — nS
TADS Address Setup Time 0 - 0 - nS
TADH Address Hold Time 10 - 5 — nS
TRWS R/W Setup Time 0 - 0 — nS
TRWH R/W Hold Time 0 - 0 - ns
Tos Data Bus Setup Time 150 - 75 - ns
TDH Data Bus Hold Time 0 — 0 - nS

Read Cycle
Tps Port Setup Time 300 - 150 — nS
Twes(@ CS tow while g high 420 — 200 — ns
TADS Address Setup Time 0 - 0 - nS
TADH Address Hold Time 10 - 5 - nS
TRWS R/W Setup Time 0 - 0 — nS
TRWH R/W Hold Time 0 - 0 - nS
TACC Data Access from RS3-RS0O = 550 - 275 nS
Tco®) Data Access from GS — 320 - 150 nS
TDR Data Release Time 50 - 25 — nS

NOTES: 1 — All timings are referenced from Vi max and Vn&énin on inputs and Vo max and Vo min on outputs.
2 — Twcs is measured from the later of g2 high or CS low. C8 must be low at least until the end of @2 high.
3 —Tco is measured from the later of @2 high or CS low.
Valid data is available only after the later of TacC or TCO.

REGISTER MAP 6526-FUNCTIONAL DESCRIPTION
RS3 Re2 RS) RS0 [REG 1/0 Ports (PRA, PRB, DDRA, DDRB)
G 0 0|0 [PRA PERIPHERAL DATA REG A
1|1 PERIPHERAL DATA REG B . ) .
g g ? ol 2 ;g':A DATA DIRECTION FEG A Ports A and B each consist of an 8-bit Peripheral
o o 1 1|3 [oDrRB DATA DIRECTION REG B Data Register (PR) and an 8-bit Data Direction Register
o 1 o0 0] 4 [TaL0 TIMER A LOW REGISTER (DDR).Ifabitinthe DDR is setto a one, the correspond-
0 1 0 1|5 [tan TIMER A HIGH REGISTER ing bitin the PR is an output, ifa DDR bit is set to a zero,
o 1+ 1 0|6 |BLO TIMER B LOW REGISTER the corresponding PR bit is defined as an input. On a
0 1t 1 1{7 [1BHI TIMER B HIGH REGISTER READ, the PR reflects the information present on the
1 0 0 0|8 |[TOD10THS| 10THS OF SECONDS REGISTER actual port pins (PAO-PA7, PBO-PB7) for both input and
t 0 0 1} 9 |TODSEC | SECONDS REGISTER output bits. ‘Port A and Port B have passive pull-up
10 1 0] A |TODMIN jMINUTESREGISTER devices as well as active pull-ups, providing both
t 0 1 1B |[TODHR {HOURS —AM/PM REGISTER CMOS and TTL compatibility. Both ports have two TTL
t1 0 0]C |SDR SERIAL DATA REGISTER load drive capability. In addition to normal 1/0 opera-
PN B ol INTERRUPT CONTROL REGISTER tion, PB6 and PB7 also provide timer output functions
1t 1 1 of€E [cra CONTROL REG A j :
1 1 1 1 F |CRB CONTROL REG B
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Handshaking

Handshaking on_data transfers can be accom-
plished using the PC output pin and the FLAG input
pin. PC will go low for one cycle following a read or
write of PORT B. This signal can be used to indicate
“data ready” at PORT B or “data accepted” from PORT
B. Handshaking on 16-bit data transfers (using both
PORT A and PORT B) is possible by always reading or
writing PORT A first. FLAG is a negative edge sensitive
input which can be used for receiving the PC output
from another 6526, or as a general purpose interrupt
input..Any negative transition on FLAG will set the
FLAG interrupt bit.

REGNAME D7 Dg Ds D4 D3 D2 Dy Do
0 PRA |[PA7 {PAg |PAs |PA4 [PA3 | PA2 [PAy {PAQ
PRB |PB; |PBg |PBs |PBs |PB3 | PB; | PBy |PBg
DDRA [DPA7 | OPAG | DPAS | DPA, [DPAS| DPAL | DPA; [ DPAG
DDRE [DPB7 | DPBg | DPB5 | DPB, | DPB3| DPB,| DPB¢ | DPBg

w N

Interval Timers (Timer A, Timer B)

Each interval timer consists of a 16-bit read-only
Timer Counter and a 16-bit write-only Timer Latch. Data
written to the timer are latched in the Timer Latch, while
data read from the timer are the present contents of the
Timer Counter. The timers can be used independently
or linked for extended operations. The various timer
modes allow generation of long time delays, variable
width pulses, pulse trains and variable frequency wave-
forms. Utilizing the CNT input, the timers can count
external pulses or measure frequency, pulse width and
delay times of external signals. Each timer has an
associated control register, providing independent
control of the following functions:

Start/Stop
A control bit allows the timer to be started or stopped
by the microprocessor at any time.

PB On/Off:

A control bit allows the timer output to appear on a
PORT B output line (PB6 for TIMER A and PB7 for
TIMER B). This function overrides the DDRB contro!
bit and forces the appropriate PB line to an output.

Toggle/Puise

A control bit selects the output appliedto PORT B.On
every timer underflow the output can either toggle or
generate a single positive pulse of one cycle duration.
The Toggle output is set high whenever the timer is
started and is set low by RES.

One-Short/Continuous

A control bit selects either timer mode. In one-shot
mode, the timer will count down from the latched value
to zero, generate an interrupt, reload the latched value,
then stop. In continuous mode, the timer will count from
the latched value to zero, generate an interrupt, reload
the latched value and repeat the procedure continuously.

MPS
6526
Force Load

A strobe bit allows the timer latch to be loaded into the
timer counter at any time, whether the timer is running or
not.

Input Mode:

Control bits allow selection of the clock used to decre-
ment the timer. TIMER A can count @#2 clock pulses or
external pulses applied to the CNT pin. TIMER B can
count @2 pulses, external CNT pulses, TIMER A under-
flow pulses or TIMER A underflow pulses while the CNT
pin is held high.

The timer latch is loaded into the timer on any timer
underfiow, on aforce load or following a write to the high
byte of the prescaler while the timer is stopped. If the
timer is running, a write to the high byte will load the
timer latch, but not reload the counter.

READ (TIMER)

REG NAME

4 TALO [TAL7 [TALg |TALg |TALs [TALS [TAL: [TAL: [TALD
TA Hi [TAH7 [TAHg [TAHS [TAH4 [TAH3 [TAHS [TAHS [TAHG
TB LO [TBL7 [TBLg |TBLs |TBL4 [TBL3 [TBLo [TBLy [TBLg
TB HI {TBH7 [TBHg [TBHs [TBH4 [TBH3 [TBH, [TBH 1 [TBH]g

~ oo

WRITE (PRESCALER)
REG NAME
4 TALO [PAL7 [PALg |PALs |PAL4 |PALg |PALp [PAL; [PALD
5  TAHI [PAH7 [PAHg | PAHs |PAHS [PAHg [PAHS |PAHT[PAHQ
6 TB LO [PBL7 [PBLg [PBLg |PBL4 [PBL3 |PBL2 {PBL1 |PBLg
7 TBHI [ PBH7|PBHg|PBHg |PBHg |PBH3 |PBH,|PBH|PBHG

Time of Day Clock (TOD)

The TOD clockis a special purpose timer for real-time
applications. TOD consists of a 24-hour (AM/PM) clock
with 1/10th second resolution. It is organized into 4
registers: 10ths of seconds, Seconds, Minutes and
Hours. The AM/PM flag is in the MSB of the Hours
re.gister for easy bit testing. Each register reads out in
BCD format to simplify conversion for driving displays,
etc. The clock requires an external 60 Hz or 50 Hz
(programmable) TTL level input on the TOD pin for
accurate time-keeping. in addition to time-keeping, a
programmable ALARM is provided for generating an
interrupt at a desired time. The ALARM registers are
located at the same addresses as the corresponding
TOD registers. Access to the ALARM is governed by a
Control Register bit. The ALARM is write-only; any read
ofaTOD address will read time regardless of the state of
the ALARM access bit.

A specific sequence of events must be followed for
proper setting and reading of TOD. TOD is auto-
matically stopped whenever a write to the Hours
register occurs. The clock will not start again until after
a write to the 10ths of seconds register. This assures
TOD will always start at the desired time. Since a carry
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from one stage to the next can occur at any time with
respect to a read operation, a latching function is
included to keep all Time Of Day information constant
during a read sequence. All four TOD registers latch
on a read of Hours and remain latched until after a
read of 10ths of seconds. The TOD clock continues to
countwhen the output registers are latched. Ifonly one
register is to be read, there is no carry problem and the
register can be read “on the fly,” provided thatany read
of Hours is followed by a read of 10ths of seconds to
disable the latching.

READ
REG NAME

8 TOD10THS[0 [0 0o JOo [ig ITa [T |T4
9 TODSEC [0 | SHq |SH2 |SHy [slg [SL4 |SLo | 5Ly
A TODMIN [0 | MHg[MHa|MH{|MLg [MLs [MLo | MLy
8  TODHR PM| 0 |0 T{HH |HLg [HLs |HLo | HL
WRITE

CRB7=0 TOD

CRB7=1 ALARM

(SAME FORMAT AS READ)

Serial Port (SDR)

The serial port is a buffered, 8-bit synchronous shift
register system. A control bit selects input or output
mode. In input mode, data on the SP pin is shifted into
the shift registeron the rising edge of the signal
applied to the CNT pin. After 8 CNT pulses, the data in
the shift register is dumped into the Serial Data
Register and an interrupt is generated. in the output
mode, TIMER A is used for the baud rate generator.
Data is shifted out on the SP pin at 2 the underflow rate
of TIMER A. The maximum baud rate possible is ¢2
divided by 4, but the maximum useable baud rate will
be determined by line loading and the speed at which
the receiver responds to input data. Transmission will
start following a write to the Serial Data Register
(provided TIMER A is running and in continuous
mode). The clock signal derived from TIMER A ap-
pears as an output on the CNT pin. The data in the
Serial Data Register will be loaded into the shift
register then shift out to the SP pin when a CNT pulse

occurs. Data shifted out becomes valid on the falling
edge of CNT and remains valid until the next falling
edge. After 8 CNT pulses, an interrupt is generated to
indicate more data can be sent. If the Serial Data
Register was loaded with new information prior to this
interrupt, the new data will automatically be loaded
into the shift register and transmission will continue. If
the microprocessor stays one byte ahead of the shift
register, transmission will be continuous. if no further
datais to be transmitted, after the 8th CNT pulse, CNT
will return high and SP will remain at the level of the last
data bit transmitted. SDR data is shifted out MSB first
and serial input data should also appear in this format.

The bidirectional capability of the Serial Port and
CNT clock allows many 6526 devices to be con-
nected to a common serial communication bus on
which one 6526 acts as a master, sourcing data and
shift clock, while all other 6526 chips act as slaves. Both
CNT and SP outputs are open drain to allow such a
common bus. Protocol for master/slave selection can
be transmitted over the serial bus, or via dedicated
handshaking lines.

REG  NAME
c SDR|S7|SS|S5|S4|S3|SQIS1lSOI

Interrupt Control (ICR)

There are five sources of interrupts on the 6526:
underflow from TIMER A, underflow from TIMER B,
TOD ALARM, Serial Port full/emptyand FLAG.A single
register provides masking and interrupt information.
The Interrupt Control Register consists of a write-only
MASK register and a read-only DATA register. Any
interrupt will set the corresponding bit in the DATA
register. Any interrupt which is enabled by the MASK
register will set the IR bit (MSB) of the DATA register
and bring the IRQ pin low. In a multi-chip system, the
IR bit can be polled to detect which chip has gener-
ated an interrupt request. The interrupt DATA register
is cleared and the IRQ line retumns high following a
read of the DATA register. Since each interrupt sets an
interrupt bit regardless of the MASK, and each inter-
rupt bit can be selectively masked. to prevent the
generation of a processor interrupt, it is possible to
intermix polled interrupts with true interrupts. However,
polling the IR bit will cause the DATA register to clear,
therefore, it is up to the user to preserve the informa-
tion contained in the DATA register if any polled
interrupts were present.

The MASK register provides convenient control of
individual mask bits. When writing to the MASK regis-
ter, if bit 7 (SET/CLEAR) of the data written is a ZERO,
any mask bit written with a one will be cleared, while
those mask bits written with a zero will be unaffected. If
bit 7 of the data written is a ONE, any mask bit written
with a one will be set, while those mask bits written with
a zero will be unaffected. In order foraninterrupt flag to
set IR and generate an Interrupt Request, the corre-
sponding MASK bit must be set.

READ (INT DATA)
REG NAME
D wcrRfIr Jo

| o | FLGI SP[ALRM[ TBI TAI

WRITE (INT MASK)
REG NAME
D ier [ s€]x [ x | ra] sp]am] 18 ] Ti'
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CONTROL REGISTERS

There are two control registers in the 6526, CRA and CRB.CRA is associated with TIMER Aand CRB is associated
with TIMER B. The register format is as follows:

CRA:

Bit Name Function

0 START 1=START TIMER A, 0=STOP TIMER A. This bit is automatically reset when underflow occurs
during one-shot mode.

1 PBON 1=TIMER A output appears on PB6, 0=PB6 normal operation.

2 OUTMODE 1=TOGGLE, 0=PULSE

3 RUNMODE 1=0ONE-SHOT, 0=CONTINUOUS

4 LOAD 1=FORCE LOAD (this is a STROBE input, there is no data storage, bit 4 will always read back a

zero and writing a zero has no effect).

5 INMODE  1=TIMER A counts positive CNT transitions, 0=TIMER A counts 2 pulses.

6 SPMODE 1=8ERIAL PORT output (CNT sources shift clock), 0=SERIAL PORT input (external shift clock
required).

7 TODIN 1=50 Hz clock required on TOD pin for accurate time, 0=60 Hz clock required on TOD pin for
accurate time.

CRB:

Bit Name Function

(Bits CRB0O-CRB4 are identical to CRAO-CRA4 for TIMER B with the
exception that bit 1 controls the output of TIMER B on PB7).

56 INMODE Bits CRB5 and CRB6 select one of four input modes for TIMER B as:
CRB6 CRBS5

0 0 TIMER B counts @2 pulses.
0 1 TIMER B counts positive CNT transistions.
1 0 TIMER B counts TIMER A underflow pulses.
1 1 TIMER B counts TIMER A underflow pulses while CNT is high.
7 ALARM 1=writing to TOD registers sets ALARM, O=writing to TOD registers sets TOD clock.
TOD SP IN RUN ouT
REG NAME IN MODE MODE LOAD MODE MODE PB ON START
E CRA |0=60Hz | 0=INPUT ‘O=¢2 1=FORCE [0=CONT.|{ 0=PULSE |0=PBgOFF | 0=STOP
LOAD
1=50Hz | 1=0UTPUT | 1=CNT | (STROBE) [1=0.S. 1=TOGGLE | 1=PBg ON | 1=START
' TA -
RUN ouT
REG NAME ALARM IN MODE LOAD MODE MODE PB ON START
F  CRB j0=TOD 0 0=0> 1=FORCE|0=CONT.| 0=PULSE |0=PB7 OFF| 0=STOP
0 1=CNT LOAD
1 0=TA
1= 1 1=CNTTA| (STROBE) |1=0.. 1=TOGGLE | 1=PB7 ON | 1=START
ALARM

L TB —

All unused register bits are unaffected by a write and are forced to zero on a read.

COMMODORE SEMICONDUCTOR GROUP reserves the right to make changes to any products herein to
improve reliability, function or design. COMMODORE SEMICONDUCTOR GROUP does not.assume any
liability arising out of the application or use of any product or circuit described herein; neither does it convey
any license under its patent rights nor the rights of others.
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6529 SINGLE PORT INTERFACE

DESCRIPTION

The 6529 is a static microprocessor compatible, 8-bit I/O Port with passive output pull-up devices.
Data is written to the portwhen CS and R/W are low. Data is read from the port when CSiis low and R/W
is high. The passive output pull-ups allow a single bit to act as either an input or an output without I/O

mode switching.

This device is provided with special circuitry to provide power-on reset. Under normal fast power-
on conditions the outputs will initialize in the input high impedance state. With very slow or noisy
power-up, there is some possibility the device will initialize with outputs driven low. Itis recommended
that the 6529 be interfaced to open collector output type devices.

TRUTH TABLE
(OF] R/W Do-D7
L L DATA BUS TO PORT
L H PORT TO DATA BUS
H X ISOLATION
L= LOW Level
H= HIGH Level
X =lrrelevant

ORDER INFORMATION
MXS 6529

_I_— FREQUENCY RANGE
NO SUFFIX =1 MHz

A=2 MHz

B =3 MHz

PACKAGE DESIGNATOR
C = Ceramic
P = Plastic

R/W
PO
P1
P2
P3
P4
P5
P6

P7

Vss

PIN CONFIGURATION

= 20 = VDD
o 2 19k CS
= 3 18 | DBO
= 4 17 L DB1

= 5 6529 16= DB2

o 6 15 = DB3
= 7 14 = DB4
= 8 13 = DB5
= 9 12 ¢ DB6
=10 11 DB7
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MAXIMUM RATINGS
This device contains circuitry to
RATING SYMBOL VALUE UNIT protect the inputs against damage
SUPPLY VOLTAGE Vcc | —03to+70] Vde guee t% _21%% sitatié: t\r/]ol:aQeS. 2|0W-
ver, it is advised that norm:
INPUT VOLTAGE Vin —031t0+70]| Vdc precautions tf)e taken to avoid
o application of any voltage higher
OPERATING TEMPERATURE RANGE TA 0to+70| °C than maximum rated voltages to
STORAGE TEMPERATURE RANGE Tstg |—55to+150| °C this circuit.
CHARACTERISTICS (VCC = 5.0V £ 5%, Vss = 0V, Ta = 0° to 70°C)
CHARACTERISTIC SYMBOL MIN MAX UNIT
InputHigh Voltage (Normal Operating Levels) VIH +2.0 Vce Vdc
Input Low Voltage (Normal Operating Levels) VIL -03 +0.8 Vdc
Input Leakage Current
Vin = 0 to 5.0vVdc IIN — +25 MAdc
WRITE, CS
Three-State (Off State Input Current) ITsI — +10 MAdc
(Vin = 04 to 2.4 Vdc, VcC = Max)
Do-D7

Output High Voltage
(Vce = Min, Load = —-600’.1Adc, Po-P7) VOH 24 — Vdc

(Vce = Min, Load = —200uAdc, DoD7)

Output Low Voltage
(Vce = Max, Load = 6.4mAdc, Po-P7) VoL — +04 vdc
(Vce = Max, Load = 3.2mA, Dg-D7)

Output High Current (Sourcing) Po-P7 10H —600 - MAdC
(VOH = 2.4 Vdc) Do-D7 IOH —200 JuAdC
Output Low Current (Sinking) Po-P7 loL 6.4 - mAdc
(VoL = 04 Vdc) Do-D7 loL 32 mAdc
Supply Current Icc - 80 mA

NOTE: Negative sign indicates outward current flow, positive indicates inward flow.
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6529 WRITE CYCLE TIMING DIAGRAM

TWA —————»
R/W /

el
m
X
S
= D7-DO IN Tpg —»|«———TDH
2
»
r«—TcPD
PORT OUT

Note: All timings referred to V(L max, V| min for inputs and Vo max, VOH min for outputs.

6529 WRITE CYCLE CHARACTERISTICS

1 MHz 2 MHz 3 MHz

Symbol Characteristic MIN MAX MIN MAX MIN MAX UNIT
TWA* Write Active 450 — 225 — 160 — ns
TcPD CSto Port Out Delay — 1000 — 500 — 330 ns
DS Data to CS Setup 150 — 100 - 100 — ns
TDH Data to CS Hold 0 —_ 0 — 0 — ns

*TWA is the time while both CS and R/W are low
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6529 READ CYCLE DIAGRAM

\ i
cs /
Tace —— ™ e«—TOTD
/ 14
D7-DO OUT
. K
le— TPDH
PORT IN - TPDS
R - TRWS —> TRWH

Note: All timings referenced to V| max, V|4 min for inputs and Vo max, VoH min for outputs.

6529 READ CYCLE CHARACTERISTICS

1 MHz 2 MHz 3 MHz
Symbol Characteristic MIN MAX MIN MAX MIN MAX UNITS
TACC Access Time — 450 — 225 — 160 ns
TPDS Port Input Setup 120 — 60 — 40 — ns
TPDH Port Input Hold 30 — 30 —_ 30 — ns
TRCS | RM toCS Setup 0 - 0 — 0 - ns
TRCH R/W to CS Setup 0 — 0 — 0 — ns
TOTD CSto Output Off Delay 20 120 20 120 20 120 ns

COMMODORE SEMICONDUCTOR GROUP reserves the right to make changes to any products herein to
improve reliability, function or design. COMMODORE SEMICONDUCTOR GROUP does not assume any
liability arising out of the application or use of any product or circuit described herein; nelther does it convey
any license under its patent rights nor the rights of others.
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6530 (MEMORY, 1/0, TIMER ARRAY)

DESCRIPTION

The 6530 is designed to operate in conjunction with the 650X Microprocessor Family. It is
comprised of a mask programmable 1024 x 8 ROM, a 64 x 8 static RAM, two software controlled 8 bit
bi-directional data ports allowing direct interfacing between the microprocessor unit and peripheral
devices, and a software programmable interval timer with interrupt, capable of timing in various
intervals from 1 to 262,144 clock periods.

FEATURES

8 bit bi-directional Data Bus for direct communication with the microprocessor
1024 x 8 ROM

64 x 8 static RAM

Two 8 bit bi-directional data ports for interface to peripherals

Two programmable |/O Peripheral Data Direction Registers
Programmable Interval Timer

Programmable Interval Timer Interrupt

TTL & CMOS compatible peripheral lines

Peripheral pins with Direct Transistor Drive Capability

High Impedance Three-State Data Pins

Allows up to 7K contiguous bytes of ROM with no external decoding

Figure 1. 6530 Block Diagram

PAO  PA7 PBO  PB7
¢ ¢o ° ot I | to ° 05
DATA
1/0 PERIPHERAL PERIPHERAL 110
CONTROL | | ReGISTER |— DATA BUFFER INTERVAL | | paTA BUFFER |{REGISTER
REGISTER TIMER
. A A B B
Y A A A
y Y Y  J Y

{ T

DATA DATA
BUS ADDRESS - 64x8 | |1Kkx8| | controL ||
BUFFER DECODER RIW RAM ROM HEGIBSTEH
Foodf XX KN
DO D1 A A9 Cs1 CS2 @2 R/MW RES
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MAXIMUM RATINGS

Supply Voltage, Ve -03V to +7.0V
Input/Output Voltage, ViN —-03Vto +7.0V
Operating Temperature, Top 0Cto70C
Storage Temperature, TSTG —55Ct0 150 C

Allinputs contain protection circuitry to preventdamage due
to high static discharges. Care should be exercised to
preventunnecessary application of voltages in excess of the
allowable limits.

COMMENT

Stresses above those listed under “Absolute Maximum
Ratings” may cause permanent damage 1o the device.
These are stress ratings only. Functional operation of this
device at these or any other conditions above those indi-
cated in the operational sections of this specification is not
implied and exposure to absolute maximum rating condi-
tions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS (VCC=5.0v+5%, VSS=0v, TA=25° C)

CHARACTERISTIC SYMBOL| MIN. TYP. MAX. UNIT
Input High Voltage ViH |Vss+24 VCC \
Input Low Voltage ViL | Vss—3 Vss+4 \
Input Leakage Current; ViN=V35+5v IIN 1.0 25 MA
A0-A9, RS, R/W, RES, 92, PB6*, PB5*
Input Leakage Current for High Impedance State ITSI +1.0 +10.0 /uA
(Three State); VIN=.4v to 2.4v, DO-D7
Input High Current; ViN=2.4v ITH —100. —300. /uA
PAO-PA7, PBO-PB7
Input Low Current; ViN=.4Vv L -1.0 -16 MA
PAO-PA7, PBO-PB7
Output High Voltage VOH Y
VCC=MIN, ILOAD £ —100uA(PAO-PA7,PBO-PB7,D0-D7) VSS+24
ILOAD < —3 MA (PAD-PBO) VSS+1.5

Output Low Voltage
VCC=MIN, ILOAD < 16MA VoL VSS+.4 Y
Output High Current (Sourcing); 10H
VOH 2 2.4v (PAO-PA7 PB0O-PB7,D0-D7) —100 |—1000 UA

2 1.5v Available for other than TTL -30 —-50 MA

(Darlingtons) (PAO,PBO)
Output Low Current (Sinking); VOL £ .4v (PAC-PA7) oL 1.6 MA
(PB0O-PB7)

Clock Input Capacitance CClk 30 pF
Input Capacitance CIN 10 pF
Output Capacitance Cout 10 pF
Power Dissipation PD 500 1000 MwW

*When programmed as address pins. All values are D.C. readings.
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WRITE TIMING CHARACTERISTICS

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT
Clock Period Tcyc 1 10 MS
Rise & Fall Times TR, TF 25 NS
Clock Pulse Width TC 470 NS
R/W valid before positive transition of clock TWCW 180 NS
Address valid before positive transition of clock TACW 180 NS
Data Bus valid before negative transition of clock TDCW 300 NS
Data Bus Hold Time THW 10 NS
Peripheral data valid after negative transition TCPW 1 NS
of clock

Peripheral data valid after negative transition TCMOS 2 /uS

of clock driving CMOS (Level=VCC—30%)

READ TIMING CHARACTERISTICS

CHARACTERISTIC : SYMBOL MIN. TYP. MAX. UNIT
R/W valid before positive transition of clock TWCR 180 NS
Address valid before positive transition of clock TACR 180 NS
Peripheral data valid before positive transition TPCR 300 NS
of clock

Data Bus valid after positive transition of clock TCDR 395 NS
Data Bus Hold Time THR 10 NS
IRQ (Interval Timer Interrupt) valid before TIC 200 NS

positive transition of clock

Loading= 30 pF + 1 TTL load for PAO-PA7, PB0O-PB7
=130 pF + 1 TTL load for DO-D7
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Teye
Tr - T b‘ l— Tr
CLOCK INPUT 2.4v
0.4V
Twa et
RW / 24V
2.8V 04V

—>l Tacw [t
24V
ADDRESS ] 2oy X
04V

— l‘-—THw
DATA BUS 0.8v 04V

Tcpw e 30w

Tocw ——ld—»q—’l L

PERIPHERAL )i 2.0V 24V
DATA 0.8V 0.4V

—»  Tcmos  |fe—

Figure 2 Write Timing Characteristics

CLOCK INPUT A2av vy A 24V

20V »]4—
R \
e 0.4V
Twer [

Tacr [~ 24v
20V .
ADDRESS o8V 0.4V

Tecr [
PERIPHERAL 2 0V 24V
DATA 0.8V 04V

TCDR’—"L—— - — THR

24V

DATA BUS 04V
PB7(TRQ) 2.4V
04V

Figure 3 Read Timing Characteristics
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INTERFACE SIGNAL DESCRIPTION

Reset (RES)

During system initialization a Logic “0” on the RES
input will cause a zeroing of all four 1/O registers. This
in turn will cause all 1/0 buses to act as inputs thus
protecting external components from possible dam-
age and erroneous data while the system is being
configured under software control. The Data Bus
Buffers are put into an OFF-STATE during Reset.
Interrupt capability is disabled with the signai.
The RES signal must be held low for at least one clock
period when reset is required.

Input Clock

The input clock is a system Phase Two clock which
can be eitheralow level clock (VL < 04V|H > 24)or

high level clock (VL < 02,ViH = Vcc+'3 ).

Read/Write (R/W)

The R/W signal is supplied by the microprocessor
array and is used to control the transfer of data to and
fromthe microprocessor array and the 6530.A high on
the R/W pin allows the processor to read (with proper
addressing) the data supplied by the 6530. A low on
the R/W pin allows a write (with proper addressing) to
the 6530.

Interrupt Request (IRQ)

The IRQ pinis an interrupt pin from the interval timer.
This same pin, if not used as an interrupt, can be used
as a peripheral I/0 pin (PB7). When used as an
interrupt, the pin should be set up as an input by the
data direction register. The pin will be normally high
with a low indicating an interrupt from the 6530. An
external pull-up device is not required; however, if
collector-OR'd with other devices, the internal pullup
may be omitted with a mask option.

Data Bus (DO-D7)

The 6530 has eight bi-directional data pins (DO-D7).
These pins connect to the system’s data lines and
allow transfer of data to and from the microprocessor
array. The output buffers remain in the off state except
when a Read operation occurs.

Peripheral Data Ports

The 6530 has 16 pins available for peripheral /0
operations. Each pin is individually software program-
mable to act as either an input or an output. The 16
pins are divided into 2 8-bit ports, PAO-PA7 and PBO-
PB7.PB5, PB6 and PB7 also have other uses which
are discussed in later sections. The pins are set up as
an input by writing a “0" into the corresponding bit of
the data direction register. A “1” into the data direction
register will cause its corresponding bit to be an
output. When in the input mode, the peripheral output
buffers are in the “1" state and-a pull-up device acts as
lessthanoneTTL load to the peripheradatalines.Ona
Read operation, the microprocessor unit reads the
peripheral pin. When the peripheral device gets infor-
mation from the 6530 it receives data stored in the data
register. The microprocessor will read correct infor-
mation if the peripheral lines are greater than 2.0 volts
for a “1” and less than 0.8 volts for a “0" as the
peripheral pins are all TTL compatible. Pins PAO and
PBO are also capable of sourcing 3 ma at 1.5v, thus
making them capable of Darlington drive.

Address Lines (AO-A9)

There are 10 address pins. In addition to these 10,
there is the ROM SELECT pin. The above pins, AO-A9
and ROM SELECT, are always used as addressing
pins. There are 2 additional pins which are mask
programmable and can be used either individually or
together as CHIP SELECTS. They are pins PB5 and
PB6. When used as peripheral data pins they cannot
be used as chip selects.
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INTERNAL ORGANIZATION

A block diagram of the internal architecture is
shown in Figure 1. The 6530 is divided into four basic
sections, RAM, ROM, I/0 and TIMER. The RAM and
ROM interface directly with the microprocessor through
the system data bus and address lines. The 1/0O section
consists of 2 8-bit halves. Each half contains a Data
Direction Register (DDR) and an /O Register.

ROM 1K Byte (8K Bits)

The 8K ROM isina 1024 x 8 configuration. Address
lines AO-A9, as well as RS0 are needed to address the
entire ROM. With the addition of CS1 and CS2, seven
6530's may be addressed, giving 7168 x 8 bits of
contiguous ROM.

RAM — 64 Bytes (512 Bits)

A 64 x 8 static RAM is contained on the 6530. It is
addressed by AO-A5 (Byte Select), RS0, A6,A7,A8,A9
and, depending on the number of chips in the system,
CS1 and CS2.

Internal Peripheral Registers

There are four internal registers, two data direction
registers and two peripheral /0O data registers. The two
data direction registers (A side and B side) control the
direction of the data into and out of the peripheral pins.
A “1" written into the Data Direction Register sets up
the corresponding peripheral buffer pin as an output.
Therefore, anything then written into the 1/0 Register
will appear on that corresponding peripheral pin. A “0”
written into the DDR inhibits the output buffer from
transmitting data to or from the 1/0 Register. For
example, a “1" loaded into data direction register A,
position 3, sets up peripheral pin PA3 as an output. Ifa
“0" had been loaded, PA3 would be configured as an
input and remain in the high state. The two data 1/0O
registers are used to latch data from the Data Bus
during a Write operation until the peripheral device
can read the data supplied by the microprocessor
array.

During a read operation the microprocessor is not
reading the 1/0 Registers but in fact is reading the
peripheral data pins. For the peripheral data pins
which are programmed as outputs the microprocessor
will read the corresponding data bits of the 1/0
Register. The only way the 1/0 Register data can be
changed is by a microprocessor Write operation. The
1/0 Register is not affected by a Read of the data on the
peripheral pins.

Interval Timer

The Timer section of the 6530 contains three basic
parts: preliminary divide down register, programmable
8-bit register and interrupt logic. These are illustrated
in Figure 4.

The interval timer can be programmed to count up
to 256 time intervals. Each time interval can be either
1T,8T,64T or 1024T increments, where T is the system
clock period. When a full countis reached, an interrupt
flag is setto a logic “1." After the interruptflag is set the
internal clock begins counting down to a maximum of
—255T.Thus, after the interrupt flag is set,a Read of the
timer will tell how long since the flag was set up to a
maximum of 255T.

The 8 bit system Data Bus is used to transfer data to
and from the Interval Timer. If a count of 52 time
intervals were to be counted, the pattern001 10100
would be put on the Data Bus and written into the
Interval Time register.

At the same time that data is being written to the
Interval Timer, the counting intervals of 1,8, 64,1024T
are decoded from address lines AQ and A1. During a
Read or Write operation address line A3 controls the
interrupt capability of PB7,i.e,A3 =1 enables IRQ on
PB7,A3 =0disables IRQon PB7.When PB7 is to be
used as an interrupt flag with the interval timer it should
be programmed as an input. If PB7 is enabled by A3
and an interrupt occurs PB7 will go low. When the
timer is read prior to the interrupt flag being set, the
number of time intervals remaining will beread, ie., 51,
50, 49, etc.
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When the timer has counted downto 00000000
on the next count time an interrupt will occur and the
counterwillread 11111111 Afterinterrupt, the timer
register decrements at a divide by “1” rate of the
system clock. If after interrupt, the timer is read and a
valueof11100100isread,thetimesinceinterruptis
28T. The value read is in two's complement.

Valueread =11100100
Complement=00011011
ADD 1 =00011100=28

Thus, to arrive at the total elapsed time, merely do a
two's complement add to the original time written into

the timer. Again, assume time writtenas 00110100
(=52). With a divided by 8, total time to interruptis (52 x
8)+1=417T.Total elapsed time would be 416T + 28T
=444T,assuming the value read after interruptwas 1 1
100100

After the interrupt, whenever the timer is written or
read the interrupt is reset. However, the reading of the
timer at the same time the interrupt occurs will not reset
the interrupt flag. When the interrupt flag is read on
DB?7 all other DB outputs (DBO thru DB6) go to “0”.
Figure 5 illustrates an example of interrupt.

When reading the timer after an interrupt, A3 should
be low so as to disable the IRQ pin. This is done so as
to avoid future interrupts until after another Write timer
operation.

R/W A3 D7 D& D5 D4 D3 T D Do R/W A‘I A+o
IRQ <g—| INTERRUPT  |og PROGRAMMABLE y DIVIDE 02
CONTROL REGISTER DOWN
D7 D6 D5 D4 D3 D2 DI DO

Figure 4. Basic Elements of Interval Timer

WRITE T ' l

mn [T TS Lﬁuzmu«%u%w%_m

RQ

e

8

8

. Datawritten into intervaltimeris00110100=5210
2. Datain Interval timeris 00011001 =2510
52 —-213 — 1 =52-26-1 =25

3. Data in Interval timeris00 000000 =010
52 — 415 — 1 =52-51-1 =0

4. Interrupt has occurred at }212 puls
Data in Interval timer=11 11

5. Data in Interval timeris 1 01 0
two's complementis 01010
84 + (52 x 8) = 50010

Figure 5

L

e #416
111
100
100=841¢
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ADDRESSING

Addressing of the 6530 offers many variations to the
user for greater flexibility. The user may configure his
system with RAM in lower memory, ROM in higher
memory,and |/O registers with interval timers between
the extremes. There are 10 address lines (AO-A9). In
addition, there is the possibility of 3 additional address
lines to be used as chip-selects and to distinguish
between ROM, RAM, I/O and interval timer. Two of the
additional lines are chip-selects 1 and 2 (CS1 and
CS2). The chip-select pins can also be PB5 and PB6.
Whether the pins are used as chip-selects or periph-
eral 1/0 pins is a mask option and must be specified
when ordering the part. Both pins actindependently of
each other in that either or both pins may be designated
as a chip-select. The third additional address line is
RS0.The 6502 and 6530 in a 2-chip system would use
RSO to distinguish between ROM and non-ROM
sections of the 6530. With the addressing pins avail-
able,a total of 7K contiguous ROM may be addressed
with no external decode. Below is an example of a 1-
chip and a 7-chip 6530 Addressing Scheme.

One-Chip Addressing

Figure 6 illustrates a 1-chip system decode for the
6530.

Seven-Chip Addressing

In the 7-chip system the objective would be to have

7K of contiguous ROM, with RAM in low order memory.

The 7K of ROM could be placed between addresses
65,535 and 1024. For this case,assume A13,A14 and
A15 are all 1 when addressing ROM, and 0 when
addressing RAM or 1/0. This would place the 7K ROM
between Addresses 65,535 and 58,367. The 2 pins
designated as chip-select or 1/0 would be masked
programmed as chip-select pins. Pin RS0 would be
connected to address line A10. Pins CS1 and CS2
would be connected to address lines A11 and A12
respectively. See Figure 7.

The two examples shown would allow addressing
of the ROM and RAM; however, once the |/0 or timer
has been addressed, further decoding is necessary to
select which of the I/0 registers are desired, as well as
the coding of the interval timer.

1/0 Register — Timer Addressing

Figure 8 illustrates the address decoding for the
internal elements and timer programming. Address
lines A2 distinguishes 1/O registers from the timer.
When A2 is high and /O timer select is high, the /O
registers are addressed. Once the 1/0O registers are
addressed, address lines A1 and AQ decode the
desired register.

When the timer is selected A1 and AQO decode the
divide by matrix. This decoding is defined in Figure 8.
In addition, Address A3 is used to enable the interrupt
flag to PB7.
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)
J INT. TIMER SEL.
A3 INTERVAL
Al TIMER
A0
m
1/0 TIMER SEL.
} 1/0 SEL.
Al 110
OQ &4 A0
™
X
?IJ'
S RAM SEL.
> NN NS RPN = s
r - Ad
[} : A3 RAM
) oo | A2
cs2 5 ' 1 Al
I |>° I — A0
CSt 1 |
| = |
RSO |
| ¥ | ROM SEL.
| '
A9 x*
1 | A9
o X |
| I A8
| —X |
! I—D ! A7
I 1
A6 ' I 26
. * |
Ab5 b - e e o e - - - Y (e T — ] A5
A4 A4
A3 A3
A2 A2
A0 A0
A. X indicates mask programming
ie. ROM select=CS1 RS0 __
RAM select=CS1 @ RS0 ® AJ@ A7 0 A6
1/0 TIMER SELECT=CS1@#RS0®A9eABeA7 @ A6
B. Notice that A8 is a don't care for
RAM select
C. CS2 can be used as PB5 in this example.
Figure6. 85300ne Chip Address Encoding Diagram
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The addressing of the ROM select, RAM select and 1/O Timer select lines would be as follows:

Ccs2 cs1 RSO
A12 At1 A10 A9 A8 A7 A6
65630 #1, ROM SELECT 0 0 1 X X
RAM SELECT 0 0 0 0 0 0 0
1/0 TIMER 0 0 0 1 0 0 0
6530 #2,
ROM SELECT 0 1 0 X X X X
RAM SELECT 0 0 0 0 0 0 1
I/0 TIMER 0 0 0 1 0 0 1
6530 #3, ROM SELECT 0 1 1 X X X X
RAM SELECT 0 0 0 0 0 1 0
1/0 TIMER 0 0 0 1 0 1 0
6530 #4, ROM SELECT 1 0 0 X X X X
RAM SELECT 0 0 0 0 0 1 1
I/0 TIMER 0 0 0 1 0 1 1
6530 #5, ROM SELECT 1 0 1 X X X X
RAM SELECT 0 0 0 0 1 0 0
/0 TIMER 0 0 0 1 1 0 0
6530 #6, ROM SELECT 1 1 0 X X X X
RAM SELECT 0 0 0 0 1 0 1
1/0 TIMER 0 0 0 1 1 0 1
6530 #7, ROM SELECT 1 1 1 X X X X
RAM SELECT 0 0 0 0 1 1 0
1/0 TIMER 0 0 0 1 1 1 0

*RAM select for 6530 #5 would read = A120A11 @ A10@ AQ® AB@AT @ AG

Figure 7. 6530 Seven Chip Addressing Scheme
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ADDRESSING DECODE
ROM SELECT RAM SELECT  I/O TIMER SELECT R/W A3 A2 A1 A0
READ ROM | o) o ] X X X X
WRITE RAM Io) | 0 o X % X X
READ RAM 0 ! o | X X X X
WRITE DDRA o o) | o] X [¢] o] |
READ DDRA o) o) | | X o 0 I
WRITE DDRB o 0 I [¢] X 0 I |
READ DDRB o ¢} | I X o} | |
WRITE PER. REG. A o o 1 o X 0 o 0
READ PER. REG. A o 0 I I X o o 0
O
m WRITE PER. REG. B [ o} ] o X o) | o
B READ PER. REG. B 0 o | | x o [ 0
m
2 WRITE TIMER
~ 0 o | o * I 0 o
& o 0 I o * I 0 |
o o i 0 * | I 0
o o | o * | | i
READ TIMER 0 0 I | * I X o)
READ INTERRUPT FLAG o 1 I X I X |
*Ag = | Enables IRQ to PB7
A3 = O Disables IRQ to PB7 Figure 8. Addressing Decode for I/0 Register and Timer
10°max. vss 1 4a0h  Pal
40 2! /)’ PAO [J2 390 PaA2
Dot or Notch A\ " ( ) f g2 (O3 38[0 PA3
To Locate .600max. (15.87) 625
Pin No. | —nt (15.24mm) | |51 595 Rso (44 370 PA4
M - i A9 Os 36 PaS
! 20 1 as s 350 Pae
155 max, a7 Oz 347 PAT
(393mm) Ae []s8 33[] 080
2.020 mox. __|
(51.30mm) 190 max. rR/W o 32[3 o8I
(4 82mm) A5 [Jio 31 D0B2
A4 it 30 o0B3
3I0max.
WW (31omax, a3 iz 2901 o084
J L _r* A2 (13 28] D85
(1.65) .065
(oh mTYP - .100min. Al 4 27@ DB6
o (2.54mm) a0 s 26 DB7
183,022 1, — .0l0mn. RES [Jie 25{] P8O
(.48) .018 1.910 (48.5/mm) (.25mm) .
1.890 (48.00mm) IRQ/PB7 - LHI7 24
19 Equal Spaces csi/pBs I8 23 PB2
100 ¢ Tol Noncum cs2/pPB5 (19 22E PB3
(2.54mm) vee [J20 21 PB4
NOTE: Pin No. 1 is in lower left corner when
symbolization is in normal orientation
PACKAGE OUTLINE 6530 PIN DESIGNATION

2-106



commodore P
semiconductor group 6532

MEMORY,
NMOS
ARRAY

6532 (MEMORY, /O, TIMER ARRAY)

THE 6632 CONCEPT—

The 6532 is designed to operate in conjunction with the MCS650X Microprocessor Family. It is
comprised of a 128 x 8 static RAM, two software controlled 8 bit bi-directional data ports allowing
direct interfacing between the microprocessor unit and peripheral devices, a software programmable

Interval timer with interrupt capable of timing in various intervals from 1 to 262,144 clock periods, and E
a programmable edge detect circuit. s
FEATURES OF THE 6532 -
* 8 bit bi-directional Data Bus for direct « High Impedance Three-State Data Pins

communication with the microprocessor ¢ 1MHz, 2MHz and 3MHz operation

¢ Programmable edge-sensitive interrupt

e 128 x 8 static RAM

e Two 8 bit bi-directional data ports for
interface to peripherals

e Two programmabile /O Peripheral Data
Direction Registers

* Programmable Interval Timer
e Programmable Interval Timer interrupt
e TTL & CMOS compatible peripheral lines
o Peripheral pins with Direct Transistor
Drive Capability
ORDERING INFORMATION 8532 PIN DESIGNATION
MXS 6532 vss O P =
AS [m ] 397 o2
As 0s 38 cs
A3 (m] 371 cs2
A2 Cs 363 RS
Al Os 3500 R/w
A0 ar 3413 RES
PAO Os 3303 oso
FREQUENCY RANGE Pal Qe 2[1 o8l
NO SUFFIX =1 MHz Paz Qo S'E ps2
A =2 MHz PA3 on 30 083
PA4 [m {5 29[7 o84
PAS g 28[] D085
PACKAGE DESIGNATOR PAE [= T} 27f7 o086
C=CERAMIC PAT Ois 26[7 o087
P= PLASTIC PB7 e 2503 IR0
PB6 i 247 P8O
PBS Clie 23 P8}
PB4 e 22[] PB2
vDD d 20 2t P83
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BLOCK DIAGRAM
DO @—»
D! —p DATA
o2 DIRECTION
“4—>  paATA CONTROL
D3 «— BUS REGISTER
A
04 4—  BUFFER
D5 4—pf
D6 OUTPUT
D7 4] N REGISTER A
csl
cs2 — CHIP
P2 ——» SELECT
R/W — R/W
RES —— PERIPHERAL
DATA
BUFFER
128x 8 A
RS — RAM
1RQ @——{ INTERRUPT o
CONTROL
INTERVAL >
TIMER PERIPHERAL
DATA
BUFFER
B8
A0 — )
Al »| ADDRESS
A2 —p| DECODERS
A3 —'ﬁ
AG ——p
AS ——>
A6 —— OUTPUT
REGISTER B
DATA
DIRECTION
g CONTROL
REGISTER
)

PA7
PA6
PAS
PA4
PA3
PA2
PA|

PAO

P87
PB6
PBS
PB4
PB3
PB2
PBI

PBO
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MAXIMUM RATINGS

RATING SYMBOL VOLTAGE UNIT
Supply Voitage vcC -3to +70 v
Input/Output Voltage VIN -3t +7.0 v
Operating Temperature Range Top 0to 70 °C
Storage Temperature Range TSTG -85t0 +150 °c

All inputs contain protection circuitry to prevent damage due to high static charges. Care should be
exercised to prevent unnecessary application of voltage outside the specified range.

ELECTRICAL CHARACTERISTICS (VCC = 50v = 5%, VSS = Ov, TpA = 0-70°C)

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT
Input High Voitage ViH Vgg+24 1.3 vce v
Input Low Voitage viL vgg -3 1.1 Vgs + .8 v
Input Leakage Cument; ViN = Vgg + 5v [ITY] - 1.0 25 A

A0-A8, S, AW, AES, @2, Cst, C82

Input Leakage Current for High Impedance State hrsi - +10 +10.0 uA
(Three State); VN = .4v to 2.4v; DO-D7

Input High Current; Viyy = 2.4v hH - 100. - 300. - kA
PAO-PA7, PBO-PB7

Input Low Current; Vi = 4v LR - -10 -16 mA
PAO-PAT, PBO-PB7

Output High Voitage
VCC = MIN, I 0AD < - 100kA(PAO-PA7, PBO-PB7, DO-D7) VOH VES+24 3.5 vce v

Output Low Volitege

VCC = MIN, | 0AD < 1.6MA VoL Vss 2 VSS+ .4 v
Output High Current (Sourcing), .

VOH > 2.4v (PAO-PA7, PBO-PB7, DO-D7) 10H -~ 100 = 1000 _ sA
Output Low Current (Sinking); VOL < .4v (PAG-PA7) (PBO-PBT) oL 18 3.0 - mA
Clock Input Capacitance [ —_— 18 30 pf

—

Input Capacitance CIN - 7 10 pt
Output Capacitance Cout —_ 7 10 pf
Power Dinsipation Pp - 500 1000 mw
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WRITE TIMING CHARACTERISTICS

Teve

CLOCK INPUT

TWew  [e——

X

Tacw  [t—

20v
ADDRESS

—— THw
2.0V
DATA BUS
v
Tocwm-tat— Tcpw S ———— e e Vo - 0%
A
A 207 24v
PERIPHERAL -
8 s
[— Tcmos—»~]

READ TIMING CHARACTERISTICS

20V 2.0V
CLOCK INPUT / v /

—| TWCA |w—
—» TACR [|w—o

¥ 20v
ADDRESS
N av

TPCR —p

PERIPHERAL 20v
DATA

DATA BUS

Tic =
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WRITE TIMING CHARACTERISTICS

1MHz 2MHz 3MHz

CHARACTERISTIC SYMBOL | MIN | MAX | MIN | MAX | MIN | MAX | UNIT
Clock Period Tcye 1 20 5 10 0.33 10 ,.JS
Rise & Fall Times ™R TF - 25 — 25 — 25 nS
Clock Pulse Width Tc 470 10 .235 5 0.160 5 MS
R/W valid before positive transition of

clock Twew 180 - 90 - 60 —_ nS
Address valid before positive transition

of clock TACW 180 - 90 - 60 - nS
Data Bus valid before negative transition

of clock Tocw 300 - 150 — 100 - nS
Data Bus Hold Time THW 10 - 10 — 10 - nS
Peripheral data valid after negative

transition of clock TcPw — 1 - 500 - .333 /uS
Peripheral data valid after negative

transition of clock driving CMOS

(Level=VCC—30%) TcMOS - 2 - 1 - 666 | wuS

READ TIMING CHARACTERISTICS

1MHz 2MHz 3MHz

CHARACTERISTIC SYMBOL | MIN | MAX | MIN | MAX | MIN | MAX | UNIT
R/W valid before positive transition of

clock TWCR 180 —_— 90 - 60 - nS
Address valid before positive transition

of clock TACR 180 — 90 — 60 - nS
Peripheral data valid before positive

transition of clock TPCR 300 - 150 - 100 - nS
Data Bus valid after positive transition

of clock TCDR - 400 - 200 - 135 nS
Data Bus Hold Time THR 10 - 10 - 10 - nS
iRQ valid before positive transition of

clock Tic 200 - 100 - 75 - nS

Loading = 30 pf + 1 TTL load
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INTERNAL ORGANIZATION

A block dlagram of the internal architecture Is shown in Figure 1. The 6532 is divided into four basic sec-
tions, RAM, /O, TIMER, and Interrupt Control. The RAM Interfaces directly with the microprocessor through
the system data bus and address lines. The /O section consists of two 8bit halves. Each half contains a
Data Direction Register (DDR) and an {/O Register.

RAM—128 Bytes (1024 Bits)

The 128 x 8 Read/Write memory acts as a conventional static RAM. Data can be written into the RAM from
the microprocessor by selecting the chip (CS1=1, C52=0) and by setting RS to a logic 0 (0.4v). Address
lines AO through A8 are then used to select the desired byte of storage.

Intemal Peripheral Registers

The Peripheral A I/O port consists of eight lines which can be individually programmed to act as either an
input or an output. A logic zero in a bit of the Data Direction Register (DDRA) causes the corresponding line
of the PA port to act as an Input. A logic one causes the corresponding PA line to act as an output. The
voltage on any line programmed to be an output is determined by the corresponding bit in the Output
Register (ORA).

Data is read directly from the PA pins during any read operation. For any output pin, the data transferred into the
processor will be the same as that contained in the Output Register if the voltage on the pin is allowed to go to 2.4v
for a logic one. Note that for input lines, the processor can write into the corresponding bit of the Output Register.
This will not affect the polarity on the pin until the corresponding bit of DDRA is set to a logic one to allow the
peripheral pin to act as an output.

In addition to acting as a peripheral I/O line, the PA7 line can be used as an edge-detecting input. In this mode,
an active transition will set the internal interrupt fiag (bit 6 of the Interrupt Flag register). Setting the interrupt flag
will cause [RQ output to go low if the PA7 interrupt has been enabled. The PA7 line should be set up as an input for
this mode.

Control of the PA7 edge detecting mode is accomplished by writing to one of four addresses, In this operation,
AQ controls the polarity of the active transition and A1 acts to enable or disable interrupting of the processor. The
data which is placed on the Data Bus during this operation is discarded and has no effect on the control of PA7,

Setting of the PA7 interrupt flag will occur on an active transition even if the pin is being used as a normal input
or as a peripheral control output. The flag will also be set by an active transition if interrupting from PA7 is dis-
abled. The reset signal (RES) will disable the PA7 interrupt and will set the active transition to negative (high to
low). During the system initialization routine, it is possible to set the interrupt flag by a negative transition. It may
also be set by changing the polarity of the active interrupt. It is therefore recommended that the interrupt flag be
cleared before enabling interrupting from PA7.

Clearing of the PA7 Interrupt Flag occurs when the microprocessor reads the Interrupt Flag Register.

The operation of the Peripheral B input/Qutput port is exactly the same as the normal /O operation of the
Peripheral A port. The eight lines can each be programmed to act as either an input or as an output by placing a0
or a 1 into the Data Direction register (DDRB). In the output mode, the voltage on a peripheral pin is controlled by
the Output Register (ORB).

The primary difference between the PA and the PB ports is in the operation of the output buffers which drive
these pins. The buffers are push-pull devices which are capable of sourcing 3 ma at 1.5v. This allows these pins to
directly drive transistor switches. To assure that the microprocessor will read proper data on a “Read PB" opera-
tion, sufficient logic Is provided in the chip to allow the microprocessor to read the Output Register instead of
reading the peripheral pin as on the PA port.
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INTERFACE SIGNAL DESCRIPTION

Reset (RES)

During system initialization a logic “0” on the RES input will cause a zeroing of all four 1/O registers. This
in turn will cause all /0 buses to act as inputs thus protecting external components from possible damage
and erroneous data while the system is being configured under software control. The Data Bus Buffers are
put into an OFF-STATE during Reset. Interrupt capability is disabled with the RES signal. The RES signal
must be held low for at least one clock pericd when reset is required.

Input Clock
The input clock is a system Phase Two clock which can be either a low level clock (V| < 0.4, Vi > 2.4) or high

level clock (V| < 0.2, V|4 = Vce tg)

Read/Write (RW)

The R/W signal Is supplied by the microprocessor array and is used to control the transfer of data to and
from the microprocessor array and the 6532. A high on the RW pin allows the processor to read (with proper
a':!d:%assélng) the data supplied by the 6532. A low on the RW pin allows a write (with proper addressing) to
the .

Interrupt Request (IRG) ‘

The TRQ pin is an interrupt pin from the interrupt control logic. The pin will be normally high with a low in-
dicating an interrupt from the 6532. An external pull-up device is required. The IRQ pin may be activated by a
transition on PA7 or timeout of the interval timer.

Data Bus (D0-D7)

The 6532 has eight bi-directional data pins (D0-D7). These pins connect to the system’s data lines and
allow transfer of data to and from the microprocessor array. The output buffers remain in the off state ex-
cept when a Read operation occurs and are capable of driving one standard TTL load and 130 pf.

Peripheral Data Ports

The 6532 has 16 pins available for peripheral I/O operations. Each pin is individually software programmable to act
as either an input or an output. The 16 pins are divided into 2 8-bit ports, PAO-PA7 and PBO-PB7. PA7 also has other
uses which are discussed in later sections. The pins are set as inputs by writing a “0” into the corresponding bit of the
data direction register. A “1” into the data direction register will cause the corresponding pin to be an output. When in
the input mode, the peripheral output buffers are in the “1” state and pull-up device acts as less thanone TTL load to the
peripheral data lines. On a Read operation, the microprocessor unit reads the peripheral pin. When the peripheral
device gets information from the 6532 it receives data stored in the data register. The microprocessor will read correct
information if the peripheral lines are greaterthan 2.0 volts for a “1” and less than 0.8 volts for a “0” as the peripheral pins
areall TTL compatible. Pins PBO-PB7 are also capable of sourcing 3 maat 1.5v, thus making them capable of Darlington
drive.

Address Lines (AO-A6) —_ —_—

There are 7 address pins. In addition to these 7, there is a RAM SELECT pin. These pins, AO-A6 and RAM SELECT,
are always used as addressing pins. There are two additional pins which are used as CHIP SELECTS. They are pins
CS1 and CS2.
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The Timer section of the 6532 contalins three basic parts: preliminary divide down register, programmable 8-bit
register and interrupt logic.

Figure 2. BASIC ELEMENTS OF INTERVAL TIMER

DIVIDE
e - e B~ D -
l |
vy
07 D8 DS D4 D3 D2 D1 DO

The interval time can be programmed to count up to 255 time intervals. Each time interval can be either 1T, 8T,
84T or 1024T increments, where T is the system clock period. When a full count is reached, an interrupt flag is set
to alogic “1". After the interrupt flag is set the internal clock begins counting down to a maximum of — 255T. Thus,
after the interrupt fiag is set, a Read of the timer will tell how long since the flag was set up to a maximum of 255T.

The 8 bit system Data Bus is used to transfer data to and from the Interval Timer. If a count of 52 time intervals
were to be counted, the patten 0 0 1 1 0 1 0 0 would be put on the Data Bus and written into the Interval Time
register.

At the same time that data Is being written to the Interval Timer, the counting intervals of 1, 8, 64, 1024T are
decoded from address lines AQ and A1. During a Read or Write operation address line A3 controls the interrupt
capability; i.e., A, = 1enables 1RQ, A, = 0disables IRQ. When the timer is read prior to the interrupt flag being set,
the number of time intervals remaining will be read, l.e., 51, 50, 49, etc. »

When the timer has counted thru 00000 0 0 0 on the next count time an interrupt will occur and the counter will
read 1111111 1. After interrupt, the timer register decrements at a divide by 1" rate of the system clock. If after
interrupt, the timer Is read and a value of 1 1 1 00 1 0 0 is read, the time since interrupt is 27T. The value read is in
two’s complement, but remember that interrupt occurred on count number. Therefore, we must subtract 1.

Valueread =11100100
Complement = 00011011

ADD 1 =00011100 = 28 Equals two’s complement of register
SUB 1

00011011

i}

27
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Thus, to arrive at the total elapsed time, merely do a two’s complement add to the original time written into the
timer. Again, assume time written as 00 1 10 100 (=52). With a divide by 8, total time to interrupt is (52x 8) + 1 =
417T. Total elapsed time would be 416T + 28T = 444T, assuming the value read after interrupt was 111001 00.

After the interrupt, whenever the timer Is written or read the interrupt is reset. However, the reading of the timer
at the same time the interrupt occurs will not reset the interrupt flag. When the interrupt flags are read (DB7 for the
timer, DB6 for edge detect) data bus lines DO-D5 go to 0.

Figure 3. TIMER INTERRUPT TIMING

@ ® ©

® O)
um_r,—l_,,L_lzual Izul lml:lnsl I“'lzl’“l I!O'I
wmer [

s I

1. Data written into interval timers is00110100 = 52,
2. Data in Interval timeris 00011001 = 25,

52-2;3-1 =52-26-1=25

3. Data in Interval timeris00000000=0,,
52-4;5-1 =5251-1=0

4. interrupt has occurred at 02 puls

Data in interval timer=111 1

5. Data in Interval timeris 1010 1

010

two's complement is 0 1
84 + (52x8) = 500,,

When reading the timer after an interrupt, A3 should be low so as to disable the TRQ pin. This is done so as to
avoid future interrupts until after another Write operation.

Interrupt Flag Register

The Interrupt Flag Register consists of two bits: the timer interrupt fiag and the PA7 interrupt flag. When a read
operation is performed on the Interrupt Flag Register, the bits are transferred to the processor on the data bus, as
the diagram below, Indicates.

Figure 4. INTERRUPT FLAG REGISTER
EAEAEEEEENENENEY

| - 6’ ’
PA7 FLAG

TIMER FLAG

The PA7 flag is cleared when the Interrupt Flag Register is read. The timer flag is cleared when the timer register
is either written or read.
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ADDRESSING

Addessing of the 8532 is accomplished by the 7 addrassing pins, the RS pin and the two chip select pins CS1
and CS2. To address the RAM, CS1 must be high with T52 and RS low. To address the /O and Interval timer CS1
and RS must be high with C53 low. As can be seen to access the chip CS1 is high and 52 is low. To distinguish
between RAM or I/0 Timer the RS pin is used. When this pin is low the RAM Is addressed, when high the /O Inter-
val timer section is addressed. To distinguish between timer and /0 address line A2 is utilized. When A2 is high the
interval timer is accessed. When A2 Is low the /O section Is addressed. Table 1 illustrates the chip addressing.

Edge Sense Interrupt

In addition to its use as a peripheral /O line, the PA7 pin can function as an edge sensitive input. In this mode,
an-active transition on PA7 will set the internal interrupt flag (bit 6 of the Interrupt Flag Register). When this occurs,
and providing the PA7 interrupt is enabled, the IRQ output will go low.

Control of the PA7 edge detecting logic is accomplished by performing a write operation for one of four ad-
dresses. The data lines for this operation are “don’t care” and the addresses to be used are found in Figure 4.

The setting of the internal interrupt flag by an active transition on PA7 is always enabled, no matter whether PA7
is set up as an input or an output.

o
m
ES
el

I
m
X
>
b
o

The RES signal disables the PA7 interrupt and sets the active transition to the negative edge-detect state. During
the reset operation, the interrupt flag may be set by a negative transition. it may, therefore, be necessary to clear
the flag before its normal use as an edge detecting input is enabled. This can be achieved by reading the Interrupt
Flag Register, as defined by Figure 4 immediately after reset.

VO Register—Timer Addressing

Table 1 illustrates the address decoding for the internal elements and timer programming. Address line A2
distinguishes l/O registers from the timer. When A2 is low and RS is high, the HO registers are addressed. Once the
/O registers are addressed, address lines A1 and AQ decode the desired register.

When the timer is selected A1 and A0 decode the “divide-by" matrix. This decoding is defined in Table 1. In addi-
tion, Address A3 is used to enable the interrupt flag to [RQ.

Table 1: ADDRESSING DECODE

OPERATION

Write RAM
Read RAM
Write DDRA
Read DDRA
Write DDRB
Read DDRB
Write Output Reg A
Read Output Reg A
Wirite Output Reg B
Read Output Reg B
Write Timer

+17

+8T

+64T

+ 10247
Read Timer
Read Interrupt Flag(s)
Write Edge Detect Control

<
2
4
>
3

P - a

L T T T T O I
[ T T T T T I
cocooococoo| |
N - - K-
CoOo0O = aaa=| |

O = 20000 ‘O‘O-‘OdOAog
O=-0=0

-‘__d_,
Ol | amunm
5
N
Bll-=oco

8 -

NOTES:— =Don't Care, "1" = High level (>2.4V),"0" = Low level (< 0.4V)

(s) A3=0 to disable interrupt from timer to IRQ
A3 =1 to enable interrupt from timer to |

o) At=0 to disable interrupt from PA7 to IRQ
A1=1 o enable Interrupt from PA7 to IRQ

({c)- A0 =0 for negative edge-detect
A0 =1 for positive edge-detect

COMMODQRE SEMICONDUCTOR GROUP reserves the right to make changes to any products herein to
improve reliability, function or design. COMMODORE SEMICONDUCTOR GROUP does not assume any
liability arising out of the application or use of any product or circuit described herein; neither does it convey
any license under its patent rights nor the rights of others.
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6545-1

CONTROLLER
(CRTC)

6545-1 CRT Controller (CRTC)

CONCEPT

The 6545-1 is a CRT Controller intended to provide capability for interfacing the 6500/6800
microprocessor families to CRT or TV-type raster scan displays. A unique feature is the inclusion of
several modes of operation, so that the system designer can configure the system with a wide

assortment of techniques.

FEATURES:

u Single +5 volt (£5%) power supply.

w Alphanumeric and limited graphics
capabilities.

s Fully programmable display (rows, columns,
blanking, etc).

aNon-interlaced scan.

= 50/80 Hz operation.

s Fully programmable cursor.

a External light pen capability.

= Capable of addressing up to 16K character
video display RAM.

= No DMA required.

= Pin-compatible with MC6845.

&= Row/Column or straight-binary addressing
for video display RAM.

= |nternal 8-bit status register.

ORDERING INFORMATION

MXS 6545-1 1 MHz
MXS 6545A-1 2 MHz

PACKAGE DESIGNATOR
C = CERAMIC
P = PLASTIC

65451

GND
RES &

LPEN

CCO/MAO
CC1/MAT e
CC2/MA2 e
CC3/MA3 e
CC4/MAS £
CC5/MA5
CC6/MA6 £
CC7/MA7
CRO/MAS
CR1/MA9
CR2/MA10 o
CR3/MA11 £
CR4/MA12
CR5/MA13 e
DISPLAY ENABLE
CURSOR

Vee =

PIN DESIGNATION

1 40 VSYNC
2 39 HSYNC
3 38 RAO
4 37 RA1

5 36 RA2

6 35 RA3

7 34 RA4
8 33 DBO

9 32 DB1
10 31 DB2
ia! 30 DB3
12 29 DB4
13 28 DB5
14 27 DB6
15 26 DB7
16 25 ¢s
17 24 RS
18 23 @2

19 22 RW
20 21 CCLK
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MAXIMUM RATINGS COMMENT

Supply Voltage, Vcc —0.3V to +7.0V Stresses above those listed under “Absolute Maximum
Input/Qutput Voltage, VIN —-0.3V to +7.0v Ratings" may cause permanent damage to the device.
Operating Temperature, TOp 0°C to 70°C These are stress ratings only. Functional operation of this
Storage Temperature, TSTG —55°C to 150°C device at these or any other conditions above those indi-
Allinputs contain protection circuitryto preventdamage due cated in the operational sections of this specification is not
to high static discharges. Care should be exercised to implied and exposure to absolute maximum rating condi-
preventunnecessary application of voltages in excess of the tions for extended periods may affect device reliability.

allowable limits.

ELECTRICAL CHARACTERISTICS (VCC = 5.0V %+ 5%, TA = 0 to 70°C, unless otherwise noted)

Symbol Characteristic Min. Max. Unit
VIH Input High Voltage 20 vece \
ViL Input Low Voltage -0.3 08 \
™ Input Leakage (@2, R/w, RES, CS, RS, LPEN, CCLK) — 25 A
ITs| Three-State Input Leakage (DB0O-DB7) — 100 HA

VIN =04 to 24V

VOH Output High Voltage o4 Vee v
ILOAD = 205uA (DBO-DB7)
ILOAD = 100pA (all others)

VoL Output Low Voltage Vss 04 \Y
ILOAD = 16mA
PD Power Dissipation — 1000 mw
CIN Input Capacitance _
@2, R/w, RES, CS, RS, LPEN, CCLK — 100 pF
DBO0-DB7 — 125 oF
Cout Output Capacitance — 100 pF
INTERFACE DIAGRAM Voo GND
MPU 1/F | ]
> HSYNC
DBO-DB7 T > VSYNG
92— > DISPLAY ENABLE
Riw ———»| 6545-1 CRTC | » CURSOR
C§ —————» «————— | PEN
RS ————» [———— CCLK
[e———— RES

MAOMATS RAOTAS
REFRESH RAM AND CHARACTER ROM
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MPU BUS INTERFACE CHARACTERISTICS

WRITE CYCLE
Teve »
€ IC ———
—_— .
2 e/ n__ /
—»| tACW |e— —» ICAH |e—
4
twow  jee— —>»  tCWH l—<—
RIW
DCW — tHwW

DATA BUS I

WRITE TIMING CHARACTERISTICS
(VCC = 5.0V £ 5%, Ta = 0 to 70°C, unless otherwise noted)

6545-1 6545A-1
Symbol | Characteristic Min. Max. Min. Max. Unit
tcye Cycle Time 10 40 05 40 s
tc @2 Pulse Width 470 — 235 — ns
taCw Address Set-Up Time 180 — 90 — ns
tCAH Address Hold Time 0 - 0 - ns
tWew R/W Set-Up Time 180 — 90 — ns
tcwH | R/W Hold Time "0 — 0 — ns
tDCW Data Bus Set-Up Time 265 — 100 — ns
tHW Data Bus Hold Time 10 — 10 — ns

(tr and tf = 10 to 30 ns)
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MPU BUS INTERFACE CHARACTERISTICS
READ CYCLE < fcye >
l—— tC —

@2 / N\ /

,l ACR Je—— —»| ICAR |[&—

) UMY

DATA BUS

READ TIMING CHARACTERISTICS
(VCC = 5.0V £ 5%, Ta = 0 to 70°C, unless otherwise noted)

6545-1 6545A-1
Symbol | Characteristic Min. Max. Min. Max. Unit
tcye Cycle Time 10 40 05 40 us
tc @2 Pulse Width 470 — 235 — ns
tACR Address Set-Up Time 180 — 90 — ns
tCAR Address Hold Time 0 — 0 — ns
WCR R/w Set-Up Time 180 - 90 - ns
tCDR Read Access Time — 340 — 150 ns
tHR Read Hold Time 10 - 10 — ns
'CDA Data Bus Active Time (Invalid Data) 40 — 40 — ns

{tr and tf = 10 to 30 nsj
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MEMORY AND VIDEO INTERFACE CHARACTERISTICS
(VCC = 5.0V % 5%, Ta = 0 to 70°C, unless otherwise noted)

t_——— tccy
'oCH —| Output Parameter
Cr— e
X > DISPLAY-ENABLE DTD
YT, S o Vo
CURSOR oD
SYSTEM TIMING
SYSTEM TIMING PARAMETERS (VCC = 5.0V + 5%, Ta = 0 to 70°C, unless otherwise noted)
68545-1 6545A-1
Symbol | Characteristics Min. Max. Min. Max. Unit
tccy Character Clock Cycle Time 040 40 040 40 us
tCCH Character Clock Pulse Width 200 — 200 —_ ns
tMAD MAO-MA13 Propagation Delay — 300 — 300 ns
tRAD RAO-RA4 Propagation Delay — 300 — 300 ns
tDTD DISPLAY ENABLE Propagation Delay — 375 - 375 ns
tHSD HSYNC Propagation Delay — 375 - 375 ns
tvsD VSYNC Propagation Delay — 375 - 375 ns
tCDD CURSOR Propagation Delay - 375 - 375 ns
tLPH LPEN Hold Time 100 - 100 - ns
tLP1 LPEN Set-up Time 20 — 20 — ns
tLp2 CCLK to LPEN Delay 0 - 0 - ns

tr, f = 20 ns (Max)

LIGHT PEN STROBE TIMING DEFINITIONS

ceLk wm
L Pt tLPH ——-‘

LPEN

LP2 ; —Nl
' ////////4- SEE NOTE

\

MAQ-MA13 n n+1

X X

X

NOTE: “Safe" time position for LPEN positive edge to cause
address n+2 to load into Light Pen Register.
tLp2 and p1 are time positions causing uncertain results.
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MPU INTERFACE SIGNAL DESCRIPTION

g2 (Clock)

The input clock is the system @2 clock and is used to trigger
all data transfers between the system microprocessor and
the 6545-1.

R/wW (Read/Write)

The R/ signal is generated by the microprocessor and is
used to controi the direction of data transfers. A high on the
R/W pin allows the processor to read the data supplied by
the 6545-1; a low on the R/W pin allows a write to the 6545-1.

€S (Chip Select)

The Chip Select input is normally connected to the pro-
cessor address bus either directly or through a decoder. The
6545-1 is selected when CS is low.

RS (Register Select)

The Register Select inputis used to access internal registers.
A low on this pin permits writes into the Address Register
and reads from the Status Register. The contents of the
Address Register is the identity of the register accessed
when RS is high.

DBo-DB7 (Data Bus)

The DB(-DB7 pins are the eight data lines used for transfer
of data between the processor and the 6545-1. These lines
are bi-directional and are normally high-impedance except
during read cycles when the chip is selected.

VIDEO INTERFACE SIGNAL DESCRIPTION

HSYNC (Horizontal Sync)

The HSYNC signal is an active-high output used to deter-
mine the horizontal position of displayed text. It may drive a
CRT monitor directly or may be used for composite video
generation. HSYNC time position and width are fully
programmable.

VSYNC (Vertical Sync)

The VSYNC signal is an active-high output used to deter-
mine the vertical position of displayed text. Like HSYNC,
VSYNC may be used to drive a CRT monitor or composite
video generation circuits. VSYNC position and width are
both fully programmable.

DISPLAY ENABLE

The DISPLAY ENABLE signalis an active-high outputand is
used to indicate when the 6545-1 is generating active
display information. The number of horizontal displayed
characters and the number of vertical displayed characters
are both fully programmable and together are used to
generate the DISPLAY ENABLE signal. Display Enable can
be delayed by one character time by setting bit 4 of R8 to a
g

CURSOR

The CURSOR signal is an active-high output and is used to
indicate when the scan coincides with the programmed
cursor position. The cursor position may be programmed to
be any character in the address field. Furthermore, within the
character, the cursor may be programmed to be any block of
scan lines, since the startscan line and theend scan line are
both programmable. The CURSOR position may be delayed
by one character time by setting bit 5 of R8 to a “1.”

LPEN

The LPEN signal is an edge-sensitive input and is used to
load the internal Light Pen Register with the contents of the
Refresh Scan Counter at the time the active edge occurs.
The active edge of LPEN is the low-to-high transition.

CCLK

The CCLK signal is the character timing clock input and is
used as the time base forall internal count/control functions.

RES

The RES signal is an active-low input used to initialize all
internal scan counter circuits. When RES is low, all internal
counters are stopped and cleared, all scan and video
outputs are low, and control registers are unaffected. RES
must stay low for at least one CCLK period. All scan timing is
initiated when RES goes high. In this way, RES can be used
to synchronize display frame timing with line frequency.

MEMORY ADDRESS SIGNAL DESCRIPTION

MAO-MA13 (Refresh RAM Address Lines)

These signals are active-high outputs and are used to
address the Refresh RAM for character storage and display
operations. The starting scan address is fully programmable
and the ‘ending scan address is determined by the total
number of characters displayed, which is also program-
mable, in terms of characters/line and lines/frame.

There are two selectable address modes for MAO-MA13:

In the straight binary mode, characters are stored in suc-
cessive memory locations. Thus, the software must be
designed so that row and column character co-ordinates
are translated into sequentially-numbered addresses. In the
row/column mode MAO-MA7 become column addresses
CCO-CC7 and MA8-MA13 become row addresses CRO-
CRS. In this case, the software can manipulate characters in
terms of row and column locations, but additional address
compression circuits are needed to convert the CC0-CC7
and CRO-CR5 addresses into a memory efficient binary
address scheme.

RAO-RA4 (Raster Address Lines)

These signals are active-high outputs and are used to select
each raster scan within an individual character row. The
number of raster scan lines is programmable and deter-
mines the character height, including spaces between
character rows.
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DESCRIPTION OF INTERNAL REGISTERS

Figure 1 illustrates the format of a typical video display and is
necessary to understand the functions of the various 6545-1
internal registers. Figure 2 illustrates vertical and horizontal
timing. Figure 3 summarizes the internal registers and indi-
cates their address selection and read/write capabilities.

Address Register

This is a 5-bit register which is used as a “pointer” to direct
6545-1 data transfers to and from the system MPU. Its
contents is the number of the desired register (0-31). When
RS is low, then this register may be loaded; when RS is high,
then the register selected is the one whose identity is stored
in this register.

Status Register

This register is used to monitor the status of the CRTC, as
follows:

[Le]efe[s]2]+]o]
——

Horizontal Total (RO)

This 8-bit register contains the total of displayed and
non-displayed characters, minus one, per horizontal line.
The frequency of HSYNC is thus determined by this
register.

Horizontal Displayed (R1)

This 8-bit register contains the number of displayed
characters per horizontal line.

Horizontal Sync Position (R2)

This 8-bit register contains the position of the HSYNC on
the horizontal line, in terms of the character location
number on the line. The position of the HSYNC deter-
mines the left-to-right location of the displayed texton the
video screen. In this way, the side margins are adjusted.

NOT
USED NOT USED
VERTICAL BLANKING
“0" Scan currently not in vertical blanking portion
of its timing
“1" Scan currently is in its vertical blanking time
L—— LPEN REGISTER FULL
“0” This bit goes to “0” whenever either register
R16 or R17 is read by the MPU
“1” This bit goes to “1” whenever a LPEN strobe
occurs
HOR TOTAL
HOR DISPLAYED
I ODENEREOMAGEN B
MIN[O[P
— B e B
VERT | M N H
DISPLAYED E
i ) NUMBER OF
VERT _| 1 SCAN LINES
TOTAL d H R
] CHARACTER
T T Row
T INEENE
VERT
T rotaL
ADJUST

Figure 1. Video Display Format
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Horlzontal and Vertical SYNC Widths (R3) Control of these parameters allows the 6545-1 to be

P . . . interfaced to a variety of CRT monitors, since the HSYNC

;25\?3%\(89:;?&%?;?'"3 the widths of both HSYNC and VSYNC timing signals may be accommodated
' : without the use of external one-shot timing.

Halﬂnn Vertical Total (R4)

1

| l The Vertical Total Register is a 7-bit register containing
‘2 1

8 4 2 8 4 the total number of character rows in a frame, minus one.

— This register, along with R5, determines the overall frame

VSYNC WIDTH*  HSYNC WIDTH rate, which should be close to the line frequency to

NUMBER OFLCAN (NUMLEROFCHAHACTER ngure flicker-free appearance. If }he frame pime i-si

LINES) CLOCK TIMES) justed to be _longer than the period of the line fre

;'g S&SN 4[7»1'?5 v’v‘.%e . THEN VSYNG WILL BE g;:cné:z)ntlr;i? RES may be used to provide absolute

_ Address Reg Reg. Register Bit

CSIRS|4 3 2 1 O No. Register Name Stored Info RD(WR|7 6 5 4 3 2 1 0
t|—]=— - — = — X X X X X X X X
o|0}— — — — — — jAddress Reg. Reg. No. vV IX X X A4 A3 A2 A1 AQ
ol0|l— — — — — — | Status Reg. v ULV XXXXX
0(1{0 O 0O O Of RO |Horiz. Total # Charac. Vie s uw nm a s s n
010 0 0 0 1| R1 |Horiz. Displayed # Charac. Vie w s w s 8 n
0110 0 0 1 0| R2 |Horiz. Sync Position # Charac. Vie m s n s nmnan
0[1]0 0 0 1 1|R3 |VSYNC, HSYNC Widtns | & 202 Lines & v V3 V2 Vi Vo Hz H2 H1 Ho
0[1]0 0 1 0 0| R4 |Vert. Total # Charac. Row VIX = s s s » n u
0(110 0 1 0 1| R5 [Vert Total Adjust. # Scan Lines VIX X X 29 o a n »
0{1]0 0 1 1 O R6 |Vert Displayed # Charac. Rows VIX a s s s u n =
010 0 1 1 1] R7 {Vert. Sync Position # Charac. Rows VIX m s s 5 un u n
0}1]0 1 0 0 0] R8 |Mode Control Vie - m n n 8 s
0(1{0 1 0 O 1| R9 [Scan Line # Scan Lines VIX X X a u n u =
0{1{0 1 0 1 OfR10 |Cursor Start Scan Line No. VIXBIBps = u u ®m
0110 1 0 1 1]R11 |CursorEnd Scan Line No. VIX X X o m u n =
01|00 1 1 0 O|R12 |Display Start Addr (H) VIX X #a o a u n =
0/1]0 1 1 0 1]|R13 |Display Start Addr (L) Vie m s s un u u u
0110 t 1 1 0]|R14 |Cursor Position (H) VIVIX X a s u » 8 &
0f1]0 1 1 1 1]|R15 |Cursor Position (L) Vivie s s w s u s »
01|11 0 0 0 O0]|R16 |LightPen Reg.(H) 4 XX s um uw n u w
0[1]1 O O 0 1]|R17 [LightPen Reg.(L) 4 " & =5 8 8 muw

Notes w Designates binary bit
X Designates unusued bit. Reading this bit is always “O”", except for
R31, which does not drive the data bus at all, and for CS “1"
which operates likewise.

Figure 3. Internal Register Summary
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Vertical Total Adjust (R5)

The Vertical Total Adjust Register is a 5-bit write only
register containing the number of additional scan lines
neededto complete an entire frame scan and is intended
as a fine adjustment for the video frame time.

Vertical Displayed (R6)

This 7-bit register contains the number of displayed
character rows in each frame. In this way, the vertical size
of the displayed text is determined.

Vertical Sync Position (R7)

This 7-bitregister is used to select the character row time
at which the VSYNC pulse is desired to occur and, thus,
is used to position the displayed text in the vertical
direction.

Mode Control (R8)

This register is used to select the operating modes of the
6545-1 and is outlined as follows:

716{s5|4|3|2f1]0

LE INTERLACE MODE CONTROL

BIY OPERATION
110

x)0 Non Interlace

x |1 Invalid (Do Not Use)

— VIDEO DISPLAY RAM ADDRESSING
“0" for straight binary
“1” for Row/Column

MUST PROGRAM TO “0"

DISPLAY ENABLE SKEW
“0" for no delay

“1” to delay Display Enable one character time
CURSOR SKEW

“0” for new delay
“1” to delay Cursor one character time

-I— NOT USED

Scan Line (R9)

This 5-bit register contains the number of scan lines per
character row, including spacing.

Cursor Start (R10) and Cursor End (R11)

These 5-bit registers select the starting and ending scan
lines for the cursor. In addition, bits 5 and 6 of R10 are
used to select the cursor mode, as follows:

BIT
CURSOR MODE
6 5
0 0 No Blinking
0 1 No Cursor
1 0 Blink at 1/16 field rate
1 1 Blink at 1/32 field rate

Note that the ability to program both the start and end
scan line for the cursor enables either block cursor or
underline to be accommodated. Registers R14 and R15
are used to control the character position of the cursor
over the entire 16K address field.

Display Start Address High (R12) and Low (R13)

These registers together comprise a 14-bit register
whose contents is the memory address of the first
character of the displayed scan (the character on the top
left of the video display, as in Figure 1). Subsequent
memory addresses are generated by the 6545-1 as a
result of CCLK input pulses. Scrolling of the display is
accomplished by changing R12 and R13 to the memory
address associated with the first character of the desired
line of text to be displayed first. Entire pages of text may
be scrolled or changed as well via R12 and R13.

Cursor Position High (R14) and Low (R15)

These registers together comprise a 14-bit register
whose contents is the memory address of the current
cursor position. When the video display scan counter
(MA lines) matches the contents of this register, and
when the scan line counter (RA lines) falls within the
bounds set by R10 and R11, then the CURSOR output
becomes active. Bit 5 of the Mode Control Register (R8)
may be used to delay the CURSOR output by a full CCLK
time to accommodate slow access memories.

LPEN High (R16) and Low (R17)

These registers together comprise a 14-bit register
whose contents is the light pen strobe position, in terms
of the video display address at which the strobe occurred.
When the LPEN input changes from low to high, then, on
the next negative-going edge of CCLK, the contents of
the internal scan counter is stored in registers R16 and
R17.
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DETAILED DESCRIPTION OF OPERATION

Register Formats

Register pairs R12/R13, R14/R15, and R16/R17 are for-
matted in one of two ways:

1. Straight binary if register R8, bit 2 is a “0".

2. Row/Columnifregister R8,bit2isa“1".Inthis casethe
low byte is the Character Column and the high byte is
the Character Row,

Figure 4 illustrates the address sequence for the video
display control for each mode.

Note from Figure 4 that the straight-binary mode has the
advantage that all display memory addresses are stored ina
continuous memory block, starting with address 0 and
ending at 1919. The disadvantage with this method is that, if
it is desired to change a displayed character location, the
row and column identity of the location must be converted to
its binary address before the memory may be written. The
row/column mode, on the other hand, does not need to
undergo this conversion. However, memory is not used as
efficiently, since the memory addresses are not continuous,
but gaps exist. This requires that the system be equipped
with more memory than is actually used and this extra
memory is wasted. Alternatively, address compression logic
may be employed to translate the row/column format into a
continuous address block.

TOTAL—90 ————————
h DISPLAY — 80
O ' |2 ] ] ]7z]|]so]a | [e
< eo s je2 || [157 |18 [155 |ieo {161 | - |60
3 ~
| | el ez ) oo | - 287 26 230 faao [2ar | - 248
N T :
33 3
o o
| e I : :
4 a - o~
=z 1760 (1761 [ 1762 | -+« | -« | 1837 | B38| 1839 | 1840 1641 | -+ | 1840
F_) | 1840| 184111842 ... | ... [1917 | 1918 [ 1;9 {1920} ©21 | ... | 1929
1920] 021 [ 1922] - | .. | 1997 1098 1999 | 200q 2001 | -+ |2009]
2002| ++- | --- |2077|2078 |2079| 2080] 2084 | -+ | 2089
264026412682 - | -+ |2717(2718] 2719 | 2720] 2721 -+ |29

STRAIGHT BINARY ADDRESSING SEQUENCE

In this way, the user may select whichever mode is best for
the given application. The trade-offs between the modes are
software versus hardware. Straight-binary mode minimizes
hardware requirements and row/column requires minimum
software.

Memory Contention Schemes
for Memory Addressing

From the diagram of Figure 4, itis clear that both the 6545-1
and the system MPU must be capable of addressing the
video display memory. The 6545-1 repetitively fetches
character information to generate the video signals in order
to keep the screen display active. The MPU occasionally
accesses the memory to change the displayed information
or to read out gurrent data characters. Three ways of
resolving this dual-contention requirements are apparent:

® MPU Priority

In this technique, the address lines to the video display
memory are normally driven by the 6545-1 unless the
MPU needs access, in which case the MPU addresses
immediately override those from the 6545-1 and the
MPU has immediate access.

® ¢1/¢2 Memory Interleaving
This method permits both the 6545-1 and the MPU
access to the video display memory by time-sharing via
the system 01 and @2 clocks. During the @1 portion of
each cycle (the time when @2 is low), the 6545-1 address

———TOTAL — 90 -~ - 77-|
—— COLUMN ADDRESS (MAO-MA7) -——
~— DISPLAY — 80 ——
[ 77 78 79 |80 es‘
T e[ N 7 (7 |so e [ 1as
§ 1 | 256|257 3 | 75736 33l 3367 337 7‘ *345
g <v\‘ 219253 590 [ 591 | 592 | 593 . iiOl
> - —- b=
PR - S
g
PO 1 R
o T A
(- : - : .
- ‘ﬁ‘:" O 22|se32[%633}3634| < | -+~ 8709|6710 [s731 |72 (8713 | --+ [5721 )
= G | 23[seee|seesses0] ... | ... |sses]ssss 3969 -
2 Q 24[ctaa |gras 1| - | ... [s22(|6222 6225 | .- | 6233
= 25 |6400|n401 | 6402| - | .-+ | 6477|6470 .
S e =4 : L
© : . ]
| 3 saso -+ | -+ [eses]eses [aser sza|ess | - [ese

ROW/COLUMN ADDRESSING SEQUENCE

Figure 4. Display Address Sequences (with Start Address = 0) for 80 x 24 Example

SYSTH
SUSM VSYNC
6545-1 HSYNC
—— CRT CONTROLLER TSPLAY ENABL
CURSOR_ —> 0
MAO-MA13 RAO-RA4 |—— 2o Weo
SIRCUITS
O DISPLAY ADDRESS ci
ADDRESS P
———C——>| CONTENTION SCAN LINE
M CONTROL COUNT REGISTER [
MPU
ADDRESS
B0s O
VIDEO | CHARACTER
DISMLAY [ ———J———) GENERATOR
MPY ROM SCAN LINE
DATE CHA[%%TER DOT PATTERN

BUS

Figure 5. Typlical System Configuration
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outputs are gated to the video display memory. In the g2
time, the MPU address lines are switched in. In this way,
both the 6545-1 and the MPU have unimpeded access
to the memory. Figure 6 illustrates the timings.

MPU CYCLE —»&— MPU CYCLE

¢ —r— 2

#2 CLOCK

VIDEO

DISPLAY 6545 MPU 6545 MPU
MEMORY Mao-MA13 X ADDRESS XMAO-MA13 K ADDRESS
ADDRESSES + } -+

Figure 6. ¢1/¢2 Interleaving

e Vertical Blanking

With this approach, the address circuitry is identical to
the case for MPU Priority updates. The only difference is
that the Vertical Retrace status bit (bit 5 of the Status
Register) is used by the MPU so that access to the video
display memory is only made during vertical blanking
time (when bit 5 is a “1"). In this way, no visible screen
perturbations result.

Cursor and Display Enable Skew Control

Bits 4 and 5 of the Mode Control register (R8) are used to
delay the Display Enable and Cursor outputs, respectively.
Figure 7 illustrates the effect of the delays.

CCLK
i : !
r 1 1 :
1
(NO DELAY) I | |
CGURSOR o i i !
]
+
| (WITH DELAY) | l |
i
r 1
DISPLAY (NO DELAY) l
ENABLE
POSITIVE
EDGE
L (WITH DELAY) l
DISPLAY (NO DELAY) |
ENABLE
NEGATIVE -
EDGE
(WITH DELAY) I

Figure 7. Cursor and Display Enable Skew

FRAME

FRAME

DISPLAY
ENABLE

VERTICAL DISPLAYED

BLANKING
bl -

PTE

VERTICAL

3 o

!
t
1
I
! i
| |
! |
| |
|

I
|
I
l
|
|

VERTICAL
BLANKING |
STATUS
BIT .
(STATUS I “0" - DISPLAY ACTIVE \l I l
REGISTER {
1" VERTICAL
BITS) SWITCHES STATE AT NG
END OF LAST DISPLAYED ACTIVE
SCAN LINE

Figure 8. Operation of Vertical Blanking Status Bit

Commodore Semiconductor Group reserves the right to make changes to any products herein to improve
reliability, function or design. Commodore Semiconductor Group does not assume any liability arising out of
the application or use of any product or circuit described herein; neither does it convey any license under its

patent rights nor the rights of others.
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6551 ASYNCHRONOUS COMMUNICATION INTERFACE ADAPTER

CONCEPT:

The 6551 is an Asynchronous Communication Adapter (ACIA) intended to provide for interfacing the 6500/6800
microprocessor families to serial communication data sets and modems. A unique feature is the inclusion of an
on-chip programmable baud rate generator, with a crystal being the only external oomponngequired.

L)

)

&

W

I
a
X

n

5%

™ .
\M" ok "
FEATURES: < ‘Kf:h,) N
" W“W ~ %%‘wf‘uy
a On-chip baud rate generator: 15 programmable baud with the micrePftee g?%
rates derived from a standard 1.8432 MHz external w External 16xc %@ﬁ iq% ri» standard baud rates (up
crystal (50 to 19,200 baud). to 125 Khaud).
s Programmable interrupt and status register to simplify = Progral %ﬁbl\? Or "1ﬂeﬁngths number of stop bits; and
software design. pafity, bnﬂg néat n}nd detection.
= Single +5 volt power supply. [ ta set's control signals provided.
= Serial echo mode. W{“ﬁ’a' :‘I&sgru@ve,@, none, mark, space).
m False start bit detection. s FT]N; or half-duplex operation.
a 8-bit bi-directional data bus for direct commumcatl\ \\:‘ x 9 bit transmission.
M M‘m w
o7
ORDER NUMBER W M‘\% m:} 6551 PIN CONFIGURATION
MXS 6551 WM Md”””ﬂ GND ] 1 28 b RW
CSo = 2 27 b g2
W‘ CS = 3 26 b Ra
Mj}, RES —| 4 25 |5 DBy
NE RxC =] 5 24 DBg
g % XTAL1 = 6 23 DB5
mft;;w 1 Wiz XTAL2 = 7 22 | DBy
Y A 2 MHz RIS g 8 21 DB3
"\i:} B = 3 MHz s g9 20 (= DB2
TxD = 10 19 DB+
—&— PACKAGE DESIGNATOR OTR = 11 18 {2 DBg
\ C = CERAMIC RxD =] 12 17 DSR
P = PLASTIC RSo =] 13 16 [ DCD
RS1 = 14 15 vVee
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Figure 1. Block Diagram

TRANSMIT
CONTROL [=——CTS

\

~ | TRANSMIT TRANSMIT
DATA SHIFT [—— TxD
REGISTER | REGISTER
——— [RQ
sTATUS | INTERRUPT 5Ch
22— REGISTER toaic [ B¢
A S
CSp SELECT
0S4 — AND
CS1 CONTROL
RSo —®1 LoaGIC
il BAUD RxC
RES —m= Xk »| RATE  f=e—— XTAL1
GENERATOR
XTALZ
DBo ¢ DATA RECEIVE RECEIVE
. BUS DATA SHIFT AxD
e | BUFFERS REGISTER REGISTER
DB7 ety
COMMAND RECEIVE
REGISTER CONTROL
== DTR
= ATS
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MAXIMUM RATINGS COMMENT

Supply Voltage, VCC —0.3Vto +7.0V Stresses above those listed under “Absolute Maximum
Input/Output Voltage, VIN —03Vto +7.0V Ratings" may cause permanent damage to the device.
Operating Temperature, TOP 0°C to 70°C These are stress ratings only. Functional operation of this
Storage Temperature, TSTG —55°C to 150°C device at these or any other conditions above those indi-
Allinputs contain protection circuitryto preventdamage due cated in the operational sections of this specification is not
to high static discharges. Care shouid be exercised to implied and exposure 10 absolute maximum rating condi-
preventunnecessary application of voltages in excess of the tions for extended periods may affect device refiability.

allowable limits.

ELECTRICAL CHARACTERISTICS (VCC = 5.0V + 5%, Ta = 0 to 70°C, unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Input High Voltage ViH 20 — vee \
)
Input Low Voltage ViL -03 — 08 \Y b=
(o8
o
Input Leakage Current: VIN=0to V. ____ IIN =
®2, R/W, RES, CSp, CS1, RS, RS1, CTS, RxD, DCD, — +1.0 +25 HA ]
DSR)
Input Leakage Current for High Impedance State TSI — +20 +100 WA
(Three State)
Output High Voltage: ILOAD=—100uA VOH 24 — — \
Output Low Voltage: I 0AD =_16mA _ VoL — — 04 \
(DB-DB7, TxD, RxC, RTS, DTR, iRQ)
Output High Current (Sourcing): VOH=2.4V 10H —-250 — — MA
Output Low Current (Sinking): VOL=0.4V oL 1.6 — - PA
Output Leakage Current (off state): VouT=5V IOFF — 1.0 100 LA
(IRQ)
Clock Capacitance (92) CCLK — — 20 pF
Input Capacitance (except XTAL1 and XTAL2) CiN . . 10 pF
Output Capacitance CouTt — — 10 pF
Power Dissipation’ PD - 170 300 mw

Power Dissipation vs Temperature

200
178 \
TYPICAL
POWER oo [~
DISSIPATION —a
(mw)
126
100
0 20 ) 60 ]
Tamsient °C)
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INTERFACE SIGNAL DESCRIPTION

RES (Reset) .
During system initialization a low on the RES input will
cause internal registers to.be cleared.

#2 (Input Clock)

The inputclock s the system g2 clock and is used to trigger
all data transfers between the system microprocessor and
the 6551.

R/W (Read/Write)

The R/W is generated by the microprocessorand is used to
control the direction of data transfers. A high on the R/W pin
allows the processor to read the data supplied by the 6551.
A low on the R/W pin allows a write to the 6551.

tccy | #2 —_—/__\
~—ICH e
XTAL 1
(TRANSMIT / le tDLY *]
CLOCK INPUT)
— tCL —» OTR X
'DD| ———
TxD
X X ~tiRQ
NOTE: TxD rate is 1/16 TxC rate. o)
Figureda. Transmit Timing with External Clock (CLEAR)
teey Figure 4b. Interrupt and RTS Timing
|« tCH ——=f .
RxC — ¥
(INPUT) \
-~ tCL
NOTE: RxD rate is 1/16 RxC rate.
Figure 4¢c. Receive External Clock Timing
TRANSMIT/RECEIVE CHARACTERISTICS
6551 6551A
Characteristic Symbol Min Max Min Max Unit
Transmit/Receive Clock Rate tcey 400* — 400* — ns
Transmit/Receive Clock High Time tCH 175 —_ 175 — ns
Transmit/Receive Clock Low Time fcL 175 b 175 — ns
XTAL1 to TxD Propagation Delay tDD — 500 - 500 ns
RTS Propagation Delay RTS — 500 — 500 ns
RQ Propagation Delay (Clear) tIRQ . 500 — 500 ns
(tr, tf = 10 to 30 nsec)
*The baud rate with external clocking is: Baud Rate = —
16xTcey

iRQ (Interrupt Request)

The IRQ pin is an interrupt signal from the interrupt control
logic. Itis an open drain output, permitting several devices
to be connected to the common IRQ microprocessor
input. Normally a high level, IRQ goes low when an
interrupt occurs.

DB — DB7(Data Bus)

The DBp-DB7 pins are the eightdata lines used for transfer
of data between the processor and the 6551. These lines
are bi-directional and are normally high-impedance except
during Read cycles when selected.

CSg, CS1 (Chip Selects)

The two chip select inputs are normally connected to the
processor address lines either directly or through de-
coders. The 6551 is selected when CSg is high and CS1 is
low.
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Figure 2. fcye

Write Timing Characteristics —1c "
It Aoy ol ;—/ V|T

TWCW =~ *‘CWH-"
VIH
\[ /

ViL
~DCW —>f*—— HW —|

o474 255 NI\ AN\

(Vce =50V £ 5%, Ta = 0 to 70°C, unless otherwise noted)

L

CSg, C51, RSp, RS{

Clock Generation
as51 8551A
Characteristic Symbol Min Max Min Mex Unit
Cycle Time cve 10 40 05 0 s XTALY EXTEANAL  XTAL1
cock  ——|°
@2 Pulse Widlh (' 470 - 235 -
Address Set-Up Time acw 180 - 90 — D
Address Hold Time 1CAH 0 - 0 -
RAW Sel-Up Time twew 180 - 90 - XTAL2 CI‘;’C“:T X1aL2] ,
RAW Hold Time 1CWH 0 - 0 -
Data Bue Set-Up Time ‘oew f 300 = f 150 = INTERNAL CLOCK EXTERNAL CLOCK
Dala Bus Hold Time HW 10 - 10 -
{tr and tf = 10 10 30 ns)
Figure 3. loye
Read Timing Characteristics tc

2 1 /r-—— VIH

viL
I-tACR-—w <tCARj

V|
ViL

. v
RAW H
tWCR— ViL

* ICDR ) te tHR

PA74EU5 LALLM A IHIDIDIS \\

C
(VCC = 5.0V % 5%, TA = 0 to 70°C, unless otherwise noted)
Characteristic gymbol | Min ™ wa | e e | unk -
Cycle Time cYe 10 40 05 40 ps sserem J_ | %
Pulse Width (a2} c 470 - 235 - 5 13008 st
Address Set-Up Time ch | 180 - % - . I
Adaress Hold Time tCAR 0 - 0 - s = =
RAW Set-Up Time WCR 180 - 90 - ns
Read Access Time CDR - 396 b 200 8 =
Read Hokd Time WA 10 - 10 - ns
(yand ty = 1010 30 ns) Test Load for Data Bus (DBo-DB7)

Tx D, BTR, RTS Outputs
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RS0, RS1 (Register Selects)

The two register select lines are normally connected to the
processor address lines to allow the processor to select
the various 6551 internal registers. The following table
indicates the internal register select coding:

RS1 RSo Write Read
0 0 Transmit Data Receiver Data
Register Register
0 1 Programmed Status Register
Reset (Data is
“Don't Care")
1 0 Command Register

Control Register

The table shows that only the Command and Control
registers are read/write. The Programmed Reset operation
does not cause any data transfer, but is used to clear the
6551 registers. The Programmed Reset is slightly different
from the Hardware Reset (RES) and these differences are
described in the individual register definitions.

ACIA/MODEM INTERFACE SIGNAL
DESCRIPTION

XTAL1, XTAL2 (Crystal Pins)

These pins are normally directly connected to the external
crystal (1.8432 MHz) used to derive the various baud rates.
Alternatively, an externally generated clock may be used to
drive the XTAL1 pin,in which case the XTAL2 pin must float.
XTAL1 is the input pin for the transmit clock.

TxD (Transmit Data)

The TxD output line is used to transfer serial NRZ (non-
return-to-zero) data to the modem. The LSB (least signifi-
cant bit) of the Transmit Data Register is the first data bit
transmitted and the rate of data transmission is determined
by the baud rate selected.

RxD (Receive Data)

The RxD input line is used to transfer serial NRZ data into
the ACIA from the modem, LSB first. The receiver data rate
is either the programmed baud rate or the rate of an
externally generated receiver clock. This selection is made
by programming the Control Register.

RxC (Receive Clock)

The RxC is a bi-directional pin which serves as either the
receiver 16x clock input or the receiver 16x clock output.
The latter mode results if the internal baud rate generator is
selected for receiver data clocking.

RTS (Request to Send)

The RTS outpin pin is used to control the modem from the
processor. The state of the RTS pin is determined by the
contents of the Command Register.

CTS (Clear to Send)

The CTS input pin is used to control the transmitter
operation. The enable state is with CTS low. The transmitter
is automatically disabled if CTS is high.

DTR (Data Terminal Ready)

This ouput pin is used to indicate the status of the 6551 to
the modem. A low on DTR indicates the 6551 is enabled
and a high indicates it is disabled. The processor controls
this pin via bit 0 of the Command Register.

DSR (Data Set Ready)

The DSR input pin is used to indicate to the 6551 the status
of the modem. A low indicates the “ready” state and a high,
“not-ready.” DSR s a high-impedance inputand mustnotbe
a no-connect. If unused, it should be driven high or low, but
not switched.

Note: If Command Register Bit 0 = 1 and a change of state on
DSR occurs, IRQ will be set,and Status Register Bit 6 will reflect the

new level. The state of DSR does not affect either Transmitter or
Receiver operation.

DCD (Data Carrier Detect)

The DCD input pin is used to indicate to the 6551 the status
of the carrier-detect output of the modem. A low indicates
that the modem carrier signal is present and a high, that is is
not. DCD, like DSR, is a high-impedance input and must not
be a no-connect.

Note: If Command Register Bit 0 = 1 and a change of state on
DCD occurs, IRQ will be set. and Status Register Bit 5 will reflect the
new level. The state of DCD does not affect Transmitter operation.
but must be low for the Receiver to operate.

INTERNAL ORGANIZATION

The Transmitter/Receiver sections of the 6551 are de-
picted by the block diagram in Figure 5.

RECEIVER
SHIFT REGISTER Rx0
CLOCK

SYNC
RxC DI(VI‘EG)]ER LogiC

CONTROL

REGISTER

BIT4="1"

XTAL1 —=1 BAUD CLOCK
RATE DIVIDER
XTAL2 GENERATOR (16)
R

BITS0-3 IN
CONTROL

REGISTER TRANSMITTER %0
SHIFT REGISTER

Figure 5. Transmitter/Receiver Clock Circuits

Bits 0-3 of the Control Register select the divisor used to
generate the baud rate for the Transmitter. If the Receiver
clock is to use the same baud rate as the Transmitter, then
RxC becomes an output pin and can be used to slave other
circuits to the 6551.
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CONTROL REGISTER
The Control Register is used to selectthe desired mode
for the 6551. The word length, number of stop bits, and
clock controls are all determined by the Control Regis-
ter, which is depicted in Figure 6. CONTROL REGISTER
7]leflsjal3]2]1]0
| BAUD RATE
STOP BITS L GENERATOR
0 = 1 Stop Bit 0] o] o] o[ 16xEXTERNAL CLOCK
1 = 2 Stop Bits olof[o[1 50 BAUD
1 Stop Bit if Word Length olo|1]o 75
= 8 Bits and Parity*
1% Stop Bits if Word Length 0oj011]1 109.92
= 5 Bits and No Parity. o100 134.58
WORD LENG of1[o0]1 150
8IT LD»:‘T: r\:Jorm e rityo 300
[6]5] LENGTH 0 1)1 16°°
oo s 1{0[o]o0 1zoo
o3 5 1Jofo] 800
) s 1Jof1]o 2400
T3 5 1ol 111 3600
11]o0fo0 4800
RECEIVER CLOCK SOURCE 1 1101 7200
xternal Receiver Clock 1 1 1] 0 9600
Baud Rate Generator 1 1 1 1 19,200
*This allows for -bit transmission (8 data bits plus parity}.
7 6 5 4 3 2 1 0
HARDWARE RESET [0 JoJoJoJoJoJo]o]
PROGRAM RESET -1 -1-1-1-T-1-]
Figure 6. Control Register Format
COMMAND REGISTER "
The Command Register is used to control Specific
Transmit/Receive functions and is shown in Figure 7.
COMMAND REGISTER
7JefsJaf3a[2]1]0]
\A
PARITY CHECK CONTROLS L—  ————— DATA TERMINAL READY
BIT OPERATION 0 = Disable Receiver and All
7/6]5 interrupts (DTR high)
— [ =" o | Parity Disabied - No Parity Bit 1= Enable Receiver and All
Generated - No Parity Bit Received Interrupts (DTR low)
0 | 0 | 1 | Odd Parity Receiver and Transmitter
0 | 1 [ 1 | Even Parity Receiver and L RECEIVER INTERRUPT ENABLE
Transmitter 0 = iRQ Interrupt Enabled from Bit 3
1 o1 Mark Parity Bit Transmitted, of Status Register
Parity Check Disabled 1= IRQ Interrupt Disabled
1 1 1 Spa_ce Parity Bit Transmitted,
Parity Check Disabled TRANSMITTER CONTROLS
BIT TRANSMIT RTS
3 72| INTERRUPT | LEVEL | TRANSMITTER
oo Disabled High Off
NORMAL/ECHO MODE o 1 i)
FOR RECEIVER Enabled Low "
110 Disabled Low On
0 = Norma! 1 1 Disabted Low Transmit BRK
1= Echo (Bits 2 and 3
must be “‘0")
7 6 6 4 3 2 1 0
HARDWARE RESET [0 JoJoJoJoJoJo o
PROGRAMRESET |- | -] -Jo o [o[0o 0|
Figure 7. Command Register Format
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STATUS REGISTER

The Status Register is used to indicate to the processor
the status of various 6551 functions and is outlined in
Figure 8.

[efs[<[]2] o]

1— STATUS SET BY CLEARED BY
0= No E "
Parity Error® 1= Ez'or"w Self Clearing'
Framing Errore | 37 No Ereer Self Clearing®*
Overrun® 2 : zfr:'"c" Salf Clearing**
— | Receive Data 0 = Not Full Read Receive
Register Full 1= Full Data Register
Transmit Data 0 = Not Empty Write Transmit
Register Empty 1= Empty Data Register
- Not Resettable
¢ 9o b | Reflects DCD
- State
0 = DSR Low Not Ressttable
o1 1 - BSR High Reflects DSR
" State
\RQ 0 = No interrupt | Read
1 = Interrupt Status Register

*NO INTERRUPT GENERATED FOR THESE CONDITIONS.

«sCLEARED AUTOMATICALLY AFTER A READ OF RDR AND

THE NEXT ERROR FREE RECEIPT OF DATA.

7.6 5 4 3
HARDWARE RESET [0 | - [ - [1]0
PROGRAMRESET [ | - | - | | -

Figure 8. Status Reglister Format

TRANSMIT AND RECEIVE DATA REGISTERS

These registers are used as temporary data storage for

the 6551 Transmit and Receive circuits. The Transmit

Data Register is characterized as follows:

® Bit 0 is the leading bit to be transmitted.

® Unused data bits are the high-order bits and are
“don't care” for transmission.

The Receive Data Register is characterized in a similar

fashion:

® Bit 0 is the leading bit received.

® Unused data bits are the high-order bits and are “0"
for the receiver.

® Parity bits are not contained in the Receive Data
Register, but are stripped-off after being used for
external parity checking. Parity and all unused high-
order bits are “0".

Figure 9 illustrates a single transmitted or received data
word, for the example of 8 data bits, parity, and 1 stop bit.

“MARK" “MARK"
I [o|1lz[3[4[5[6|7]p]“:'
| DATA BITS
START PARITY
8IT BIT
STOP BIT

Figure 9 Serial Data Stream Example

COMMODORE SEMICONDUCTOR GROUP reserves the right to make changes to any products herein to
improve reliability, function or design. COMMODORE SEMICONDUCTOR GROUP does not assume any
liability arising ot of the application or use of any product or circuit described herein; neither does it convey

any license under its patent rights nor the rights of others.
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2316 STATIC READ ONLY MEMORY (2048x8)

DESCRIPTION

The 2316 high performance read only memory is organized 2048 words by 8 bits with access
times of less than 350 ns.This ROM is designed to be compatible with all microprocessorand similar
applications where high performance, large bit storage and simple interfacing are important design
considerations.

The 2316 operates totally asynchronously. No clock input is required. The three programmable
chip select inputs allow eight 16K ROMS to be OR-tied without external decoding.

Designed to replace two 2708 8K EPROMS, the 2316 can eliminate the need to redesign
printed circuit boards for volume mask programmed ROMS after prototyping with EPROMS.

» 400mV Noise Immunity on Inputs » Three-State Outputs for Wire-OR Expansion
» 2048 x 8 Bit Organization s Three Programmable Chip Selects
» Single +5 Volt Supply s Pin Compatible with 2716 EPROM
s Access Time — 450 ns, 350 ns » Replacement for two 2708s
» Totally Static Operation # 2708/2716 EPROMS Accepted as Program
a TTL Compatible Data Inputs
ORDERING INFORMATION PIN CONFIGURATION
MXS 2316 ____
2316
A7 &~ 2 Vee
as g2 23[0As
as O3 22D Ag
Aq O4 210 cs3/CS3
FREQUENCY RANGE as 05 20f1cs, /€5,
NO SUFFIX = 450ns a2z Os 193 Ao
A = 350ns A 7 183 cs»/CS2
Ao (e 17osg
PACKAGE DESIGNATOR o go Isgor
C=CERAMIC 02 Qio 15P06
P = PLASTIC oz On 14 os
GND(] 12 1303 0q
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2316

ABSOLUTE MAXIMUM RATINGS

Ambient Temperature under Bias °C to +70°C
Storage Temperature —65°C to +150°C
Supply Voltage to Ground Patential —0.5V to +7.0V
Applied Output Voltage —05V to +7.0V
Applied Input Voltage —05Vto +7.0V
Power Dissipation 1.0W

COMMENT

Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent
damage to the device. This is a stress rating
onlyand functional operation of the device at
these or any other conditions above those
indicated in the operational sections of this
specification is not implied.

D. C. CHARACTERISTICS (Ta = 0°C to +70°C, VCC = 5.0V * 5%, unless otherwise specified)

Symbol | Parameter Min. Max. Units Test Conditions

Icc Power Supply Current 100 mA VIN =Vce, Vo= Open, Ta =0°C

Icc2 Power Supply Current 95 mA VIN =V, Vo=0pen, To=25°C
o Output Leakage Current 10 LA Chip Deselected, Vo = 0 to VCC
h Input Load Current 10 MA Voe = Max. VIN.=0to Vce

VoL Output Low Voltage 04 Volts Vce = Min. oL = 21mA

VOH Output High Voltage 24 Volts | Vge = Min. IloH = —400uA

VIL Input Low Voltage -05 08 Volts See Note 1

ViH Input High Voltage 20 \eloha! Volts

A. C. CHARACTERISTICS (Tp = 0°C to +70°C, Ve = 5.0V * 5%, unless otherwise specified)

2316 2316A
Symbol| Parameter Min. | Max. | Min. [ Max. | Units Test Conditions

tACC |Address Access Time 450 350 ns
tco | Chip Select Delay 200 200 ns
toF [ Chip Deselect Delay 175 175 ns See Note 2
1OH | Previous Data Valid 40 40 ns

After Address Change

Delay

CAPACITANCE (Tp = 25°C, f = 1.0MHz, See Note 3)

Symbol | Parameter Min. Max. Units | Test Conditions
CIN Input Capacitance 8 pF All Pins except Pin under
Cout | Output Capacitance 10 pF Test Tied to AC Ground

Note 2: Loading 1 TTL + 100 pF, input transition time: 20 ns

Note 1: Input levels that swing more negative than —0.5V will be clamped and may cause damage to the device.

Timing measurement levels: input 1.5V, output 0.8V and 2.0V.
Note 3: This parameter is periodically sampled and is not 100% tested.
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TIMING DIAGRAMS

ADDRESS *
INPUTS INVALID VALID INVALID

g:c:m DISABLED | ENABLED | DISABLED
INPUTS -

l ——l toH 'oF

| 'CO“‘)I
DATA HIGH HIGH

<INVALID VALID INVALID

OUTPUTS  |MPEDANCE
I-— tacc

IMPEDANCE

BLOCK DIAGRAM

0y
Az
A @ 02
4 x .
- 16384 w 03
Ag o w
9 BIT a 04
Ae w
o CELL 0O
A -
7 >
= ARRAY a | og
Ae o g
¢4 pml 07
Ag °
Og
CS) | CS3
cs,
COLUMN
DECODER

Ag A Az A
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TYPICAL CHARACTERISTICS

ACCESS TIME v$ ACCESS TIME VS
SUPPLY VOLTAGE CAPACITIVE (OAD
500 500
1.
400 400 — 23
tacc s tacc L1
300 300
(nS) Ta: 28°¢ (aS) Vees 4,78
t TTL LOAD Tas 28°C
200 |— ¢ 100pF 200 | TTL LOAD —f
100 l 100 ‘ l
3 . s 6 4 00 200 300 400 500
Vee (V) CLoF)
SUPPLY CURRENT VS, SUPPLY CURRENT VS.
AMBIENT TEMPERATURE SUPPLY VOLTAGE
140 100 I
120 90 | Ty :28°C ]
/
'cc Vee s 5.25v ‘ec }l’/
100 (1)
{ma) (mA)
80 70
-3{
60 60
o 20 40 60 80 3 a 5 6 ?
TA AMBIENT TEMPERATURE °C VYee (V)

PACKAGING DIAGRAM

CERAMIC PACKAGE MOLDED PACKAGE

<2 aoonnnnoannona

.o
e J

T j<feom

Commodore Semiconductor Group reserves the right to make changes to any products herein to improve
reliability, function or design. Commodore Semiconductor Group does not assume any liability arising out of
the application or use of any product or circuit described herein; neither does it convey any license under its
patent rights nor the rights of others.
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2332 STATIC READ ONLY MEMORY (4096x8)

DESCRIPTION

The 2332 high performance read only memory is organized 4096 words by 8 bits with access
times of iess than 350 ns. This ROM is designed to be compatible with all microprocessor and
similar applications where high performance, large bit storage and simple interfacing are important
design considerations. This device offers TTL input and output levels.

The 2332 operates totally asynchronously. No clock input is required. The two programmable
chip select inputs allow four 32K ROMS to be OR-tied without externa! decoding.

Designed to replace two 2716 16K EPROMS, the 2332 can eliminate the need to redesign
printed circuit boards for volume mask programmed ROMS after prototyping with EPROMS.

4096 x 8 Bit Organization

Single +5 Volt Supply

Access Time —2332 450 ns
2332A 350ns

Completely TTL Compatible

Totally Static Operation

Three-State Outputs for Wire-OR Expansion

Two Programmable Chip Selects

Pin Compatible with 2716 & 2732 EPROM
Replacement for Two 2716s

2708/2716 EPROMS Accepted as Program Data Inputs
400mV Noise Immunity on Inputs

ORDERING INFORMATION PIN CONFIGURATION
MXS 2332 ___
2332
A, i ™ 2aPvee
ag 2 2300 ag
As O3 22 Ag
Aq O4 21{3cs,/C5;
FREQUENCY RANGE a3 Os 20fcs, /TS,
NO SUFFIX = 450ns Az Os 19 BNO
A = 350ns A O7 8[JA
Ao 08 170 og
PACKAGE DESIGNATOR oy Oo 16 o7
C = CERAMIC 02 Qo 5P oe
P = PLASTIC 03 g” 14D og
GND[ 2 13304
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2332

Ambient Operating Temperature
Storage Temperature

Supply Voltage to Ground Potential
Applied Output Vohage

Applied Input Voltage

Power Dissipation

D.C. CHARACTERISTICS

Tp = 0°Cto +70°C, Vi = 5.0V =5% (unless otherwise specified)

—65°C to +150°C

0°to +70°C

—-0.5Vto +7.0vV
-0.5Vto +7.0V
-0.5Vto +7.0V

1.0W

COMMENT

Stresses above those listed under "Absolute
Maximum Ratings" 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
those indicated in the operational sections
of this specification is not implied.

Symbo! Parameter Min. Max. Units Test Conditions
lcct Power Supply Current 100 mA ViN = Vo Vo = Open, Ty = 0°C
Icc2 Power Supply Current 95 mA VIN = Vo Vo = Open, Ty = 25°C
lo Output Leakage Current 10 HA Chip Deselected, Vo = O to Vs
) Input Load Current 10 HA Voo = Max.V)y=0to Vee
VoL Output Low Voltage 0.4 Volts Veg = Min. gy =2.1mA
VOH Output High Voltage 24 Volts Voo = Min. Ig = —400uA
ViL Input Low Voltage -05 0.8 Volts See note 1
VIH Input High Voltage 2.0 Voot Volts

A.C. CHARACTERISTICS

Tp = 0°Cto +70°C, Ve = 5.0V £5% (unless otherwise specified)
Symbol Parameter 2332 23327 Units Test Conditions

Min. Max. Min. Max.
tacc Address Access Time 450 350 ns
tco Chip Select Dela 200 200 ns
,'p Y See Note 2
tpr Chip Deselect Delay 175 175 ns
toH Previous Data Valid 40 40 ns
After Address Change Delay

CAPACITANCE

Tp = 25°C, f = 1.0MHz, See Note 3
Symbol Parameter Min. Max. Units Test Conditions
CIN Input Capacitance 8 pF All Pins except Pin under
COUT Output Capacitance 10 pF Test Tied to AC Ground

Note 1: Input levels that swing more negative than —0.5V will be clamped and may cause damage to the device.

Note 2: Loading 1 TTL + 100 pF, input transition time: 20 ns.
Timing measurement levels: input 1.5V, output 0.8V and 2.0V. C|_= 100 pF.

Note 3: This parameter is periodically sampled and is not 100% tested.
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TIMING DIAGRAM

ADDRESS
INPUTS INVALID * VALID INVALID

CHIP
SELECT DISABLED | ENABLED | DISABLED
INPUTS
I ——l toH 'oF
| tco—»
DATA HIGH HIGH

—(INVALID VALID INVALID

OUTPUTS  |MPEDANCE \ IMPEDANCE
l-—— tacc .

BLOCK DIAGRAM

Ay ] 0y
As « 02
W
Ag | & 32768 e 03
o
2
A} e— © BIT o 04
[S]
w
Ag o] O CELL - 05
o]
Ag —— g ARRAY a Og
2
A0 ® o o7
An Og
€S, CsSp
COLUMN
DECODER

Ag Ay Az A3
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ACCESS TIME VS
SUPPLY VOLTAGE

500
400
tacc
300
~
(nS) Tar 230c ?a,,;
) TTL LOAD
200 |— ¢ 100pF
100 i 1
3 0 s 6 b4
Vee 0
SUPPLY CURRENT VS,
AMBIENT TEMPERATURE
140
120
'CC 00 Vcc*SAZSV
(mA) o~ 2332
80
60
o 20 4 60 80

TA AMBIENT TEMPERATURE °C

TYPICAL CRARACTERISTICS
500
400
tace
300
(nS)
200
100
120
"o
tee
100
(mA})
90
00

ACCESS TIME Vs
CAPACITIVE LOAD

> 2332
~
VCCs 4.75v
Taz 28%c
| TTL LOAD ~f

CL(pF)

SUPPLY CURRENT VS
SUPPLY VOLTAGE

| Ty z28°C
3 4 5 6 7
Vee (V)

COMMODORE SEMICONDUCTOR GROUP reserves the right to make changes to any products herein to
improve reliability, function or design. COMMODORE SEMICONDUCTOR GROUP does not assume any
liability arising out of the application or use of any product or circuit described herein; neither does it convey

any license under its patent rights nor the rights of others.
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2333 STATIC READ ONLY MEMORY (4096x8)

DESCRIPTION

The 2333 high performance read only memory is organized 4096 words by 8 bits with access
times of less than 350 ns. This ROM is designed to be compatible with all microprocessor and
similar applications where high performance, large bit storage and simple interfacing are important
design considerations. This device offers TTL input and output levels.

The 2333 operates totally asynchronously. No clock input is required. The two programmable chip
select inputs allow four 32K ROMS to be OR-tied without external decoding.

Designed to replace two 2716 16K EPROMS, the 2333 can eliminate the need to redesign printed
circuit boards for volume mask programmed ROMS after prototyping with EPROMS.

* 4096 x 8 Bit Organization

* Single +5 Volt Supply

¢ Three Week Prototype Turnaround

* Access Time—2333 450 ns
2333A 350 ns

e Completely TTL Compatible

¢ Totally Static Operation

Three-State Outputs for Wire-OR Expansion

Two Programmable Chip Selects ‘

Pin Compatible with 2716 & 2732 (INTEL) EPROMS
Replacement for Two 2716s

2708/2716 EPROMS Accepted as Program Data Inputs
400 mV Noise Immunity on Inputs

ORDERING INFORMATION:

Part Package Access
Number* Type Time
MPS2333 Molded 450 ns
MPS2333A  Molded 350 ns

MCS2333 Ceramic 450 ns
MCS2333A  Ceramic 350 ns

*Final Part Number will be assigned by manufacturer

PIN CONFIGURATION
2333

A e Vee

A [O2 A
Temperature A 3 A,
Range A I:j 4 A
0°Cto +70°C A Os cs, IT8,
0°C to +70°C A [Os A
0°Cto +70°C A O7 Cs,/CS,
0°Cto +70°C A 8 o

o 09 (0%

0, gw 1513 0,

o, On 1410,

GND [ 12 133 0,
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ABSOLUTE MAXIMUM RATINGS

Ambient Operating Temperature
Storage Temperature

Supply Voltage to Ground Potential
Applied Output Voltage

Applied Input Voltage

Power Dissipation

D.C. CHARACTERISTICS

0°to +70°C
—-65°C to +150°C
-0.5Vto +7.0v
-0.5Vto +7.0v
-0.5Vto +7.0v

1.0W

Tp = 0°Cto +70°C, Vo = 5.0V =5% (unless otherwise specified)

COMMENT

Stresses above those listed under “‘Absolute
Maximum Ratings’ 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
those indicated in the operational sections
of this specification is not implied.

Y Min. Max. Units Test Conditions

lcct Power Supply Current 125 mA ViN=Vce Vo = Open, Tp=0C
lcce Power Supply Current 120 mA VIN=Vee Vo = Open, Tp=25C
o Output Leakage Current 10 HA Chip Deselected, Vg = Oto Vo
I Input Load Current 10 A Voo = Max. Vi =0to Ve
VoL Output Low Voltage 04 Volts Voe = Min.lg =2.1mA
VoH Output High Voltage 24 Volts Vg = Min. Igy = —400pA
ViL Input Low Voltage -0.5 08 Volts See note 1
ViH Input High Voltage 20 Veet1 Volts

A. C. CHARACTERISTICS

Tp = 0°Cto +70°C, Vi = 5.0V 5% (unless otherwise specified)
Symbol Parameter B3 23334 Units Test Conditions

Min. Max Min. Max
tacc Address Access Time 450 350 ns
tco Chip Select Delay 200 200 ns
i See Note 2
tDF Chip Deselect Delay 175 175 ns
ton Previous Data Valid 40 40 ns
After Address Change Delay

CAPACITANCE

Tp =25°C, f = 1.0MHz, See Note 3
Symbol Par Min, Max Units Test Conditions
CiN Input Capacitance 8 pF All Pins except Pin under
Court Output Capacitance 10 pF Test Tied to AC Ground

Note 1: Input levels that swing more negative than —0.5V will be clamped and may cause damage to the device.

Note 2: Loading 1 TTL + 100 pF, input transition time: 20 ns.
Timing measurement levels: input 1.5V, output 0.8V and 2.0V. C; = 100 pF.

Note 3: This parameter is periodically sampled and is not 100% tested.
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TIMING DIAGRAM

ADDRESS *
INPUTS INVALID VALID INVALID

| |
CHIP
SELECT DISABLED | ENABLED | DISABLED
INPUTS

I —4'0»4 'oF

I —CO—»
DATA HIGH HIGH

JINVALID VALID INVALID

OUTPUTS  TMPEDANCE N\ IMPEDANCE
l‘“ tacc

BLOCK DIAGRAM
[V | I I
Ag — | « 02
« w
Ag « 32768 v 03
o
=
A, S BIT 2 Oq
uw
Ag 2 CELL N 0g
=)
Ag z ARRAY a L og
e} -
=}
Ao x o 07
Aty 08
Cs, CsSp
COLUMN
DECODER

11

Ag Ay Ay Ag
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800
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tacc
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200

100
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120

100
(mA)

80

60

ACCESS TIME VS
SUPPLY VOLTAGE

—
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I TTL LOAD

— ¢ s 100pF

3 4 s 6

Vee V)

SUPPLY CURRENT VS,
AMBIENT TEMPERATURE
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o
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TYPICAL CHARACTERISTICS
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COMMODORE SEMICONDUCTOR GROUP reserves the right to make changes to any products herein o
improve reliability, function or design. COMMODORE SEMICONDUCTOR GROUP does not assume any
liability arising ot of the application or use of any product or circuit described herein, neither does it convey

any license under its patent rights nor the rights of others.
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2364 STATIC READ ONLY MEMORY (8192x8)

DESCRIPTION

The 2364 high performance read only memory is organized 8192 words by 8 bits with access
times of less than 350 ns. This ROM is designed to be compatible with all microprocessor and
similar applications where high performance, large bit storage and simple interfacing are important
design considerations. This device offers TTL input and output levels.

The 2364 operates totally asynchronously. No clock input is required. The programmable chip

select input allows two 64K ROMS to be OR-tied without external decoding.

Designed to replace two 2732 32K EPROMS, the 2364 can eliminate the need to redesign
printed circuit boards for volume mask programmed ROMS after prototyping with EPROMS.

e 8192 x 8 Bit Organization

e Single +5 Volt Supply

® Access Time — 450 ns, 350 ns
o Completely TTL Compatible

e Totally Static Operation

One Programmable Chip Select

Pin Compatible with 2716 & 2732 EPROM
Replacement for Two 2732s

2716/2732 EPROMS Accepted as
Program Data inputs

o Three-State Outputs for Wire-OR Expansion e 400mV Noise Immunity on inputs

ORDERING INFORMATION

MXS 2364 ____

FREQUENCY RANGE
NO SUFFIX = 450ns
A = 350ns

PACKAGE DESIGNATOR
C=CERAMIC
P = PLASTIC

PIN CONFIGURATION

2364
ar die ™~ 2aPwvee
ag Oz 230 ag
as O3 22[J Ag
Aq O 21 A2
Az O5 203¢5, /C§,
a2 e 9P a0
A Qv 18 A
Ao s 17 os
o) Os 1sdo7
oz Qo i15sPDog
oz O 14 05
GND 42 130304
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TIMING DIAGRAM

ADDRESS
INPUTS INVALID * VALID * INVALID

CHIP
SELECT DISABLED | ENABLED | DISABLED
INPUTS
| ——l 'oH 'oF
l - —'cO —»
DATA HIGH HIGH

/INVAUD VALLD INVALID

OUTPUTS  |MPEDANCE \ IMPEDANCE
|4~——— ‘acc

BLOCK DIAGRAM

Ag  ——— -0
Ag « 02
@ w
Ay w 65536 w O3
e 5
Ag S B! T o Og4

w
Ag ———uJ O CELL . Og
Asg z ARRAY a Og
(@] [ad
14 >
A o 07
A2 ] ‘ Og

COLUMN

DECODER

[T

Ag Ay Ay Ay Ay

2-150



Cx swos v 2364

ABSOLUTE MAXIMUM RATINGS COMMENT

Ambient Temperature under Bias °C to +70°C Stresses above those listed under “Absolute
Storage Temperature —65°C to +150°C Maximum Ratings” may cause permanent
Supply Voltage to Ground Potential  —0.5V to +7.0V damage to the device. This is a stress rating
Applied Output Voltage —0.5V to +7.0V only and functional operation of the device at
Applied Input Voltage —05V to +7.0V these or any other conditions above those
Power Dissipation 1.0W indicated in the operational sections of this

specification is not implied.

D. C. CHARACTERISTICS (Tpo =0 Cto +70 C, Vg = 5.0V £ 5%, unless otherwise specified)

Symbol | Parameter Min. Max. Units Test Conditions

Icc Power Supply Current 100 mA VIN = Vce. Vo = Open, TA=0°C

Icc2 Power Supply Current 95 mA VIN =VCCe,Vo=O0pen,Tao=25C
10 Output Leakage Current 10 HA Chip Deselected, Vo = 0 to VCC
I Input Load Current 10 LA Voo = Max. ViN = 0 to VcC

VoL Output Low Voltage 04 Volts Vee = Min oL = 2.1mA

VOH Output High Voltage 2.4 Volts VGG = Min. IoH = —400uA

ViL Input Low Voltage —-05 08 Volts See Note 1

VIH Input High Voltage 20 \elonal Volts

A. C. CHARACTERISTICS (Tp = 0 C to +70 C. VcC = 50V + 5%. unless otherwise specified)

2364 2364A
Symbol| Parameter Min. | Max. | Min. [ Max. | Units Test Conditions
tACC | Address Access Time 450 350 ns
tco | Chip Select Delay 200 200 ns
tDfF | Chip Deselect Delay 175 175 ns See Note 2
tOH | Previous Data Valid 40 40 ns
After Address Change
L Delay

CAPACITANCE (Tp =25 C.f=1.0MHz See Note 3)

Symbol | Parameter Min. Max. Units Test Conditions
CIN Input Capacitance 8 pF All Pins except Pin under
Court Output Capacitance 10 pF Test Tied to AC Ground

Note 1: Input levels that swing more negative than —05V will be clamped and may cause damage to the device.

Note 2. Loading 1 TTL + 100 pF, input transition time: 20 ns
Timing measurement levels: input 1.5V, output 0.8V and 2.0V. C_ = 100 pF

Note 3: This parameter is periodically sampled and is not 100% tested.
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TYPICAL CHARACTERISTICS

ACCESS TIME VS ACCESS TIME VS
SUPPLY VOLTAGE CAPACITIVE LOAD
500 500
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400 400 ]
23, V 7364
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100 I I 100 l I
3 ) s 6 r 100 200 300 400 300
Vee V) CLpF)
SUPPLY CURRENT vS. SUPPLY CURRENT VS§
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| b /
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100 — < 100 /&/
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60 o
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COMMODORE SEMICONDUCTOR GROUP reserves the right to make changes to any products herein to
improve reliabllity, function or design. COMMODORE SEMICONDUCTOR GROUP does not assume any
liability arising out of the application or use of any product or circuit described herein; neither does it convey
any license under its patent rights nor the rights of others.
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23128 — 128K STATIC READ ONLY MEMORY (16384x8)

DESCRIPTION
The 23128 high performance read only memory is organized as 16384 words by 8 bits. This Q(}h
is designed to be compatible with all microprocessor and similar applications where,
performance, large bit storage and simple interfacing are important design considerati nsw Fhis,
device offers TTL input and output levels. L

The 23128 operates totally asynchronously. No clock input is required. The 23L28faﬁ;;e§ssnm% is
250 ns max. .

The 23128 offers a power down feature which is controlled by CE. Whe@&@@ ‘m@ es high
the device will automatically power down and remain in a low powe ﬁqd@e “anLg g as CE
remains high. %ﬁv

Designedto replace two 64K EPROMSs, the 23128 can eliminate the edjo r‘edeagn printed circuit
boards for volume mask programmed ROMs after prototyping wm‘u H%OMSMM

W o ™
P \\\l.\i“\n %% P

FEATURES . ﬁ“i N\
» Output Enable Function (OE) a Pin Com@a il 'Wlfhﬁoth 25XX and
= 16384x8 Bit organization 27X ‘\)%HFW ilies
a Single +5 Volt Supply = 231 g%fmln comipatible with 27128
= Completely TTL Compatible (JEDEB.Sfandard)
= Totally Static Operation fj§328 is B’m ompatible with 2528 (TI version)
= Three State Outputs for J,n“‘"‘ %400 mV Noise Immunity on Inputs
Wire-OR Expansion ‘wwwﬁ%ﬂ%@ tomatic power down (CE)
PIN CONFIGURATION m,
MMM - 23128
N —K VCC NC = 28 vee
A13 = g e w\\v\ 2;» OFE A2 =2 27 Cs1/CS1
A7 = Q\\ i} vVCC A7 =13 26 A13
Ag,wm% A8 A6 = 4 25 A8
5 24 AS A5 =] 5 24 A9
4§ 5\) 23 Al12 A4 = 6 23 A1t
M"‘“"ﬁp 22 TE A3 =7 22 OE
s {;:M} e 21 A10 A2 8 21 A10
ﬁm\ A 9 20 AT IS — k] 20 CE
4 —lio 19 D8 A0 e=l10 19 D8
&{Mﬁ:w)\)\‘&ﬁl=ﬂ 18 D7 D1 =it 18 D7
AN {’ D2 =12 17 D6 D2 ci2 17= D6
D3 =13 16 D5 D3 =13 16 D5
GNDE=]14 15 D4 GND =={i4 15 D4
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MMS 6508-1 MICROMODULE BOARD

Description

The MMS 6508-1 is the first in a family of single board microcomputers, designed for easy system
development. The heart of this micromodule is the new 6508 microprocessor. It has as enhance-
ments, an on-chip eight-bit I/0 port, 256 bytes of RAM, and a tri-state address bus.

The micromodule board has four sockets that allow the userto have from 8 to 16K bytes of program
memory. The sockets are designed to accept ROMs, as well as 2716 or 2532 EPROMS, using +5v
supply.

The micromodule board also features the new 6525 tri-port interface. This chip has three eight-bit
1/0 ports that are bit programmable as twenty-four 1/0 lines, or sixteen 1/O lines, five priority interrupts
and two handshake lines.

SQyvos

Block Diagram Features
s Use +5v/2A power supply
s 1 MHz Operation
(608 m 32 /0 lines or 24 1/0 lines and
X 5 prioritized interrupts
2568 ROM/EPROM = 16K ROM/EPROM Area
RAM = 1K External RAM
1 » 256 bytes RAM on 6508
6508 I
110 CPU
PORT
1Kx8 Edge Connector
RAM 2114 Pin Assignment Pin Assignment
1 P6 A P7
2 Pa 6508 B P5 6508
3 P2 Port c P3 Port
4 PO D P1
5 01 In E IRQ
6 Reset F 02 In
7 GND H GND
8 GND J GND
1/0 9 +5v K +5v
PORT 10 +5v L +5v
11 PC7 M PAO
7o sl -1 Lo
poRT | INTERFACE I e R A3
(6525) 15 PC3 S PAS
/10 16 PB4 | 6§25 T ;ﬁg _ 6P525
17 PC2 on u ort
PORT 18 PB5 v PA7
19 PC1 w PBO
20 PB6 X PB1
21 PCO Y PB2
22 PB7 | z PB3
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MEMORY MAP
FFFF
ROM F
FO00
EFFF
ROM E
E?:‘%% 1/0 Port Address Assignment
ROM D 5000 PORT A 8000 PORT REGISTER A
romc | CFFF 8003 DATA DIRECTION
€000 REGISTER A
BFFF
PORT B 8001 PORT REGISTER B
8004 DATA DIRECTION
T
RAM REGISTER B
8400 PORT C 8002 PORT REGISTER C
8005 DATA DIRECTION
8007 REGISTER C/
INTERRUPT MASK
e REGISTER
8000
8006 CONTROL REGISTER
8007 ACTIVE INTERRUPT
REGISTER
OOFF
RAM 0062 PORT M 0001 OUTPUT REGISTER
0001 0000 DATA DIRECTION
1/0 REGISTER
0000
BOARD LAYOUT
7404 74L5138 741827 74L820
) e (= )
y —
G S
e} '
ue u7 us ug
ROM C ROMD | ROM E ROM F 2
© :
u 7418241 74L8245
: n
f
» § y y
15 Kj 8508 6‘5’%5
v
g
|
74L833

I I C=1uF
DECOUPLING
CAPS

1

COMMODORE SEMICONDUCTOR GROUP reserves the right to make changes to any products herein to
improve reliability, function or design. COMMODORE SEMICONDUCTOR GROUP does not assume any
liability arising ot of the application or use of any product or circuit described herein; neither does it convey
any license under its patent rights nor the rights of others.
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MPS

65C00

MICROPROCESSORS

65C00 MICROPROCESSORS

THE 65C00 MICROPROCESSOR FAMILY CONCEPT —

The 65C00 Series Microprocessors represent the first totally software compatible microprocessor
family. This family of products includes a range of software compatible microprocessors which provide a
selection of addressable memory range, interrupt input options and on-chip clock oscillators and drivers. All of
the microprocessors in the 65C00 group are software compatible within the group and are bus compatible with

the M6800 product offering.

The family includes six microprocessors with on-board clock oscillators and drivers and four micropro-
cessors driven by external clocks. The on-chip clock versions are aimed at high performance, low cost
applications where single phase inputs, crystal or RC inputs provide the time base. The external clock versions
are geared for the multi processor system applications where maximum timing control is mandatory. All
versions of the microprocessors are available in 1 MHz maximum operating frequencies.

FEATURES OF THE 6500 FAMILY

® Single +5 volt supply
@ Eight bit parallel processing
® 56 Instructions
® Decimal and binary arithmetic
® Thirteen addressing modes
® True indexing capability
® Programmable stack pointer
@ Variable length stack
o Interrupt capability
® Non-maskable interrupt
® Use with any type or speed memory
e 8 BIT Bi-directional Data Bus
® Addressable memory range of up to
65K bytes
® “Ready” input (for single cycle execution)
@ Direct memory access capability
® Bus compatible with M6800
® Choice of external or on-board clocks
® 1 MHz operation
® On-the-chip clock options
*External single clock input
*RC time base input
*Crystal time base input
@ Pipeline architecture

MEMBERS OF THE 65C00 MICROPROCESSOR
(CPU) FAMILY

Microprocessors with On-Chip Clock Oscillator

Model Addressable Memory
MPS65C02 65K Bytes
MPS65C03 4K Bytes
MPS65C04 8K Bytes
MPS65C05 4K Bytes
MPS65C06 4K Bytes
MPS65C07 8K Bytes

Microprocessors with External Two Phase
Clock Inputs
MPS65C12 65K Bytes
MPS85C13 4K Bytes
MPS65C14 8K Bytes
MPS85C15 4K Bytes

ORDER NUMBER:
MXS 85CXX

MODEL DESIGNATOR
XX = 02,03,04,. . .15

PACKAGE DESIGNATOR
C = CERAMIC
P = PLASTIC
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COMMENTS ON THE DATA SHEET

The data sheet is constructed to review first the basic “Common Characteristics”—those features
which are common to the general family of microprocessors. Subsequent to a review of the family
characteristics will be sections devoted to each member of the group with specific features of each.

| COMMON CHARACTERISTICS |

@——  REGISTER SECTION CONTROL SECTION et
RES IKG RMT
bid
AQ - INDEX CJ
( REGISTER b
Al - l ; }
A2 - INDEX
REGISTER
e—o
as ROY
A B
“ - 3 POINT b
S REGISTER
<
AS -
& INSTRUCTION
A DECODE
A6 -
ALY
.- ‘J =
ADDRESS H
s
3
As 2 ACCUMULATOR TIMING
< A CONTROL
A -d 2
z 2 @y 0N)
At0 6512,13,14,15
2,
220N
Al -
K—, CLOCK €LOCK
a2 z GENERATOR INPUT 6502.3,4.5.6,7
‘—1 < [}
o (IN)
AL o l > 21007
da0uT
l_. rw
Ate l
“1 p— DBE 6512
INSTRUCTION
AtS <] ] BUFFER
L L)

I—-V— %]
LEGEND D1
D2
ﬂ‘ — =3 DATA
=8 BITLINE
—. s
DS
l = 1 BITLINE D¢

Note 1. Clock Generator is not included on 66C12,13,14,15
2. Addressing Capability and control options vary with
each of the 65C00 Products.

65C00 Internal Architecture
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| COMMON CHARACTERISTICS |

MAXIMUM RATINGS
RATING [ SYMmBOL l VALUE l UNIT

This device contains input protection
SUPPLY VOLTAGE Vee -03to0 +70 Vdc against damage due to high static

voltages or electric fields; however,

INPUT VOLTAGE Vin ~0310 470 vdo should be laken to aveid ap-
OPERATING TEMPERATURE Ta 0 to +70 C plcation of voriages higher than the
rating.
STORAGE TEMPERATURE Tera -55 10 +150 c
ELECTRICAL CHARACTERISTICS (Vcc = 5.0V + 5%, Vas = 0, TA = O° to + 70°C)

1, @2 (in) applies to 65C12, 13, 14, 15; do (in) applies to 65C02, 03, 04, 05, 06 and 07

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT

Input High Voltage
Logic,d. (i) Vss + 24 — vee Vdc

@By VIH Vee - 02 - Vee + 1.0V Vdc

Input High Voltage
RES, NMi, ROY, 1RQ, Data, S.0. Vss + 20 - - vde

Input Low Voltage

Logic,@. (in) Vss - 03 - Vss + 04 Vdc
a,e\,(,n) ViL Vss - 03 _ Vss + 0.2 Vdc
RES, NMI, RDY, TRQ, Data, S.0. - - Vss + 08 Vdc
Input Leakage Current
Vi = 010 5.25V, Vec = 5.25V)
Logic (Excl. RDY,S.0.) lin - - 25 uA
@Giny - - 100 wA
Doy — - 10.0 wA

Three State (Off State) Input Current
(Vin = 0.4 to 2.4V, Vcc = 5.25V)
Data Lines ITSt - - 10 »A

Output High Voltage
(lon = - 100uAdc, Vec = 4.75V)
8YNC, Data, AO-A15, RW VOH Vss + 2.4 — - Vdc

Out Low Voitage
(loL = 1.6mAdc, Vee = 4.75V)

8YNC, Data, AO-A 15, RW VoL — - Vss + 04 Vdc
Supply Current lcc - 20 mA
Capacitance [} pF
(Vjn = 0, Tp = 25°C, 1 = tMHz)
Logic Cin - _ 10
Data — — 15
AO-A15,RW, SYNC Cout - - 12
De(in) Cin) - = 5
a, Cg' - 30 50
@ Cg - 50 80

(]

Note: TRQ and NMI require 3K pull-up resistors.
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Clock Timing — 65C02, 03, 04, 05, 06, 07 Clock Timing — 65C13, 14, 15
b¢ T
- Foo fu— "o .
o 24V cvc i
o \
gn) 15V — 15V
04V-— Lh AV
PwneOL_.l._Pwmao”_J 5V
—_— 1
a.oun sV
PWHE,
@oun 15v 15v 15V
AV 4V AV
L— PWHQ, —4
- . t— THRW —»]
S
RW
THA —m{  —
ADDRESS ®< 70V s{ 20V
om | =08V A8y
—m{ TaDS |a— e
DATA L ADDRESS =20V 2!
FAOM FROM
MEMORY 05V — i MPU {08V Aoy
_—T
e ACC DV ! le—ThR oATA —»{ Taps |w— 20v
so. : FROM
. MEMORY 0BV T
- SO fet— | lat -— - {Tacc lee—THR
RDY : 50 :
Thoy e | Lo 750 ja— |
| | |
YN RDY
SYNG [ I |
—» Tsync | | - Trov - |
| | | | ]
Timing for Reading Data from Memory or Peripherais SYNG 1 !
! I : —» Tswne fe— { :
|
aw ™ Thws [* Timing for Reading Data from Memory or Peripherals
— | | |
_& 08V
— T g
e " TR
FROM [«
MPU m 08V 08V
T
—»| Taos le— ADDRESS
DATA 20v e M' 70V
' 08V Moy h 08V
) T,
- Tmps o H Wt DATA - ADS  ha— 20V
Timing for Writing Data to Memory or Peripherals oM §
08av
- Tmpos o {THWhea—
Timing for Writing Data to Memory or Peripherais
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LCOMMON CHARACTERISTICS
1 MHz TIMING
Electrical Characteristics: (Vcc = 5V + 5%, Vss = 0 V, Ta = 0°-70°C)
3
SE CLOCK TIMING — 65C02, 03, 04, 05
% ,2—% CHARACTERISTIC SYMBOL MIN. TYP. MAX.
o Cycle Time TCYC 1000 - -
Po(IN) Pulse Width (measured at 1.5v) PWH@0o 460 - 520
@0 (IN) Rise, Fall Time TR@o,TFZo — - 10
Delay Time between Clocks (measured at 1.5v) To 5 - -
@1(0uT) Pulse Width (measured at 1.5v) PWH@4 PWH@OL-20 — PWH@OoL
¢2(ou1') Pulse Width (measured at 1.5v) PWHQ@?2 PWH@OH-40 — PWH@oH-10
@1(ouT). B2(0UT) Rise, Fall Time TR, TF - - 25
(measured .8v to 2.0v)
(Load %2 30pf %2 1 TTL)
CLOCK TIMING: 65C12, 13, 14, 15
CHARACTERISTIC SYMBOL MIN. TYP MAX.
Cycle Time Tcye 1000 - —
Clock Pulse Width @1 PWH @1 430
(Measured at Veg — 0.2v) @2 PWH @2 470 - -
Fall Time, Rise Time
(Measured from 0.2v to Vgc — 0.2v) Tr, TR —_ - 25
Delay Time between Clocks
(Measured at 0.2v) Tp 0 - -
READ/ WRITE TIMING (LOAD = ITTL)
CHARACTERISTIC SYMBOL MIN. TYP. MAX.
Read/ Write Setup Time from 65C00 TRWS - 100 300
Address Setup Time from 65C00 TADS — 100 300
Memory Read Access Time TACC - - 575
Data Stability Time Period Tosu 100 - -
Data Hold Time — Read THR 10 - -
Data Hold Time — Write THW 30 60 -
Data Setup Time from 65C00 TMDS — 150 200
S.0. Setup Time Ts.0. 100 - -
SYNC Setup Time from 6500 TSYNC - - 350
Address Hold Time THA 30 60 -
R/W Hold Time THRW 30 60 —_—
RDY Setup Time TRDY 100 - -_
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LCOMMON CHARACTERISTICS

65C00 SIGNAL DESCRIPTION

Clocks {@,, @,)
The 65C1X requires a two phase non-overlapping clock that runs at the Vec voltage level.
The 65C0X clocks are supplied with an internal clock generator. The frequency of these clocks is externally controlled.

Address Bus (AA,;)
These outputs are TTL compatible, capable of driving one standard TTL load and 130 pf.

Data Bus (D,-D,)
Eight pins are used for the data bus. This is a bi-directional bus, transferring data to and from the device and peripherals. The
outputs are tri-state buffers capable of driving one standard TTL load and 130pf.

Data Bus Enable (DBE)

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

Ready (RDY)

This input signal allows the user to single cycle the microprocessor on all cycles except write cycles. A negative transition to
the low state during or coincident with phase one (©,) and up to 100ns after phase two (3,) will halt the microprocessor with the
output address lines reflecting the current address being fetched. This condition will remain through a subsequent phase two
(©,) in which the Ready signal is low. This feature allows microprocessor interfacing with low speed PROMS as weli as fast (max.
2 cycle) Direct Memory Access (DMA). If Ready is low during a write cycle, it is ignored until the following read operation.

Interrupt Request (IRQ)

This TTL level input requests that an interrupt sequence begin within the microprocessor. The microprocessor will complete
the current instruction being executed before recognizing the request. At that time, the interrupt mask bit in the Status Code
Register will be examined. If the interrupt mask flag is not set, the microprocessor will begin an interrupt sequence. The Program
Counter and Processor Status Register are stored in the stack. The microprocessor will then set the interrupt mask flag high so
that no further interrupts may occur. At the end of this cycle, the program counter low will be loaded from address FFFE, and pro-
gram counter high from location FFFF, therefore transferring program control to the memory vector located at these addresses.
The RDY signal must be in the high state for any interrupt’to be recognized. A 3KQ external resistor should be used for proper
wire-OR operation.

Non-Maskable Interrupt (NMI)

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

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

NMI also requires an external 3K resister to Vcc for proper wire-OR operations.

Inputs IRQ and NMI are hardware interrupt lines that are sampled during @, (phase 2) and will begin the appropriate interrupt
routine on the @, (phase 1) following the completion of the current instruction.

Set Overflow Flag (S.0.)
A NEGATIVE going edge on this input sets the overflow bit in the Status Code Register. This signal is sampled on the trailing

edge of @,.

SYNC

This output line is provided to identify those cycles in which the microprocessor is doing an OP CODE fetch. The SYNC line
goes high during @, of an OP CODE fetch and stays high for the remainder of that cycle. If the RDY line is pulied low during the
@, clock pulse in which SYNC went high, the processor will stop in its current state and will remain in the state until the RDY line
goes high. In this manner, the SYNC signal can be used to control RDY to cause single instruction execution.

Reset

This input is used to reset or start the microprocessor from a power down condition. During the time that this line is held low,
writing to or from the microprocessor is inhibited. When a positive edge is detected on the input, the microprocessor wiil im-
mediately begin the reset sequence.

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

After Vcc reaches 4.75 volts in a power up routine, reset must be held low for at least two clock cycles. At this time the RW and
(SYNC) signal will become valid.

When the reset signal goes high following these two clock cycles, the microprocessor will proceed with the normal reset pro-
cedure detailed above.
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[ COMMON CHARACTERISTICS |

ACCUMULATOR ADDRESSING—This form of
addressing is represented with a one byte
instruction, implying an operation on the
accumulator.

IMMEDIATE ADDRESSING—In immediate ad-
dressing, the operand is contained in the sec-
ond byte of the instruction, with no further
memory addressing required.

ABSOLUTE ADDRESSING—In absolute ad-
dressing, the second byte of the instruction
specifies the eight tow order bits of the effec-
tive address while the third byte specifies the
eight high order bits. Thus, the absolute ad-
dressing mode allows access to the entire 65K
bytes of addressable memory.

ZERO PAGE ADDRESSING —The zero page in-
structions allow for shorter code and execution
times by only fetching the second byte of the in-
struction and assuming a zero high address
byte. Careful use of the zero page can result in
significant increase in code efficiency.

INDEXED ZERO PAGE ADDRESSING —(X, Y in-
dexing)—This form of addressing is used in
conjunction with the index register and is re-
ferred to as “'Zero Page, X' or “Zero Page, Y."
The effective address is calculated by adding
the second byte to the contents of the index
register. Since this is a form of “Zero Page™ ad-
dressing, the content of the second byte
references a location in page zero. Additionally,
due to the “Zero Page™ addressing nature of
this mode, no carry is-added to the high order 8
bits of memory and crossing of page bound-
aries does not occur.

INDEXED ABSOLUTE ADDRESSING—(X, Y in-
dexing)—This form of addressing is used in
conjunction with X and Y index register and is
referred to as “Absolute, X," and ""Absolute, Y."
The effective address is formed by adding the
contents of X and Y to the address contained in
the second and third bytes of the instruction.
This mode allows the index register to contain
the index or count value and the instruction to
contain the base address. This type of indexing
allows any location referencing and the index to
modify multiple fields resulting in reduced
coding and execution time.

INSTRUCTION SET—ALPHABETIC SEQUENCE

ADC  Add Memory to Accumulator with Garry
AND  "AND" Memory with Accumulator

ASL  Shift left One Bit (Memory or Accumulator)
BCC  Branch on Carry Clear

BCS  Branch on Carry Set

BEQ  Branch on Result Zero

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

BNE  Branch on Result not Zero

BPL  Branch on Result Plus

BRK  Force Break

8VC  Branch on Overflow Clear

BVS  Branch on Overflow Set

CLC  Clear Carry Flag

CLD  Clear Decimal Mode

CLt Glear Interrupt Disable Bit

CLV  Ciear Overflow Flag

CMP  Gompare Memory and Accumulator

CPX Compare Memory and Index X

CPY  Compare Memory and Index Y

DEC  Decrement Memory by One

DEX  Decrement Index X by One

DEY  Decrement index Y by One

EOR  "Exclusive-or" Memory with Accumulator
INC Increment Memory by One

INX Increment index X by One

INY Increment Index Y by One

JMP  Jump to New Location

JSR  Jump to New Location Saving Return Address

ADDRESSING MODES

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

RELATIVE ADDRESSING —Relative addressing
is used only with branch instructions and estab-
lishes a destination for the conditional branch.

The second byte of the instruction becomes the
operand which is an “Offset” added to the con-
tents of the lower eight bits of the program
counter when the counter is set at the next in-
struction. The range of the offget is -128 to
+ 127 bytes from the next instruétion.

INDEXED INDIRECT ADDRESSING—In in-
dexed indirect addressing (referred to as (In-
direct, X)), the second byte of the instruction is
added to the contents of the X index register,
discarding the carry. The resuit of this addition
points to a memory location on page zero
whose contents is the low order eight bits of the
effective address. The next memadry location in
page zero contains the high order eight bits of
the effective address. Both memory locations
specifying the high and low ordet bytes of the
effective address must be in page zero.

INDIRECT INDEXED ADDRESSING —In indirect
indexed addressing (referred to as (Indirect), Y),
the second byte of the instruction points to a
memory location in page zero. The contents of
this memory location is added to:the contents
of the Y index register, the result being the low
order eight bits of the effective address. The
carry from this addition is added to:the.contents
of the next page zero memory Jocation, the
result being the high order eight bits of the ef-
fective address.

ABSOLUTE INDIRECT —The second byte of the
instruction contains the low order gight bits of a
memory location. The high order eight bits of
that memory location is contained in the third
byte of the instruction. The contents of the fully
specified memory location is the low order byte
of the effective address. The next memory loca-
tion contains the high order byte of the effective
address which is loaded into the sixteen bits of
the program counter.

LDA Load Accumulator with Memory

LDX  Load Index X with Memory

Loy Load tndex Y with Memory

LSR Shift One Bit Right (Memory or Accumulator)

NOP  No Operation
ORA  “OR" Memory with Accumulator

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

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

RTS  Return from Subroutine

SBC Subtract Memory from Accumulator with Borrow
SEC  Set Carry Flag

SED  Set Decimal Mode

SEI Set Interrupt Disable Status

STA  Store Accumulator in Memory

STX  Store Index X in Memory

§TY Store (ndex Y in Memory

TAX  Transfer Accumulator to Index X
TAY  Transler Accumulator to Index Y
TSX Transfer Stack Pointer to Index X
TXA  Transfer Index X to Accumulator
TXS  Transfer Index X to Stack Register
TYA  Transfer Index Y to Accumulator
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PROGRAMMING MODEL

Note: MOS Technology cannot assume liability for the use of undefined OP Codes
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Ck cuios

65C00

vss 9 ! 40 P RES 65C02 — 40 Pin Package
RDY H 2 39 P g ©oun
@ioun 53 38 P s0.
o a s Bggm Features of 65C02
L= e bl = * 65K Addressable Bytes of Memory (A0-A15)
S o 7 30 B « TRQ Interrupt
vee &1 8 33 P00 ¢ On-the-chip Clock
A0 & 9 32 o TTL Level Single Phase Input
s ;‘) 02 RC Time Base Input
fé d . 29 B s Crystal Time Base Input
a4 &3 28 1 D5 * SYNC Signal
AS & 14 27 P06 (can be used for single instruction execution)
AB & 15 26 D7 ¢ RDY Slgnal
:; z :? ii AA:i (can be used to halt or single cycle execution)
A9 g 18 23 B A13 * Two Phase Output Clock for Timing of
ato o 19 22 P a2 Support Chips
A1 o 20 21 P vss o NMI Interrupt
RES = ! 28 @2 (©Oun
2 27 Po (IN)
e 2 B fow 65C03 — 28 Pin Package
NMI =] 4 25 DO
vee = 5 24 D1 Features of 65C03
A0 £ 6 23 D2
Al S é g-‘? gj ¢ 4K Addressable Bytes of Memory (A0-A11)
A2 .
g 20 B Ds ¢ On-the-chip Clock
A4 = 10 19 D6 ¢ IRQ Interrupt
A5 =11 18 07 ¢ NMI Interrupt
A8 12 17| Al » 8 Bit Bidirectional Data Bus
A7 13 16 A10
A8 = 14 15 A9
RES & ! 28 2 @ (ouUn
vss =| 2 27 P #o 1Ny
iRQ = 3 26 I3 AW 65C04 — 28 Pin Package
vce = 4 25 DO
AA? ; 655 gg g; Features of 65C04
- ] ; 2 o + * 8K Addressable Bytes of Memory (AC-A12)
Ad =49 20 b ps ¢ On-the-chip Clock
A5 = 10 19 2 D6 * |RQ interrupt
e 18 2 07 * 8 Bit Bidirectional Data Bus
A7 &5 12 17 A12
A8 13 16 All
A9 i 14 15 A10
RES H ! 28 |2 @y 0un
2 27 Do (IN)
wov o 3 26 B aw 85C05 — 28 Pin Package
Q= 4 25 oo
vee & 5 24 @01 Features of 65C05
A0 c 6 23 D2
Al =7 22 |2 D3 * 4K Addressable Bytes of Memory (AO-A11)
:; : g ; gg * On-the-chip Clock
A4 =10 19 b o6 * IRQ Int.errupt
a5 = 11 18 b7 e RDY Signal
A6 £ 12 17 AT * 8 Bit Bidirectional Data Bus
A7 =g 13 16 A10
AB =4 14 15 A9
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Cx cuos 65C00

RES ! 28 @2 (OUT)
ves = 2 27 Po (IN)
@1 oun = 3 26 B RW 65C06 — 28 Pin Package
Rac] 4 25 |2 Do
vee =] 5 24 = D1 Features of 656C08
A0 = 6 23 D2
Al 22 [= D3 * 4K Addressable Bytes of Memory (A0-A11)
= : ;’) o * On-the-chip Clock
s = 10 o b e ¢ IRQ Interrupt
A5 = 11 18 2 D7 * Two phase output clock for timing of
A6 = 12 17 2:8 support chips
A7 =4 13 16 N P R
ne o 1a o B o * 8 Bit Bidirectional Data Bus
REs = ! 28 B @5 0un
vss =| 2 27 B @o (N
ROy =4 3 26 RIW _
voo o 4 25 G oo 65C07 — 28 Pin Package
A0 = 5 24 D1
I3E— I 23 I3 D2 Features of 65C07
p2 o7 22 D3
A8 21 D4 ¢ 8K Addressable Bytes of Memory (A0-A12)
A4 =9 20 2 D5 ¢ On-the-chip Clock
AZ r: :? :2 gs ¢ RDY Signal
A e
a7 o 12 7 B ar * 8 Bit Bidirectional Data Bus
A8 13 16 Al
A9 2 14 15 2 A10
vss 9! a0 RES
RDY & 2 39 @o 0un
BiN) = 3 38 SO
RQ 5 ¢ 7 BalIN) 65C12 — 40 Pin Package
ves €3 5 36 DBE
[NYI= N 35 NC.
SYNC & 7 3: AW Features of 65C12
vee p bodl e * 65K Addressable Bytes of Memory (A0-A15)
Al & 10 31 D2 ¢ IRQ Interrupt
A2 o 1 30 D3 ¢ NMI Interrupt
A3 &2 29 2 D4 * RDY Signal
o ': o 2B « 8 Bit Bidirectional Data Bus
A6 15 26 D7 e SYNC Signal
A7 o 16 25 Al5 * Two phase clock input
A8 f 17 24 A14 * Data Bus Enable
A9 o 18 23 | A13
A10 = 19 22 A12
A1l = 20 21 VSS
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vss = 1 28 |2 RES
B1IN) =) 2 27 b2 FaliNy
Rg = 3 26 [P RW 85C13 — 28 Pin Package
NMI = 4 25 B2 po
vee = § 24 |3 D1
20 o 6 23 G o2 Features of 65C13
~ g . zp o ¢ 4K Addressable Bytes of Memory (AO-A11)
a3 g9 20 B o5 e Two phase clock input
a4 =10 1a.}o os ¢ |RQ Interrupt
A5 = 11 18 b o7 o NMI Interrupt
A8 = 12 17 13 At * 8 Bit Bidirectional Data Bus
A7 = 13 16 [ A10
A8 = 14 15 = A9
vss H ! RES
P1(IN) = 2 BNy
TRo o 3 R/W
voe o 4 00 65C14 — 28 Pin Package
A0 = 5 D1
nE=K D2 Features of 85C14
A7 D3
A3 &= 8 D4 * 8K Addressable Bytes of Memory (A0-A12)
Ad = 85 * Two phase clock input
22 - 0 * 1RQ interrupt
a7 e A12 * 8 Bit Bidirectional Data Bus
A8 A1l
A9 = A10
vss 1 2B Res
RDY = 2 27 B @aN) 65C15 — 28 Pin Package
B16N) = 3 26 AW
TRG
vee z 2 §§ g? Features of 65C15
:? - : gg 02 e 4K Addressable Bytes of Memory (AO-A11)
A2 o 8 2 Df * Two phase clock input
A3 = 9 20 D5 ¢ |RQ Interrupt
A4 =10 19 D6 e RDY Signal
25 = 18 D7 * 8 Bit Bidirectional Data Bus
6 = 12 17 A1l
A7 =913 16 A10
A8 14 15 A9

COMMODORE SEMICONDUCTOR GROUP reserves the right to make changes to any products herein to
improve reliability, function or design. COMMODORE SEMICONDUCTOR GROUP does not assume any
liability arising out of the application or use of any product or circuit described herein; neither does it convey
any license under its patent rights nor the rights of others.




commodore

65C23

TRI-PORT INTERFACE

65C23 TRI-PORT INTERFACE

CONCEPT...

The 65C23 TRI-PORT Interface (TPI) is designed to simplify the implementation of complex 1/0 operations
in microcomputer systems. It has three dedicated 8-bit I/0 ports which provide 24 individually programmable

1/0 lines.

FEATURES:

m 24 individually programmable 1/0 lines
= Completely static operation

m Two TTL Drive Capability

= 6 directly addressable registers

» 1 MHz operation

65C23 Addressing
65C23 REGISTERS (Direct Addressing)

*000
001
010
011
100
101
110
111

*NOTE: RS2. RS1, RSO respectively

RO
R1
R2
R3
R4
R5

PRA — Port Register A
PRB — Port Register B
PRC — Port Register C
DDRA — Data Direction Register A
DDRB — Data Direction Register B
DDRC — Data Direction Register C

‘ Illegal States
lllegal States

ORDER NUMBER:

MXS 65C23
lf——— PACKAGE DESIGNATOR
C=CERAMIC
P = PLASTIC

65C23 PIN CONFIGURATION

Vss
PAQ
PA1
PA2
PA3
PA4
PAS
PAG
PA7
PBO
PB1
PB2
PB3
PB4
PBS
PB6
PB7
cS
WRITE
Voo

40
39
38
37
36
35
34
33
32
31
30
29
28
27
26
25
24
23
22
21

D NDUN D WN -

8-‘-‘-‘-‘“‘-‘“@
WO NDNDdWN -0

]:14
DBé
DBS
DB4
DB3
DB2
DB1
DBo
PC7
PC8
PC5
PC4
PC3
PC2
PC1
PCO

RSt
RS2
RST
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Ck cuos

65C23

65C23 INTERNAL ARCHITECTURE

< > PORT
A

PAQ-PA7

O PORT
B

PB0O-PB7

PERIPHERAL
DATA
DATA e A PA
BUS BUFFERS <_____ DATA > BUFFERS
Do-D7 DIRECTION
A
PERIPHERAL
DATA
WRITE — DATA BUFFERS
DIRECTION
B
CS —ai
CHIP
ACCESS
RSO CONTROL
RS1 —m
PERIPHERAL
RS2 —m| DATA
o} % PC
SATA N BUFFERS
DIRECTION
c
RESET

O PORT
c

PCO-PC7




Cx cios Sxc23

MAXIMUM RATINGS

RATING SYMBOL VALUE ‘[ UNIT

SUPPLY VOLTAGE Vee —~03to +7.0 Vde Thlg device contalins circuitry to protect
the inputs against damage due to high

INPUT VOLTAGE Vin -03to +7.0 Vdc static voltages, however, it is advised that
normal precautions be taken to avoid

OPERATING TEMPERATURE RANGE Ta 0to +70 °C application of any voltage higher than
maximum rated volitages to this circuit.

STORAGE TEMPERATURE RANGE Tstg -55t0 +150 °C

CHARACTERISTICS (V¢ = 5.0V = 5%, Vss = 0V, Ta = 0° to 70°C)

CHARACTERISTIC SYMBOL MIN TYP MAX UNIT
Input High Voltage (Normal Operating Levels) VIH +20 — Vee Vdc
Input Low Voltage (Normal Operating Levels) ViL -03 — +.8 Vde

fnput Leakage Current
Vin = 0t0 5.0 Vdc N 0 +1.0 +25 wAdc
WRITE RST, CS. RS.RS;

Three-State (Off State) Input Current

TSI

(Vin = 0.4 to 2.4 Vdc, Vo = max)

DO-D7, PAO-PA7, PBO-PB7. PCO-PC7 0 +20 +10 uAdc
Output High Voltage VoH

(Voc = min, Load = 200 pAdc) 24 35 Vec vde
Output Low Voitage VoL

(Vge = min, Load = 3.2 mAdc) vss 02 +0.4 vdc
Output High Current (Sourcing) I0H

(VoH = 2.4 Vdc) —200 - 1000 — wAdc
Output Low Current (Sinking) oL

(VoL = 0.4 Vdc) 32 - — mAdc
Supply Current lce — 10 mA

Input Capacitance
(Vin = OV, Tpo = 25°C, f = 1.0 MH2) Cin — 7 10 pF
DO0-D7, PAO-PA7, PBO-PB7. PCO-PC7
WRITE RST, RSo-RS2, cs

Output Capacitance Cout
(Vin = 0, T = 25°C, f = 1.0 MH2) - 7 10 pF
Note: Negative sign indl d flow, positive indicates inward flow.




C"‘ oS 65C23

READ CYCLE

- TRC

’ )
RS2-RS0 X K
K 7

|
Wi \
AW «— TRCS TRCH — »
Tco —»
s /

hi 7
&) T T TotD
I f———— 'ACC —————> AOD >
m
o \
DB7DBO  Tppg e o \ 3 N\
PORT IN >§(
WRITE CYCLE
B Twe
K N
RS2-RSO T T < f
e Taws —> AWH —f=€ A\
fa———— Twa >
RW \ /
= \ ’_f
- TDH
DATA IN Tos
DB7-DBO

PORT OUT ) gt
F Twpp ——™

Note: All timings referenced to Vj max, V|4 min on inputs and Vg max, VOH min on outputs.
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CMOS 65C23

READ CYCLE
Symbol Parameter MIN MAX UNITS
TRC Read Cycle 450 — ns
TACC Access Time! - 450 nS
TCo CS to Output Valid — 270 nS
TRCS R/W high to CS Setup 0 — ns
TRCH R/W high to CS Hold 0 — ns
ToTD 'CS to Output Off Delay 20 120 ns
TAOD Address to Output Delay 50 — nS
TPDS Port Input Setup 120 - nS
TPPH Port Input Hold 150 — nS

Note 1: Access Time measured from later of WRITE high or RS stable.

WRITE CYCLE
Symbol Parameter MIN MAX UNITS
TWC Write Cycle 450 — nS
TWA Write Active Time2 420 - nS
TAWS Address to R/W low Setup 0 - ns
TAWH Address to R/W low Hold 0 — ns
TDs Data bus in Setup 150 — nS
ToH Data bus in Hold 0 — nS
TWPD Write active to Port out Delay — 1000 nS

Note 2: Twa is the time while both CS and R/W are low.

COMMODORE SEMICONDUCTOR GROUP reserves the right to make changes to any products herein to
improve reliability, function or design. COMMODORE SEMICONDUCTOR GROUP does not assume any
liability arising ot of the application or use of any product or circuit described herein; neither does it convey
any license under its patent rights nor the rights of others.
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@ M @@ STATIC READ ONLY MEMORY
{2048x8)

23C16 STATIC READ ONLY MEMORY (2048x8)

DESCRIPTION

The 23C16 high performance read only memory is organized 2048 words by 8 bits with access
times of less than450 ns. This ROM is designed to be compatible with all microprocessor and similar
applications where high performance, large bit storage and simple interfacing are important design
considerations.

The 23C16 operates totally asynchronously. No clock input is required. The three program-
mable chip select inputs allow eight 16K ROMS to be OR-tied without external decoding.

Designed to replace two 2708 8K EPROMS, the 23C16 can eliminate the need to redesign
printed circuit boards for volume mask programmed ROMS after prototyping with EPROMS.

= 400mV Noise Immunity on Inputs = Three-State Outputs for Wire-OR Expansion
» 2048 x 8 Bit Organization » Three Programmable Chip Selects
a Single +5 Volt Supply a Pin Compatible with 2716 EPROM
a Access Time — 450 ns = Replacement for two 2708s
u Totally Static Operation « 2708/2716 EPROMS Accepted as Program
a TTL Compatible Data Inputs
MXS-23C16 23C16
Az t® ™~ 2aPvee
as 02 23[]Ag
as O3 220 Ag
aq 04 210 cs3/CS3
a3 Qs 20{dcs, /T5,
Az Qs 1900 A0
PACKAGE DESIGNATOR :(') E ; - gg:zlcsz
C=CERAMIC
P = PLASTIC o ge e o7
oz Qo 15[Joe
oz OQn 14005
GNDC] 12 130304

3-18



CK CMOS 23C16

ABSOLUTE MAXIMUM RATINGS COMMENT

Ambient Temperature under Bias °C to +70°C Stresses above those listed under “Absolute
Storage Temperature ] —65°C to +150°C Maximum Ratings” may cause permanent
Supply Voltage to Ground Potential  —0.5V to +7.0V damage to the device. This is a stress rating
Applied Output Voltage —05V to +7.0v only and functional operation of the device at
Applied Input Voitage —0.5V to +7.0V these or any other conditions above those
Power Dissipation 1.0W indicated in the operational sections of this

specification is not implied.

D. €. CHARACTERISTICS (Ta = 0°C to +70°C, VoC = 5.0V + 5%, unless otherwise specified)

Symbol | Parameter Min. Max. Units Test Conditions
Icc Power Supply Current 10 mA F=1MHz
Iccs Stand-by Power Supply 10 WA Chip Deselected
Current

10 Output Leakage Current 10 HA Chip Deselected

I Input Load Current 10 MA Vce =Max. Gnd < VN < Voe
VoL Output Low Voltage 04 Volts Vce = Min oL = 2.1mA
VOH Output High Voltage 24 Volts vee = Min. IoH = —400uA

VIL Input Low Voltage -05 08 Volts See Note 1
VIH Input High Voltage 20 \eloha! Volts

A. C. CHARACTERISTICS (Tp = 0°C to +70°C, VCC = 5.0V + 5%, unless otherwise specified)

Symbol Parameter Min. Max. Units Test Conditions
tACC Address Access Time 450 ns
tco Chip Select Delay 200 ns
tDF Chip Deselect Delay 100 ns See Note 2
tOH Previous Data Valid 40 ns
After Address Change
Delay

CAPACITANCE (Ta = 25°C,t = 1.0MHz, See Note 3)

Symbol | Parameter Min. Max. Units | Test Conditions
CIN Input Capacitance 8 pF All Pins except Pin under
CouTt | Output Capacitance 10 pF Test Tied to AC Ground

Note 1: Input levels that swing more negative than —0.5V will be clamped and may cause damage to the device.

Note 2: Loading 1 TTL + 100 pF, input transition time: 20 ns
Timing measurement levels: input 1.5V, output 0.8V and 2.0V.

Note 3: This parameter is periodically sampled and is not 100% tested.
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c= CMOS 23C16

TIMING DIAGRAMS

ADDRESS
NPUTS INVALID 1( VALID % INVALID
I

CHIP
SELECT DISABLED ENABLED | DISABLED

INPUTS
——l toH 'oF
|Co-——)l
- | HIGH
DA HIGH <|NVAL|D VALID lNVALID}__—-
IMPEDANCE

OUTPUTS  |MPEDANCE
I-—‘ facc

BLOCK DIAGRAM

ST
Ay —
A b o2
5 —1 w
s 16384 w 03
o — 8 s
o BIT o 04
A7  —
7 a CELL _ s
A — ot
z ARRAY a 0g
Ag —— B 5
o 07
Ao —] 08
CS1,CS3
COLUMN
DECODER

b

Ap A1 A2 A3
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Chios 23C16

PACKAGING DIAGRAM

CERAMIC PACKAGE MOLDED PACKAGE

Doooonooaooo

o )

onno 1
o 1 oewr —4®
Dint

UUUUUUUUUULJUJ
1280

L

0032 AEF

COMMODORE SEMICONDUCTOR GROUP reserves the right to make changes to any products herein to
improve reliability, function or design. COMMODORE SEMICONDUCTOR GROUP does not assume any

liability arising out of the application or use of any product or circuit described herein; neither does it convey
any license under its patent rights nor the rights of others.
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23C32
STATIC READ ONLY MEMORY
(4096x8)

| 2332 STATIC READ ONLY MEMORY (4096x8)

DESCRIPTION

The 23C32 high performance read only memory is organized 4096 words by 8 bits with access
times of less than 450 ns. This ROM is designed to be compatible with all microprocessor and similar
applications where high performance, large bit storage and simple interfacing are important design

considerations.

The 23C32 operates totally asynchronously. No clock input is required. The two programmable
chip select inputs allow four 32K ROMS to be OR-tied without external decoding.

Designed to replace two 2716 16K EPROMS, the 23C32 can eliminate the need to redesign
printed circuit boards for volume mask programmed ROMS after prototyping with EPROMS.

400mV Noise Immunity on Inputs
4096 x 8 Bit Organization

Single +5 Volt Supply

Access Time — 450 ns

Totally Static Operation

TTL Compatible

Three-State Outputs for Wire-OR Expansion
Two Programmable Chip Selects

Pin Compatible with 2716 & 2532 EPROM

Replacement for 2716

2708/2716 EPROMS Accepted as Program
Data Inputs

ORDERING INFORMATION:
MXS 23C32

PACKAGE DESIGNATOR
C=CERAMIC
P = PLASTIC

PIN CONFIGURATION

o

ar O 2aPvce
ag O2 23bAe
as O3 227 ag
as Oa 213 cs,/C8;
Az Os 20{3cs, /Cs,
az Oe 23632 gHa 0
Ay Q7 1804,
Ao Os 17 os
or Qe 1s[Jor
02 Qo 1530
oz On 14 os
Gno 12 13004
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Cx ciios 23C32

ABSOLUTE MAXIMUM RATINGS COMMENT

Ambient Temperature under Bias "Cto +70C Stresses above those listed under “Absolute
Storage Temperature —65 Cto +150C Maximum Ratings” may cause permanent
Supply Voltage to Ground Potential  —0.5V to +7.0V damage to the device. This is a stress rating
Applied Output Voltage —0.5V to +7.0V only and functional operation of the device at
Applied Input Voltage —05V to +7.0V these or any other conditions above those

indicated in the operational sections of this
specification is not implied.

D. C. CHARACTERISTICS (TA =0 Cto +70 C,Vcc = 5.0V + 5%, unless otherwise specified)

Symbol | Parameter Min. Max. Units Test Conditions
lcc Power Supply Current 17 mA F=1MHz
Iccs Stand-by Power Supply 10 PA Chip Deselected
Current

T} Output Leakage Current 10 MA Chip Deselected

I Input Load Current 10 A Vce = Max. Gnd < ViN € Voo
VoL Qutput Low Voltage 04 Volts Ve = Min. gL = 2.1mA
VOH Output High Voltage 24 Volts Ve = Min. IoH = —400pA
ViL Input Low Voltage —-0.5 08 Volts See Note 1
VIH ‘nput High Voltage 20 \eloha! Volts

A. C. CHARACTERISTICS (T = 0 C to +70 C. VG = 5.0V = 5%. unless otherwise specified)

T
Symbol Parameter Min. Max. Units Test Conditions

tACC Address Access Time 450 ns
tco Chip Select Delay 200 ns
tDF Chip Deselect Delay 100 ns See Note 2
tOH Previous Data Valid 40 ns

After Address Change

Delay

CAPACITANCE (Ta = 25°C, f = 1.0MHz, See Note 3)

Symbol | Parameter Min. Max. Units Test Conditions
CIN Input Capacitance 8 pF All Pins except Pin under
CouT | Cutput Capacitance 10 pF Test Tied to AC Ground

Note 1: Input levels that swing more negative than —0.5V will be clamped and may cause damage to the device.

Note 2: Loading 1 TTL + 100 pF, input transition time: 20 ns
Timing measurement levels: input 1.5V, output 0.8V and 2.0V.

Note 3: This parameter is periodically sampled and is not 100% tested.
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C= Cos 23C32

TIMING DIAGRAMS

ADDRESS

INPUTS INVALID * VALID INVALID

CHIP

SELECT DISABLED | ENABLED | DISABLED
INPUTS |

—i4'0H 'oF
| fco——)‘
DATA HIGH
44<3NVAUD vaLip D INVALID

OUTPUTS  |MPEDANCE |

IMPEDANCE

tacc

BLOCK DIAGRAM

0y
Ag
A o o2
5
x 6384 “ 03
Ag o 5
8 BIT @ Ogq
A7 —— w
a CELL - Og
Ag =]
£ ARRAY a Og
[
Ag g > 07
(o]
A10 08
A11
CS| €Sy
COLUMN
DECODER

T

Ap A1 A2 A3
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C= Ciios 23C32

PACKAGING DIAGRAM

CERAMIC PACKAGE MOLDED PACKAGE

N YWY NNnNnaOannoonnon

S

KO 1
oenr T

LTy
et

'm
= = SRR T TR
o1 110 v0%0 083 il oo
| Y S— ] LX)
C l enm——— —}
oo
T} -wffason
! I % oo oo
o
o i 0 000 P P
[ }__:: oo

COMMOLCORE SEMICONDUCTOR GROUP reserves the right to make changes to any products herein to
improve reliability, function or design. COMMODORE SEMICONDUCTOR GROUP does not assume any

liability arising out of the application or use of any product or circuit described herein; neither does it convey
any license under its patent rights nor the rights of others.
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SECTION 4

LCD

COMMOCIOrE
COMMOAora
COMMNOCOrRE
COMMOEOrE
COMMoceor®@
CEMNMNEECEIRE
coOmmocoerae

COMMocdore
COMMOOore

COMMMOEOrE
COMMOCore
COMMOAore
COmImMoaore
COMMOodore
commodore

semiconductor group




Model

commodore 4002K

semiconductor group

5% DIGIT DIRECT DRIVE
L@ @ MELODY ALARM CLOCK
DISPLAY

an

MODEL 4002K 5': DIGIT DIRECT DRIVE MELODY ALARM CLOCK DISPLAY

.820(20,83)
020 (0,50 PADS & SPACES - 008 (0.20) MAX
3 — . :
N -oipe- 010 (0.25) MAX.
ood ] f‘ —=  [=—.070(178)
__+L_ HERERHRHEUNIHEHI T N I
‘075’ T T T T T T T T T T T T T T T T T T T T T
(i,867 : , r_ ; .0585 (1,49)
TN A N— R
e REhe==1 1 % |
634 300 | [ N — 534
(i6.10) {7621 | | aﬂa = U — U D = @) v'n‘é'dvme : (13,56)
| [ 7Yy £ F 4 I
1 ! ¢s\ U ! QU — i ‘ W
s P 2 || 3 [ [ ] [ 75 1 [oz0008n
T g T O TR B S (|
N ST TR AT EEE, 580027
[RP L~k (2'_0@ +|le-015 I__ §
3 pLCS. 050027 06! (0,38) | le—0p0004
(4.19) P pl_&g‘ (1,55) ©,51010)
044 (2)
080 —Lo] 1.090(27,69). —a| 0281004
(2,03) (0,71%0.10)
B e P)OEE()SMPATIB E WITH CMOS P/N FR2568.
L
M. VIEWING AREA 2) IMENS!ON IN PARENTHESES ARE IN MILLIMETERS,
1336 (33,93) 3) TOLERANCE UNLESS SPECIFIED: X X X =£005(0,I3),
- " 4) TREBLE CLEF AND STAFF ARE PERMANENTLY
PRINTED ON DISPLAY,
Pin Schedule
1 Half Digit 12 Seg E4 23 Seg Bg 34  Seg Gj
2  Seg E; 13  Seg Jg 24 Seg Ag 35 Seg Bj
3 Seg Dy 14 Seg Dy 25 Seg Fg 36 Seg Ap
4  Seg C 15 Seg C4 26 Seg By 37 Seg Fo
5  Colon 16 Seg Eg 27  Seg A4 38 Seg Gy
6 Seg Ej 17 Seg Dg 28 Seg Hg 39  Seg B,
7 Seg D2 18 Seg Lg 29 Seg Fqu 40 Seg Aq
8 Seg Cy 19 Seg Cg 30 Seg Gy 41  Seg Fq
9 Seg Ej 20 Seg Gg 31 Seg Bj 42  Seg G,
10 Seg D3 21  Backplane 32 Seg A3
11 Seg C3 22  Melody 33 Seg F3
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commodore 2303K

semiconductor group
4 DIGIT BIPLEXED ALARM
IL@ @ CLOCK DISPLAY WITH ALARM,
PM, AND DATA FLAG.

MODEL 4003K 4 DIGIT BIPLEXED ALARM CLOCK DISPLAY WITH ALARM, PM, AND DATE FLAGS

«ﬂfgﬂ - 008 (0.20) MAX.
fiﬁg'szll " ["}[\4" "”“'-043“'09) ff=- 010 (0,25) MAX.
- ] 7 I ) M
R it o et Souek il ol pspubabsusion
061 (155) | | e
e e | &R f
i H 534
| (13,56)
i
- 2 3 4 ]
ig ) ~05001,27)
<11--—.025(0.64) PADS & SPACES 0381 02(‘)5'004
Re 015 (0,381 o] fet -
i ° v 51t 0102
P .975(24,77)——— .5 )
. 028 004
'025%(_[(':2;-)~ - 1,150 (29,21) (0.71£919%)
1,250 (31,75) NOTES:
MIN. VIEWING AREA 1) COMPATIBLE WITH CMOS F/N FRB267.
1.336(33,93) 2) DIMENSIONS IN PARENTHESES ARE IN MILLIMETERS.

3) TOLERANCE UNLESS SPECIFIED: XXX =%.005(013)

Pin Schedule

BP_A BP B BP_A BP B
1) BP A 1) A2 COLON
2) BLANK ALARM 12y F3 E3
3) BLANK BLANK 13) G3 D3
4) BLANK BLANK 14) B3 Cc3
5) BLANK BLANK 15) F4 E4
6) A,GE,D1 BLANK 16) G4 D4
7) B1 C1 17) B4 Ca
8) F2 E2 18) A4 DATE
9) G2 D2 19) A3 PM
10) B2 C2 20) BP B
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an

Model

commodore 4004L

semiconductor group
4 DIGIT DIRECT DRIVE CLOCK
L@@ DISPLAY WITH ALARM, AM AND
PM FLAGS

MODEL 4004L 4 DIGIT DIRECT DRIVE CLOCK DISPLAY WITH ALARM, AM AND PM FLAGS.

Outside Dimensions .709 (18,01) x 1.575 (40,01)
Digit Height .248 (6,30)

REV 00
1378 (35,00)
089 (2 26) MIN. VIEWING AREA
(a3 L1415 (28.99) — 22 008 (0,20) ——{+
(l 93) 2% 9 (1, 30) "I*H* L047 (119) [*—.010(0,25)
T , ..... e 0825 (210) o
- ; 4. 1_1 il g, :_1 1 L1t L_l II | 2 PLCS.
Ll ,._ ________________ d— ——L—T L1
( Y / / 1| o=5089) T
| C@ ﬁ"e o ﬁ) ﬂ—|~ — a3 571
75 I M < D ' 248 (10,49) (14,50)
i ) e
7 | .r) “ 43: - j— AREA
200 oo7f oL ' _]_ 3 L I R ]
aeon @48 ] [ Lo
NS IR R RRRRRRIR RN | [1_06911.75)
157
0105 _.I (399 N J(fsol) J L
©27) = " 087 ,0402094
.03937(0,99) 50 (2,21) [+ ‘_0.02 10.102)
—’.‘ PADS 8 SPACES 2 PLCS. ,.004
"‘ ‘(1'02:0102)
292 214
O —— —_ s
P 1.063(27.00) ey 43)J
NOTES:
DU 1.575 (40.01) 1) DIMENSIONS IN PARENTHESES ARE IN MILLIMETERS,

2) TOLERANCE UNLESS SPECIFIED: XXX=%.005 (0,13}
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commodore

semiconductor group

LCD

Model

4005N

4 DIGIT DIRECT DRIVE ALARM
CLOCK WITH AM AND PM
FLAGS.

MODEL 4005N 4 DIGIT DIRECT DRIVE ALARM CLOCK WITH AM AND PM FLAGS.

Outside Dimensions .866 (22,00) x 2.047 (51,99)
Digit Height .3937 (10,00)

PRELIMINARY
MIN. V|El\i\ﬁr~518(2g'l-:9Ag) * REV 00
o 1.459(37.06) e 294 — o 008(0,20)
2.5 fige. MAX.
1475 £59(1,50) i 010
s79| [~ "LCS—.’ f‘_ T [eRes ©.25)
l I"i'H.‘HHHI}I”H":' 1™
(3.75) —— — — derladl il I_ll_|J_|_lL| Ldat i iiiisl L | osens0
vars| | L__L______ (__/____Ll_ _____________ § 2 PLCS.
'l ]
866 —f—o‘JJ <7 A | )
I s -
149, T[ TAM AKX S X XX "°°°’<'3°°)
L ~ _I_ ! VIEWING L 669
—PM 24 o ) ———|osheo ¢ T e
(2 54) 5 | O55(.40
B I B P | B P )
_____ rel e i ]
SIRISIRE IR I NINTRININN e
‘010‘—J‘_ L—.04| (1,04 _..l LL’.236 — ] |-— p0a
©.25 SPACES 80 (599) a40e
— 059(,50) PADS  (1.52) 4 » 0ao* 009 (1,02 £0402)
LCS. Be (1,02 0102) gl |
e 394 st | 359(34,52) NOTES:
(10,00 1)DIMENSION IN PARENTHESES ARE MILLIMETERS.
2.047(51,99). 2)TOLERANCE UNLESS SPECIFIED: XX X =* 005(0/3)
Pin Schedule
1 COMMON 9 Seg E3 16 Seg A4 23 Seg B2
2 Seg PM 10 Seg D3 17 Seg F4 24 Seg A2
3 Seqg AG,ED1 11 Seg C3 18 Seg G4 25 Seg F2
4 Seg C1 12 Seg E4 19 Seg B3 26  Seg G2
5 Seg E2 13  Seg D4 20 Seg A3 27  Seg B1
6 Seg D2 14 Seg C4 21  Seg F3 28 AM
7 Seg C2 15 Seg B4 22 Seg G3 29  ALARM
8 COLON
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an

commodore Model

semiconductor group 4006L
4 DIGIT BIPLEXED CLOCK

IL @ DISPLAY WITH ALARM AND PM
FLAGS

MODEL 4006L 4 DIGIT BIPLEXED CLOCK DISPLAY WITH ALARM AND PM FLAGS

1.378 (35,00)
| < .089(2.26) MIN. VIEWING AREA
— =008 (0,20)
r‘(z 09 059 (150) *'H‘ <047 (149) o)
.0825 (2,10} 1

[
‘M
I
ﬂ,'
|
!
:}:
=-
[ |
|
0
|
L J-

D O D O;l—%—?ﬁ)‘?g) a3 N 5

2 5 |
175 (1049) (14,50)
@45y || > @ X K| 248 3
j N— — O (6,30) "
_I___PM O DQO D@O . VIEWING
709 I =] .
oy Ga®| T IT T T T
' DU O T g | |1~ 069 (i7s)
144
0105 _J (3.66)'" _J 150 J L J 0315(0,800)
- (381 e | —
(027 ‘087 PADS & SPACES +.004
s @.21 e 043
2 PLCS (109 %102)
o] |- 043 %004
(|ogzo.log)
17325
14.400) 12285 (31,20) —————————a=
) NOTES:
«~————— 1,575 (40,01) 1) COMPATIBLE WITH CMOS P/N FR8267.
2) DIMENSIONS IN PARENTHESES ARE IN
MILLIMETERS.
3) TOLERANCE UNLESS SPECIFIED:
XX %005 (0,13).
Pin Schedule
BP A BP B BP A BP B
1) BP A 1) A2 COLON
2) BLANK ALARM 12) F3 E3
3) BLANK BLANK 13) G3 D3
4) BLANK BLANK 14) B3 C3
5} BLANK BLANK 15) F4 E4
6) A,G,ED1 BLANK 16) G4 D4
7) B1 C1 17) B4 C4
8) F2 E2 18) A4 BLANK
9) G2 D2 19) A3 PM
10) B2 Cc2 20) BP B
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commodore 2307"

semiconductor group
4 DIGIT BIPLEXED ALARM

L‘ 1 @ CLOCK DISPLAY WITH PM AND
ALARM FLAGS

MODEL 4007N 4 DIGIT BIPLEXED ALARM CLOCK DISPLAY WITH PM AND ALARM FLAGS

1.850 (46,99) 294 e 008 (0,20
- MIN VIEWING AREA ™ @ap ™ Y20

(2,50 3
.1410 099 r<— 059 550) —ofj=— OIO
2 PLCS, 2 PLCS.
"(3,58){" 8 ‘f 1 _"’ !r L Qiax,

B L LS o1 J059(0,50)
‘Ei‘é’if o ! 2 PLCS.
y | :
866 ~th09 < T
(22,00) | ]
_ ('lggg’(;; 512 By
(415455)1' I S 13,00
, | N, 669
b=t — U ViEWiNG HAL e
@sall | P M 1\ , | " o_s%h,:w) ‘
| oo 1 ’ I

.0985(2.-50)

sl L’:"”"”U'Lpgﬂ iy

0431004
(0.25) —o| }o—,9215 (0800 =5 9 » 5 004 (105 +0102)
PADS 8 SPACES PLCS. 50 (II.OQ’ 0102) g e
NOTES:
le .40925 _.L———n.zzss (31,20) —————»]
(10,395) " 1) COMPATIBLE WITH CMOS P/N FRB267.
2.047(5,99). 2) DIMENSION IN PARENTHESES ARE IN
MILLIME TERS.

3) TOLERANCE UNLESS SPECIFIED:
XXX *,005(0,13),

Pin Schedule

BP A BP B BP A BP B
1) BP A 1) A2 COLON
2) BLANK ALARM 12) F3 E3
3) BLANK BLANK 13) G3 D3
4) BLANK BLANK 14) B3 C3
5) BLANK BLANK 15) F4 E4 C
6) A,G,ED1 BLANK 16) G4 D4
7) B1 C1 17) B4 c4
8) F2 E2 18) A4 BLANK
9) G2 D2 19) A3 PM
10) B2 Cc2 20) BP B



an

commodore 3‘31 5F

semiconductor group '
MEN'’S 6 DIGIT DIRECT DRIVE
L@@ WATCH DISPLAY WITH ALARM
FLAGS

MODEL 5015F MEN’S 6 DIGIT DIRECT DRIVE WATCH DISPLAY WITH ALARM FLAG

“ F.ow? PADS & SPACES (050)
886 (22,50) | e 027 (0.69) - ._(ggg) MAX,
027 (0,69) 020 00 MAX
7 / ._.I [._oze ©@7) [*ash e
AR R RN AR R IR ERRRE R RREN 1
Lﬁ.;.l_\_l_..' IR RN R SR u.J_;,_I_LLI_L.IL_LL.LLJ_:_LLLLﬁ_:_ I
- _u______/_f__ __________ A - i
1] / / / / O | w———T
e '3’2"9‘(7 > i [)GO b [)GO [)GO / { ;
, X ST ¥ -
(1,48)  VIEWNG ! O D 0»‘ | 200 [ 374
18Q i
AREA (490, ; E®@ D<DO 5 QU DU @ —J 3"3‘53) {5.08) ! (9,50)
]
[ A 0] | '
e e @\@fg e '
__\\ ___________________________________ -
- ﬁﬂ" T'l'f"l"‘l'!'f—ll" —v—|—|-r‘rr‘i—\|\'\m—l e I1——| ,'v'lr-r'v-r I-
HIRRRRERERIIERE ifr A i T .TF. i r-.rlll I ]z 039 (0.99)
ettt byt ety v e g e e g g gly 113 _
L e L '
100 ' o8l +
(2.54) (2,06) - .015(038) (g,gr?t 818
MAX. .020%.004
(0,51£0,0)
+———————————— 767(19,48)
NOTES:
f—— —
MINe STEWIRG AREA 1) COMPATIBLE WITH CMOS P/N FR 2568.
941 (23,90) 2) DIMENSIONS IN PARENTHESES ARE IN

MILLIMETERS.
3.) TOLERANCES UNLESS SPECIFIED: XXX=

.005(0.I3)
Pin Schedule

1 Seg Eq 13 Seg C4 25 Seg Bg 37 Seg Bj
2 Seg Dy, A4 14 Seg Eg 26 Seg Ag 38 Seg Fj3
3 Seg Cq 15 Seg Jg 27 Seg Fg 39 Seg Gy
4 Seg Ej 16 Seg Dsg 28 Seg Bg 40 Seg B,
5 Seg Dy 17 Seg Cs 29 Seg Ag 41 Seg Ay
6 Seg Cy 18 Seg Eg 30 Seg Hp 42  Seg Fy
7  Colon 19 Seg Dg 31 Seg Fg 43  Seg Gy
8 Seg Ej3 20 Seg Lg 32 Seg Gg 44  Seg B,
9 Seg Az, D3 21 Seg Cg 33 Seg By 45 Seg F,
10 Seg C3 22 Seg Gg 34 Seg A4 46 Seg G,
11 Seg E4 23  Backplane 35 Seg Fqu

12 Seg D4 24  Alarm 36 Seg Gy
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Model

commodore 5017B

semiconductor group
LADIES' 3% DIGIT DIRECT DRIVE
WATCH DISPLAY WITH ALARM
AND PM FLAGS.

MODEL 50178 LADIES’ 32 DIGIT DIRECT DRIVE WATCH DISPLAY WITH ALARM AND PM FLAGS

019(0:48) PADS 8 SPACES — rm— 008 MAX. (0,20}

4T5(206) _____ _ e 0580(.47)
023 (0,58) MIN. e po-- 010(0,25)
5) _..I ’._, 018 (0.46) MAX.
f s:amsw:wumuw:-uu ; AL
[ rr
ST b .0315 (0,80) Li-
b NG gl }
! U g G (| j6aD o
Bey 4 ! o T % (546 e
! B O Q B VIEWRG AREA '
! 25\ I [®|7 1~ |o%0 o7
| S M. ol
1 1 i o ' 3 'I_ - —
| Rt i 18 | [
L s - *
R/ sanim 082 % S ™ o) el 0281004
(0 35) (2,08) ontoio)
i .451 (11,45)
. _.__.oz%’l-:“
f VIR, VL WiNG ARER NOTES: @5
590 (14.99) 1) COMPATIBLE WITH CMOS P/N FR2268.
! 2) DIMENSIONS IN PARENTHZSES ARE IN
MILLIMETER
3) TOLERANCE UNLESS SPECIFIED
XXX X.005 (0,13).
Pin Schedule
1 Backplane 8 Seg Dy 16  Seg B3 22 Seg G,
2 Half Digit 9 Seg Co 16 Seg Ajz 23 Seg B,
3 Seg Eq 10 Seg Ej3 17 Seg F3 24 Seg A,
4 Seg D, 11 Seg D3 18 Seg G3 25 Seg F,
5 Seg C, 12 Seg C3 19 Seg B, 26 Seg G,
6 Colon 13 P™M 20 Seg A
7 Seg Ej 14 Alarm 21 Seg Fy
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an

commodore

LCD

semiconductor group

Model

5018E

MEN'S 3% DIGIT DIRECT DRIVE
WATCH DISPLAY WITH ALARM
AND PM FLAGS

MODEL 5018E MEN’S 32 DIGIT DIRECT DRIVE WATCH DISPLAY WITH ALARM AND PM FLAGS

w

.078 £50 (16,51
4ame 008 (0,20) MAX.
026 (0,66) PADS & SPACES
0025 (0,06) — o— 010 (0,.25) MAX,
A
2T 1T T 1 1T TT T T T T T Ty T
ll||||\| Il|l||||l||Ill|4|
L N A I_J_L_LJ_L.J_J_LLI_l_lJ.J. T —
/'_'___—_“____—_‘—”‘__——_"'—-——'—'\_
4 Y
! AN |
20 W, =T
20) |35 ! U @ a . O O:Z} S s 420
. =) 180 9.02) (10,67)
Qiax | O eaa (G } @5 MIN, VIEWNG
b e () Hlpl ||
\ |
\ \ / <[P —i- |
- /|
B 1. -
- o] ™ T T T T T
RN R R IRE RN INRRRR RN i 0500.27)
7/ l-7° __./ 027 (0,69 —o ke-020%90% (052010
s 035 (0.88) o leo2gto0s o700
(2.54)
566(14,37 | 119(3.02)
¢ ! -~ NOTES:
71608.49) 1.) COMPATIBLE WITH CMOS P/N FR 2268,
—— 2) DIM. IN PARENTHESES ARE IN MILLIMETERS.
VR VIEWNG ARER 3) TOLERANCE UNLESS SPECIFIED:XXX="005(0,3).
015 (38) gl lg— 805(20,44)
MAX.
Pin Schedule
1 Backplane 8 Seg Dy 15 Seg B3 22 Seg G,
2 Half Digit 9 Seg Cyp 16 Seg Aj 23  Seg B,
3 Seg E; 10 Seg Ej3 17  Seg F3 24 Seg A,
4 Seg D, 11 Seg D3 18 Seg Gj 25 Seg F,
5 Seqg C4 12 Seg Cj3 19 Seg B, 26  Seg G,
6  Colon 13 PM 20 Seg A,
7 Seg Ejp 14  Alarm 21 Seg F,
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Model

5053BB

LADIES’ 3'%2 DIGIT BIPLEXED
WATCH DISPLAY

commodore

semiconductor group

MODEL 5053BB LADIES’ 3'2 DIGIT BIPLEXED WATCH DISPLAY

.435(“.0.")—__‘1 008 (0,20)MAX.
e 010(0,25)
0478
208 | 0I5 (0,38) PADS 8 SPACES *‘ max
r | 039(0.99)
1 R .035(0.89)MIN.-4 1}
R T S 0 G U I A I 5 I L PO i
[ e
} (]02425) K ! 2 i
TASEA - (A 7 | 1{IA
289 s B s O X s 239, )
(0.88) o) U & - DOU ! (4,48) M'NA;\QEW'"G '
0 | |
A @m Inle ) '
I moNTH | DAVE | |
[} FR N AR U N A § %
I [N [ I L 920t !
o’
087 3 ) L_
@.2) olj2-002
280 |+ '_ 2,2 o .J L oz2s 020 (050 MAX. S patoon
023 o84 2.004
058) - 020608,
NOTES:
022 (0.56) 1) COMPATIBLE WITH CMOS P/N FR2224.
1406 (10,31 2) DIMENSIONS IN PARENTHESES ARE
s830076) IN MILLIMETERS, ‘
MIN, VIEWING AREA e :T)&LXE.E.A(;‘&:?O:{;I)L.ESS SPECIFIED:
.~ 8300346
Pin Schedule
A B A B
1 Backplane 9. Seg Ajp Seg B o
2 Half Digit Seg Eq 10. —OFF— Seg E 3
3 Seg Fq Seg D4 11. Seg F3 Seg D 3
4 Seg G Seg C, 12. Seg Gj Seg C 3
5 Seg A4 Seg B4 13. Seg Aj Seg B 3
6 Colon Seg E, 14. Month-Date —OFF—
7 Seg F o Seg Djy 15. Backplane
8 Seg G Seg C2




as

commodore

semiconductor group

LCD

Model

5056 |

MEN’S 5% DIGIT DIRECT DRIVE
WATCH DISPLAY UNIT MELODY
ALARM FLAG.

MODEL 5056 |

MEN'S 5%; DIGIT DIRECT DRIVE WATCH DISPLAY WITH MELODY ALARM FLAG

— e 820 (20,83) -
020 (0,51)
RR83%" Spaces ] (2!8s) —e{}e-008 (0.2 O)MAX.
0B05(1,54) -+ (ng’” 005
ap-cs /.5PLCS (0'3‘7 +{ [~ 0I0(0.25)MAX.
- N EEERR RN RR NN iL ERARRNARRR GRARARER I 1]
ﬂl.___-_______‘____L____._//__ ________ )
1
408 N |
&% T (Y9 o ST (7 E%é . 020 Y .
MIN. : O H _:_ 05!) (1,96)
VEWNG | .I75 —|—
| 7
AREA.2|0(4,45) ! - CX XD O O D ! } || 140
550 |(5:33) ! 0 U 0 i (3,56)
8| Lr___ Van V] Ve Ve AQ .
# K ! / / 2 3 / / Vs / - 5 I
; |
m | —t e —— e . —— . — —— — T— __T‘.—’ I
[ _TI‘!-I':_!Tl_l'“_‘_ITT i“TT—TTT _T_TT—lTTTTTT'I_T-I_'lIrerl‘rVT_a’I ‘__ H—
R T T TR T L
020 o |o ’/ Loze DSOJ _/‘057 - -,020=‘004(Q5‘t0,lc)
(0,50 ©,71) (0,76) (2,21 1004 0.0
09175 ___| 0315 o2l - k028" (O7 ")
(23,305 . {0.800) oog [053)¥se r
(2,29) NOTES:
I) COMPATIBLE WITH CMOS P/N FR2568.
an - 757509.241) 2) DIMENSIONS IN PARENTHESES ARE IN
- 852 (21,64) MILLIME TERS.
MIN. VIEWING AREA 3) TOLERANCE UNLESS SPECIFIED: XXX 005 (0/3).
L 941 (23.90) 4) TREBLE CLEF AND STAFF ARE PERMANENTLY
PRINTED ON DISPLAY IN BLACK.
Pin Schedule
1 Haif Digit 12 Seg E4 23 Seg Bg 34 Seg Gj3
2  Seg Eq 13  Seg Jg 24 Seg Ag 35 Seg By
3 Seg D 14 Seg Dy 25  Seg Fg 36  Seg Ay
4 Seg G, 15  Seg C4 26 Seg By, 37 Seq Fa
5 Colon 16 Seg Eg 27 Seg A4 38 Seg G
6 Seg Egp 17 Seg Dg 28 Seg Hy 39 Seg B,
7  Seg D, 18 Seg Lg 29 Seg Fqu 40  Seg A,
8 Seg Cy 19  Seg Cg 30 Seg Gg 41 Seg F,
9 Seq Ej 20 Seg Gs 31  Seg By 42 Seg Gy
10 Seg D3 21  Backplane 32 Seg A3
' 11 Seg C3 22  Melody 33 Seg F3
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commodore Model

semiconductor group 5 OGOB
[:L( ( ;@ LADIES' 3% DIGIT BIPLEXED
WATCH DISPLAY

MODEL 5060B LADIES’ 3" DIGIT BIPLEXED WATCH DISPLAY

%?) 432 (10,97) J
|| 008 (0,20) MAX.
_] 016 (0.41) 3°
PADS 8 SPACES -+ [%0I0 (0,25) MAX.
T : T TE u
—d _|_-_._J_-_|_ '_1 att ey
I -
T T T STl |-
354 T : R/ S | T I
8.99) 5 \ O | 215 (5,46) 276
(4.45) I s > | (@0 Aglgewswme (.01
R R (| R |
] e ek, |
K | 2 i3 | 020(0,51)
IJ;:::L:::E::_T‘L—_ Bl
| | | | [ | || 039099
_" J 020
'0'353:38’ r _Lozaa4 I. (0,51) 4 4.02029010,5|t°"0
04301,00—|» | 122V
e———— 429(10,90) | | 02874
(071010
.515 (13,08) NOTES:
MIN. VIEV/ING AREA I} COMPATIBLE WITH CMOS P/N FR2224
[——.590 (4,99) 2) DIMENSIONS IN PARENTHESES ARE IN
MILLIME TERS .
3) TOLERANCE UNLESS SPEGIFIED:
XXX £.005 (0,13) .
Pin Schedule
A B A B
1 Backplane 8 Seg Go Seg Csp
2 Half Digit Seg Eq 9 Seg Ag Seg Bo
3 Seg F4 Seg Dy 10 —~OFF— Seqg Ej3
4 Seg G Seg Cq 11 Seg F3 Seg D3
5 Seg A4 Seg By 12 Seg Gj Seg C3
6 Colon Seg Ep 13 Seg A3 Seg B3
7 Seg Fop Seg Ds 14 Backplane
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a0

commodore
semiconductor group

LCD

MODEL 5061E MEN'S 3": DIGIT BIPLEXED WATCH DISPLAY

0835

Model

S5061E

MEN'S 3% DIGIT BIPLEXED
WATCH DISPLAY.

Ao e —— B 38(16.21) —
.022 (0,56) PADS & SPACES 008 (0,20) MAX.
w’ ;t 026(0,66) Jte(z.es){-k - [+ 010(0.25) MAX.
oo TTT T T T T T T T T T
1 D TR i
. i 1
______________________ N 0645
| / / 2 / 3 { (1,638)
| S~/ \___ T | ozei0e6) §
520 T O I I .355 420
(13.21) I 186 (9,02) (10,67}
175 (4.72) MIN. VIEWING
(4,45) | 251 AREA
! Z_ N\ 4 :_ (6.38)
M@[N]TIHJ j DATE / i
S S O S A 4
bty il R R Il
050
| | [ 3%
\/ !
. 028772 |o|—
50381 - ° ~ (0,71°%19
Max. 080 035(089) 4PLCS .
(2,03 ’ ' ) | - 0204 (0,550 )
| NOTES:
T sse A — . 1) COMPATIBLE WITH CMOS P/N FR2224.
2) DIMENSIONS IN PARENTHESES ARE MILLIMETEKS,
Cee— 716 (18,19) ——{ 3) TOLERANCES UNLESS SPECIFIED: XXX *005(0,13).
MIN., VIEWING AREA
e 805(20,45) ————————{
Pin Schedule
A B A B
1 Backplane 9. Seg Ay Seg B 2
2  Half Digit Seg E 10. —OFF-— Seg E 3
3 Seg F 4 Seg D, 11. Seg F3 Seg D 3
4 Seg G4 Seg C4 12. Seg G3 Seg C 3
5 Seg A Seg B 13. Seg Aj Seg B 3
6 Colon Seg E 14. Month-Date —OFF—
7 Seg F 3 Seg Ds 15. Backplane
8 Seg G, Seg C2



commodore

semiconductor group

LCD

Model

9075A

3% DIGIT BIPLEXED PEN

DISPLAY
MODEL 5075A 3% DIGIT BIPLEXED PEN DISPLAY
432 (0,97) 059 (150) re—.008 MAX.
016 (0.41) PADS 2pics. s
oy (e 010 MAX
ous (0.4)) SPACES ©.25)
—-! r—ozu ©0.53)
,__J'JJ RHERREEE E_L:JJ.LUuiiiii-'i__. [
i
175 MAX. ‘ O 8 O O .
(d.445) @@ 0O xX= DQG a2 X.‘Ev?.”,}e & &
EQ,D%QQ!___‘ |
oot ! z 3 - 5300,76) |
________ 1] i i
| ’ [ 7] LT 630 (0.76)
stﬁsj- L J
3O “ - '_gg?::: )
le— 020% 004
408 (0,36) NOTES: (0.51% 0.101)
1) COMPATIBLE WITH CMOS P/N
FR2224
467(11,86) 2) DIM. IN PARENTHESES ARE IN MILLIMETERS
MIN. VIEWING AREA 3) TOLERANCE UNLESS SPECIFIED: XXX= £.005(0,13)
020 —» 550(13.97)
(.51)
MAX,
Pin Schedule
A B A B
1 Backplane 8 Seg Go Seg Co
2  Half Digit Seg Eq 9 Seg As Seg Bo
3 Seg Fq Seg D4 10 —OFF-— Seg Ej3
4  Seg Gy Seg Cj 11 Seg F3 Seg D3
5 Seg A4 Seg B4 12 Seg G3 Seg C3
6 Colon Seg Eo 13  Seg A3 Seg B3
7 Seg Fp Seg Do 14 Backplane



an

commodore

semiconductor group

LCD

MODEL

5101C

LADIES’ 3% LARGE DIGIT
BIPLEXED WATCH DISPLAY

MODEL 5101C LADIES’ 3% LARGE DIGIT BIPLEXED WATCH DISPLAY

.079 (2,01) —d
2 PLCS.

’O—-— 432 (10,97) —

016 PADS & 4°
"(OAI) SPACES

54

,99)

-=1|*.008(0,20)MAX.
'I 1+010(0,25) MAX,

NOOAWN =

4-16

[ W T [T 030 009
__________ ] r 3
T-— .' | _1_|_.0365(0,927)
! I ¥ T
|
i | ‘ 1 } O D U : 315
4, | [ @ 57)(‘5 &5 (8,00)
| UB . | & VIEWiNG
! Z b\ AREA B
| |\ M 'I 3
T S [ - il
015(0.38) _.’ : 2«;3 ) J.U-—@%ZI? .020 ¥ .004
X. 8 -]
025069 ke |—030 2 PLCS. (0,51 £ 0,10)
(©.76) 028*.004
453 (11,50 = F05 1 o)
513 (13,03) —————m NOTES!
T MIN. VIEWING AREA 1) COMPATIBLE WITH CMOS P/N FR2224.
_ _ 2) DIMENSIONS IN PARENTHESES ARE IN
= 590 114,99) == MILLIMETERS .
3) TOLERANCE UNLESS SPECIFIED:
XXX £.006 (0,13)
Pin Schedule
A B A B
Backplane 8 Seg Gp ' Seg Cy
Half Digit Seg Eq 9 Seg Ay Seg Bjy
Seg F4q Seg D4 10 —OFF-— Seg E3
Seg Gy Seg C4 11 Seg F3 Seg D3
Seg A4 Seg B4 12 Seg G3 Seg C3
Colon Seg Eo 13 Seg Ag Seg B3
Seg Fo Seg Djp 14 Backplane



commodore ""5°":i‘ O2E

semiconductor group
MEN'S BIPLEXED WATCH

H:_‘ @ DISPLAY WITH PM, ALARM, AND
DAY FLAGS.

MODEL 5102E MEN'S BIPLEXED WATCH DISPLAY WITH PM, ALARM, AND DAY FLAGS.

. 716 (18.19) . 0445 (1,13)
' MIN. VIEWING AREA 2 PLCS.
P e 574 (1458) 008 (0,20) MAX
1 [._.oeozsén,sa) —+{[+=0i0(0.25) MAX
7 PLCS.
S N L 1 -
R R 1 [ T I~
©an 1 | N 028 (071)
I_ ] —Cc 33 C33 /3 3 /3 [ f
Pl iISuMo Tu WE TH FR|SAZ [smose
520 | -
(13,21) P S (&~ S—A ("7 = 355 (9.02) “8269,)
300 | ol NN, VIEWING
(7.62) X X 0 e e 1€ 200
| | N (6.08)
. e B B 1A S e e |
I T o = e T e
923 e N I A SN N ! 5 5
©e4) ||||||Illl|I||I1,||||||t||||l|||l|”llll|a 050
NSNS U RUE NS NL SR RSN N RN (L27)
0225 [ L ,oo‘J
015 o o (0,57) (2.82) 30 028" ol —
(0.38) .0I8(0,46) 028 (0.71%012)
PADS & SPACES g — ~—‘020"°°‘(o,5|’°"°2)
NOTES:
702 (17,83) 1) COMPATIBLE WITH CMOS P/N FR 8268,
o 2) DIMENSIONS IN PARENTHESES ARE MILLIMETERS.
e 805(20.45) 3) TOLERANCE UNLESS SPECIFIED: XXX =%005{0,3).
4) SU PERMANENTLY PRINTED ON DISPLAY IN RED.
5) DAYS OF WEEK AND ALARM FRAME PERMANENTLY
PRINTED ON DISPLAY IN BLACK.
Pin Schedule
BP A BP B BP A BP B
1) BP A 1) A2 COLON
2y SuU ALARM 12) F3 E3
3) MO SA 13) G3 D3
4) TU FR 14) B3 C3
5) WE TH 16) F4 E4
6) A,G,E,D1 BLANK 16) G4 Da
7) B1 C1 17) B4 : C4
8) F2 E2 18) A4 BLANK
9) G2 D2 19) A3 PM
10) B2 Cc2 20) BP B



commodore ""5°"_‘i' 03C

semiconductor group ‘
LADIES 4 DIGIT BIPLEXED
L @ WATCH DISPLAY WITH ALARM,
PM, AND DAY FLAGS.

MODEL 5103C LADIES’ 4 DIGIT BIPLEXED WATCH DISPLAY WITH ALARM, PM, AND DAY FLAGS

0245 - e mm e == 500 (14,89) - m—
0.622), e iR SR R03) e | ~+{ lo—,008(0,20) MAX.
_"‘ 6(04552) /vlal\ v] —* [*=.010(0.25) MAX
om(q(s%:)a) "1 ee -
il
0280711 { {
315
(3183 8,00}
| | H
T T T T T | | [T o9 o0
- ?c'fsgﬁ?s L{Z‘Zmi] L J l— oz
_ 0I4 SFACES 0509) -~ 020t (05110401
02| 4 PLCS. 079
éogfcs._, (0533 @00~ %o?'sces) | 028t ®* (071209,
(1066) -506(12,85) wores:
I.) COMPATIBLE WITH CMOS P/N FR B222,8223,
OR 8268.
2) DIMENSIONS IN PARENTHESES ARE MILLIMETERS.
3) TOLERANCE UNLESS SPECIFIED: XXX =2.008(0.3)
Pin Schedule
BP A BP B BP A BP B
1) BP A 1) A2 COLON
2) Su ALARM 12) F3 E3
3) MO SA 13) G3 D3
4) TU FR 14) B3 C3
5) WE TH 15) F4 E4
6) A,GED1 BLANK 16) G4 D4
7) B1 C1 17) B4 C4
8) F2 E2 18) A4 BLANK
9) G2 D2 19} A3 PM
10) B2 Cc2 20) BP B
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Model

5104 |

MEN'S 8 DIGIT BIPLEXED
WATCH DISPLAY WITH AM, PM,
ALARM, AND DAY FLAGS.

commodonre

semiconductor group

LCD

MODEL 5104 | MEN'S 8 DIGIT BIPLEXED WATCH DISPLAY WITH PM, AM, ALARM, AND DAY FLAGS.

Outside Dimensions .599 (14,20) x .941 (23,90)
Digit Height .173 (4,39)

.134 (3,40)
941 (23.90) REV 00
po——— e 846 (21,49)
MIN. VIEWING AREA
N 787 (1999
1634 o 7316 (18, 5s 046
(4,18) L) 008 (0.20)
& (z 59)
.S 0236<0.60 (0. 'n) o032 - ¢_.a10(o.25)
AX.
(6%210_.'_ [ EPaces r(—on) ,‘To B
PR CIOI U O IO OIOR |
@ || oo oo e e P 1
- [ <7 ;
173 O d O QD : (ilat» L4
(4.39&3_, X X X X2 O O D Q:_ e MIN, VIEWING AREA
_l_‘ioz’_t 1) ﬁ o oY = (9,60) 4T3
o A | |te20  of7a.70) 2,01
M@'_'_ALARM — iy
039 (0,99) —_ UO -
= — PMAM_ O; :::g;s(o.s
SuMo TUWE TH FR SA__| Q;Q_ 1~ | Festoew -
ol2 =1 — = -
0,30 .f jund __E_E'_IE:_? ________ ”.‘_-‘_H.___BJ
0l6 i N
08 TN TTA TIOR8 N oson | 45109
035 (0.76) ,
0475 o 022 L_ (0.89) L
(1,21) (0'55) o 0202004
2 PLCS. 0282004 le_(0.51%0: 102y
s (?;’9) 5° NOTES: (0, 71¢0102) —
8 I)DIMENSIONS IN PARENTHESES ARE MILLIME TERS.
. 42’ TPLCS. 4 PLCS. LERANCE UNLESS SPECIFIED: XXX = "foosto .g?
(|°7€.'>9) . 826(26,98) 0: sYPLAv WEEK ARE PERMANENTLY PRINTED ON
Pin Schedule
A B A 8
1 Seg AG,ED; Seg B 18 BACKPLANE
2 ALARM Seg G, 19 BACKPLANE
3 Su Seg 02 20 Seg Cg Seg Eg
4 MO COLON 21  Seg Bg Seg Gg
5 TU Seg D, 22  Seg Ag Seg Fg
6 WE Seg D, 23 Seg Cs Seg E5
7  BLANK BLANK 24 Seq Bg Seg Gg
8 TH Seg Dy 25 Seg Ag Seg Fg
9 FR Seg Dy 26  Seg C4 Seg Eq
10 SA Seg Ag 27  Seg By Seg Ga
11 BLANK BLANK 28 Seg A4 Seg Fgq
12 PM AM 29 Seg C3 Seg E3
13  Seg E; Seg A,G,Dy 30 Seg B3 Seg G3
14 Seg Cy Seg B7 31  Seg A3 Seg F3
15 Seg Dg Seg Es 32 Seg Cy Seg Ep
16 Seg Cg Seg Gg 33 Seg B, Seg Go
17 Seg Bg Seg Fgq 34 Seg Ag Seg Fjp




commodore E.;“_i' 07B

semiconductor group
LADIES' 4 DIGIT BIPLEXED
L @ WATCH DISPLAY WITH ALARM
AND PM FLAGS

MODEL 5107B LADIES’ 4 DIGIT BIPLEXED WATCH DISPLAY WITH ALARM AND PM FLAGS

5130303

o180 MIN. VIEWING AREA
2 PLCS 7 F, 17043 /] {-3, [#-008(0,20) MAX.
2 PLCS ‘1 {‘ A‘I N
| - 010{0,25)MAX.
[ Il 1 | EIV

___________________ =

276
.215(5,46) (7.01)

MIN
IEWING
REA l

148
(3.76) V)
g lo39(0,99)

| | S_|___passoen

Al

Y
55
55
-0
¥

2k i

gge’_J rjr@?&gg:ﬁ;s_'jf%; L - e —,ozL"“‘ (0, 717"
020(0,50) e 472(11,99) ——————————— [#—|—02/(0,53) . le-026°* 5%
Ooén— be—— ——506(1285) —_—J NOTES
2 PLCS, 1) COMPATIBLE WITH CMOS P/N FR 8220,
b ,590(14,99) OR 8267,
2) DIMENSIONS IN PARENTHESES ARE MILLIMETERS.
3) TOLERANCE UNLESS SPECIFIED : XXX <t .005(0.13)
Pin Schedule
BP A BP 8 BP A BP B
1) BP A 1) A2 COLON
2) BLANK ALARM 12) F3 E3
3) BLANK BLANK 13) G3 D3
4) BLANK BLANK 14) B3 C3
5) BLANK BLANK 15) Fa E4
6) A,G,ED1 BLANK 16) G4 D4
7) B1 C1 17) B4 ca
8) F2 E2 18) A4 BLANK
9) G2 D2 19) A3 PM
10) B2 c2 20) BP B
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Model

5108E

MEN'S BIPLEXED WATCH
DISPLAY WITH PM AND ALARM
FLAGS

commodore

semiconductor group

LCD

MODEL 5108E MEN'S BIPLEXED WATCH DISPLAY WITH PM AND ALARM FLAGS

716 (18,19)

fa—.0445(1,13)

MIN. VIEWING AREA =9 08(020) MAX.
*1 B'a2 i’ﬂ f\ *J {*'042262§35) o f=—010 (0. 25) MAX.
. "
IS Y N | S O i
[P —— [ e T B S I N
{ 3 ¥
I l ) J } | |o7750.97)
| — | —
A1 ST SE N SO Sy e s85 520 -
| a S ®,02) (132D
475 | =) | MIN. 420
(4,45 | X XX 0 2O X | . VIEWING (10,67
0D 000 oo L2
L eV iz Bl eV PV T [esstoss)
| F) 3 3 e
! ‘ | |o77s0.97)
e e e ——_—_————— — — — — — P — _*_ .
. . — [ H
I e Al 050(1,27)
oI5 "°°"l t
Pl 664 (16,87) ooz ot
| l=—018(0,457) PADS 8 SPACES e JLeege
e 702(17,83) NOTES: tost
[) COMPATIBLE WITH CMOS P/N FR8220
e 805(2045) OR 8267,
2) DIMENSIONS IN PARENTHESES ARE IN
MILLIME TETERS.
3) TOLERANCES UNLESS SPECIFIED:
XXX £ .005 (0,/3),
Pin Schedule
BP A BP B BP A BP B
1) BP A 1) A2 COLON
2) BLANK ALARM 12) F3 E3
3) BLANK BLANK 13) G3 D3
4) BLANK BLANK 14) B3 C3
5) BLANK BLANK 156) F4 E4
6) A,GED1 BLANK 16) G4 D4
7) B1 Cc1 17) B4 ca
8) F2 E2 18) A4 BLANK
9) G2 D2 19} A3 PM
10) B2 c2 20) BP B
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an

Model

commodore 54109C

semiconductor group .
LADIES’ 3" DIGIT BIPLEXED
[L_,@ @ WATCH DISPLAY WITH ALARM,
PM, AND DAY FLAGS.

MODEL 5109C LADIES’ 3. DIGIT BIPLEXED WATCH DISPLAY WITH ALARM, PM, AND DAY FLAGS

513 (13,03)
MIN, VEWING AREA
S oron o008 (0.20) MAX.
2 BLCS, 387l —ef e 010(0.25)
30 MAX.
O /3 e, & 3 ':
I U WE TH ER' A | _g &4 s
; S—7 =N : (8.00)
175 o MN,
(8,99) ( ilgoo)(:"ﬂ : o D (2.'271) Yiewno
Ll o P |
028(079BPL]] |t 2]| N . T
- NIRRT E ] oo
015 —pl o
© b 026
G ,.s;)f" ase S O o,
—f f— 0140355 seaces
—of |e_ozgto0s
—»| j— 012(0,305) PADS (07104102
NOTES:
506012, 1) COMPATIBLE WITH CMOS P/N FR8268.
590(14.99) 2) DIMENSIONS IN PARENTHESES ARE
MILLIMETERS.
3) TOLERANCES UNLESS SPECIFIED:
XXX £.005(0,12).
4) DAYS .OF THE WEEK AND ALARM FRAME
ARE PERMANENTLY PRINTED ON
DISPLAY.
Pin Schedule
BP A BP B BP A BP B
1) BP A 1) A2 COLON
2) SuU ALARM 12} F3 E3
3) MO SA 13) G3 D3
4) TU FR 14) B3 C3
5) WE TH 15) F4 E4
6) BLANK BLANK 16) G4 D4
7) B1 C1 17) B4 c4
8) F2 E2 18) A4 BLANK
9) G2 D2 19) A3 PM
10) B2 Cc2 20) BP B
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commodore

semiconductor group

FLAGS.

Model

S111AA

3% DIGIT DIRECT DRIVE PEN
DISPLAY WITH ALARM AND PM

MODEL 5111AA 3" DIGIT DIRECT DRIVE PEN DISPLAY WITH ALARM AND PM FLAGS

Outside Dimensions .551 (13,99) x .295 (7,49)

Digit Height .117 (2,97)

- 475 (12,06) "
.445(11,30)
o2 MIN VIEWING AREA L
(0,30) 30 — 038 (096)
—o] 03;
©83)

BT T T T T T T TTT T
( L;,L_»_._J_J_L_L¢.LL.I.J,_A_L_l.a_l_J.J_lJ.“LT

295 |(F——“______‘T ————— l I
(749) | &2 o R — f
2"57) \ B ' [n] 1 054(137)  157(3,98)
s (% X —|~—j MIN. VIEWING
l I—{ o D P |oosioen _L
L A e

.olg
(0.457) [-—1T 'r"r'rrrv—I,vTv 020(0,31)
Ll

J.

z 019(0.48)
EML Lma "(I?gg)[‘ J —— PADS 8 SPACES
(0,609 (0.40) ._(lse (0,965)

[

,020"00‘
(s £0102)

REV 00

“|=—.008 (0,20) MAX.

-+ |+ .010(0.25} MAX

236
(5,99)

| [T~ 025%516:749)

1.004

+ k020
(0,51 *0102)

1) DIMENSIONS IN PARENTHESES ARE MILLIMETERS
2) TOLERANCE UNLESS SPECIFIED® XXX = *.005(0.3)

PLCS.
020 (050
4'PLCS
550 (1399)
NOTES
Pin Schedule

1 Backplane 8 Seg D, 16 Seg B3
2 Half Digit 9 Seg Cy 16 Seg Aj
3 Seq E, 10 Seqg Ej 17 Seg Fg4
4 Seg D, 11 Seqg D3 18  Seg Gj
5 Seg C; 12 Seg Cj3 19  Seg B,
6 Colon 13 PM 20 Seg A,
7 Seg Eo 14 Alarm 21 Seg F,

4-23

22 Seg G,
23 Seg B,
24 Seg A,
25 Seg F,
26 Seg G,




ao

commodore ""5°“_‘i' 12AA

semiconductor group
3% DIGIT BIPLEXED PEN
lL@@ DISPLAY WITH ALARM AND PM
FLAGS.

MODEL 5112AA 3': DIGIT BIPLEXED PEN DISPLAY WITH ALARM AND PM FLAGS

w448 (H,30)
MIN, VIEWING AREA
— .008 (0,20) MAX.
22 3 038 (098) F o010 (0.25)MAX
©39 033.
-
T H
295 Ll
(7,49) 5 —
158 (297) ‘."i{“”’ I?J(\?}IQE%NG 236
@01 . B by (559)
- 0330083) 4
.L ¥ Ry d— —‘__L L
(0asn oz0(08h 0295 (0.749)
Y 015(0,38D SPACES 029;.‘;"2‘) -J el
) 020 ~ fe—[-.013 (0,33) PADS (s o L ozotces
020(0.51) 4 PLCS. (05120102
NOTES:
+433 (10,99) - 1) COMPATIBLE WITH CMOS P/N FRB267
I -
551 (13,99) 2) DIMENSIONS IN PARENTHESES ARE IN
3 TOLERANCE UNLESS SPECIFIED
X £.005(0,13).
Pin Schedule
BP A BP B BP A BP B
1) BP A 9) G3 D3
2) BLANK ALARM 10) B3 C3
3) B1 C1 1) F4 E4
4) F2 E2 12) G4 D4
B) G2 D2 13) B4 Cc4
6) B2 Cc2 14) A4 BLANK
7) A2 COLON 15) A3 PM
8) F3 E3 16) BP B
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commodore Model

semiconductor group
L@@ 3‘/z§c:||T B1I Pg(%
DISPLAY

MODEL 5114AA 3': DIGIT BIPLEXED PEN DISPLAY

551 (13,99) 008 (0,20) MAX,
,0|2<o.ao)—-1 o -l r.one (0.41) PADS 8 SPACES le—0595 (1.51) - |+ 010(0,25) MAX.
295 T
(7.49) 58 —ur-, 157(3,98) 236
(@01 (2,97 MIN VENING ®.99)
020(0,51) L
L1295 (0.749)
020 %004 o]
30 R
' AL geniees
445 (11,30) NOTES: oo
“——Mfu, VIEWING AREA 1) COMPATIBLE WITH CMOS F/N FR2224.
2) DIMENSIONS IN PARENTHESES ARE MILLIMETERS.
3) TOLERANCE UNLESS SPECIFIED: XXX =005 (043).
Pin Schedule
A B A B
1 Backplane 8 Seg Gy Seg Cy
2 Half Digit Seg E, 9  Seg A Seg B,
3 Seg Fy Seg Dy 10 —-OFF- Seg Eg
4  Seg G, Seg Cy 11 Seg Fj3 Seg D3
5 Seg A Seg B, 12 Seg G Seg C
3 g L3
6 Colon Seg Eo 13 Seg A3 Seg B3
7 Seg Fy Seg Do 14 Backplane
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am

Model

commodore 5115E

semiconductor group MEN’S BIPLEXED WATCH
DISPLAY WITH PM, ONE

&@@ SECOND INTERNAL STOP-
WATCH AND DAY FLAGS.

MODEL 5115E MEN'S BIPLEXED WATCH DISPLAY WITH PM, ONE SECOND INTERVAL
STOPWATCH, AND DAY FLAGS.

716 (18,19)
- e

021 MIN. VIEWING AREA Q440 (113)
(as®) 7 I N 574 (14,58 ————* —{}4-008 (0,20) MAX .

- 06025(1,53) -—1 [+-010(0,25) MAX.
_ﬂ 7 PLCS.

*(.0016 , '—““l_ | - |__—— ¥ 7—1'__'—_
.41 T T T T T T T T T 028(0,71)
P 1 1|Su Mn Tu We Th Fr|Sa_|_msoe ]
520 I
(3.2 I \—7 T 358 (9.02) doen
290 | | VIEWING
(7.62) | X X I 200 AREA
4 } U D D : n {5,08)
4 I Zan /T'\ —\ T\ P 039099} L
¥ ~ z______’__ R T __,,___ 027(0,69)
&2 |F T e e e e — ! —T
'HHHIH!:!:H:H‘:JH:l‘HHHHH}H!""l (.27)
_J 0225’_J b —-’ 028°%
(6031,%) le— (057 (2.82) b 3o (0710102) *
) 025 o7l
oS & SPACES X —ol k—020""0s1*'
T roaaes NOTES
1)COMPATIBLE WITH CMOS P/N FR 8223.
“ .805(20,45) 2) DIMENSIONS IN PARENTHESES ARE MILLIMETERS.
3) TOLERANCES UNLESS SPECIFIED: XXX =2005 (0,(3),
4) SU PERMANENTLY PRINTED ON DISPLAY IN RED.
5) DAYS OF THE WEEK ARE PERMANENTLY PRINTED
ON DISPLAY IN BLACK.
Pin Schedule
BP A BP B B8P A B8P B
1) BP A 11) A2 COLON
2) SU STOPWATCH 12) F3 E3
3) MO SA 13) G3 D3
4 TU FR 14) B3 c3
5) WE TH 15) F4 E4
6) AG,E,D1 BLANK -~ 16) G4 D4
7) B1 ¢l 17) B4 ca
8) F2 E2 18) A4 BLANK
9) G2 D2 19) A3 PM
10) B2 Cc2 20) BP B
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SEECTION &

Packaging Information

EOMMNEAOrE
COMMMMOCOrE
ECOMMMOAore
COMMMOEOrE
COMMMOocore
COMMMOdore
COrmMMocore
COMMOCare
COMMOCOrE
COMMECOre
COMMMOAOra
CORMMOAar®
CEMNMEC®RE
CEOMNEE®RE
commodore

semiconductor group
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commodore

semiconductor group

PACKAGING INFORMATION

18-PIN PAC KAGE

ﬁﬁMlC MOLDED
e ANNNNDANN
(.400)
UmEn an (2551
(310} "ot —Ee.

PINNO. 1 2 | )

IDENT | — (o SIS .
_[ o201 ::g: -2 ____1‘
l—.l-!o_ (015) | i
(128] “ {0081 }-" o l.? z (ms»
1.3201 (nm ‘H" 180} 77uoo)
“'lﬁf" (“':1 =~ Lo8s! g =i
048! (0401
032 REF
032 REF.
24-PIN PACKAGE
CERAMIC MOLDED
e o £, ——I nnnnnnnnnnnn_T
- )
PIN KO Y |
::?" J W“““UUUUUUUUUU A‘J
j B —

0018

40-PIN PACKAGE

40

Dot or Notch
To Locate :
Pin No. | —f,
|

1\

10°max.

I55max
(3 93mm)
190 max.
2.020 max,
Fs13omm) T . 52"‘""

WWE#? 2
T —— Typ. ll: .100min.

1.910 (48.5imm)

(2,54mm)

.010 min.
(25mml

1.890 (48.00mm),
19 Equal Spaces
100 ¢ Tol. Noncum.
(2.54mm)
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SECTION &

Application Notes

6-1

COMMNOEOrE
CORMMOocore
COMMNOEOrRE
COMMOAOre
COMMOAOre
CEMMECERE
COmMmMocleore

COMModore@
COMMMOCIore

COMMMOCOrRE
COMMNOAOre
COMMOTOrE
CEMMNMECEIRE
COMMOodore
commodore

semiconductor group




commodore
semiconductor group

NMOS

OCTAL BUS TRANSCEIVER, OUR EQUIVALENT
ASYNCHRONOUS TWO-WAY COMMUNICATOR,

Application Brief #1

TTL-CMOS COMPATIBLE
SN74LS245

65245 MOS SYMBOL TI, MMI, FCI, MOT, SIG
The Same (OK) Package 20 PIN DIP
The Same (OK) loL___ oL 12ma Vol. 4V

Fan Out loL 24ma Vol. 5V
Typical Power Typical
Bad 47ma lco 25ma Total Outputs Hi
Better 44ma === 62ma Total Outputs Low,
Better 56ma Supply 64ma Outputs at HiZ

Current
Typical Input Typical

Current
Better 20na IIH 20pa
Better 20na L —200ua

Speed
Our Best 20na, Typical tpHL 8ns Typical (Their Best)
OurWorst47ns, Typical tpZL 25ns Typical (Their Worst)

SUMMATION; Generally,we are better in supply currentand input current, but slower in speed.

Loglc Bymbol
MOS

GNO

>
I
R

= VoD

cala

= B

vk os,

= By

5P B4

=R

P 8

b e

= By
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commodore

N B\\/_A__l @ $ Application Brief # 2

MPS 6525 VERSUS MC6821/ 8255

The MPS 6525 Tri-Port Interface Adapter combines three 8-bit |/O ports providing 24
individually programmable /0 lines. The third portis programmabile for normal |/O operation or
priority interrupt/handshaking control. The 6525 essentially has two basic modes: 1) 24
individually programmable 1/O lines; or 2) 16 1/O lines, 2 handshake and 5 priority interrupt
inputs.

This device is designed to offerenhancements over similar type circuits through fiexibility and
greater 1/O capabilities. Table 1 compares the MPS 6525 to its competitors.

TABLE 1
MPS 6525 MCeé821 8255A
1/0 24 16 24*
Static Yes Yes Yes
Control Lines 2 4 8**
Priority Interrupt Yes (5)*** No No
Frequency 1,2,3MHZ 1,152MHZ Fhkk

*Port A and Port B Byte I/0 programmable; Port C Nibble 1/0 programmable. All three ports
of MPS 6525 are Bit I/O programmable through data direction registers.

**For control lines Port C is totally dedicated to this function.
w*Port C will be dedicated if priority interrupts are used.

****Read Access 150 nsec (max,) for 8255A.
100 nsec (Max) for 8255A-5 from RD high to low.
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commodore

semiconductor group

NMOS

Application Brief #3

HANDLING THE ‘RDY’ LINE IN 6500 CPUs

The 6500 series of CPUs use two phase clocks
¢1 and ¢2 Since clock stretching is not possible,
the only way of interfacing with slow memories,
performing dynamic refresh and Direct Memory
Access is through the use of the RDY line.

The RDY line allows the user to insert one or
more wait machine cycles between two instruction
execution machine cycles.

To cause the CPU to insert wait cycles, the RDY
line must make high to low transition during @1,
high clock pulse. This transition may occur during
any non write cycle. Wait machine cycles will be
inserted until the RDY line is sensed high during a
@2 high puise.

I1fthe RDY high to low transition occurs during a
write cycle, the wait cycle will be inserted following
the next non write cycle.

+5v

RDY—‘CPREO—

7474

#o(6512) —Do-
—_— c
#4(6502) } CLA
1 !

+5v

Q RDY to
CPU

FIGURE 1
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l |
| |
RDY \ | «
(asynchronous) \— ——
I
|

3 Y U o W O
| !

An important point of note is the fact that in the
6500 series of CPUs, an acknowledge signal is
not available. To insure that the machine cycle
following the RDY high to low transition is a WAIT,
the user has to make sure that the negative tran-
sition occurs on a non write gycle. Figure 1 shows
a simple circuit to guarantee this. The timing is
illustrated in Figure 2.

The wait cycles generated can then be utilized
to give the slow memories time to respond and
dynamic memories can be refreshed.

Direct Memory Access is also possible during
this time. Since Address and Data buses are not
floated, alternate address and data paths are
provided through the use of tristate buffers.

|
_ { |
S— | |
) | |
[ | l !
I | | |
| I I
| | '
RDY
(to CPU) | | ! ma-
| MACHINE | | ICHINE
CYCLEN WAIT WAIT  CYCLE
N+ 1
FIGURE 2
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MPS 6520 VERSUS MC6820/MC6821

The MPS 6520 Peripheral Adapter is a 16 line (2 port) bi-directional /O device with four
peripheral control/interrupt lines. The MPS 6520 is pin and funcitonally compatible with the
MC6820 Peripheral Interface Adapter from Motorola/Hitachi. The MPS 6520 is pin compatible
with the MC6821 PIA, but the functional differences are outlined in the table below.

MPS 6520 MCé6821
CHARACTERISTIC MAX MAX
hL Input Low Current —1.6mAdc —2.4mAdc
PA@-PA7, CA2 (VIL = 0.4Vdc)

ILOAD 1.6mAdc 3.2mAdc
(Vce =min,VoL=0.4vdc max)

The other functional difference between the MPS 6520 and the MC6821 is that the 6520 has
amax. enable cycle time of 25 sec. while the MC6821 is fully static. If the above differences are

not critical to the user, than the MPS 6520 may be substituted for the MC6821 as well as the
MC6820.

6-5
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DUAL PROCESSOR CONFIGURATION WITH THE MPS 6508

The MPS 6508 has been designed with a non-overiapping two phase clock. The potential
behind this may not be apparent until one examines a control line thatis available on the 6508 —
the AEC. What this means to the user is the power to design a dual processor system capable of
running at full speed with virtually no overhead.

The AEC line can be used to tri-state the address bus. Since data is valid only during phase
two high, with minimal logic, it will be possible for two 6508s to access common memory on
opposite phase of the same clock.

Figure 1 shows a simple block diagram connecting two processors together. The timings are
illustrated in Figure 2.

SHARED
MEMORY
g | 31 (\ # s
ADDRESS & DATA BUS
6508 6508
¢ #s vee vee vee #o g
{Proc 1) R R R (PROC2)
+— AEC  RW RW  AEC|—¢

R/W TO MEMORY

FIGURE 1

Oa [/
%8 Y A Y
Addr, Data & R/W [ C)__D
(Proc 1) i S |
m [\
R S S e

NOTE: Open Collector NAND Gates (7401) used for R/W Signal.
FIGURE 2

A-R
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6551 VERSUS 6850

The MPS 6551 is an enhanced version of the
MC6850. On chip baud rate generation repre-
sents the principal enhancement. Baud rate can
be generated internally by either connecting a
crystal across the XTAL1 and XTAL2 pins or by
inputting a clock signal through XTAL1. Various
baud rates can then be generated under program
control. In both cases, the device outputs a clock
signal through RxC pin at 16 times the programmed
baud rate. This can be used to synchronize a
multiple 6551 System.

The 6551 also has all five Standard Modem
Control Signals, unlike the 6850 which has only
three. Thus, in the 6551 the RTS (Request-to-Send)

6551 VERSUS COMPETITION

does not have to double up for the DSR (Data Set
Ready) like the 6850. The DSR is a signal used by
many modems.

The 6551 has four addressable locations
against the two provided by the 6850. Thus, the
6551 through these additional locations offers
many more software programmable options to the
user.

To add to all this, the 6551 offers a hardware
master reset in addition to the software reset
offered by the 6850.

From all of the above, it can be seen that the
6551 is a superior device to the 6850.

6551 6850 82511
Baud Rate Generator 2 Yes No No
(On-Board)
5-8 Bit3 Yes No No
Characters
XTAL Oscillator Yes No No
(On-Board)
Full Modem Controls Yes No Yes
Baud Rates 50-19.2 KBaud N/A4 To19.2K Baud
(Programmable)

AON-—

Includes synchronous operation.
1.8432 MHZ external crystal attaches directly to 6551 pins for 15 programmable baud rates.
6551 includes 9-Bit character transmission.
Spec. Max. BPS (Bits Per Second) through external clock input.
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MEMORY EXPANSION WITH THE 6508

How often is it that you have wished for an STA DDR ; Store in Data Direction
additional address line or two in your system? The Register.
MPS 6508 offers the user the flexibility of accessing i .
up to 16 MBYTES of address space in segments LDA # SEG  ; SEG is a number from 0 to
of 64K with almost no overhead. 25.5 that decides 64K segment

being accessed.
h h i i )
The 6508 has on board, an eight bit data port STA DPR . Store in Data Port Register.

This port is accessible through two registers, a
data direction register and a data port register. By
setting up a few of the 1/O lines as output, and
loading the port with the segment value, it will be
possible to address a unique 64K of address
space. Reloading the data port with a different
value now enables the addressing of a different
64K address space.

The additional software needed is fairly trivial
and is given below:

Afterthis,any time a new 64K segmenthastobe
accessed, only the last 2 lines of code have to be
executed.

This expanded addressing capability along
with ability for external hardware to decide the
address segment to be accessed gives the user a
powerful microprocessor.

*DPR is at 000116

LDA #Config. ; Config. is used to set up
individual lines as input
or output.
T | 8 Bit Data Bus B
| 256 x 8 s —t 3
| rmn (O K B
6512
| CPU | )
g 16 Bit Addr. Bus EXPANDED

| " <1 3 [ N  ADDRESS

2 X SPACE
| 2 S
| - I

o
| i DATA PORT ADDI'II'IONAL ADDRESS LINES

2 K reaisten ————— From
| l External
l m | Logic

DATA DIREC.

| K reaisTer | )
I 6508 | *Tri State Buffer

DDR is at 000016

MPS 6508 — EXPANDED MEMORY CONFIGURATION
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MPS 6545-1 VERSUS COMPETITION

The MPS 6545-1 CRT Controller is an enhanced
version of the MC6845. The major improvements are
the addition of a status register and the ability to
program the type of screen memory addressing
desired (linear or row/column). The status register is
used to monitor the status of the MPS 6545-1. There
is a vertical blanking status bit which can be tested to
determine when the vertical retrace is occurring. At
this time, the microprocessor can access screen
memory since the MPS 6545 does not require

access to screen memory during vertical retrace.
There is also a light pen full bit. This bit is used to
determine when a new value has been stored in the
light pen position register. No provision for this is
available on the MC6845.

As can be seen in the chart, the MPS 6545-1
stacks up favorably against the MC6845 as well as
the other CRT controliers on the market.

MPS 6545-1 6845 8275 DP8350 5027
COMMODORE/
MOS TECHNOLOGY MOTOROLA INTEL NSC SMC
Display Format
Characters/Row 1-256 1-256 1-80 5-110 20-132
Row/Frame 1-128 1-128 1-64 1-64 1-64
Scan Lines/Row 1-32 1-32 1-16 1-16 1-16
Screen Memory Linear or
Addressing Row/Column Linear Linear Linear Row/Column
Light Pen Logic Yes Yes Yes No No
Accessible Screen Format Screen Format Cursor Cursor Cursor
Registers Timing Timing Status Top-of-Page Scroll
Cursor Cursor Light Pen New Row | Top-of-Page
Light Pen Light Pen
Top-of-Page Top-of-Page
Status
Interlaced
Mode No* Yes No No Yes

*MOS MPS 6545 has interlaced mode
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MPS 6508
AN ‘ACTIVE’ CPU DURING BLOCK DMA

A big problem faced with most users is that during Direct Memory access (DMA), the
processor is idle. Thus,when processing speed is critical,in most systems the use of DMA block
transfer mode is notrecommended. However, with an MPS 6508 based system, itis possible for
the processor to be executing even during DMA,

The 6508 has an AEC input pin which has to be sensed low in order for the processor to float
its address bus. During this time, DMA is possible. The 6508 has on board 256 bytes of RAM
which reside concurrently in page zero and page one. The processor also has an 8 bit I/0 port
which is accessible through a Data Direction Register at address 000016 and a Data Port
Restister at address 000116.

Even though the external bus has been tristated, the processor still has an active internal bus
through which it can function off the internal RAM and communicate with the external world
through the 1/0 port.

Thus, in any system where handling block transters is essential and high processor
thorughput is desirable, the MPS 6508 will prove to be a wise choice.
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FR208X
THE ‘MELODY’ CHIP

The FR208X is a musical chip that comes in several
versions. In essence, the 208X is capable of playing
musical notes for up to about a minute. The chip can be
used either in a stand alone mode or with many
common alarm chips. In order to get longer tunes (i.e,,
greater than a minute), it is possible to cascade the chip
with no interface logic being required.

The main difference between the various versions of
this chip are given below:

VERSION FEATURE

FR2081 Single Tune Chip

FR2082 Dual Tune Chip — User
selects desired tune

FR2083 Custom Dual Tune Chip

FR2084 Dual Tune Chip — Alternates
between tune A and tune B
each time the alarm triggers

the 2084

The FR208X is designed in metal gate C-MOS, and
draws current in the low microampere range, while
standby current is less that one microampere. This chip
should, therefore, find a comfortable place in the low
cost, low power consumer application market.

A list of all the standard tunes available can be
obtained by contacting the factory.

The figures below illustrate some simple ways of
using the melody chip.

OSC OuUT
$1

(&T
0sC ouTt

0sC 4 0sC
~ IN N AL
208X 208X ELPEI(E:'ZI‘%C
TRANSDUCER
v AL AL - AL — AL AT
52 Gt N NPN s2 gL N AL
Sy l S
NPN DRIVE DIRECT DRIVE
0OSC OUT
—’—‘ S1
0OSC IN 0OSC IN OSC IN
EOT EOT EOTL— o o o
208X 208X 208X
——] s AL AL AL 1Al
ourt IN IN IN W
NPN NPN NPN

100K

PIEZO
ELECTRIC
TRANSDUCER

100K 100K

CASCADING FEATURE

&
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MPS 6508
HANDLING VECTORED INTERRUPTS

In many microprocessor systems, handling multiple interrupts is an adventure into the realm
of complex peripheral chips - - Priority Interrupt Controllers, Parallel /O Devices and so on.The
MPS 6508 offers a simple solution for the user who is conscious about his on board real estate.

The 6508 has available on the chip, an eight bit I/O pont, accessible through a Data Direction
Register and a Data Port Register. This port can be configured very flexibly to handle a variety of
interrupt processing.

In this applications brief, we will consider Vectored Interrupts and Priority Control. Most
systems that use a vectored interrupt structure work off a jump table for processing the interrupt.
In such a case, the peripheral requesting the interrupt needs to supply only the low byte of the
interrupt vector, the interrupt vector that resides at FFFE and FFFF being the base address of the
jump table. The number of I/Q lines being dedicated as inputs will be a function of the number of
peripherals capable of requesting interrupt processing.

Interrupt priority handling is a useful, if not essential part of any interrupt based system.
Instead of using a complex and expensive peripheral for arbitration, the /0 port of the 6508 can
be set up to do the job. After sensing an interrupt, the 6508 could read the port to see which
peripherals were requesting an interrupt. Based on priority arbitration software, a few 1/0 lines
programmed as outputs could then be used to indicate to the peripherals which-one is being
selected.

From the above, we can immediately see the potential of the MPS 6508 and its wide
application in many systems where low cost and board space are a premium.

6-12
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MPS 6525
A TWO IN ONE DEAL

The MPS 6525 in its simplest form can be looked upon as a triport /O chip. It provides the
user with 24 1/0 lines that can be programmed individually, organized as three 8 bit ports.

The device is accessed through eight contiguous locations in the systems address
space ... 3 Data Direction Registers, 3 Data Port Registers, a Control Register, and an Active
Interrupt Register. This in itself provides the user with a chip that has more |/O capability than
almost anything else available.

However, the MPS 6525 does not stop there. Through a bit in the control register, the
device can be set up to behave as an Interrupt Controller.

In this mode, two ports are still dedicated to I/O while the third port is set up to handle upto
five interrupts. The interrupt controller can be set up to be either prioritized or non prioritized. In
the prioritized mode, through the use of a built in interrupt stack, the 6525 makes writing
software a piece of cake. Also, when used as an interrupt controller, this device provides the
user with two dedicated lines for handshaking ...one on data in and one on data out.

Whatin essence this does is enable the user to replace two chips, the MC682 | (Peripheral
Interface Adaptor) and the MC6828 (Priority Interrupt Controller) in most applications, thus
giving him a reduction in both cost and space.
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THE 6508 RAM — TWO PLACES AT ONCE?

How can a processor have both page zero and page one with only 256 bytes of RAM? One
way is to combine both pages into one, and this is what the 6508 does.

On the 6508, the 256 bytes are actually located at 010016 to 01FF1g, or the normal 6500
family stack area. Internal logic decodes the zero page instructions so that they appear to
beginat010216(010016and 01011 g are used by the I/O portregisters). The stack area starts
at 01FF1g and grows down. Care must be taken so that the stack does not become large
enough to overwrite the zero page area. This, however, is not a problem with most

applications.
Addressed Accessed
as as
6500 O1FF O1FF 6508 O1FF
STACK STACK
————— BOUNDRY
DETERMINED
o+ _g—1 4 BYUSER
0100
ZERO
PAGE
ZERO
PAGE 10002 0102
0001 OUTPUT REG 0101
0000 0000 DATA DIR REG 0100

6508 Internal RAM
Memory Map
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MPS 6500/1E — EPROM APPLICATIONS

The MPS 6500/1E is the 64 pin emulator version of the MPS 6500/1 single-chip
microcomputer. It is electrically identical except there is no ROM on-chip. The extra pins are
used to connectto the internal processor bus so that external eproms may be used for system
development. This brief presents two eprom connection schemes. Example 1 is a 2K 2716
version, while example 2 is a 3K 2732 application. Both schemes are designed with a
minimum part count in mind.

FFF
K DATA BUS )
6500/1E 2716 2716
AD-A10 800
‘ CE
A1 ———DO— OF UNUSED
1FF [
AW _{>o_____ SYSTEM
000

Example 1. 2716 EPROM (2k Bytes)

FFF
DATA BUS
3071
8500/I1E 2732 2732 BYTES
A0-A9
= __{ >o_ OE __ 400
RW | A10 CE UNUSED
1FF
A10 SYSTEM
IXE 000

Example 2. 2732 EPROM (3k Bytes)
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MPS 6500/1 — RAM MEMORY EXPANSION

The MPS 6500/1 is a single-chip microcom-
puter containing 2K bytes of ROM and 64 bytes of
RAM. The RAM is used for both data storage and
stack memory. In most applications, this is an
adequate amount of memory, however, in some
cases, it may be desired to expand the RAM
memory beyond 64 bytes. This brief describes a
simple way to achieve this.

It is possible to attach conventional static
RAMS directly to the MPS 6500/1 1/O lines and
perform read and write operations with simple
software steps. This approach will not work for
stack expansion and cannot be adapted to pro-
gram memory (ROM), since these elements require
a direct connection to the processor busses.

The example presented here will provide 1024
bytes of RAM storage using two 2114’s. No other
hardware is needed.

Some observations are noteworthy:

® Port A of the MPS 6500/1 is the first 8 bits of
the address for the RAM. All pins are outputs.

@ Port B of the MPS 6500/1 contains bits 8and
10 of the address; bits PBO and PB1 respec-
tively. Also, bit PB7 is used to supply the R/W
signal to the memory. Pins PBO, PB1 and
PB7 are outputs; all other pins are free.

® Port C is used for the bi-directional data bus.

o The CE for 2114 is tied to system ground, so
the memory is always enabled.

RAM ADDRESS BUS

6500/1

C

&
T

DATA BUS

u

Figure 1 — Schematic for 1K Byte Expansion
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Device

@ 7404

® 7433

SIMPLE CLOCK GENERATION FOR THE
MPS 6500 MICROPROCESSOR FAMILY

Clock generation for the MPS 6500 family microprocessor can easily be accomplished with
only a handful of components by using one of the following circuits.

Figure 1 illustrates a single phase clock. This clock can be used to drive the 6502,6503,6504,
6505, 6506 and 6507. Figure 2 is a two-phase clock, which is used for the 6508, 6510, 6512,
6513, 6514 and 6515.

470 Q

470

1———Do——-4

50 pF

(——'\/V\f——w

470Q

1 MHz

»—{>o—o—bo——» go

— AMN—
470 2

50 pF

It

-

1 MHz

—+

al

Figure 1 Single-Phase Clock:

—
-

+5v

15k

g1

ﬂ}__

Figure 2 Two-Phase Clock

g2

L)

15k

+5v
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CMOS/LCD WATCH-CLOCK CIRCUITS

APPLICATION NOTE
COMMODORE LOW POWER/LOW COST TIMEKEEPING COMPONENTS

As one of the world's leading suppliers of state-of-the-art timekeeping circuits and LCD displays,
Commodore introduces a new family of low power, low cost multiplexed components for watch,
clock, and general timekeeping applications.

COMMODORE/FRONTIER CMOS/LSI multiplexed timekeeping circuits operate from 1.3-1.7
volts with currents typically in the 1.0u4A-1.5uA range. All parts have been designed for low cost
and ease of application as well. The following is a brief description of available multiplexed circuits
and matching LCD displays from COMMODORE OPTOELECTRONICS:

PART NUMBER

CMOS LCD DESCRIPTION

2224 5060,5061,5075 3"z Digits 5 Functions

8220 5107,5108 4 Digits, 5 Functions

8221 5107,5108 4 Digits, 5 Functions, Stopwatch
8222 5102,5103 4 Digits, 6 Functions, (Day Flags)
8223 5102,5103 4 Digits, 6 Functions, Stopwatch
8267 5107,5108,5112 4 Digits, 5 Functions, Alarm

8268 5102,5103,5109 4 Digits, 6 Functions (Day Flags), Alarm
8668 5104 8 Digits, 5 Functions (Day Flags)
8868 5104 8 Digits, 6 Functions, Alarm

887X In Development 8 Digits, 5 Functions, Alarm, Day Flag,

Programmable Animation

Note: All products have 12/24 HR option excepting 2224. All Alarms have Snooze feature.
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PRODUCT DESCRIPTIONS:

1. 2224 - 3% digits and 5 functions (Hours: Minutes, Month, Date,: Seconds).

This circuit is the most basic unit available. One button controls the viewing of the three sets of
information; the use of another button allows for setting. Typical current drain is less than
1.0MA operating with a watch display. Applications utilizing larger displays will tend to draw
somewhat greater current. This part has a total of 27 pins.

Some available Commodore displays for this part are:
5060 B Ladies’ Watch Display

5061 E  Men's Watch Display
5075 A Smaller display for miniature applications such as LCD pens.

2. 8220-4 digits and 5 functions with 12/24 hour option. The part functions similar to the 2224;
24 hour (military) time format option is present. This part has a total of 30 active pins.

Some available Commodore displays for this part are:
5107 B Ladies' Watch Display
5108 E Men's Watch Display

3. 8221-4digitsand5 functions with 1 second accuracy stopwatch and 12/24 hour option. The
stopwatch is accessible by use of a third switch and measures elapsed time. The part
otherwise operates like atwo switch8220. This part has a total of 30 active pins. The available
displays are the same as for 8820.

4. 8222-4 digitsand6 functions(Hours: Minutes and Day of Week Flags, Month Date and Day of
Week Flags, and: Seconds with Day Flags). The part operates like an8220 with the addition of
the Day indicators for the sixth function. The part has a total of 33 pins.

Some available Commodore displays for this part are:
5102 E Men's Watch Display
5103 C Ladies' Watch Display

5. 8223-4 digitsand6 functions with 1 second accuracy Stopwatch and 12/24 hour option. This
part operates like the 8221 with the addition of the Day indicators for the sixth function. The
part has a total of 33 pins. The available displays are the same as for 8222.

6. 8268/8368 - 4 digits, 6 functions with Alarm, Day Flags, and 12/24 hour option. This part
operates as a simple two button Alarm watch or clock. The Alarm functions (viewing, setting
and arming/disarming) are extremely simple and modeled after other popular Commodore
Alarm chips. This part has a total of 34 active pins. Note: The 8368 will be identicaltothe 8268
except that the 3 second delay entering the set mode will be eliminated.

Some available commodore displays for this part are:
5102 E Men's Watch Display

5103 C Ladies Watch Display
5109 C Ladies Watch Display
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7. 8267/8367 -4 digits, 5 function with Alarm and 12/24 hour option. The part operates like the
8268/8368 with no Day Flags; it has 31 active pins. The available displays are:

5107 B Ladies Watch Display
5108 E Men's Watch Display
5112 AA Miniature Pen Display
4003 K Large Digit Clock Display
4006 L Large Digit Clock Display
4007 N Large Digit Clock Display

8. 8668 - 8 digits 5 functions with 12/24 hour option. This watch displays Hours: Minutes,
Seconds, Date and Day of Week Flags simultaneously. This type of timepiece has been
dubbed “No Hands” because all essential functions are displayed simultaneously. The part
has a total of 44 pins.

Some available commodore displays for this part are: .
5104 | Men's Watch Display

9. 8868 - 8 digits 6 functions with alarm, Snooze and 12/24 hour option. This part displays all
information of the 8668 “No Hands" with the additional feature of an Alarm. The Alarm is
operated in a manner identical to8267 and8268. The part has a total of 46 pins. The available
display is the same as for the 8668.

10. 887X - 8 digits, 5 functions with Alarm and 7 programmable flags for Animation. The chip will
allow the design of very novel and unique products combining LCD animated motion under
switch oralarm control with time. Toys, watches, clocks, promotional items etc. are among the
many target markets. This part has a total of 46 pins.

The implementation of any of the above circuits is illustrated in Figure 1. Note that fundamental
timekeeping is accomplished with the following basic parts:

1 chip on PC Board

1 LCD Display

1 32KHZ Quartz Crystal

3 Capacitors

1 Trimmer Cap

2 Switches

1-2 “Zebra” interconnecting Strips
1 1.5-1.6V Battery

IOTMoOOm>

The addition of an Alarm can be accomplished with as little as a piezo electric transducer. The
addition of an NPN transistor and coil allows the Alarm sound to be greatly enhanced. Musical
alarms are also possible with the addition of the208X.

RON
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With all of the above products, the dramatic advances in technology and high volumes inherent in
the timekeeping industry allow the potential introduction of Time with multi-features into
numerous new, low cost applications. A few such applications are:

LCD Clocks for automotive accessories having Alarm or Stopwatch for trip timing.
LCD Alarm Clocks as an added feature cooking aid for outdoor BBQ/Gas grills.
Low cost time functions for games.

L.ow cost time functions for telephones; stopwatch for timing long distance calls.
L.ow cost time functions for appliances (e.g. Radios, TV, Stereo equipment etc.).

Timekeeping promotional items (e.g. paper weights, penholiders etc.). This field may be
especially good for watches with “customized” musical alarms which play music such as
company or product theme songs.

o oA NA

Although the above circuits and displays are most commonly available and utilized in die form on
hybrid circuit substrates, Commodore will gladly quote the above components in any form suitable
to the customer (i.e. raw die or packaged parts) Inquiries regarding special applications for chips
and/or LCD displays are always welcomed.

In any form, Commodore’s many years of experience and long term dedication to the field of
timekeeping are assurance of continuing competitive, cost-effective products.

COMMODORE SEMICONDUCTOR GROUP reserves the right to make changes to any products
herein to improve reliability, function or design. COMMODORE SEMICONDUCTOR GROUP
does not assume any liability arising out of the application or use of any product or circuit

described herein; neither does it convey any license under its patent rights northe rights of others.

’/_24
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REPRESENTATIVES

Connecticut Massachusetts
Sales Engineering Co. Rhode Island
P.O. Box 863 Vermont
i Maine
153 Main St. H
Salem, NH 03079 New Hampshire
(603) 893-5521 Minuteman Marketing, Inc.
279 Cambridge Street
Upstate New York 1 Colonial Park, Suite 102
Techmark/Upstate Assoc. Burlington, MA 01803
PO. Box 173 (617) 272-0035
Mendon, NY 14506
(716) 624-3840 Pennsylvania

South New Jersey

Techmark/Upstate Assoc. The Rep Force

2 Andrews Way .

’ 18 East Commerce Street, Suite A
Canandaigua, NY 14425 Bridgeton, NJ 083902 r ure
(716) 396-2498 (609) 455-0891
Techmark/Upstate Assoc.

PO. Box 120 Florida
Endicott, NY 13760 HAI
(607) 748-7473 10212 W. Sample Road
Coral Springs, FL 33065

Metro New York (305) 752-7520/7550
North New Jersey HA
J-Square Marketing, Inc. 10312 136 Street North
S'O: EOXI\]% 1753 Largo, FL 33540

ercno, (813) 595-8170

(516) 935-3200
North Carolina

z:lray‘:;anr: South Carolina

T
Washington, D.C. East Tenneasee
Virginia Component Sales, Inc.
West Virginia P.O. Box 18821
Component Sales, Inc Raleigh, NC 27609

o 782-8433

3701 Old Court Rd. #14 (919) 782:8
Baltimore, MD 21208 Mlssourl
(301) 484-3647 Kansas

Nebraska

Southern lllinols

lowa

R&D Sales, Inc.

13013 St. Andrews Drive
Kansas City, MO 64145
(816) 941-9280



REPRESENTATIVES

Michligan (except Berrien County)

Ohio

Jim Finnegan and Co.
P.O. Box 8825
Cleveland, OH 44136
(216) 238-5905

Jim Finnegan and Co.
1236 Clubview Blvd.
Worthington, OH 43085
(614) 436-7227

Jim Finnegan and Co.
5527 Fawn Court

West Chester, OH 45069
(513) 874-5937

Texas
Louisiana
Arkansas
Oklahoma

W. Pat Fralia Company

600 Avenue H. East, Suite 210
Arlington, TX 76011

(817) 640-9101

W. Pat Fralia Company

300 E. Huntland Blvd., Suite 210
Huntland Professional Building
Austin, TX 78752

(512) 451-3325

W. Pat Fralia Company
4411 Bluebonnett
Stafford, TX 77477
(713) 491-9336

N. lllinois
Wisconsin
Michigan (Berrien County only)

Janus, Inc.

3166 Des Plaines Avenue
Des Plaines, IL 60018
(312) 298-9330

Janus, Inc.

11430 W. Blue Mound Road
Milwaukee, WI 53226

(414) 476-9104

Northern California

Criterion

3350 Scott Boulevard
Building #44

Santa Clara, CA 95051
(408) 988-6300

Colorado

High Tech Associates

2950 S. Jamaica Court, Suite 100
Aurora, CO 80014

(3083) 695-1900

New Mexico

SynTech

8016-A Zuni Road SE
Albuquerque, NM 87108
(505) 266-7951

Oregon
Washington
W. Idaho

Quest

15 S. Grady Way, Suite 203
Kenton, WA 98055

(206) 223-1541

Quest

6220 S.W. 130th, #10
Beaverton, OR 97005
(503) 644-8077

Vancouver, B.C.

Conti Electronics
7204 Main Street
Vancouver, BC
Canada V5X 344
(604) 324-0505



C: REPRESENTATIVES

Southern California

Scs

14101 Yorba Street, Suite 104
Tustin, CA 92680

(714) 731-9206

SC3

240 Lombard Street
Thousand Oaks, CA 91360
(805) 496-7307

Arizona

Semi-Systemns

10333 N. Scottsdale Road, Suite 1
Scottsdale, AZ 85253

(602) 991-1151

Alabama
Mississippi
West Tennessee

BJR Manufacturers Representatives
12021 S. Memorial Parkway, Suite D
Huntsville, AL 35803

(205) 881-3569

Kentucky
Indiana

Wilson Technical Sales, Inc.
P.O. Box 40699
Indianapolis, IN 46240
(317) 259-4032

North Dakota
South Dakota
Minnesota

Electric Component Sales
8700 W. 36th Street
Minneapolis, MN 55426
(612) 933-2594

7.4



commodore

semiconductor group

DISTRIBUTORS

Southern California

VSI Electronics, Inc.
3137 W. Warner Ave.
Santa Ana, CA 92704
(213) 299-7760 or,
(714) 557-7131

Mouser Electronics
11433 Woodside Ave.
Lakeside, CA 92040
(714) 449-2220

NESCO

7110 Gerald Ave.
Van Nuys, CA 91406
(213) 781-0505

Northern California

VS| Electronics, Inc.
543 Weddell Dr.
Sunnyvale, CA 94086
(408) 734-5470

Western Microtechnology
10040 Bubb Rd.
Cupertino, CA 95014
(408) 725-1660

Central California
Nevada

VSI Electronics

8259 Canyon Rd.

Citrus Heights, CA 95610
(916) 722-8060

Arizona

Western Microtechnology
7740 E. Redfield Dr.
Suite 105

Scottsdale, AZ 85260
(602) 948-4240

Washington

Shannon Ltd.
7030 S. 188th St.
Kent, WA 98031
(206) 763-0545

New Jersey

Falk Baker Associates
382 Franklin Ave.
Nutley, NJ 07110
(201) 661-2430

New Hampshire

Astrum Electronics, Inc.
Village Square

Rt. #111

Hampstead, NH 03841
(603) 329-5656

Connecticut

Cobra Components, Inc.
53 Water St.

Norwalk, CT 06854
(203) 853-8228



NATIONAL SALES OFFICE:

3330 Scott Boulevard
Santa Clara, CA 95051
Attention: Howard Sharek
(408) 727-1130

MOS Technology
A Commodore Company
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