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PAGE
FUNCTION DESCRIPTION NownTa | PackagE FEATURES Moo
N . Mask programmable 512 x 12 bit program ROM. 32 8-bit registers,
I:;:J&:segg'ﬁ:’if;‘;h”'ﬁg" PIC 1650A 40DIP | arithmetic logic unitand 4 sets of user-defined TTL compatible Input/ 2.4
; 8BIT and a central pre ing unitas output lines. Self-contained oscillator. Single +5V power supply.
MICRO- well as a customer defined All the features of the PIC 1650A but with fewer /O
‘ . COMPUTER | ROM to specify the overall PIC 1655A 28 DIP lines (4 in, 8 out, 8 VO). 216
functional characteristics of ith i
. | All the features of the PIC 1655A but with internal and external .
| the device. PIC 1656 28 DIP interrupts and a 3 level stack. 228
PROGRAM PIC microcomputer without ROM address and data lines are brought out to pins to allow the use
DEVELOPMENT | ROM and with the addition of a PIC 1664B 64 DIP of any-external RAM or PROM to aid in program development. 2-41
MICRO- HALT pin. Program can be halted or single-stepped.
COMPUTER g
PART \ PAGE
FUNCTION DESCRIPTION NUMBER PACKAGE FEATURES NUMBER
PIC In-circuit emulation and debug Console
system. Can operate as stand h Self contained console, with built-in power supply. Can emulate .
DE\éEvqurngNT alone system or as peripheral PICES with remote PIC 1650A, PIC 1655A, and PIC 1656 with module changes only. 2-58
to host computer. module
" .| Emulates PIC 1650A and PIC 1655A. Supplied with ribbon cable
. PFD 1000 4" x 4-3/8 terminated with a 40 DIP or 28 DIP plug to demonstrate a PIC system 2-60
PIC Contains PIC 16648, PROMs, P.C.Board | pefore committing to a masked PIC program.
FIELD DEMO and provision for on-board RC - — n "
SYSTEMS oscillator or external clock. 4" x 4-3/8" Emulates PIC 1656. Supplied with ribbon cable (ermlnageq with a
PFD 1010 P.C. Board 28 DIP plug to demonstrate a PIC system before committing to a 2-60
o masked PIC program.
. Produces an output file which may be loaded and executed by the
PIC S:)"v;'r:f‘ss;gm:gl;ﬁéz::i‘iimo PICAL _ PICES or used to directly mask program a PIC chip. Written in 2.61
ASSEMBLER ob'gcl code. Fortran IV to achieve compatibility with most computer systems.
d : Supplied as magnetic tape or floppy disks.
PART PAGE
FUNCTION DESCRIPTION NUMBER PACKAGE FEATURES NUMBER
16 BIT Third generation minicomputer CP1600 40 DIP 8 program accessible 1v6-bi( general p‘urpuse.regis(ers. 87 pasic 2-64
MICRO- architecture with 8 general instructions. 4 addressing modes. Unlimited interrupt nesting and
PROCESSOR purpose registers. : priority resolution. 16-bit 2's complement arithmetic and logic. Cycle
: CP1610 + 40 DIP times: 600ns (CP1600), 1us (CP1610). 2-64
D/A Contains 4 x 10 bit D/A DAC 1660 40 DIP 10-bit bidirectional data bus. Synchronous/asynchronous loading.
CONVERTER registers. Manual input mode. Designed to interface to a process control loop. &7
vo A programmable buffer with 16 Single 16-bit or dual 8-bit 1/0 ports. Parity check on both ports. Three
BUFFER bidirectional lines. 108 1680 40DIP levels of priority. Automatic handshake logic and signals. 275
ANALOG Binary addressed mux, MUX 1600 28 DIP Connects 1.of 18 analog inputs. On-chip address latch. 0 to 6 Volt
MULTIPLEXER includes on-chip address latch. input range. Analog output controlled by chip select signal. 281
READ ONLY . Includes on-chip address latches, bl trol logi d 5-bit chi
2048 x 10 bits -3 P s latches, bus control logic, an bit chip .
MEMORY ' RO-3-9504 28DIF select decode. 283
:
1-5
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PART ACCESS CLOCKS / SUPPLY PAGE
‘ FUNCTION DESCRIPTION NUMBER REPLACES TIME VOLTAGE VOLTAGES PACKAGE FEATURES NUMBER
5K ROM 5,120 bits organized 512 x 10 RO-3-5120 EA4000 500ns Static +5 24 DIP 3-4
! N RO-3-8316A (INTEL 8316A| 850ns Static +5 24 DIP 3-8
RO-3-8316B |AMI S6831A 450ns 3-8
16K ROM 16,384 bits organized 2,048 x 8 RO-3-9316A |INTEL 8316E 850ns . 3-6
: . Replaces 2716
RO-3-9316B |AMI S68318 450ns Static +5 24 DIP UV EPROM. 3-8
RO-3-9316C | SY2316B 350ns ! 3-6
RO-3-9332A | TMS4732 850ns
! ) Static +5 24 0P Eall
32K ROM 32,768 bits organized 4,096 x 8 RO-3-93328 SY2332 450ns 31
64K ROM 65,536 bits organized 8,192 x 8 |*R0O-3-9364B | MK36000 450ns Static +5 24 DIP Edge-activated. 3-14
' *For future release. Note: All Read Only Memories are mask-programmable.
|
PART ACCESS CLOCKS / SUPPLY PAGE
FUNCTION DESCRIPTION NUMBER REPLACES TIME VOLTAGE VOLTAGES PACKAGE FEATURES NUMBER
,376 bi i -
( T e Sbits, | AY-5-2376  SMC KR2376| eaeens | |G | 45.-12 | 40DIP | 2key rollover. 318
KEYBOARD .
. . AY-5-3600 MC KR3600 ! 8 -
ENCODERS | 3,600 bits organized as P 500} 0 100kHz .| 1/TTL or 512 0 0P 2/N key roflover. 3-29
90 keys x 4 modes x 10 bits. AY-5-3600- - Scan rate | Int. Osc. ' Preprogrammed 3 .
‘ PRO binary codes. -29
4,592 bits organized as Also usable:
CAPACITIVE " . N
112 keys x 4 modes x 10 bits, _ 11-66kHz 1/TTL or inductive, Hall
K;Yggsg: plus 112 bits for internal AY-3-4592 Scan rate Int. Osc. *5 40 DIP effect, mechan- 3-32
programming of “function"” keys. ical switches.
' Note: Standard patterms are available.
PART ACCESS CLOCKS/ SUPPLY . PAGE
‘, FUNCTION DESCRIPTION NuMpen | PEPLACES | “rae VOLTAGE | voLTAGes | PACKAGE ' FEATURES NUMBER
| CHARACTER | 2,560 bits organized as i i
X ! -3-: 1 4 + 4 R tput,
GENERATOR 64 -5 x 8 charactars, RO-3-2513 SIG 2513 50ns Static 5 2 DIE ow output. 3-44
Note: dard patterns are ilabl
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ELECTRICALLY ALTERABLE READ ONLY MEMORIES

-
PART READ ERASE WRITE SUPPLY PAGE
FUNCTION DESCRIPTION NUMBER ACCESS TIME TIME VOLTAGES PACKAGE FEATURES NUMBER
| Included in
82 BIT EAROM 82 bits organized 82 x 1 ER0082 100us write time 200ms +5, —30 18 DIP Bit erase 4-3
! 1400 BIT .
SERIAL EAROM 1400 bits organized 100 x 4 ER1400 2.8us 16ms 16ms -35 14 DIP Word erase 4-6
512 bits organized 32 x 16 ER2051 1us 50ms 50ms +5, —28 28 DIP Word erase 4-9
512 BIT EAROM - -
512 bits organized 64 x 8 ER2055 2us 50ms 50ms +5, —28 22 DIP Word erase 4-12
4K EAROM 4096 bits organized 1024 x 4 ER3400 900ns 10ms 1ms +5,—12,—-30| 22 DIP Word/bulk erase 4-19

' Also available are EAROMs which operate across extended
temperature ranges. These devices are designed for use in

‘ military and industrial applications where high reliability
product is essential.

INDUSTRIAL/MILITARY EAROMs

| 8838/
PART OPERATING SUPPLY READ | ERASE | WRITE PAGE
‘ FUNCTION DESCRIPTION NUMBER TEMPERATURE | (5004 | vouraces | PACKAGE | acoess | TIME | TIME | wumen
ER2051 HR | —55°C to +125°C X
' 512 bits organized 32 x 16 2 +5,-28 | 28DIP | 45ss | 100ms | 100ms | 4-9
) 512 BIT ER2051 IR | —40°C to +85°C X
EAROM ER2055 HR | —55°C to +125°C X
12 bi ized 64 -5, +28 6. 100 100 X
512 bits ol x 8 ER2055 IR T40°C 10 #85°C X 22 DIP us ms ms 4-12
o "
! 4K EAROM | 4096 bits organized 1024 x 4 | ERos00 HR | ~55°Cto +125°C X 512 | 22pip | 1000ns | 20ms | 2ms | a9
ER3400 IR | —40°C to +85°C X —30
oo "
‘ 8K EAROM | 8192 bits organized 2048 x 4 |——n2010 HR | ~85°C to +125°C X 5,414, | o4pip | 20us | 100ms | 500ms | 4-15
| ER2810 IR | —40°C to +85°C X —24

NOTE: HR devices are available over full temperature without Burn-in. Check Factory for further information on this option
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PERSONAL TERMINALS

PART SYSTEM PAGE
FUNCTION DESCRIPTION NUMBER FUNCTION PACKAGE FEATURES NUMBER
A variant of the GI CP1600 microprocessor, the
CP1610 | MICROPROCESSOR | 40 DIP CP1610 is a 16-bit unit for fast and efficient processing 5.3
of all home information center data.
AY-3-8900 The “STIC", Standard Televisi_con Inte(lace Chip, .
The “8900" Home Informa- TV INTERFACE 40 DIP gr(:vndes H:elevéd;:o sllhgenzlss‘!eorrnlmerachon of all graphics 5-10
tion System'is a powerful AY-3-8900-1 ata genera 4 4 .
system for video display of The 20K program ROM, organized as 2048 x 10,
game, educational, financial,| go.3-9502 | PROGRAM ROM 40 DIP | contains the executive program plus resident home 513
research and related “home information center routines.
computer” service informa-
tion with detailed graphics The 16K graphics ROM, organized 2048 x 8, contains
definition and manipulation. | RO-3-9503 GRAPHICS ROM 40 DIP 256 8 x 8 matrices for a large variety of symbols, 5-16
background/field data, and alpha-numerics.
Hagg?E The “working” memory during home information center
RA-3-9600 SYSTEM RAM 40 DIP | operation—contains a 352 x 16 read/write memory plus 5-18
INFORMATION a 20 word-“current line" buffer.
SYSTEM .
. . The 20K cartridge ROM, organized as 2048 x 10, ~
The basic Home Information | RO-3-9504 | CARTRIDGE ROM | 28 DIP | contains additional program instructions and symbol 5-21
System can easily be h istics—custom prog
expanded to include addi-
tional functions through the Provides full software programmability for complex
use of cartridge ROMs and | AY-3-8910 [SOUND GENERATOR| 40 DIP | sound effects generation without external timing 5-23
increased memory, and components. Dual 8-bit I/O ports.
further enhanced with full
color operation, complex a. Accepts digital R,G,B,Y, and sync signals from AY-3-
sound effects generation, AY-3-8915 |COLOR PROCESSOR| 16 DIP 8900-1 and generates a single composite color signal. 5-30
and interface to audio -
cassette decks and other T/OUTPUT A programmable interface with dual 8-bit I/0 ports,
peripherals. 10B 1680 INP%U/FF%RPU 40 DIP | parity checking on both ports, three priority levels, 2-75
automatic handshake logic and signals.
A PIC series microcomputer programmed to control
PIC 1650 | MICROCOMPUTER 40 DIP the Teleview receiver system. It receives keyboard 5-37
commands to store data and operate system functions.
: : The Data Acquisition chip receives data from Teletext
ggfvgﬁﬁvs‘g\esrxst‘srgi;;y AY-3-9710 DATA AgglUPISITION 40 DIP or Viewdata formats and loads it into correct location 5-38
TELEVIEW | information on a TV receiver. in a preselected page ot memory.
. SYSTEM :‘e;i':‘g:g?i:::';%m?mer The Video Generator chip reads the contents of pages
. . . AY-3-9725 | VIDEO GENERATOR | 40 DIP in memory and generates outputs suitable for driving a 5-45
signals information. standard 625 line TV receiver. ‘
The UART is used to capture serial data from
AY-3-1014A) UART 40 DIP telephone lines, and convert it into 8-bit parallel data 6-80
for acquisition.
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PART SUPPLY PAGE
FUNCTION DESCRIPTION NUMBER VOLTAGES PACKAGE FEATURES NUMBER
5 CHANNEL Isolates +5V logic and _ Separate logic and exchange grounds, each driver is
RELAY DRIVER | exchange-powered relays. AY-5-9050 +5. 48 14 DIP capable of supplying 50mA. 6-4
Av-s.9100 | Seedaa | ygpp 6
PUSH BUTTON 3 . : 20 digit storage, sel ble dialling rate, b
TELEPHONE Converts push button input AY-5-9151A/52 18 DIP mark/space ratic, selectable inter-digital pause. 6-10
DIALLERS to rotary dial pulses. Redial of last number and access pause facility (except
. IAY-5-9153A/54A( +2.5 to +5 28 DIP on AY-5-9118). 6-10
*AY-5-9158 18 DIP . 6-16
REPERTORY Stores ten 22 digit AY-5-9200 See data 16 DIP Complements the AY-5-9100 series to provide storage
DIALLER telephone numbers. sheet. of up to ten 22 digit telephone numbers. Stackable. 6-19
DUAL-TONE AY-3-9400 14 DIP 12 tone pairs, 3.52dB high group pre-emphasis. 6-25
MULTI- Generates DTMF/tone : . - -
FREQUENCY telephone frequencies. AY-3-9401 +5 16 DIP 16 tone pairs, 2dB high group pre-emphasis. 6-25
GENERATORS AY-3-9410 16 DIP 16 tone pairs, 3 or 6dB high group pre-emphasis. 6-25
CLOCK Generates 2-phase clocks _ _
GENERATOR from a single power supply. AY-5-9500 4 to —15 14 DIP Generates the 2-phase clocks for the AY-5-9100/9200. 6-28
AY-5-9801 28 DIP 4 bit output code, on-chip Op Amps. 6-32
AY-5-9802 40 DIP 1 of 16 output code, on-chip Op Amps. 6-32
DUAL-TONE -
MULTI- AY-5-9803 40 DIP 2 of 8 output code, on-chip Op Amps. 6-32
FREQUENCY | Detects and converts DTMF/ | ay.5.9804 28 DIP Binary output code, on-chip Op Amps. 6-32
RECEIVERS tone telephone frequencies. +8.5, -85 -
AY-5-9805 24 DIP 4 bit output code. 6-32
AY-5-9807 24 DIP 2 of 8 output code. 6-32
AY-5-9808 24 DIP Binary output code. 6-32
Duplex Delta-Sigma/PCM With external D-S modulator, provides full duplex
CODEC converter. AY-3-9900 +9. 45 24 0P PCM. Pin-selectable A-Law/u-Law. 6-37
Push button dialling (pulse output), display of up to
TZ2001 +5 40 DIP 12 dialled digits, 32 telephone number storage with one 6-44
button selection, 6 digit clock and elapsed time display.
MICRO- A single-chip microcomputer Dual tone code dialling, display of up to 12 dialled digits,
COMPUTER pre-programmed for in- TZ2002' +5 40 DIP 16 telephone number storage with one button selection 6-44
DIALLERS telephone applications. and a 6 digit clock.
. + P Pulse or Dual tone code dialling up to 16 dialled digits, 32 .
Tz2003 5 400 telephone number storage with two button selection. 6-44

*For future release
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TELECOM HYBRIDS
PART PAGE

FUNCTION DESCRIPTION NUMBER | PACKAGE FEATURES | NUMBER

The design provides for independent control of Frequency, Q, and
ACF 7092C 16 DIP | Amplifier Gain, and is usable throughout the frequency range of 6-52
10Hz to 10kHz.

UNIVERSAL Generate any filter response by
ACTIVE FILTERS | means of external connections.

Minimum 32dB attenuation at 4.2kHz and an in-band ripple of

) LOW PASS PCM transmit filter. ACF 7270C 8 SIP +0.125dB from 300Hz to 3kHz. 6-56
FILTERS ini i
PCM receive filter. ACF 7271C 8 SIP 2?:;!;:!.::52(2}25893((8ﬂu3(l0ﬂ at 4.2kHz. Compensated for 658
Full wave detectorand afactory | ACF 7300C Center frequency range (Fo): 540Hz to 1980Hz.
tunable four pole fixed ACF 7301C 14 DIP Center frequency range (Fo): 700Hz to 1700Hz. 6-60
bandwidth band pass filter. ACF 7302C Center frequency range (Fo): 2280Hz to 3825Hz.
. Minimum attenuation from center frequency of 2600Hz: 30dB
Detects and passes the 2600Hz | » ¢ 7310¢ 28 DIP |+ 200Hz, 50dB + 500Hz, 70dB + 1000Hz. Center frequency gain: 6-62
signalling frequency.
BAND PASS 0 + 0.5dB.
FILTERS 6-64
DTMF/tone detection band —:gg% 113 ;g These two pole constant Q filters are available in the standard AT&T 666
pass filters. ACF 7383C 16 DIP tone frequencies and in the standard MF steps. 668 |
Minimum attenuation from center frequency of 2800Hz:
33"’“? and passes the 2800Hz | »op 7355 28DIP  |30dB % 200Hz, 50dB + 500Hz, 70dB + 1000Hz. Center frequency 670
gnalling frequency. gain: 0 + 1.5dB
1000Hz gain: —9 + .5dB. Pass band gain: 0 + .5dB referred to 1000Hz ‘

attenuation of 5dB + 400Hz from the center frequency of 2600Hz.

. 1000Hz gain: 0 + .75dB. Pass band gain: 0 +.25dB referred to 1000Hz .
Rejects the 2600Hz ACF7412C | 34DIP [gain. Minimum attenuation of 30dB + 15Hz and maximum 673

ACF 7410C 34 DIP gain. Minimum attenuation of 60dB + 15Hz and maximum 6-72 '

BAND signalling frequency. i
REJECTION attenuation of 3dB + 120Hz from the center frequency of 2600Hz.
FILTERS Unsymmetrical frequency response. 1000Hz gain: 0 £ .25dB. 2400Hz

NCS 2061** 17 SIP gain: —5dB min. 2600Hz * 15Hz gain: —45dB max. 3000Hz gain: 6-74
0 + 1dB. 3200Hz gain: 0 £ 1dB.

Unsymmetrical frequency response. 1000Hz gain: 0 + .25dB. 2000Hz

Rejects the 2800Hz

" " NCS 2062** 17 SIP gain: —.4dB min, 2400Hz gain: 0 + 1dB. 2800Hz gain: —45dB max. 6-74
signalling frequency. 3000Hz gain: ~5dB min. 3200Hz gain: 0 + 1dB.
Isolates low and high groups Minimum attenuation of 30dB for the adjacent frequencies of 941Hz
of DTMF frequencies. ACF 7711C 16 DIP and 1209Hz. 0dB in the pass bands, 25dB out of band. 675
BAND P -
DTMF Low Group Band . " Minimum 30dB attenuation from 1190Hz to 1658Hz. 1.5dB + 1.5dB 677
SE;':?’E";'SON Splitting Filter ACF 7720C 14 8IP gain from 686Hz to 955Hz.
: . Minimum 30dB attenuation from 686Hz to 955Hz. 1.5dB + 1.5dB
DTMF High Group ACF7721C* | 14SIP | in from 1190Hz to 1658Hz. | &7
*For future release.  “*Sold as matched pair only.
PART MAXIMUM, | MAXIMUM TEMP. SUPPLY EATUR PAGE
FUNCTION DESCRIPTION NUMBER |  BAUD | FREQUENCY | RANGE | vOLTAGes | FPCKAGE | FEATURES | yyypep
-5 40| 40kH: 0to 70 +5, —12
AY-51013A ke & 2 2 w 1 or 2 stop bits. 6-80
 UARIT Complete 5-8 bit receiver/ AY-6-1013 22.5kB 30kHz |-65t0 +125] +5.-12 "7 o
transmitter interface. : AY-3-1014A 30kB 480kHz 0to 70 +5t0 +14 1, 1%, or 2 80
AY-3-1015D | 30kB 480kHz 01070 +5 stop bits
. -5- 0to 70 -
16 CHANNEL Multiplexes 16 analog chan- AY-5-1016 _ +5, =12 40 DIP. Current mode or 6
* MULTIPLEXER nels with on-chip logic control. | Ay.g-4016 2MHz —55 to +125 5. X voltage mode 93

1-13
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PART SYSTEM SUPPLY PAGE
FUNCTION DESCRIPTION NUMBER FUNCTION VOLTAGES PACKAGE FEATURES NUMBER
Provides full electronic control ;:sed chip. Pro'v‘/‘ils;;s up {o
of a varactor tuned AM/FM 10 AM or FM station storage,
radio mask programmable for | ay.3-811 +12 on board PLL, Fluorescent 7.4
PROGRAMMABLE | Custom tuning functions. display drivers, arid RAM
PLL TUNING | (ref. ER1400 for optional CONTROLLER 40DIP  |storage. Optional EAROM can
CONTROLLERS | unpowered memory.) beadded for power off memory.
" | Microcomputer radio tuning AM/FM stero controller circuit
controller. with 5 AM and 5 FM favorite
+5 J -
(ref. ER2055 for optional “AY-3-8120 station Memory-EAROM and 7-10
unpowered memory.) R/C compatible.
*For future release.
PART SYSTEM SUPPLY PAGE
FUNCTION DESCRIPTION NUMBER FUNCTION voLTAges | PACKAGE FEATURES NUMBER
Accepts keyboard/remote .
T-1002 CONTROLLER +12 40 DIP inpmg o cgnlrol System. 714
X .. Stores, decodes, displays ;.
OMEGA Provides full electronic control T-1102 DISPLAY DRIVER +12 40DIP selected channel number. 714
of a varactor-tuned 82-channel g N "
702 CHANNEL | |television from a two-digit ER1400 EAROM MEMORY | +12,-24 | 14pip |Nom-volalile storage of station |, g
calculator-like keyboard entry. 9 -
MEM 4956 D/A CONVERTER +12, Vrer | 14 DIP f::‘:j:es gs:;::sw coarse and 7.21
x FAVORITE CHANNEL A 20-line EAROM for single-
T-1201 MEMORY +2 40DIP digit channel selection. 714
- Accepts direct/remote inputs
. AY-3-8203 CONTROLLER +12 40 DIP X
ECONOMEGA | Provides full electronic control to control system. 24
16 CHANNEL |of a varactor-tuned 8, 12 or 16 _ Non-volatile storage of station
TUNING SYSTEM channel television, featuring ER1400 EAROM MEMORY 12, -24 14 DIP tuning information. 7-18
: automatic or manual tuning. Convert Ut t "
‘ MEM 4956 D/A CONVERTER +12,Vegr | 14DIP | OTVET glljts::ts © coarse an 721
. i - YAY 821 . Accepts keyboard/remote
*ECONOMEGATIA | Provides electronic control of -3-8211 CONTROLLER +12 40DIP 1inouts to control system 7-30
TUNING avaractor tuned TV from - N Jatile st "
SYSTEM keyboard entry. . on-volatile storage o o
Y ry. ER1400 EAROM MEMORY +12, —24 14DIP | gation tuning information. 7-18
AY-9-2010 PRESCALER/PREAMP 8DIP 7-38
*ECONOMEGA IV | 5 o i~ AY-3-2022 | FREQ. SYNTHESIZER 24DIP__ {400 | PLL TV tuner-32 7-38
PLLTUNING |4 Tio She TY rea PIC 16504 CONTROLLER | "0 12+540DiP_|favorite channel Memory- 738
SYSTEM ) . EAROM and R/C Compatible. 7-38
B ER1400 NON-VOLATILE MEM 14DIP
AY-9-2017 | PERIPHERAL CIRCUIT. 18 DIP 7-38
\ PART SUPPLY PAGE
FUNCTION DESCRIPTION NUMBER- | voLTAges | PACKAGE FEATURES . NUMBER
Various circuits in series to 5. - i i 7-39
ON-SCREEN display cf-annel numbers on TV AY-5-8301 8 14 DIP Channels 1-16, upper right screen display.
HANN screen with some additionally 5. .
e 'D|spE|_']glME featuring either separate or AY-5-8320 4pjp | Channels 1-16 and/or time, upper right screen display, 7%
simultaneous time display 24 DI automatic on channel change. : '
(ref. AY-5-1203A clock circuit) | AY-5-8321 +12 . 7-39
Provides an electronic on-
ON-SCREEN " . 3. Four bands, mask-programmable band or channel .
TUNING SCALE ‘s:;eézn_;‘l;r;v:tgsécale for varactor- | AY-3-8331 +12 16 0IP number display and display position. 7-48

*For future release.




FUNCTIONAL INDEX
GENERAL
INSTRUMENT
e

PART SUPPLY PAGE
‘ FUNCTION DESCRIPTION NUMBER VOLTAGES PACKAGE , FEATURES NUMBER
30 channel discrete frequency 30 control frequencies, interfaces with a5 x 6
\’ RICSYSTEMI ultrasonic transmitter. AY-5-8450 +9 16 DIP matrix keyboard. 7-52
16 chanqel disqrele frequency AY-5-8460 +12, -6 18 DIP Interfaces directly wit.h OMEGA keyboard, plus on/off, 7-54
\ ultrasonic receivers. - | recall, 4 analog functions.
| 264 command PCM 3 8-bit PCM system plus 8 PWM analog commands. 4 x 8
R/C SYSTEM I transmitter. AY-3-8470 +9 28 0IP keyboard (32 x 8 with shifts). 7-58
264 command PCM 71 . 5-bit program output. CPU data bus interface for full
receiver. : AY-3-8475 +12 40DIP | 264 functions. 7-64
PART MAXIMUM SUPPLY PAGE
| FUNCTION DESCRIPTION NUMBER FREQUENCY |. VOLTAGES PACKAGE FEATURES NUMBER
AY-1-0212 1.5MHz —14, —27 16 DIP 12 outputs, 50% duty cycle. 7-72
TOP OCTAVE Generates a complete octave R
Lo A -3-0214 : 12 outputs, 50% duty cycle. 7-74
| GENERATORS | of AY-3:0 45MHz [ +10to+16| 16DIP 2 Y Y
AY-3-0215 13 outputs, 50% duty cycle. 7-74
LATCHING Establishes priority of 13 pedal 4o _ Stackable for expanded latching/ g
NETWORK latch inputs/outputs. AY-1-1313 20kHz 12,27 40DIP priority function. - 178
GE%E'S:.?OR f,:‘;‘:;‘:ejv:l‘;g'b’:'s’;"" th AY-5-1317A |  50kHz 15 40DIP | Mixed outputs, sustain, top key priority. 778
PIANO Electronically simulates 1o _ T 12 keys per unit, “loudness"” proportional
KEYBOARD piano keyboard operation. AV-1-1320 10.-27 40DIP to key press velocity. 7-82
F%EI\?IBE';(S:V 7 stage dividers. AY-1-5050 1MHz —13,-27 14 DIP Arranged 3+2+1+1. 7-86
Generates programmable Register oriented bus input has 3 analo .
PRO(;F(;AGN'!‘NEI)ABLE sqgnd etfects vii R b AY-3-8910 - 400DIP o(ngputs with 28 bit bus /0 ports. o 7-88
| micrc puter comp us z +5 B .
| GENERATORS without the aid of external R . Same as AY-3-8910 except has only 1
! components. AY-3-8912 ' 280IP 8 bit1/0 port. 7-88
! MICRO- N Contains 28 tunes each 8 notesin duration.
Produces musical tunes from " . b N
COMPUTER o . e Adjustable pitch and time duration. Can be .
e TUNES pr?“protgrammed miero AY-3-1350 TMHz +5 %0IP custom programmed with up to 252 notes 7-95
) SYNTHESIZER | computer. of music.
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Consumer 8

FUNCTION DESCRIPTION i GAMES STANERD | PACKAGE FEATURES e
BALL & Six selectable game§ for one - |AY-3-8500 T;annis Practice 625 On-screen scoring. Sound
PADDLE or two players, with vertical - Soccer Rifle I 28 DIP generation. Selectable paddle 8-4
: paddle motion. : AY-3-8500-1 | Squash Rifle 11 525 size, ball speed, rebound angles.
One or two player games AY-3-8603 625 Each player maneuvers around
ROADRAGCE  |where racing skill in “traffic” Rg":ﬁ“ 28 DIP °c"‘|e' ?_' s |°" the race track. 8-19
generates the highest score. AY-3-8603-1 uality 525 A$-?3[8 6'?2 ay with the
. o Sea Battle . Fire depth charges, missiles. .
WARFARE  |One or two player games AY-3-8605 Counterattack 1&II 625 |and torpedoes. Varied skill
featuring subs, destroyers, Night Battle 28DIP  Iselection. Color display with 8-22
cargo ships, and spaceships. AY-3-8605-1 Space Battle 181 525 the AY-3-8615.
. Skill selection including paddle
One or two player games where | AY-3-8606 Wipeout I-1¥ 625 > y
WIPEOUT - - |players “wipe out" objects by Color Squares I-1¥ 28 DIP 2275?3”5’.?‘ af‘(ﬁ ?:" speed. 827
controlling a ballinthe playarea. |AY-3-8606-1 Breakthrough 1811 525 AY»3-86'12 y with the
Twelve games for one or two - | AY-3-8607 Skeet I-17 625 Three dimensional target effect
SHO?_T'NYG players using external photocell Attack I- 1% ; 28 pIp . |by diminishing target size. 8-36
GALLER rifles for shooting. | AY-3-8607-1 Destruct I-1¥ 525 Color display with the
. AY-3-8615.
T I r AY-3-8610 Tennis Practice 625 Realistic ball service & scoring.
SUPERSPORT of? ws: ;f;a:r': %Jaime:e'r%'cglne Hockey  Gridball sspip | Individually sefectable paddie
A and h orizoyntal' addle motion Soccer Basketball I&I1 [ sizes. Color-coded score. Color 8-42
p - |AY-3-8610-1 | Squash  Target I&II 525 display with the AY-3-8615. -
COLOR Adds color to the “8600" series 2 Colors changed by the “game g
PROCESSOR__|dedicated TV Game circuits. . AY-3-8615 — 525 28DIP  Joelect” inputs. 8-53
PART FLASHING ZERO 50/60Hz . PAGE
FUNCTION DESCRIPTION NUMBER | SECONDS | BLANKING | OPERATION | PACKAGE FEATURES NUMBER
12/24 hour clocks with 1éatures AY-5-1202A v v v 24 DIP For 7-segment fluor. display. 8-60
4 DIGIT for most clock/timing AY-5-1203A v v 24 DIP BCD outputs: 8-60
applications. AY-5-1224A v v 16 DIP | BCD or 7-seg. LED outputs. 8-63
4 DIGIT 12/24 hour clock, 24 hour alarm, Includes snooze alarm and
CLOCK RADIO | sleep timer, battery standby. CK3300 v v e 280IP pre-settable timeswitch. 8-65




'- FUNCTIONAL INDEX

GENERAL
| INSTRUMENT
22252 E————— e e

‘ APPLIANCES
|
PART SUPPLY PAGE -
FUNCTION DESCRIPTION NUMBER VOLTAGES PACKAGE FEATURES NUMBER
24 hour programmabla AY-5-1230 28DIP | 50Hz input (50 or 60Hz on AY-5-1231), BCD or 878
CLOCK / TIMERS | repeatable on/off time AV-5-1231 |—12t0—18 | 40DIp | [-Seament direct Buorescont dispiay driva 8-78
! . L puts, zero blanking, 24 hour display (12
switch with 4 digit clock. or 24 hour on AY-5-1231)
AY-5-1232 28 DIP : 8-78
DIGITAL Digital Thermometer and For LCD/LED display, £1°C accuracy, power fail/over-
\\E‘“ THERMOMETER | temperature controllor AY-3-1270 +9 40 DIP range indication (flashing display), adjustable hysteresis. 8-82
COUNTERS / DVMs
PART MAX. COUNT | SUPPLY PAGE
FUNCTION DESCRIPTION NUMBER FREQUENCY | VOLTAGES PACKAGE FEATURES NUMBER
DVM logic utilizing dual
3% DIGITOVM | Cf infeg;"i;:‘ g du AY-5-3507 40kHz -15 18DIP | Range to 1999, 7-segment outputs. 8-94
DVM logic utilizing single 5. _ _ Ranges: 999, 1999, 2999. Dual polarity,
3% DIGIT DVM ramp integration. AY-5-3500 200kHz 7.5, —-15 28 DIP BCD & 7-segment outputs. 8-99
|
' BCD outputs, true/complement
AY-5-4007 240/ | Sx0 0P 8-103 |
4 DIGIT Counts, stores, and decodes Il features of AY-5-4007
‘ COUNTER/ | 4 decades to 7-segment AY-5-4007A | 600KHz | +5,-12 | 40DIP | NCUSES & Bares O 00 8103 y
A DISPLAY outputs. -
Serial output with shift clock input, .
AY-5-4007D 24 DIP 3 carry outputs. 8-103
BCD to Fluorescent display
FLUORESCENT | Direct drive to fluorescent AY-5-4121 7 segments 21 digits. 8-109
DISPLAY display stores and siplay with 25KHz -12v, 40 DIP 7 o e
DRIVER internal max clock. segment to Fluorescent display
AY-5-4221 7 segments 21 digits. 8110
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PIC 1650A

8 Bit Microcomputer

FEATURES

User Programmable
Intelligent Controller for Stand-Alone Applications
32 8-bit RAM Registers
512 x 12-bit Program ROM
Arithmetic Logic Unit
Real Time Clock Counter
Self-contained Oscillator
Access to RAM Registers inherent in instruction
Wide Power Supply Operating Range (4.5V to 7.0V)
Available in two temperature ranges: 0° to 70°C and —40
to 85°C :
m 4 Sets of 8 User Defined TTL-compatible Input/
Output Lines
m 2 Level Stack

DESCRIPTION

The PIC 1650A microcomputer is an MOS/LSI device containing
RAM, I/0, and a central processing unit as well as customer-
defined ROM on a single chip. This combination produces a low
cost solution for applications which require sensing individual
inputs and controlling individual outputs. Keyboard scanning,
display driving, and other system control functions can be done
at the same time due to the power of the 8-bit ALU.

The internal ROM contains a customer-defined program using the
PIC’'s powerful instruction set to specify the overall functional
characteristics of the device. The 8-bitinput/output registers pro-
vide latched lines for interfacing to a limitless variety of applica-
tions. The PIC can be used to scan keyboards, drive displays,
control electronic games and provide enhanced capabilities to
vending machines, traffic lights, radios, television, consumer

appliances, industrial timing and control applications. The 12-bit
instruction word format provides a powerful yet easy to use
instruction repertoire emphasizing single bit manipulation as well
as logical and arithmetic operations using bytes.

The PIC 1650A is fabricated with N-Channel lon Implant technol-
ogy resulting in a high performance productwith provenreliability
and production history. Only a single wide range power supply is
required for operation, and an on-chip oscillator provides the
operating clock with only an external RC network (or buffered
crystal oscillator signal, for greater accuracy) to establish the
frequency. Inputs and outputs are TTL-compatible.

Extensive hardware and software support is available to aid the
user in developing an application program and to verify perfor-
mance before committing to mask tooling. Programs can be
assembled into machine language using PICAL, eliminating the
burden of coding with ones and zeros. PICAL is available in a
Fortran IV version that can be run on many popular computer
systems. Once the application program is developed several
options are available to insure proper performance. The PIC's
operation can be verified in any hardware application by using
the PIC 1664B. The PIC 1664B is a ROM-less PIC microcomputer
with additional pins to connect external PROM or RAM and to
accept HALT commands. The PFD 1000 Field Demo System is
available containing a PIC 1664B with sockets for erasable CMOS
PROMs. Finally, the PICES (PIC In-Circuit Emulation System)
provides the user with emulation and debugging capability in
either a stand-alone mode or operation as a peripheral to alarger
computer system. Easy program debugging and changing is
facilitated because the user’s program is stored in RAM. With
these development tools, the user can quickly and confidently
order the masking of the PIC's ROM and bring his application into
the market.

A PIC Series Microcomputer Data Manual is available which gives
additional detailed data on PIC based system design.

PIC 1650A BLOCK DIAGRAM

@
£
< 8
g €—>4<> RAO-7
Q
FILE SELECT s GENERAL =
REGISTER 72 REGISTER
W REGISTER o — S -
(F11-F37) @
/’s @ 8
g l&—4<> RBO-7
o
ARITHMETIC 9
LOGIC
UNIT —
Vs &
7 1° ol .
q° 2 LEVEL o [€<> oo
l ATCC REG (F1) STACK INSTRUCTION H
| DECOD o
| STATUS REG (F3) I ECODE Q
CONTROL -
B
s
PROG. CNTR. (F2) l ol &
- § l&4> RDo-7
1 A2 Q
PROGRAM
ROM
512x 12

RTCC MCLR

244




ARCHITECTURAL DESCRIPTION

The firmware architecture of the PIC series microcomputer is
based on a register file concept with simple yet powerful com-
mands designed to emphasize bit, byte, and register transfer
operations. The primary purpose of the PIC is to perform logical
processing, basic code conversions, formatting, and to generate
fundamental timing and control signals for I/0 devices. The
instruction set also supports computing functions as well as these
control and interface functions.

Internally, the PIC is composed of three functional elements

connected together by asingle bidirectional bus: the Register File

composed of 32 addressable 8-bit registers, an Arithmetic Logic
Unit, and a user-defined Program ROM composed of 512 words
each 12 bits in width. The Register File is divided into two func-
tional groups: operational registers and general registers. The
operational registers include, among others, the Real Time Clock
Counter Register, the Program Counter (PC), the Status Register,

PIN FUNCTIONS

PIC 1650A

and the I/0 Registers. The general purpose registers are used for
data and control information under command of the instructions.

The Arithmetic Logic Unit contains one temporary working regis-
ter or accumulator (W Register) and gating to perform Boolean
functions between data held in the working register and any file
register.

The Program ROMcontains the operational program forthe restof
the logic within the controller. Sequencing of microinstructions is
controlled via the Program Counter (PC) which automatically
increments to execute in-line programs. Program control opera-
tions can be performed by Bit Test and Skip instructions, Jump
instructions, Call instructions, or by loading computed addresses
into the PC. In addition, an on-chip two-level stack is employed to
provide easy to use subroutine nesting. Activatingthe MCLRinput
on power up initializes the ROM program to address 777s.

Signal

Function

[~ ~4
.9
3%
==
o
[~

Oscillator input. This signal can be driven by an external oscillator if a precise frequency of
operation is required oran external RC network can be used to set the frequency of operation of
the internal clock generator. This is a Schmitt trigger input.

Real Time Clock Counter. Used by the microprogram to keep track of elapsed time between
events. The RTCC register increments on falling edges applied to this pin. This register can be
loaded and read by the program. This is a Schmitt trigger input.

User programmable input/output lines. These lines can be inputs and/or outputs and are under
direct control of the program.

Master Clear. Used to initialize the internal ROM program to address 777s and latch all I/0
register high. Should be held low at least 1ms past the time when the power supply is valid. This
is a Schmitt trigger input.

A signal derived from the internal oscillator. Used by external devices to synchronize

OSC (input)
RTCC (input)

RA0-7, RBO-7, RC0-7, RDO-7
(input/output)
MCLR (input)

CLK OUT (output)

themselves to PIC timing.

TEST Used for testing purposes only. Must be grounded for normal operation.
Voo Primary power supply.
Vxx Output Buffer power. Used to enhance output current sinking capability.
Vss Ground
PIN CONFIGURATION
40 LEAD DUAL IN LINE
Top View
> vssder  ~ 40PVixe—
<>RA0L] 2 39 [IVoo «—
<—>RA1Q3 38 [IRTCC «—
<>RA20]4 37 AMCLR <—
TESTC]S 36[10SC «—
<> RA3[]6 35[JCLK OUT—>
<«>RAa]7 34 [JRD7<—>
<->RAs[]8 33[IRDE<—>
<>RAsC]9 32[JRDS€—>
<>RA7T[] 10 31 [JRD4<—>
<> RBOC] 11 30[1RD3<—>
<>RB1[J 12 29[JRD2€¢—>
<> RB2(] 13 28[JRD1<—>
<>RB3[] 14 27 IRD0O<—>
<> RB4[]15 26 [JRC7 «—>
<->RB5[] 16 25 [JRC6 «—>
<> RB6[] 17 24 IRC5«—>
<> RB7[] 18 23[JRC4<—>
<> Rco] 19 22[IRC3€—>
<>RC1]20 21JRC2¢—>
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PIC 1650A

REGISTER FILE ARRANGEMENT

File

(Octal) Function
FO Not a physically implemerited register. FO calls for the contents of the File Select Register (low order 5 bits) to be used to
select a file register. FO is thus useful as an indirect address pointer. For example, W+F0—W will add the contents of the file
register pointed-to by the FSR (F4) to W and place the result in W.
F1 Real Time Clock Counter Register. This register can be loaded apd read by the microprogram. The RTCC register keeps
counting up after zero is reached. The counter increments on the falling edge of the input RTCC.
F2 P{'ogram Counter (PC).The PC.is automatically incremented during each instruction cycle, and can be written into under
program control (MOVWF F2).The PC is nine bits wide, but only its:low order 8 bits can be read under program control.
F3 Status Word Register. F3 can be altered under program control only via bit set, bit clear, or MOVWF F3 instruction.
() 6 . ) 4 3) (2) (1) 0)
[+ [+ [ + [ + [ 1+ [ z |[oc [ c |
C (Carry): For ADD and SUB instructions, this bit is set if there is a carry out from the most significant bit of the
resultant.
For ROTATE instructions, this bit is loaded with either the high or low order bit of the source.
DC (Digit Carry):For ADD and SUB instructions, this bit is set if there is a carry out from the 4th low order bit of the resultant.
Z (Zero): Set if the result of an arithmetic operation is zero.
Bits: 3-7 These bits are defined as logic ones. »
F4 File Select Register (FSR). Low order 5 bits only are used. The FSR is used in generating effective file register addresses
under program control. When accessed as a directly addressed file, the upper 3 bits are read as ones.
F5 1/0 Register A (A0O-A7)
F6 1/0 Register B (B0-B7)
F7 I/0 Register C (C0-C7)
F10 1/0 Register D (D0-D7)
F11-F37| General Purpose Registers
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Basic Instruction Set Summary

Each PIC instruction is a 12-bit word divided into an OP code
which specifies the instruction type and one or more operands
which further specify the operation of the instruction. The
following PIC instruction summary lists byte-oriented, bit-ori-
ented, and literal and control operations.

For byte-oriented instructions, “f” represents a file register
designator and “d" represents a destination designator. The file
register designator specifies which one of the 32 PIC file registers

PIC1650A [ESbeiv]

PIC W register. If “d” is one, the result is returned to the file
register specified in the instruction.

For bit-oriented instructions, “b” represents a bit field designator
which selects the number of the bit affected by the operation,
while “f” represents the number of the file in which the bit is
located.

For literal and control operations, “k” represents an eight or nine
bit constant or literal value.

For an oscillator frequency of 1MHz the instruction execution
time is 4 usec, unless a conditional test is true or the program

is to be utilized by the instruction. The destination designator counter is changed as a result of an instruction. In these two , S
specifies where the result of the operation performed by the cases, the instruction execution time is 8 usec. I=3A
instruction is to be placed. |f “d" is zero, the result is placed in the ) 5 w
BYTE-ORIENTED ‘ =2
FILE REGISTER (11-6) ) ) o
OPERATIONS OPCODE  |d| f(FILE#)
Ford =0, f—W (PICAL accepts d = 0 or d = W in the mnemonic)
d=1, f—1 (If d is omitted, assembler assigns d = 1.)

Instruction-Binary (Octal) Name Mnemonic, Operands Operation Status Affected
000 000 000 000 (0000) No Operation NOP - —_ None
000 000 1ff fff (0040) Move Wtof (Note 1) MOVWF  f§ W-f None
000 001 000 000 (0100) Clear W CLRW —_ o—-w z
000 001 1ff fff (0140) Clearf CLRF f 0—f z
000 010 dff fff (02000 Subtract W from f SUBWF f,d f-w—d C,bC,Z2
000 011 dff fff (0300) Decrementf DECF f,d f-1—~d z
000 100 dff fff (0400) Inclusive ORW and f IORWF f,d Wvf-d z
000 101 dff fff (0500) , ANDW and f ANDWF f,d Wef—d z
000 110 dff fff (0600) Exclusive OR W and f XORWF f,d wWef-d z
000 111 dff fff (0700) AddWand f ADDWF f,d W+Hf—d Cc,DC,Z
001 000 dff fff (1000) Movef MOVF f.d f—~d z
001 001 dff fff (1100) Complement f COMF f,d f—d z
001 010 dff fff (1200) Incrementf INCF f.d f+1—d z
001 011 dff fff (1300) Decrement f, Skip if Zero DECFSzZ f,d f - 1—d, skip if Zero None
001 100 dff fff (1400) Rotate Right f RRF f.d f(n)—~d(n-1),f(0)—C, C—~d(7) C
001 101 dff fff (1500) . Rotate Leftf RLF f, d f(n)—d(n+1), f(7)—C, C—~d(0) (o}
001 110 dff fff (1600) Swap halves f SWAPF f, d 1(0-3)=f(4-7)—d None
001 111 dff fff (1700) Increment f, Skip if Zero INCFSZ f,d f+1—d, skip if zero None

BIT-ORIENTED (11-8) (7-5) (4-0)
FILE REGISTER :
OPERATIONS | opcooe [b@TH| 1(FiLER) |

Instruction-Binary (Octal) 'Name Mnemonic, Operands Operation Status Affected
010 Obb bff fff (2000) Bit Clearf BCF f,b 0—f(b) None
010 1bb bff fff (2400) Bit Set f BSF f,b 1—~f(b) . None
011 Obb bff fff (3000) Bit Test f, Skip if Clear BTFSC f.b Bit Test f(b): skip if clear None
011 1bb bff fff (3400) Bit Test f, Skip if Set BTFSS f.b Bit Test f(b): skip is set None

: (11:8) (7-0)
LITERAL AND CONTROL
OPERATIONS OP CODE k (LITERAL)

Instruction-Binary (Octal) Name Mnemonic, Operands Operation Status Affected
100 Okk kkk kkk (4000) Return and place Literal in W RETLW  k k—W, Stack—PC None
100 1kk kkk kkK (4400)  Call subroutine (Note 1) CALL k PC+1 — Stack, k — PC None
101 kkk kkk kkk (5000) Go To address (k is 9 bits) GOTO k k—PC None
110 Okk kkk kkk (6000) Move Literal to W MOVLW  k k—W None
110 1kk kkk kkk (6400) Inclusive OR Literal and W IORLW k kVW—-wW z
111 0Okk kkk kkk (7000) AND Literal and W ANDLW k KeW—-W z
111 1kk k k k kk k (7400) Exclusive OR Literal and W XORLW k kOW—-W z
NOTES T o
. The Sth bit of the program counter in the PIC is zero fora CALLand a MOVWF F2. Therefore. subroutines must belocated in program

memory locations 0-377s. However, subroutines can be called from anywhere in the program memory since the Stack is 9 bits wide.

2. When an1/0 reglster is modified as a function of itself, the value used will be that value present on the output pins. For example, an
output pin which has been latched high but is driven ow by an external device, will be relatched in the low state.

2-7




G NERAL
INGTRUMENT

PIC1650A

SUPPLEMENTAL INSTRUCTION SET SUMMARY

The following supplemental instructions summarized below
represent specific applications of the basic PIC instructions. For

alent to the basic instruction BCF 3,0 (“Bit Clear, File 3, Bit 0").
These instruction mnemonics are recognized by the PIC Cross
Assembler (PICAL).

example, the “CLEAR CARRY"” supplemental instruction is equiv-

~ Mnemonic, Equivalent Status
Instruction-Binary (Octal) - Name Operands Operation(s) Aftected
&
23
S 010 000 000 011  (2003) Clear Carry CLRC BCF 3,0 -
=0
T 010 100 000 011 (2403) Set Carry SETC BSF 3,0 -
010 000 100 011 (2043) Clear Digit Carry CLRDC BCF 3, 1 —
010 100 100 011  (2443) Set Digit Carry ~ SETDC BSF 3, 1 -
010 001 000 011 (2103) Clear Zero CLRZ BCF 3, 2 -
010 101 000 011  (2503) Set Zero SETZ BSF 3, 2 —
011 100 000 011  (3403) Skip on Carry - SKPC BTFSS 3,0 -
011 000 000 011  (3003) Skip on No Carry SKPNC BTFSC 3,0 -
‘011 100 100 011 (3443) Skip on Digit Carry SKPDC BTFSS 3, 1 -
011 000 100 011 (3043) Skip on No Digit Carry SKPNDC BTFSC 3, 1 -
011 101 000 011 (3503) Skip on Zero SKPZ BTFSS 3, 2 -
011 001 000 011 (3103) Skip on No Zero SKPNZ BTFSC 3, 2 -
001 000 1ff fff (1040) Test File TSTF f MOVF f, 1 ¥4
001 000 off fff (1000) Move Fileto W MOVFW f MOVF f, 0
001 001 1ff fff (1140) Negate File NEGF f,d COMF f, 1
001 010 dff fff (1200) INCF f, d z
011 000 000 011 (3003) Add Carry to File ADDCF f, d BTFSC 3,0
001 010 dff fff (1200) INCF f, d Z
011 000 000 011 (3003) Subtract Carry from File SUBCF f.d BTFSC 3,0
000 011 . dff. fff (0300) i . : DECF f, d z
011 000 100 011 (3043) Add Digit Carry to File ADDDCF f,d BTFSG 3,1
001 .010 dff fff_ (1200) ’ ’ INCF f,d z
011 000 100 011 (3043) Subtract Digit Carry from File SUBDCF t,d BTFSC 3,1
000 011 dff fff (0300) » DECF f.d 4
101 kkk kkk kkk- (5000) Branch Bk GOTO k -
011 000 000 011 (3003) Branch on Carry BCk BTFSC 3,0
101 kkk kkk kkk (5000) GOTO k -
011 100 000 011 (3403). Branch on No Carry. BNC k - BTFSS 3,0
101 kkk kkk kkk (5000) GOTO k -
011 100, 100 011 (3043) Branch on Digit Carry BDC k BTFSC 3,1
101 kkk kkk kkk (5000) . GOTO k -
011 001 000 011 (3443) Branch on No Digit Carry BNDC k BTFSS 3,1
101 kkk kkk kkk (5000) GOTO k -
011101 000 011 (3103) Brandh on Zero BZk . BTFSC 3,2
101 kkk kkk kkk - (5000) : . GOTO k -
011 101 000 011 (3503) Branch on No Zero BNZ k BTFSS 3,2
101 kkk kkk kkk (5000) GOTO k -
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I/0 Interfacing

The equivalent circuit foranI/0 port bitis shownbelowasitwould
interface with either theinput ofa TTLdevice (PICisoutputting) or
the output of an open collector TTL device (PICisinputting). Each
I/0 portbitcanbeindividually time multiplexed betweeninputand
output functions under software control. When outputting thru a
PIC 1/0 Port, the data is latched at the port and the pin can be

PIC 1650A

connected directlytoa TTLgateinput. Wheninputtingdatathruan
I/0 Port, the port latch must first be set to a high level under
program control. Thisturns off Qz,allowing the TTL opencollector
device to drive the pad, pulled up by Qi, which can source a
minimum of 100uA. Care, however, should be exercised when
using open collector devices due to the potentially high TTL
leakage current which can exist in the high logic state.

TYPICAL INTERFACE-BIDIRECTIONAL /O LINE

Dn
(INTERNAL
DATA BUS)

WRITE——(C ¢
(INTERNAL
SIGNAL)

MCLR

Vee

‘_TTL DEVICE INPUT

T,

READ
(INTERNAL
SIGNAL)

TTL DEVICE OUTPUT
(OPEN COLLECTOF)

Programming Cautions

The use of the bidirectional /0 ports are subject to certain rules
of operation. These rules must be carefully followed in the in-
truction sequences written for I/O operation.

Bidirectional I/O Ports

The bidirectional ports may be used for both input and output
operations. Forinput operationsthese portsare non-latching. Any
input must be present until read by an input instruction. The
outputs are latched and remain unchanged until the outputlatchis
rewritten. Foruseasaninputportthe outputlatchmustbesetinthe
high state. Thus the external device inputs to the PIC circuit by
forcing the latched output line to the low state or keeping the

latched output high. This principle is the same whether operating -

on individual bits or the entire port.

Some instructions operate internally as input followed by output
operations. The BCF and BSF instructions, for example, read the
entire port into the CPU, execute the bit operation, and re-output
the result. Caution must be used when using theseinstructions. As

an example a BSF operation on bit 5 of F7 (port RC) will cause all
eight bits of F7 to be read into the CPU. Then the BSF operation
takes place on bit 5 and F7 is re-output to the output latches. If
another bit of F7 is used as an input (say bit 0) then bit 0 must be
latched high. If during the BSF instruction on bit 5 an external
device is forcing bit 0 to the low state then theintput/output nature
of the BSF instruction will leave bitOlatched low afterexecution. In
this state bit 0 cannot be used as an input until it is again latched
high by the programmer. Refer to the examples below.

Successive Operations on Bidirectional /O Ports

Care must be exercised if succéssive instructions operate on the
same I/0 port. The sequence of instructions should be such to
allow the pin voltage to stabilize (load dependent) before the next
instruction which causes that file to be read into the CPU (MOVF,
BIT SET, BIT CLEAR, and BIT TEST) is executed. Otherwise, the
previous state of that pin may be read into the CPU rather than the
new state. This will happen if tpd (See I/0 Timing Diagram) is
greater than %tcy (min). When indoubt, itis betterto separate these
instructions with a NOP or other instruction.

EXAMPLE 1:

OUTPUT INPUT
What is thought to be happening:
BSF 7,5
Read into CPU: 00001111
Set bit 5: 00101111
Write to F7: 00101111

would be no problem.

If no inputs were low during the instruction execution, there

EXAMPLE 2:

OUTPUT INPUT
What could happen if an input were low:
BSF75
Read into CPU: 00001110
Set bit 5: 00101110
Write to F7: 00101110

In this case bit 0 is now latched low and is no longer useful as an’
input until set high again.
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PIC 1650A

ELECTRICAL CHARACTERISTICS

* . .
Exceeding these ratings could cause perma-
Maximum Ratings®* : tres

nent damage to-the device.This is a stress

Temperature Under Bias........ ................................ 125°C rating only and functional operation of this
Storage Temperature ...........iivvievinenieenans SERER e =55°C to +150°C device at these conditions is not implied—
Voltage on any pin with RespecttoVss ..........ivivuninvaiennns —0.3V to +12.0V operating ranges are specified in Standard
Power DIssipation ... .ociviiiiiiiiiiiin it 1000mW Conditions. Exposure to absolute maximum
Power Dissipated by any one I/0 pin (Note 1) .......cioiueerueerniiins 60mwW rating, conditions for extended periods may
Power Dissipated by all I/0 pins (Note 1) ....... ettt A 600mW‘ " affect device reliability.
«
2 é Standard Conditions (unless otherwise stated):
g “g’ DC CHARACTERISTICS ‘
;8 Operating Temperature Ta = 0°C to +70°C
h Characteristic Sym Min Typ Max Units Conditions
Primary Supply Voltage ] Voo | 45 - 70 ] vV T T
Output Buffer Supply Voltage Vxx 45 — 10.0 v (Note 2)
: Primary Supply Current : _ Ioo - 30 55 mA No Load
Output Buffer Supply Current Ixx — 1 5 mA No Load’—(NotVe"3) )
Input Low Voltage VL -0.2 — 0.8 \
Input High Voltage (except MCLR, »
RTCC & OSC when driven externally) V1iH1 24 - Voo \
Input High Voltage (MCLR,
RTCC & OSC) ViH2 | Vopo—1 — Voo v
Output High Voltage ] Vou | 24 | — | Voo | V Iow = —100uA provided by
internal pullups (Note 4)
Output Low Voltage (I/0 only) Vout - — 0.45 V | To = 1.6mA, Vxx = 4.5V
— — 0.90 v Io. =5.0mA, Vxx = 4.5V
— — | o0 V| To. = 5.0mA, Vxx = 8.0V
— — 1.20 v Io. = 10.0mA, Vxx = 8.0V
— — | 20 v | Tor=20.6mA, Vax = 8.0V (Note 5)°
Output Low Voltage (CLK OUT) VoL - - 0.45 V] Io.=1.6mA (Notes 5 &6)
Input Leakage Current (m’_*é—%)_ Ic -10 — +10 UA Vss < Vin < Voo
Input Low Current (all I/O ports) In -0.2 —0.6 —16 mA Vi. = 0.4V internal pullup
Input High Current (all 1/0 ports) I -0.1 | —0.4 — . mA Vin = 2.4V
NOTES:

1. Power dissipation for I/0 pins is calculated by "
3 (Voo —Vir) () + = (Voo —Vor) ([Ton]) + X (Vou) (Tov).
The term1/0 refers to all interface pins; input, ouput orI/O.
2. Vxx supply drives only the I/0 ports.
3. The maximum Ixx current will be drawn when all I/O ports are outputting a High.
4. Positive current indicates current into pin. Negative current indicates current out of pin.
- 5. Total Io. for all output pins (I/0 ports plus CLK OUT) must not exceed 225mA.
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PIC 1650A

Standard Conditions (unless otherwise stated):
AC CHARACTERISTICS
Operating Temperature Ta = 0°C to +70°C

Characteristic Sym Min Typ Max Units Conditions
Instruction Cycle Time tey 4 - 20 us 0.2MHz —1.0MHz external time base
- ' " (Note 1)
RTCC Input =
Period |t tey - - - 22
High Pulse Width | Yatey - - — =8
Low Pulse Width tar. Yotey - - - (Note 2) &
T/0 Ports
Data Input Setup Time ts - —  |tey=125[  ns
Data Input Hold Time th 0 — — ns
Data Output Propagation Delay tpd — 500 800 ns Capacitive load = 50pF
OSC Input :
External Input Impedance High : RoscH — 120 —_ Q Vosc = 5V Applies to external
External Input Impedance Low Rosct - 108 - Q Vosc = 0.4VJ OSC drive only.

NOTES:

1. Instruction cycle period (tey) equals four times the input oscillator time base period.
2. Due to the synchronous timing nature between CLK OUT and the sampling circuit used on the RTCC input, CLK OUT may be
directly tied to the RTCC input.

2-1
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1/0 TIMING

CLK OUT *-—-\ ﬂ

-~

l; INCREMENT
PC
ADDRESS ROM

FOR NEXT
INSTRUCTION

OUTPUT

GATE
WRITE
e-EXECUTE j— TO |

INSTRUCTION |INTERNAL| )
BUS

VALID

NOTE:

Rise and fall times
are load dependent

b |- —»‘"!4—-

INPUT

‘-STABLE‘-”X
1| :

CLK OUT TIMING

24V — - e
15V !

08V e e e e
CLK ouT

1
|
- |
|
|

RTCC TIMING

24V— — —z

’ 15V
oav-—-jz
RTCC

:

SCHMITT TRIGGER CHARACTERISTICS

Voo =5V  Ta=25°C

Vo (VOLTS) Vo (VOLTS)
[ § 4
54 54—
0.4 044
+ $ -+~ Vi (VOLTS) } }————= V1 (VOLTS)
15 27 ] , 1.0 20 .
MCLR, 0SC TYPICAL HYSTERESIS RTGC
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PIC1650A

PIC 1650A OSCILLATOR OPTIONS (TYPICAL CIRCUITS)
RC OPTION OPERATION

R(ext)

TO PIC 1650A PIN #36
C(ext)

1

30KQ

26KQ IR \

- \ Vnn =5.0V
. 22KQ - N C =47pF
Eext Ta = 25°C
N \\ A
18KQ
K\
N ©
14KQ 7
TYPICAL

40 60 80 100 120 140 160180 200 220 240 260

INSTRUCTION CYCLE TIME (kHz)
Oscillator Frequency With Typical Unit To Unit Variance

Unit to Unit Variation at Vpp = 5.0V, Ta = 25°C is £25%
Variation from Vop = 4.5V —7.0V referenced to 5V is —3%, +9%
Variation from Ta = 0°C —70°C referenced to 25°C is +3%, —5%

BUFFERED CRYSTAL INPUT OPERATION XTAL

—— \A——9

‘ 'P-—DO——o——Do—;To OSC PIN #36
4. 4
I I

CLOCK FROM : )
EXT. SYSTEM —Do—) TO OSC PIN #36

o] 30% < DUTY CYCLE< 70%

EXTERNAL CLOCK INPUT OPERATION
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PIC1650A

MASTER CLEAR
Voo
R R <100K
=3 TO PIC 1650A MCLR PIN #37
22
; e (o} 0.1uF
=g L
a- e
Master Clear requires >1.0ms delay before activation after power
is applied to the Vpp pin. To acheive this, an external RC con-
figuration as shown can be used (assuming Voo is applied as a
step function).
OUTPUT SINK CURRENT GRAPH
Vxx = 10
40
/ L—1 Vxx =9
/ b1 Vxx = 8
30 VJ ] ]
Tou / 1 L Vxx =7
(mA) ——
20 // — | — Vix = 6
Y /
//é A,é/ Vex = 5
1 ey
10 //4/ ]
L—
/5 | —1
1.0 : 2.0 3.0
Vo (VOLTS)
IoL vs. VoL TYP @ 25°C
The Output Sink Current is dependent on theFVxx supply and the
output load. This chart shows the typical curves used to express
the output drive capability.
VoH VS lon (I/0 PORTS) : POWER SUPPLY CURRENT VS TEMPERATURE
5 T T 50 T
Voo = Vax = 4.25V Voo = 7.0V
¢ Ta=85°C “ ‘\"\C 075mASC
A .075m,
3 \\\ // ul=2s°c . 30 i
Vou . Too I~ o
(VOLTS) \ /TI_-‘WC (mA) \E .05mA/°C
2 \ ( = N 20 =
1 - \ 10
200 400 600 800 1000 . ) ~40 0 w0 s 120
Ion (LA) TEMPERATURE (°C)
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PIC 1650A

PIC 1650A EMULATION CAUTIONS

When emulating a PIC 1650A using a PICES development system
‘certain precautions should be taken.

A. Be sure that the PICES Module being used is programmed for
the PIC 1650A mode. (Refer to PICES Manual). The PIC 1664B
contained within the module should have the MODE pin #22 set to
a high state.

1. This causes the MCLR to force all I/O registers high.

2. The OSC 1 pin #59 becomes a single clock input pin.

3. The interrupt system becomes disabled and the RTCC
always counts on the trailing edges.

4. Bits 3 through 7 on file register F3 are all ones.

B. Make sure to only use two levels of stack within the'prbgram.

C. Make sure all I/0 cautions contained in this spec sheet are
used.

D. Be sure to use the 40 pin socket for the module plug.

E. Make sure that during an actual application that the MCLR
input swings from a low to high level a minimum of 1msec after
the supply voltage is applied.

F. If an external oscillator drive is used, be sure that it can drive
the 120Q input impedance of the OSC pin on the PIC 1650A.

G. The cable length and internal variations may cause some
parameter values to differ between the PICES module and a
production PIC 1650A.

2-15
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PIC 1655A

8 Bit Microcomputer

FEATURES

User Programmable

Intelligent Controller for Stand-Alone Applications
32 8-bit RAM Registers

512 x 12-bit Program ROM

Arithmetic Logic Unit

Real Time Clock Counter

Self-contained Oscillator

Access to RAM Registers inherent in instruction
Wide Power Supply Operating Range (4.5V to 7.0V)
Available in two temperature ranges: 0° to 70°C and —40°C
to 85°C

4 inputs, 8 outputs, 8 bi-directional I/0 lines

2 Level Stack

DESCRIPTION

The PIC 1655A microcomputer is an MOS/LSI device containing
RAM, I/0, and a central processing unit as well as customer-
defined ROM on a single chip. This combination produces a low
cost solution for applications which require sensing individual
inputs and controlling individual outputs. Keyboard scanning,

. display driving, and other system control functions can be done

at the same time due to the power of the 8-bit ALU.

The internal ROM contains a customer-defined programusing the
PIC's powerful instruction set to specify the overall functional
characteristics of the device. The 8-bitinput/output registers pro-
vide latched lines for interfacing to a limitless variety of applica-
tions. The PIC can be used to scan keyboards, drive displays,
control electronic games and provide enhanced capabilities to
vending machines, traffic lights, radios, television, consumer

appliances, industrial timing and control applications. The 12-bit
instruction word format provides a powerful yet easy to use
instruction repertoire emphasizing single bit manipulation as well
as logical and arithmetic operations using bytes:

The PIC 1655A is fabricated with N-Channel lon Implant technol-
ogy resulting in a high performance productwith proven reliability
and production history. Only a single wide range power supply is
required for operation, and an on-chip oscillator provides the
operating clock with only an external RC network (or buffered
crystal oscillator signal, for greater accuracy) to establish the
frequency. Inputs and outputs are TTL-compatible.

Extensive hardware and software support is available to aid the
user in developing an application program and to verify perfor-
mance before committing to mask tooling. Programs can be
assembled into machine language using PICAL, eliminating the
burden of coding with ones and zeros. PICAL is available in a
Fortran IV version that can be run on many popular computer
systems. Once the application program is developed several
options are available to insure proper performance. The PIC's
operation can be verified in any hardware application by using
the PIC 1664B. The PIC 1664B is a ROM-less PIC microcomputer
with additional pins to connect external PROM or RAM and to
accept HALT commands. The PFD 1000 Field Demo System is
available containing a PIC 1664B with sockets for erasable CMOS
PROMs. Finally, the PICES (PIC In-Circuit Emulation System)
provides the user with emulation and debugging capability in
either a stand-alone mode or operation as a peripheral to alarger
computer system. Easy program debugging and changing is
facilitated because the user's program is stored in RAM. With
these development tools, the user can quickly and confidently
order the masking of the PIC’'s ROM and bring his application into
the market.

A PIC Series Microcomputer Data Manual is available which gives
additional detailed data on PIC based system design.

PIC 1655A BLOCK DIAGRAM
g
' GENERAL 0
T
| l FRETER REGISTER h l€>4~ RA0-3
W REGISTER (F4) FILES l&l
(F10-F37)
As -
el
ARITHMETIC <
LoGIC o 807
UNIT 5 —~>
o<
/ b
q° 2 LEVEL
STACK INSTRUCTION _
STATUS REG (F3) RTCC REG (F1) DECODE 5
( A £
l&—4> Rco-7
D CONTROL ° c
A9 w
o<
PROG. CNTR. (F2) |
o A2
PROGRAM
ROM
512x 12
RTCC MCLR
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ARCHITECTURAL DESCRIPTION

The firmware architecture of the PIC series microcomputer is
based on a register file concept with simple yet powerful com-
mands designed to emphasize bit, byte, and register transfer
operations. The primary purpose of the PIC is to perform logical
processing, basic code conversions, formatting, and to generate
fundamental timing and control signals for 1I/O devices. The
instruction set also supports computing functions as well as these
control and interface functions.

Internally, the PIC is composed of three functional elements
connected together by a single bidirectional bus: the Register File
composed of 32 addressable 8-bit registers, an Arithmetic Logic
Unit, and a user-defined Program ROM composed of 512 words
each 12 bits in width. The Register File is divided into two func-
tional groups: operational registers and general registers. The
operational registers include, among others, the Real Time Clock
Counter Register, the Program Counter (PC), the Status Register,

PIN FUNCTIONS

PIC 1655A [EORNN]

and theI/O Registers. The general purposé registers are used for
data and control information under command of the instructions.

The Arithmetic Logic Unit contains one temporary working regis-
ter or.accumulator (W Register) and gating to perform Boolean
functions between data held in the working register and any file
register.

The Program ROM containstheoperational programforthe restof
the logic within the controller. Sequencing of microinstructions is
controlled via the Program Counter (PC) which automatically
incremefts to execute in-line programs. Program control opera-
tions can be performed by Bit Test and Skip instructions, Jump
instructions, Call instructions, or by loading computed addresses
into the PC. In addition, an on-chip two-level stack is er ployed to
provide easy to use subroutine nesting. Activating the MCLRinput
on power up initializes the ROM program to address 777s.

Signal

Function

OSC (input)

RTCC (input)

RAO-3 (input)
RBO-7 (output)
RCO0-7 (input/output)

MCLR (input)

CLK OUT (output)

TEST
Voo *
Vxx
Vss

Oscillator input: This signal can be driven by an external oscillator if a precise frequency of
operation is required or an external RC network can be used to set the frequency of operation of
the internal clock generator. This is a Schmitt trigger input.

Real Time Clock Counter. Used by the microprogram to keep track of elapsed time between
events. The Real Time Clock Counter Register increments on falling edges applied to this pin.
This register can be loaded and read by the program. This is a Schmitt trigger input.

4 input lines

8 output lines

8 user programmable input/ouput lines

Allinputs and outputs are under direct control of the program.

Master Clear. Used to initialize the internal ROM program to address 777 and latch all /O

register high. Should be held low at least 1ms past the time when the power supply isvalid. This
is a Schmitt trigger input.

A signal derived from the internal oscillator. Used by external devices to synchronize
themselves to PIC timing.

Used for testing purposes only. Must be grounded for normal operation.

Primary power supply.

Output Buffer power supply. Used to enhance output current sinking capability.

Ground

PIN CONFIGURATION
28 LEAD DUAL IN LINE

Top View
—> RTCC [ *1 287 MCLR <—

—> Voo ]2 271 OSC €<—
—> v 3 26 CLkouT —>
—> Vss 4 252 RC7 <>

TEST 5 24 7 RC6<>
—> RAO 6 23] RC5&—>
—>RA1 7 22 [0 RC4A<—>
—>RA2(]8 21 RC3<—>
—> RA3[9 20 3 RC2&—>
<— RBO ] 10 190 RC1<>
&—RB1 11 18 [1 RCO<—>
<—RB2]12 17 RB7T—>
<—RB3[]13 16 [] RB6—>
<—RB4 ] 14 15 [] RBS—>
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PIC 1655A

REGISTER FILE ARRANGEMENT

(OF":';“ Function
FO Not a physically implemented register. FO calls for the contents of the File Select Register (low order 5 bits) to be used to
select a file register. FO is thus useful as an indirect address pointer. For example, W+F0—W will add the contents of the file
register pointed to by the FSR (F4) to W and place the result in W.
F1 Real Time Clock Counter Register. This register can be loaded and read by the microprogram. The RTCC register keeps
counting up after zero is reached. The counter increments on the falling edge of the input RTCC.
F2. Program Counter (PC).The PC is automatically incremented during each instruction cycle, and can be written into under
program control (MOVWF F2).The PC is nine bits wide, but only its low order 8 bits can be read under program control.
F3 Status Word Register. F3 can be altered under program control only via bit set, bit clear, or MOVWF F3 instruction.
@) (6) (5) 4) (3) (2) (4} (0)
[ T « T « T + 1 1+ [ z | oc | c |
C (Carry): For ADD and SUB instructions, this bit is set if there is a carry out from the most significant bit of the
resultant.
For ROTATE instructions, this bit is loaded with either the high or low order bit of the source.
DC (Digit Carry):For ADD and SUB instructions, this bit is set if there is a carry out from the 4th low order bit of the resultant.
z (Zefo): Set if the result of an arithmetic operation is zero.
Bits: 3-7 These bits are defined as logic ones.
F4 File Select Register (FSR). Low order 5 bits only are used. The FSR is used in generating effective file register addresses
under program control. When accessed as a directly addressed file, the upper 3 bits are read as ones.
F5 Input Register A (A0-A3) (A4-A7 defined as zeroes)
F6 Output Register B (B0-B7)
F7 1/0 Register C (C0-C7)
F10-F37

General Purpose Registers




Basic Instruction Set Summary

Each PIC instruction is a 12-bit word divided into an OP code
which specifies the instruction type and one or more operands
which further specify the operation of the instruction. The
following PIC instruction summary lists byte-oriented, bit-ori-
ented, and literal and control operations.

For byte-oriented instructions, “f” represents a file register
designator and “d" represents a destination designator. The file
register designator specifies which one of the 32 PIC file registers
is to be utilized by the instruction. The ‘destination designator
specifies where the result of the operation performed by the
instruction is to be placed. If “d” is zero, the result is placed in the

BYTE-ORIENTED (11-6)

PIC 1655A IS
PIC W register. If “d” is one, the result is returned to the file
register specified in the instruction.

For bit-oriented instructions, “b” represents a bit field designator
which selects the number of the bit affected by the operation,
while “f” represents the number of the file in which the bit is
located.

For literal and control operations, “k" represents an eight or nine
bit constant or literal value.

For an oscillator frequency of 1MHz the instruction execution
time is 4 usec, unless a conditional test is true or the program
counter is changed as a result of an instruction. In these two
cases, the instruction execution time is 8 usec.

(5) (4-0)

FILE REGISTER
OPERATIONS r OP CODE

E]

1(FILE#) |

Ford =0, f—W (PICAL accepts d =0 or d = W in the mnemonic)
d=1,f—f (If dis omitted, assembler assigns d = 1.)

Instruction-Binary (Octal) Name Mnemonic, Operands Operation Status Affected
000 000 000 000 (0000) No Operation NOP — - None
000 000 1ff fff (0040) Move W to f (Note 1) MOVWF f w—f None
000 001 000 000 (0100) Clear W CLRW — 0-w 4
000 001 1ff fff (0140) Clearf CLRF f 0—f z
000 010 dff fff (0200) Subtract W from f SUBWF f, d f-W—-d Cc,nDC,Z2
000 011 dff fff (0300) Decrement f DECF f, d f-1—d z
000 100 dff fff (0400) Inclusive OR W and f IORWF f,d wWvf—d z
000 101 dff fff (0500) AND W and f ANDWF f, d Wef—d z
000 110 dff fff (0600) Exclusive OR W and f XORWF f,d Woef-d z
000 111 dff fff (0700) Add W and f ADDWF f, d W+f—d c,bC,Z
001 000 dff fff (1000) Move f MOVF f,d —d z
001 001 dff fff (11000 Complement f COMF f,d f—d Z
001 010 dff fff (1200) Incrementf INCF f.d f+1—~d ) z
001 011 dff fff (1300) Decrement f, Skip if Zero DECFSZ f,d f - 1—d, skip if Zero None
001 100 dff fff (1400) Rotate Right f RRF f, d f(n)—d(n-1),f(0)—C, C—d(7) [¢]
001 101 dff fff (1500) Rotate Left f RLF f,d f(n)—d(n+1), {(7)—C, C—d(0) C
001 110 dff fff (1600) Swap halves f SWAPF f, d + {(0-3)=f(4-7)—d None
001 111 dff fff (1700) Increment f, Skip if Zero INCFSZ f, d f+1—d, skip if zero None

BIT-ORIENTED (11-8) (7-5) (4-0)
FILE REGISTER
OPERATIONS OP CODE |b(BIT#)| f(FILE #)

Instruction-Binary (Octal) Name Mnemonic, Operands Operation Status Affected
010 O0bb bff fff (2000) Bit Clear f BCF f.b 0—f(b) None
010 1bb bff fff (2400) Bit Set f BSF f,b 1—f(b) None
011 Obb bff fff (3000) Bit Testf, Skip if Clear BTFSC f.b Bit Test f(b): skip if clear None
011 1bb bff fff (3400) Bit Test f, Skip if Set BTFSS f.b Bit Test f(b): skip is set None

(11-8) (7-0)
LITERAL AND CONTROL J
ITERAL
OPERATIONS OP CODE k(L )

Instruction-Binary (Octal) Name M , Op! d Operati Status Affected
100 Okk kkk kkk (4000) Return and place Literal in W RETLW k k—W, Stack—PC None
100 1kk kkk kkk (4400) Call subroutine (Note 1) CALL k PC+1 — Stack, k - PC None
101 kkk kkk kkk (5000) Go To address (k is 9 bits) GOTO k k—PC None
110 Okk kkk kkk (6000) Move Literal to W MOVLW k k—W None
110 1kk kkk kkk (6400) Inclusive OR Literal and W IORLW k kVW—-W z
111 Okk kkk kkk (7000) AND Literal and W ANDLW k keW—W V4
111 1kk kkk kkk (7400) Exclusive OR Literal and W XORLW k k®@W—-W . z
NOTES:

1. The 9th bit of the program counter in the PIC is zero for a CALL and a MOVWF F2. Therefore, subroutines must be located in program
memory locations 0-377s. However, subroutines can be called from anywhere in the program memory since the Stack is 9 bits wide.

2. When an I/0 register is modified as a function of itself, the value used will be that value present on the output pins. For example, an
output pin which has been latched high but is driven low by an external device, will be relatched in the low state.
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il TR PIC 1655A

SUPPLEMENTAL INSTRUCTION SET SUMMARY

The following supplemental instructions summarized- below .
represent specific applications of the basic PIC instructions. For
example, the “CLEAR CARRY" supplementalinstruction is equiv-

alent to the basic instruction BCF 3,0 (“Bit Clear, Filé 3, Bit 0").
These instruction mnemonics are recognized by the' PIC Cross
Assembler (PICAL).

Mnemonic, Equivalent Status
Instruction-Binary (Octal) Name Operands Operation(s) Affected
- . R . ;
,
owm
=8 010 000 000 011  (2003) Clear Carry CLRC BCF 3,0 -
= g 010 100 000 011  (2403) Set Carry SETC BSF 3,0 -
010 000 100 011 (2043) Clear Digit Carry CLRDC BCF 3, 1 -
010 100 100 011  (2443) Set Digit Carry SETDC BSF 3, 1 —
010 001 000 O11 (2103) Clear Zero CLRZ BCF 3, 2 bl
010 101 000 011 (2503) Set Zero SETZ BSF 3, 2 -
011 100 000 011  (3403) Skip on Carry SKPC BTFSS 3,0 -
011 000 000 O11 (3003) Skip on No Carry SKPNC BTFSC 3,0 hd
011 100 100 011  (3443) Skip on Digit Carry SKPDC - BTFSS 3, 1 -
011 000 100 011  (3043) Skip on No Digit Carry SKPNDC BTFSC 3, 1 -
) 011 101 000 011 (3503) Skip on Zero SKPZ . BTFSS 3, 2 -
011 001 000 O11 (3103) Skip on No Zero SKPNZ BTFSC 3, 2 -
001 000 1ff fff (1040) Test File TSTF f MOVF f, 1 z
001 000 off- fff (1000) Move File to W MOVFW f MOVF f, 0 z
001 001 1ff fff (1140) Negate File "NEGF f,d COMF f, 1
001 010 dff fff (1200) INCF f, d 4
011 000 000 011  (3003) Add Carry to File ADDCF f, d BTFSC 3,0 .
001 010 dff fff (1200) INCF f, d z
011.000 000 011 (3003) Subtract Carry from File SUBCF f,d BTFSC 3,0
000 011 dff fff (0300) . DECF f, d Z
011 000 100 011 (3043) Add Digit Carry to File ADDDCE f.d BTFSG 3.1
.001 010 dff fff (1200) o . INCF f,d _Z
011 000 100 011 (3043) Subtract Digit Carry from File SUBDCF f,d BTFSC 3,1
000 011 dff fff (0300) . : DECF f,d 4
101 kkk kkk kkk (5000) Branch Bk GOTOk -
011 000 000 011 (3003) Branch on Carry BCk BTFSC 3,0
101 kkk kkk kkk (5000) GOTO k -
011 100 000 011 (3403) Branch on No Carry BNC k BTFSS 3,0
101 kkk kkk kkk “(5000) - GOTO k -
011 100 100 011 (3043) Branch on Digit Carry BDC k BTFSC 3,1
101 kkk kkk kkk (5000) GOTOk -
011 001 000 011 (3443) Branch on No Digit Carry BNDC k BTFSS 3,1
101 kkk kkk kkk (5000) GOTO k -
011 101 000 011 (3103) Branch on Zero BZ k BTFSC 3,2
101 kkk kkk kkk - (5000) - . “GOTOk . -
011 101 000 011 (3503) Branch on No Zero BNZ k BTFSS 3,2
101 kkk kkk kkk (5000) GOTOk -
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I/0 Interfacing

The equivalentcircuitforan1/0 port bit is shownbelowasitwould
interface with either the input ofa TTL device (PICisoutputting) or
the output of an open collector TTL device (PICisinputting). Each
1/0 portbit canbeindividually time multiplexed betweeninputand
output functions under software control. When outputting thru a
PIC I/0 Port, the data is latched at the port and the pin can be

PIC 1655A

connected directlytoa TTLgateinput. Wheninputtingdatathruan
I/0 Port, the port latch must first be set to a high level under
program control. Thisturns off Qz,allowing the TTL open collector
device to drive the pad, pulled up by Qi, which can source a
minimum of 100uA. Care, however, should be exercised when
using open collector devices due to the potentially high TTL
leakage current which can exist in the high logic state.

TYPICAL INTERFACE-BIDIRECTIONAL I/O LINE

Dn-
DATA BUS)

PIC VO BIT |— Vee

o1

-

- a
WRITE C s i } -0
SIGNAL) ) I Q, | L:_n DEVICE INPUT
MCLR —_———— —

READ I TTL DEVICE OUTPUT
llg‘TGENﬂANLA]L : ‘_toPEMCOI.I.ECYOﬂ)

Programming Cautions

The use of the bidirectional I/O ports are subject to certain rules
of operation. These rules must be carefully followed in the in-
truction sequences written for I/O operation.

Bidirectional /O Ports

The bidirectional ports may be used for both input and output
operations. Forinput operationsthese portsare non-latching. Any
input must be present until read by an input instruction. The
outputsare latched and remain unchanged untilthe outputlatchis
rewritten. Foruse asaninputportthe outputlatch mustbe setin the
high state. Thus the external device inputs to the PIC circuit by
forcing the latched output line to the low state or keeping the
latched output high. This principle is the same whether operating
on individual bits or the entire port.

Some instructions operate internally as input followed by output
operations. The BCF and BSF instructions, for example, read the
entire port into the CPU, execute the bit operation, and re-output
the result. Caution must be used whenusing theseinstructions. As

an example a BSF operation on bit 5 of F7 (port RC) will cause all
eight bits of F7 to be read into the CPU. Then the BSF operation
takes place on bit 5 and F7 is re-output to the output latches. If
another bit of F7 is used as an input (say bit 0) then bit 0 must be
latched high. If during the BSF instruction on bit 5 an external
device s forcing bit 0 to the low state then theintput/output nature
of the BSF instruction will leave bitOlatched low afterexecution. In
this state bit 0 cannot be used as an input until it is again latched
high by the programmer. Refer to the examples below.

Successive Operations on Bidirectional /O Ports

Care must be exercised if successive instructions operate on the
same 1/0 port. The sequence of instructions should be such to
allow the pin voltage to stabilize (load dependent) before the next
instruction which causes that file to be read into the CPU (MOVF,
BIT SET, BIT CLEAR, and BIT TEST) is executed. Otherwise, the
previous state of that pin may be'read into the CPU rather than the
new state. This will happen if toa (See I/0 Timing Diagram) is
greater than "stcy (min). When indoubt, itisbettertoseparatethese
instructions with a NOP or other instruction.

EXAMPLE 1:

OUTPUT INPUT
What is thought to be happening:
BSF 75
Read into CPU: 00001111
Set bit 5: 00101111
Write to F7: 00101111

If no inputs were low during the instruction execution, there
would be no problem.

EXAMPLE 2:

[ — {
—_—

2444 I 1
frlofofofol1]1]1]o]

N o “——— ——
OUTPUT INPUT
What could happen if an input were low:
BSF 75
Read into CPU: 00001110
Set bit 5: 00101110
Write to F7: 00101110

In this case bit 0 is now latched low and is no longer useful as an
input until set high again.

=)
=
=]
=
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PIC 1655A

ELECTRICAL CHARACTERISTICS . s
*Exceeding these ratings could cause perma-
Maximum Ratings® nent damage to the device.This is a stress

Temperature Under Bias - ) : L rating only and-functional operation of this
Storage Temperature ...........cocovviviviiininene, e —55°C to +150°C device at these conditions is not implied—

Voltage on any pin with Respect to Vss ... —0.3V to +12.0V, operating ranges are specified in Standard.

Fomer Diaten by any ons 76, i e 3 11T AN o Condilons. Exposure to absoluts maximum
Power Dissipatad by al /0 pins (Note 1 -+, GOOMN  ans v ety 1o Poriode meY
g§ Standard Conditions (unless otherwise stated): ' ' ’
g § DC CHARACTERISTICS ;
[\l Operating Temperature Ta = 0°C to +70°C
Characteristic Sym Min Typ Max Units ) Conditions
Primary Supply Voltage Voo 45 — 7.0 V:
Output Buffer Supply Voltage Vxx © 45 — 10.0 \ (Note 2)
Primary Supply Current Ioo — 30 55 mA No Load
Output Buffer Supply Current Inx - 1 5 mA No Load (Note 3)
Input Low Voltage Viu -0.2 - 0.8 "
Input Hi High Voltage (except MCLR, :
RTCC & OSC when driven externally) ViH1 2.4 . — Voo Vv
Input High Voltage (MCLR,
RTCC & OSC) ViHz2 Vpo—1 — Voo \
Output High Voltage Vou 2.4 - Voo v Ton = —100uA provided by
: internal pullups (Note 4)
Output Low Voltage (I/O only) ) Vour - | - 0.45 v Io. = 1.6MA, Vxx = 4.5V .
: : - — 0.90 V | Io= 5.0mA, V"",: 4.5V
_ — | os0 V| To. = 5.0mA, Vix = 8.0V
— - 1.20 Y] Io. = 10.0mA, Vxx = 8.0V
— — 2.0 v IoL = 20.0mA, Vxx = 8.0V (Note 5)
Output Low Voltage (CLK OUT) VoLz ) - — 045 v, Io. = 1.6mA (Notes 5 &6) )
“Input Leakage Current (MCLR, RTCC) Ic -10 — +10 A Vss < Vin < Voo
Input Low Current (all I/0 ports) B I -02 | —-06 -16 “mA Vi. = 0.4V internal pullup
Input High Current (all 1I/0 ports) IH -0.1 -0.4 — mA Vin = 2.4V
NOTES: ' s '

1. Power dissipation for 1/0 pins is calculated by -

\Z (Voo —V) ({Inf) + Z (Ve =Vou) ([Ton]) + Z (Vor) (lov).

The termI/0 refers to all interface pins; input, ouput or1/0.
2. Vxx supply drives only the I/O ports.
3. The maximum Ixx current-will.be drawn when aII I/O ports are outputting a High. o ; . . .
4. Positive current indicates current into pin. Negative current indicates current out of pin. . ... - - . S
5. Total Io. for all output pins (I/O ports plus CLK OUT) must not exceed 225mA. :
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PIC 1655A

Standard Conditions (unless otherwise stated):
AC CHARACTERISTICS
Operating Temperature Ta = 0°C to +70°C

Characteristic Sym | Min Typ Max Units Conditions
Instruction Cycle Time tey 4 — 20 us 0.2MHz —1.0MHz external time base
- (Note 1)
RTCC Input =
. .S

Period tar tey - — — 2 7]
) oW
| High Pulse Width | ety — - - =S

Low Pulse Width tar Yatey — — - (Note 2) o

I/0 Ports

Data Input Setup Time ts — —  |Vatey—-125 ns

Data Input Hold Time th 0 — — ns

Data Output Propagation Delay tpd — 500 800 ns Capacitive load = 50pF

OSC Input

External Input Impedance High RoscH — 120 — Q Vosc = 5V Applies to external

External Input Impedance Low RoscL — 10° — Q Vosc = 0.4V | OSC drive only.

NOTES:

1. Instruction cycle period (tcv) equals four times the input oscillator time base period.

2. Due to the synchronous timing nature between CLK OUT and the sampling circuit used on the RTCC input, CLK OUT may be
directly tied to the RTCC input.
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PIC 1655A

1/0 TIMING
: / ) \
GATE T
‘ INCREMENT ANSWER WRITE
PC — -EXECUTE -Sntes »ta—TO
<= ADDRESS ROM INSTRUCTION |INTERNAL 110
oA FOR NEXT BUS
3% INSTRUCTION
o (V¥
=
=0
ac
[-
—]  ts  |—
NOTE:
OUTPUT VALID Rise and fall times
are load dependent
o
|l |-
|
INPUT --STABLE -DX
' W !
CLK OUT TIMING ! . H‘ :
|
1 =<———tcm——>:
24V = e : |
1.5V: ? |
0.8Y e oo o
CLK ouT |
1
—|‘
RTCC TIMING . .
; !
24V = — i i
.? |
1.5v
0.8V ——
ATCS ! 1
1 ]
r |
SCHMITT TRIGGER CHARACTERISTICS
Vo (VOLTS) Vo (VOLTS)
) )
54 54—
0.4—4— 0.4 -4
{ } $— Vi (VOLTS) t } —= Vi (VOLTS)
1.5 27 1.0 2.0
MCLR, OSC TYPICAL HYSTERESIS BTCE
Voo =5V Ta=25°C
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PIC 1655A OSCILLATOR OPTIONS (TYPICAL CIRCUITS)
RC OPTION OPERATION

R(ext)

TO PIC 1655A PIN #27
C(ext)

|||—|

30KQ

TR

\ Voo = 5.0V
22KQ \ C = 47pF
Rexr \ \\ Ta =25°C

18KQ \ \ )
N [N
N ©

14KQ /‘
TYPICAL

40 60 80 100 120 140 160 180 200 220 240 260

INSTRUCTION CYCLE TIME (kHz)
Oscillator Frequency With Typical Unit To Unit Variance

Unit to Unit Variation at Vpp.= 5.0V, Ta = 25°C is £25%
Variation from Vpp = 4.5V —7.0V referenced to 5V is —3%, +9%
Variation from Ta = 0°C —70°C referenced to 25°C is +3%, —5%

BUFFERED CRYSTAL INPUT OPERATION XTAL
(AL
10}
R

—w—

4»—-Do—4>—->o%vo OSC PIN #27
—c T C 30%< DUTY CYCLES 70%

CLOCK FROM : v
7
GLOCK FRON %To OSC PIN #2

EXTERNAL CLOCK INPUT OPERATION
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INGRUICE  PIC 1655A

MASTER CLEAR

R R <100K

TO PIC 1655A MCLR PIN #28

0.1uF

(=
> 2
22
c_-,x.u
=8
(==
[~

T

Master Clear requires >1.0ms delay before activation after power
is applied to the Vop pin. To acheive this, an external RC con-
figuration as shown can be used (assuming Voo is applied as a
step function). . o

OUTPUT SINK CURRENT GRAPH

Vix = 10
40
. / L Vxx = 9
0 P AT =8
v P
Tou /// / Vxx = 7
(mA) s > g
20 / . / e Vxx = 6
P / =
L—1
= é e ?/ Voo =8
1 |4
10 - // { —1
1A
=
1.0 2.0 3.0
Vou (VOLTS)
IoL vs. VoL TYP @ 25°C
The Output Sink Current is dependent on the Vxx supply and the
output load. This chart shows the typical curves used to express
the output drive capability.
Von VS lon (1/0 PORTS) POWER SUPPLY CURRENT VS TEMPERATURE
s T T 50 .
Voo = Vxx = 4.25V Voo = 7.0V
4 + ™.
§\ /T.:as"c © ‘\: 075mA/°C
3 \\\ x.|=25°c 1 30 |
Vou Too .
(VOLTS) - I S \"\t 05mA°C

\ Ta==40°C
2 ‘ . 2 o

200 400 600 800 1000 —40 0 40 80 120
Ton (WA) TEMPERATURE (°C)
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PIC 1655A

PIC 1655A EMULATION CAUTIONS

When emulating a PIC 1655A using a PICES development system
certain precautions should be taken.

A. Be sure that the PICES Module being used is programmed for
the PIC 1650A mode. (Refer to PICES Manuatl). The PIC 16648
contained within the module should have the MODE pin #22 setto
a high state.

1. This causes the MCLR to force all I/0 registers high.

2. The OSC 1 pin #59 becomes a single clock input pin.

3. The interrupt system becomes disabled and the RTCC
always counts on the trailing edges.

4. Bits 3 through 7 on file register F3 are all ones.

B. Make sure to only use two levels of stack within the program.
C. Make sure all 170 cautions contained in this spec sheet are
used. .

D. Be sure to use the 28 pin socket for the module plug.

E. Make sure that during an actual application that the MCLR
input swings from a low to high level a minimum of 1msec after
the supply voltage is applied.

F. If an oscillator drive is used, be sure that it can drive
the 120Q input impedance of the OSC pin on the PIC 1655A.
G. The cable length and internal variations may cause some

parameter values to differ between the PICES module and a
production PIC 1655A.
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PIC 1656

8 Bit Microcomputer

FEATURES

Vectored .interrupt servicing capability

User Programmable .

Intelligent Controller for Stand-Alone Applications

32 8-bit RAM Registers

512 x 12-bit Program ROM

Arithmetic Logic Unit

Real Time Clock Counter

Event counter capability

Self-contained Oscillator for RC network or Crystal
Access to RAM Registers inherent in instruction

Wide Power Supply Operating Range (4.5V to 7.0V)
Available in two temperature ranges: 0° to 70°C and —40°C
to 85°C

4 inputs, 8 outputs, 8 bidirectional I/0 lines

3 Level Stack ’

Same PIC instruction set as PIC 1650A or PIC 1655A with
the addition of Return (0002s) instruction

DESCRIPTION

The PIC 1656 microcomputer is an MOS/LSI device containing
RAM, I/0, and a central processing unit as well as customer-
defined ROM on a single chip. This combination produces a low
cost solution for applications which require sensing individual
inputs and controlling individual outputs. Keyboard scanning,
display driving, and other system control functions can be done
at the same time due to the power of the 8-bit ALU.

The PIC 1656 is designed for real-time control applications re-
quiring external and internal clock-driven interrupts. The PIC
1656 has 20 I/0 lines organized as two 8-bit registers and the 4
LSB'’s of a third register.

Theinternal ROM contains a customer-defined program using the
PIC's powerful instruction set to specify the overall functional
characteristics of the device. The 8-bitinput/output registers pro-
vide latched lines for interfacing to a limitless variety of applica-
tions. The PIC can be used to scan keyboards, drive displays,

control-electronic games and provide enhanced cépabilities to
vending machines, traffic lights, radios, television, consumer
appliances, industrial timing and control applications. The 12-bit’
instruction word format provides a powerful yet easy to use
instruction repertoire emphasizing single bit manipulation as well
as logical and arithmetic operations using bytes.

The PIC 1656 is fabricated with N-Channel lon Implant technol-
ogy resulting in a high performance productwith proven reliability
and production history. Only a single wide range power supply is
required for operation, and an on-chip oscillator provides the
operating clock with only an external RC network (or buffered
crystal oscillator signal, for greater accuracy) to establish the
frequency. Inputs and outputs are TTL-compatible.

Extensive hardware and software support is available to aid the
user in developing an application program and to verify perfor-

mance before committing to mask tooling. Programs can be
assembled into machine language using PICAL, eliminating the
burden of coding with ones and zeros. PICAL is available in a
Fortran I¥ version that can be run on many popular computer
systems. Once the application program is developed several

options are available to insure proper performance. The PIC's
operation can be verified in any hardware application by using

the PIC 1664B. The PIC 1664B is a ROM-less PIC microcomputer
with additional pins to connect external PROM or RAM and to
accept HALT commands. The PFD 1010 Field Demo System is
available containing.a PIC:1664B with sockets for erasable CMOS
PROMs. Finally, the' PICES (PIC In-Circuit Emulation System)

provides the user with’ emulation and debugging capability in
either a stand-alone mode or operation as a peripheral to alarger
computer system. Easy program debugging and changing is
facilitated because the user's program is stored in RAM. With
these development tools, the user can quickly and confidently
order the masking of the PIC’'s ROM and bring his application into
the market. ;

A PIC Series Microcomputer Data Manual is available which gives

additional detailed data on PIC based system design.

: .
PIC 1656 BLOCK DIAGRAM _
GENERAL i
FILE SELECT = 4
S REGISTER < |4~ RAO-3
| W REGISTER I it 7 FILES ]
(F10-Fa7) «
//B }—d
s
ARITHMETIC Ll 8
LOGIC @ ﬁ RBO-7
UNIT g
3
Y |
A3
SS".ri\(l:EKL INSTRUCTION
RTCC REG (F1) DECODE I
STATUS REG (F3) & w 8
> CONTROL O l€4£> RCo-7
A9 o
9
-
15 PROG. CNTR. (F2) I
INTERRUPT As Az
LOGIC 4
PROGRAM
ROM
L 512x 12
RT MCLR
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ARCHITECTURAL DESCRIPTION

The firmware architecture of the PIC series microcomputer is
based on a register file concept with simple yet powerful com-
mands designed to emphasize bit, byte, and register transfer
operations. The primary purpose of the PIC is to perform logical
processing, basic code conversions, formatting, and to generate
fundamental timing and control signals for I/O devices. The
instruction set also supports computing functions as well as these
control and interface functions.

Internally, the PIC is composed of three functional elements
connected together by a single bidirectional bus: the Register File
composed of 32 addressable 8-bit registers, an Arithmetic Logic
Unit, and a user-defined Program ROM composed of 512 words
each 12 bits in width. The Register File is divided into two func-
tional groups: operational registers and general registers. The
operational registers include, among others, the Real Time Clock
Counter Register, the Program Counter (PC), the Status Register,

PIN FUNCTIONS

and theI/0 Registers. The general purpose registers are used for
data and control information under command of the instructions.

The Arithmetic Logic Unit contains one temporary working regis-
ter or accumulator (W Register) and gating to perform Boolean

functions between data held in the working register and any file"

register. .
The Program ROM contains the operational program forthe rest of

the logic within the controller. Sequencing of microinstructionsis |

controlled via the Program Counter (PC) which automaticaily
increments to execute in-line programs. Program control opera-
tions can be performed by Bit Test and Skip instructions, Jump
instructions, Call instructions, or by loading computed addresses

into the PC. In addition, an on-chip two-level stack is employed to -

provide easy to use subroutine nesting. Activatingthe MCLRinput
on power up initializes the ROM program to address 777s.

Signal

Function

OSC 1, OSC 2 (input)
by an external RC network.
RT (input)

interrupt (external interrupt mode).
RAO-3 (input)
zeroes.
RBO-7 (output)

RCO0-7 (input/output)
control of the program.
MCLR (input)

power supply is valid.
CLK OUT (output)

timing.
TEST
Voo Primary Power Supply.
Vss GND.

Oscillator inputs. The oscillator freugnecy can be set by a crystal (if a precise frequency is required) or -

Real-Time Input. Function is controlled by bits 4 and 7 of the Status Word Register (F3). A high-to-low
transition of this pin will increment the RT register (event counter mode) or will inititate a vectored

Dedicated input lines, read under direct control of the program. The 4 MSB's are always read as logic

Dedicated output lines, user programmable under direct control of the program.
User programmable input/output lines. These lines can be inputs and/or outputs and are under direct

Master Clear. Used to initialize the internal ROM program to address 777 and latch I/0 registers F6
and F7 low. Also clears bits 3-7 of status register (F3). Should be held low at least 1ms past the time when the

A signal derived from the internal oscillator. Used by external devices to synchronize themselves to PIC

Used for testing purposes only. Must be grounded for normal operation.

PIN CONFIGURATION
28 LEAD DUAL IN LINE

Top View
—> oscigder =~ 28posc2<—
—> Voo 2 27 IMCLR <—
—> RT3 26 QCLKOUT —>
—> Vss4 25 JRCT <>
TEST 5 24 [JRC6 <>
—>RA0[]6 23N RC5 <>
—>RA1]7 22[CRC4 —>
—> RA2(]8 21 [JRC3I€—>
—> RA3[9 20[RC2 &>
<—RB0 ] 10 19[JRCI <>
<—RB1[] 11 18 [JRCO €—=>
<—nrB20]12 17 ORBT —>
<—nRB30]13 16 [JRB6 —>
<—RB4J14 15 [TRB5 —>
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REGISTER FILE ARRANGEMENT

File
(Octal)

Function

FoO

F1

" 'F2

F3

-3
.S
22
=8
[~
o

F4

F5
F6
F7
F10-F37

" Not a physically implemented register. FO calls for the contents of the File Select Register (low order 5 bits) to be used to

select a file register. FO is thus useful as an indirect address pointer. For example, W+F0—~W will add the contents of the file
register pointed to by the FSR (F4) to W and place the result in W.

Real Time Clock Counter Register. This register can be loaded and read by the microprogram. The RTCC register keeps
counting up after zero is reached. The counter increments on the fallingedge of the input RTCC.

Program Counter (PC).The PC is automatically incremented during each instruction cycle, and can be written into under
program control (MOVWF F2).The PC is nine bits wide, but only its low order 8 bits can be read under program control.

Status Word Register. F3 can be altered under program control only via bit set, bit clear, or MOVWF F3 instruction.

) (6) (5) 4 (3) (2 ) )
[ eNT JRTcR] B JRTce | i | z | bc | c |

C (Carry): For ADD and SUB instructions, this bit is set if there is a carry out from the most significant bit of the
resultant.

For ROTATE instructions, this bit is loaded with either the high or low order bit of the source. )
DC (Digit Carry):For ADD and SUB instructions, this bit is set if there is a carry out from the 4th low order bit of the resultant.
Z (Zero): Set if the result of an arithmetic operation is zero.

Bits: 3-7 Interrupt Service Flags (Cleared on MCLR.)
Bit 3: IE (external Interrupt Enable) bit
Bit 4: RTCE (Real Time CLock Enable) bit
Bit 5: IR (external Interrupt Request) bit
Bit 6: RTCR (Real Time CLock interrupt Request) bit
Bit 7: CNT (Count) bit (selects input to RTCC)
File Select Register (FSR). Low order 5 bits only are used. The FSR is used in generating effective file register addresses
under program control. When accessed as a directly addressed file, the upper 3 bits are read as ones.
Input Register A (A0-A3) (A4-A7) defined as zeroes
Output Register B (B0-B7)
I/0 Register C (C0-C7)
General Purpose Registers
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PIC 1656 INTERRUPT SYSTEM

The interrupt system of the PIC 1656 is comprised of an external
interrupt and an internal real-time clock/counter interrupt. These
have different interrupt vectors, enable bits, and status bits. Both
interrupts are controlfed by the Status Word Register F3, shown
below:

(7) (6) (5) (4) (3) (2) (1) (0)
[cnt Jrrcr] 1R Jrrce| € | z [ oc | c |
(NOTE: F3 bits 3-7 are cleared on MCLR.)

The first high to low transition of the RT pin will set F3, bit5 (IR,
Interrupt Request) to a one. [The external interrupt is enabled by
F3, bit 3 (IE, Interrupt Enable).] If the interrupt is enabled (IEis a
one), or as soon as it is, during the next two instruction cycles the
processor will push the current Program Counter contents onto
the stack and execute the instruction at location 760s. The IR bit is
immediately cleared. Note that although the processor cannot be
interrupted again until a return from interrupt (RETURN) instruc-
tion is executed, an additional interrupt request can be generated
by another high to low transition of the RT pin, setting IR high
again. If this is done, the processor will reinterrupt right after the

PIC 1656 [XERUEY

The Real Time Clock/Counter (RTCC, File Register 1) has a
similar mechanism of interrupt service. The clocking source for
the RTCC is selected by bit 7 (CNT, Count Select) of the Status
register. If CNT is set to a one, the RTCC will increment on each
high to low transition of the RT pin. If CNT is cleared to a “zero”,
the RTCC will count at the internal instruction clock rate, 1/16the:
frequency present on the OSC pins. When the RTCC transitions
from 377s to 0, an interrupt request will be generated (RTCRis set
to a one). If RTCE is a one, or as soon as it is set to a one, an
interrupt will be generated. That is, the present contents of the
Program Counter is stored on the stack and the instruction at
location 740s is executed.

The RETURN instruction (00025) must be used to return fromany
interrupt service routine as it re-enables interrupts to allow pend-
ing or future interrupts to be generated. External interrupts have
priority over RTCC driven interrupts in the event that both occur
simultaneously (and both are enabled). Interrupts cannot be
nested but will be serviced .sequentially. The existence of any
pending interrupts can be tested via the state of the IR and RTCR
bits in the Status Word Register, and enabled or disabled as if
desired.

[==4
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return from the preceeding interrupt (assuming IE is a one).

A summary of the PIC 1656 Interrupt Logic is as follows:

Status Register Bits
7 6 5 4 3
CNT RTCR IR RTCE IE Interrupt Logic
0 0 0 0 X The first high-to-low transition at the RT pin causes IR bit 5 to set to a one.
0 0 1 0 1 IE and IR both set to ones enables the PIC to interrupt to 760s. IR (bit 5) then
immediately resets to a zero.
0 X X X X The RTCC register is enabled to increment at the internal clock rate. When the contents
of the RTCC register transition from 377s to 000s, RTCR (bit 6) is set to a one.
The RTCC register is enabled to increment at the rate of the input at the RT pin (event
1 X X X X timer mode). When the contents of the RTCC register transition from 377s to 000s,
RTCC (bit 6) is set to a one. :
Both RTCE and RTCR set to ones enables the PIC to interrupt to 740s. RTCR (bit 6) then
X 1 0 1 0 immediately resets to a zero.
Regardless of the states of IE and RTCE, an interrupt on the RT pin and/or an-RTCC
0 0 0 X X transition from a full count to a zero count will set the IR bit and/or the RTCR bit to
, one(s).
If the IR bit is set to a zero at the time that the RTCR bit is set to a one, the PIC will
X 1 0 1 1 interrupt to 7403 (RTCC interrupt mode). The RTCR bit then immediately resets to a
zero.
If the RTCR bit is set to a zero at the time that the IR bit is set to-a one, the PIC will
X 0 1 1 1 interrupt to 760, (external interrupt mode). The IR bit then immediately resets to a zero.
If the IR bit and the RTCR bit are each set to ones at the same time, the PIC will first
X 1 1 1 1 interrupt to 760s (external interrupt mode). The IR bit then immediately resets to a zero.
If the IR bits remains at a zero (indicating that no other external interrupts have
occurred in the meantime), the PIC will then interrupt to 740s (RTCC interrupt mode)
immediately after a RETFI instruction is executed. The RTCR bit then immediately
resets to a zero.

X = DONT CARE
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PIC 1656

Basic Instruction Set Summary

Each PIC instruction is a 12-bit word divided into an OP code
~which specifies the instruction type and one or more operands
which further specify the operation of the instruction. The
following PIC instruction summary lists byte-oriented, bit-ori-
ented, and literal and control operations.

For byte-oriented instructions, “f’ represents a file register
designator and “d” represents a destination designator. The file
register designator specifies which one of the 32 PIC file registers
is to be utilized by the instruction. The destination designator
specifies where the result of the operation performed by the
instruction is to be placed. If “d” is zero, the result is placed in the

PIC W register. If “d” is one, the result is returned to the file
register specified in the instruction. )

For bit-oriented instructions, "b” represents a bit field designator
which selects the number of the bit affected by the operation,
while “f” represents the number of the file in which the bit is
located. :

For literal and control operations, “k” represents an eight or nine
bit constant or literal value.

For an oscillator frequency of 4MHz the instruction execution
time as 4 usec, unless a conditional test is true or the program
counter is changed as a result of an instruction, In these two
cases, the insruction execution time is 8 usec.

BYTE-ORIENTED
FILE REGISTER (11-6) (5) (4-0)
OPERATIONS OP CODE \| d l f (FILE #) j

Ford = 0, f—W (PICAL accepts d = 0 or d = W in the mnemonic)
d=1,f—~f (If d is omitted, assembler assigns d = 1.)

Instruction-Binary (Octal) Name .Mnemonic, Operands Operation Status Affected
000 000 000 000 (0000)  No Operation NOP - - . None
000 000 1ff fff (0040) Move W tof (Note 1) MOVWF . f W—f : None
000 001 000 000 (0100) Clear W CLRW — 0-w 4
000 001 1ff fff (0140) Clearf CLRF f 0—f 4
000 010 dff fff (0200) Subtract W from f SUBWF f.d f - W—d c,bC,Zz
000 011 dff fff (0300): Decrementf DECF f, d f-1—d . z
000 100 dff fff (0400) Inclusive OR W and f IORWF f,d Wvf—d Zz
000 101 dff fff (05000 AND Wand f ANDWF f, d Wef—d L Z
000 110 dff fff (0600) Exclusive OR W and f XORWF f.d Wef-d z
000 111 dff fff (07000 AddWandf ADDWF f.d WHf—d Cc,DC,Z
001 000 dff fff (1000) Movef MOVF f,d f—d ' z
001 001 dff fff (1100) Complement f COMF f, d f—d ’ z
001 010 dff fff (1200) Increment f INCF f, d f+1—d ' Y4
001 011 dff fff (1300) Decrementf, Skip if Zero - DECFsz f,d f - 1—~d, skip if Zero None
001 100 dff fff (1400) Rotate Right f RRF f, d f(n)—d(n-1),f(0)—C, C—~d(7) o]
001 101 dff fff (1500) Rotate Leftf RLF f, d f(n)—d(n+1), {(7)—C, C—d(0) C
001 110 dff fff (1600) Swap halves f SWAPF f.d (0-3)sf(4-7)—~d None
001 111 dff fff (1700) Increment f, Skip if Zero INCFSZ f, d f+1—d, skip if zero None

BIT-ORIENTED (11-8) (7-5) (4-0)
FILE REGISTER s
OPERATIONS OPCODE |[b(BIT#) | f((FILE#) |

lnstructlon-Binaq (Octal) Name Mnemohic, Op ds Operati © Status Affected
010 Obb bff fff (2000) Bit Clear f " BCF f,b 0—f(b) None
010 1bb bff fff (2400) Bit Set f - BSF - fb 1—f(b) None
011 Obb bff fff (3000) Bit Test f, Skip if Clear BTFSC f.b Bit Test f(b): skip if clear None
011 1bb bff fff (3400) Bit Test f, Skip if Set BTFSS f. b Bit Test f(b): skip is set None

. (11-8). (7-0)
LITERAL AND CONTROL i ’ J
OPERATIONS O_P CODE k (LITERAL)

Instruction-Binary (Octal) ‘Name Mnemonic, Operands Operation Status Affected
000 000 000 010 (0002) Return from Interrupt RETURN — Stack—PC None
100 Okk kkk kkk (4000) Return and place Literal in W RETLW k k—W, Stack—PC None
100 1kk kkk kkk (4400) Call subroutine (Note 1) CALL k PC+1 — Stack, k - PC None
101 kkk kkk kkk (5000) Go To address (k is 9 bits) GOTO k k—PC None
110 Okk kkk kkk (6000) Move Literal to W MOVLW k k—W - None
110 1kk kkk kkk (6400) Inclusive OR Literal and W IORLW k kVW—-W . Z
111 Okk kkk kkk (7000) . AND Literal and W . ANDLW k keW—W ) Z
111 1kk kkk kkk (7400) Exclusive OR Literaland W XORLW k kOW—-W 4
NOTES:

1. The 9th bit of the program counter in the PIC is zero for a CALL and a MOVWF F2. Therefore, subroutines must be located in program
memory locations 0-377s. However, subroutines can be called from anywhere in the program memory since the Stack is 9 bits wide.

2. When an I/0 register is modified as a function of itself, the value used will be that value present on the output pins. For example, an
output pin which has been latched high but is driven low by an external device, will be relatched in the low state.
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SUPPLEMENTAL INSTRUCTION SET SUMMARY

The following supplemental instructions summarized below
represent specific applications of the basic PIC instructions. For
example, the “CLEAR CARRY" supplemental instruction is equiv-

alent to the basic instruction BCF 3,0 (“Bit Clear, File 3, Bit 0").
These instruction mnemonics are recognized by the PIC Cross
Assembler (PICAL).

Mnemonic, Equivalent Status
Instruction-Binary (Octal) Name Operands Operation(s) Affected
010 000 000 011 (2003) Clear Carry CLRC BCF 3,0 _
010 100 000 011 (2403) Set Carry SETC BSF 3,0 —
010 000 100 011 (2043) Clear Digit Carry CLRDC BCF 3, 1 -
010 100 100 011 (2443) Set Digit Carry SETDC BSF 3, 1 —
010 001 000 011 (2103) Clear Zero CLRZ BCF 3, 2 hd
010 101 000 011  (2503) Set Zero SETZ BSF 3, 2 -
011 100 000 011  (3403) Skip on Carry SKPC BTFSS 3,0 —
011 000 000 O11 (3003) Skip on No Carry SKPNC BTFSC 3,0 -
011 100 100 011  (3443) Skip on Digit Carry SKPDC BTFSS 3, 1 -
011 000 100 011  (3043) Skip on No Digit Carry SKPNDC BTFSC 3, 1 -
011 101 000 O11 (3503) Skip on Zero SKPZ BTFSS 3, 2 -
011 001 000 011 (3103) Skip on No Zero SKPNZ BTFSC 3, 2 -
001 000 1ff fff (1040) Test File TSTF MOVF f, 1 V4
001 000 oOff fff (1000) Move File to W MOVFW f MOVF 1, 0 z
001 001 1ff fff (1140) Negate File NEGF f,d COMF f, 1
001 010 dff (1200) INCF £, d z
011 000 000 O11 (3003) Add Carry to File ADDCF f, d BTFSC 3,0
001 010 dff fff (1200) INCF f, d z
011 000 000 011 (3003) Subtract Carry from File SUBCF f,d BTFSC 3,0
000 011 dff fff (0300) DECF f, d z
011 000 100 O11 (3043) Add Digit Carry to File ADDDCEF f,d BTFSG 3,1
001 010 dff fff (1200) INCF f,d Z
011 000 100 011 (3043) Subtract Digit Carry from File SUBDCEF f,d BTFSC 3,1
000 011 dff fff (0300) DECF f,d Z
' 101 kkk kkk kkk (5000) Branch B k GOTO k -
011 000 000 011 (3003) Branch on Carry BC k BTFSC 3,0
101 kkk kkk kkk (5000) GOTO k -
011 100 000 011 (3403) Branch on No Carry BNC k BTFSS 3,0
101 kkk kkk kkk (5000) GOTO k —
011 100 100 011 (3043) Branch on Digit Carry BDC k BTFSC 3,1
101 kkk kkk kkk (5000) GOTO k —
011 001 000 011 (3443) Branch on No Digit Carry BNDC k BTFSS 3,1
101 kkk kkk kkk (5000) GOTO k -
011 101 000 011 (3103) Branch on Zero BZ k BTFSC 3,2
101 kkk kkk kkk (5000) GOTO k -
011 101 000 011 (3503) Branch on No Zero BNZ k BTFSS 3,2
101 kkk kkk kkk (5000) GOTO k -
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PIC 1656

I/0 Interfacing

The equivalentcircuit foran1/0 port bitis shown belowasitwould
interface with either the input ofa TTL device (PICisoutputting) or
the output of an open collector TTL device (PICisinputting). Each
1/0 portbitcanbeindividually time multiplexed betweeninputand
output functions under software control. When outputting thru a
PIC 1/0 Port, the data is latched at the port and the pin can be

connected directlytoa TTLgateinput. Wheninputtingdatathruan
I/0 Port, the port latch must first be set to a high level under
program control. Thisturnsoff Qz,allowingthe TTLopen collector
device to drive the pad, pulled up by Q;, which can source a
minimum of 100uA. Care, however, should be exercised when
using open collector devices due to the potentially high TTL
leakage current which can exist in the high logic state.

TYPICAL INTERFACE-BIDIRECTIONAL I/O LINE

D,
(INTERNAL o
DATA BUS)

WRITE ——{C g
(INTERNAL
SIGNAL)

PICVO BIT

SR

f_ e

|
|
|

L_n. DEVICE INPUT

1)
{(INTERNAL
SIGNAL)

I N

i

) |
- l
l

|

TTl DEVICE OUTPUT
(OPEN- COLLECTOG)

Programming Cautions

The use of the bidirectional I/0 ports are subject to certain rules
of operation. These rules must be carefully followed in the in-
truction sequences written for I/0 operation.

Bidirectional /O Ports

The bidirectional ports may be used for both input and output
operations. Forinput operationsthese portsare non-latching. Any
input must be present until read by an input instruction. The
outputs are latched and remain unchanged untilthe outputlatchis
rewritten. Foruseasaninputportthe outputlatchmustbe setinthe
high state. Thus the external device inputs to the PIC circuit by
forcing the latched output line to the low state or keeping the
latched output high. This principle is the same whether operating
onindividual bits or the entire port. '

Some instructions operate internally as input followed by output
operations. The BCF and BSF instructions, for example, read the
entire port into the CPU, execute the bit operation, and re-output
the result. Caution must be used whenusingtheseinstructions. As

an example-a BSF operation on bit 5 of F7 (port RC) will cause all
eight bits of F7 to be read into the CPU. Then the BSF operation
takes place on bit 5 and F7 is re-output to the output latches. If
another bit of F7 is used as an input (say bit 0) then bit 0 must be
latched high. If during the BSF instruction on bit 5 an external
deviceis forcing bit 0to the low state then theintput/output nature
of the BSF instruction will leave bitOlatched low afterexecution. In
this state bit 0 cannot be used as an input until it is again latched
high by the programmer. Refer to the examples below.

Successive Operations on Bidirectional I/O Ports

Care must be exercised if successive instructions operate on the
same I/0 port. The sequence of instructions should be such to
allow the pin voltage to stabilize (load dependent) before the next
instruction which causes that file to be read into the CPU (MOVF,
BIT SET, BIT CLEAR, and BIT TEST) isexecuted. Otherwise, the
previous state of that pin may be read into the CPU rather than the
new state. This will happen if tpa (See I/0 Timing Diagram) is
greater than Ytey (min). Whenindoubt, itisbettertoseparatethese
instructions with a NOP or other instruction.

EXAMPLE 1:

Ly —

u—'

1144
rlefolofol ]

EXAMPLE 2:

—_—

mm t[ 5

@

would be no problem.

If no inputs were low during the instruction execution, there

OUTPUT : INPUT OUTPUT INPUT
What is thought to be happening: What could happen if an input were low:
BSF 75 BSF 75
Read into CPU: 00001111 Read into CPU: 00001110
Set bit 5: 00101111 Set bit 5: 00101110
Write to F7: 00101111 Write to F7: 00101110

In this case bit 0 is now latched low and is no longer useful as an
input until set high again.
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ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Temperature Under Bias
Storage Temperature ...........covvvevnnnn
Voltage on any pin with.Respect to Vss
Power Dissipation .............. BN . 1000mW
Power Dissipated by any one 1/0 pin (Note 1) ................... .. 60mwW
Power Dissipated by all /O pins (Note 1). ........0.ccoevivuneernnnns ... 600mW

—55°C to +150°C
....—0.3Vto +12.0V

Standard Conditions (unless otherwise stated):
DC CHARACTERISTICS
Operating Temperature Ta = 0°C to +70°C

Nt RAL

PIC 1656 [RO:HiN]

*Exceeding these ratings could cause perma-
nent damage to the device.This is a stress
rating only and functional operation of this
device at these conditions is not implied—
operating ranges-are specified in Standard
Conditions. Exposure to absolute maximum
rating conditions for extended periods may

affect device reliability.
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Characteristic Sym Min Typ Max | Units Conditions
Primary Supply Voltage Voo 4.5 — 7.0 \Y
Output Buffer Supply Voltage Vxx 45 — 10.0 Vv (Note 2)
Primary Supply Current . Too - 30 55 mA No Load
Output Buffer Supply Current Ixx - 1 5 mA No Load (Note 3)
Input Low Voltage Viu -0.2 s - 08 ' \%
Input High Voltage (except MCLR,
RT & OSC when driven externally) ViH1 2.4 . — Voo \Y
Input High Voltage (MCLR,
RT & OSC) . ViH2 Voo—1 — Voo \
Output High Voltage Von 2.4 = Voo Vv Ion = —100uA provided by
internal pullups (Note 4)
Output Low Voltage (I/0 only) Vo — — 0.45 v Io. = 1.6MA, Vxx = 4.5V
— — 0.90 \ TIo. = 5.0mA, Vxx = 4.5V
— — 0.90 \Y Io. = 5.0mA, Vxx = 8.0V
— — 1.20 v Io. = 10.0mA, Vxx = 8.0V
— — 2.0 % Io. = 20.0mA, Vxx = 8.0V (Note 5)
Output Low Voltage (CLK OUT) Vo2 — — 0.45 \ Io. = 1.6mA (Notes 5§ & 6)
Input Leakage Current(MCLR, RT,0SC 1)] Lc -10 — +10 uA Vss < Vin < Voo
Input Low Current (all 1/0 ports) I -0.2 -0.6 —16 mA ViL = 0.4V internal pullup
Input High Current (all I/O norts) T —0.1 —-0.4 - mA Vin = 2.4V

NOTES:
1. Power dissipation for I/0 pins is calculated by

3 (Vee —Vi) (|In]) + = (Veec —Vou) ([Tonl) + X (Vor) (Tov)-

The term 1/0 refers to all interface pins; Input, Output or I/0.
2. Vxx supply drives only the 1/0 ports.

3. The maximum Ixx current will be drawn when all I/0 ports are outputting a High. '
4, Positive current indicates current into pin. Negative current indicates current out of pin.

5. Total Io. for all output pins (I/O ports plus CLK OUT) must not exceed 225mA.
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eI TROMIRY PIC 1656

Standard Conditions (unless otherwise stated):
AC CHARACTERISTICS
Operating Temperature Ta.= 0°C to +70°C

) Characteristic Sym Min Typ Max Units : Conditions
Instruction Cycle Time tey 4 — 20 us 0.8MHz—4.0MHz external tjme base
' (Note 1) '
B RT Input
.S
=] E Period tar tey - - -
3=l High Pulse Width tam [ Vatoy - - -
Ell  Low Pulse Width tar Yatey - - - (Note 2)
I/0 Ports .
Data Input Setup Time ts — —  |tey—125]  ns
Data Input Hold Time th 0 - - ns
Data Output Propagation Delay . » tpd — 500 800 .. ns | Capacitive load = 50pF
OSC Input
External Input Impedance High Rosch - 10° — Q Vosc = 5V Applies to external
External Input Impedance Low Rosct - 10° - 0 Vosc = 0.4V | OSC drive only.
NOTES:

1. Instruction cycle period (tcy) equals four times the input oscillator time base period.

2. Due to the synchronous timing nature between CLK OUT and the sampling circuit used on the RT input, CLK OUT may be
directly tied to the RT input.

INTERRUPT SYSTEM BLOCK DIAGRAM '

CNT
(BIT7)

_\— EDGE TO SINC ol INTERNAL
PIN

PULSE GEN CLOCK

IR
(BIT5)
Q
R
LOAD PULSE ' PROGRAM
RTCR COUNTER
(BIT 6)

OVERFLOW

RTCC

0

760y
E:l D B

1 CYCLE
INTERRUPT
CONTROL
FLIP-FLOP

RTCE MCLR
(BIT 4)
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PIC 1656

INSIRE MINIT
1/0 TIMING
CLK OUT I——\ /——\ j_\
‘ )
GATE L4
INCREMENT ANSWER WRITE
PC <&-EXECUTE Bt »ta—TO
ADDRESS ROM INSTRUCTION [INTERNAL 1/0
FOR NEXT BUS
INSTRUCTION
— t  fe—
NOTE:
OUTPUT VALID Rise and fall times
are load dependent
|
3|5l |-
|
INPUT «@-STABLE ->M
CLK OUT TIMING i |
=] ok l
; -4—-—f—kxu;————>|
24V = e e |
1.5v. t

08V e
CLK OUT

RTCC TIMING

24V———Z

1.5V
08V———}

RTCC

SCHMITT TRIGGER CHARACTERISTICS

Vo (VOLTS)

1

54

0.4+

} i (VOLTS)

TYPICAL HYSTERESIS
Ta =25°C

Voo =5V

Vo (VOLTS)

4

54—

!
U
2.0
RTCC

Vi (VOLTS)

2-37

=)
=
2
=

PROCESSOR




PIC 1656 OSCILLATOR OPTIONS (TYPICAL CIRCUITS)

RC OPTION OPERATION

> 0SC 1 (PIN 1)

[= =~
.2
22
28
[~
Q.

OSC 2 (PIN 28)

CRYSTAL INPUT OPERATION

l = OSC 1 (PIN 1)
I 3
= XTAL
a OSC 2 (PIN 28)
R

EXTERNAL CLOCK INPUT OPERATION

CLOCK FROM | > 5
EXT SYSTEM OSC 1 (PIN 1)

N.C. ———> 0SC 2 (PIN 28)
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MASTER CLEAR

R R <100K

TO PIC 1656 MCLR PIN #27

0.1uF

o
=
(]
=

PROCESSOR

T

Master Clear requires >1.0ms delay before activation after power
is applied to the Vop pin. To acheive this, an external RC con-
figuration as shown can be used (assuming Vop is applied as a
step function).

OUTPUT SINK CURRENT GRAPH

Vxx = 10
40
A Vxx =9
// | — Vix = 8
30 //// e
Tov / / —-—J Vxx =7
(mA) ——
20 / f/ // |4 Vxx = 6
L~ g
//;/ ﬁ/ Vxx = 5
{1
10 ///,////
2 g
T
=
1.0 2.0 3.0
Voo (VOLTS)
IoL vs. VoL TYP @ 25°C
The Output Sink Current is dependent on the Vxx supply and the
output load. This chart shows the typical curves used to express
the output drive capability.
Von VS lon (I/0 PORTS) POWER SUPPLY CURRENT VS TEMPERATURE
5 T T 50 r
Voo = Vax = 425V Voo = 7.0V
4 + 0 N~
\ /T~|=85°C "\: 075mA/C
3 \\\ TA=25°C 7 30 L

Von
(VOLTS)

I " — !

.05mA/°C
(mA

x Ta=—40°C ) \:S\

2 \ ( 20

1 \ 10

200 400 600 800 1000 -40 o 40 80 120

Ton (WA) TEMPERATURE (°C)
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IELUVINE  PIC 1656

PIC 1656 EMULATION CAUTIONS

When emulating a PIC 1656 using a PICES development system
certain precautions should be taken.

A. Be sure that the PICES Module being used is programmed
for the PIC 1656 mode. (Refer to PICES Manual). The PIC
1664B contained within the module should have the MODE
pin #22 set to a low state.

1. This causes the MCLR to register F5 high and register .

F6, and F7 low.

2. The OSC becomes a two input clock (pins 1 & 28).

3. The interrupt system becomes enabled and the RT
always counts on the trailing edges.

4. Bits 3 through 7 on file register F3 are used for interrupt
service.

B. Three levels of stack can be used within the program.

C. Make sure allI/0 cautions contained in this spec sheetare
used. ' :
D. Be sure to use the 28 pin socket for the. module plug.

E. Make sure that during an actual application that the MCLR
input swings from alow to high level a minimum of 1msec after
the supply voltage is applied.

F. If an external oscillator drive is used, be sure that it can
drive the 120Q input impedance of the OSC pins on the PIC
1656.

G. The cable length and internal variations may cause some
parameter values to differ between the PICES module and a
production PIC 1656.




PIC 1664B

8 Bit Development Microcomputer
FEATURES '

PIC microcomputer with ROM removed

Useful for engineering prototyping of PIC applications
PIC ROM address & data lines brought out to pins
HALT pin for single stepping or stopping program execution
MODE pin for selection of PIC 1650A/1655A or PIC 1656
emulation

User Programmable via external Memory

32 8-bit RAM Registers

Arithmetic Logic Unit

User Defined TTL-compatible input and Output Lines
Real Time Clock Counter

Self-Contained Oscillator

Access to RAM Registers inherent in instruction

Wide Power Supply Operating Range (4.5V to 7.0V)

DESCRIPTION

The PIC 1664B development microcomputer is an MOS/LSI
device containing RAM, I/0, and a central processing unit on a
single chip.

The PIC 1664B MOS/LSI device is functionally identical to the
PIC microcomputers except that the ROM is removed and the
ROM address and data lines are brought out, requiring a 64-pin
package. The addition of a HALT pin gives the user the ability to
stop as well as single-step the chip. The logic level applied to a
MODE pin determines whether the PIC 1664B emulates a PIC
1650A/1655A or a PIC 1656.

The external ROM can contain a customer-defined program
using the PIC's powerful instruction set to specify the overall

functional characteristics of the device. The 8-bit input/output
registers provide latched lines for interfacing to alimitless variety
of applications.

The 12-bitinstruction word format provides a powerful yet easy to
use instruction repertoire emphasizing single bit manipulation as
well as logical and arithmetic oeprations using bytes.

The PIC Series is fabricated with N-Channel lon Implant technol-
ogy resulting in a high performance product with proven reliabil-
ity and production history. Only a single wide range power supply
is required for operation, and an on-chip oscillator provides the
operating clock with only an external RC network (or buffered
crystal oscillator signal, for greater accuracy) to establish the
frequency. Inputs and outputs are TTL-compatible.

Extensive hardware and software support is available to aid the
user in developing this application program and to verify perfor-
mance before committing to mask tooling. Application notes and
sample programs are used to develop programs which can then
be assembled into machine language using PICAL, eliminating
the burden of coding with ones and zeros. PICAL is available in a
Fortran I¥ version that can be run on many popular computer
systems. Once the application program is developed several
options are available to insure proper performance. The PFD
Field Demo Systems are available containing a PIC 1664B with
sockets for erasable CMOS PROMs. Finally, the PICES (PIC
In-Circuit Emulation System) provides the user with stand-alone
emulation and debugging operation or operation as a peripheral
to alarger computer system. Easy programdebuggingand chang-
ing is facilitated because the user's program is stored in RAM.
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ARCHITECTURAL DESCRIPTION

The firmware architecture of the PIC 1664B microcomputer is
based on a register file concept with simple yet powerful com-
mands designed to emphasize bit, byte, and register transfer
operations. The primary purpose of the PIC is to perform logical
processing, basic code conversions, formatting, and to generate
fundamental timing and control signals for I/O devices. The
instruction set also supports computing functions as well as
these control and interface functions.

Internally, the PIC 1664B is composed of three functional ele-
ments connected together by a single bidirectional bus: the Reg-
ister File composed of 32 addressable 8-bit registers, an Arith-
metic Logic Unit, and a user-defined external ROM composed of
512 program words each 12 bits in width. The Register File is
divided into two functional groups: operational registers and
general register. The operational registers include, among others,

the Real Time Clock Counter Register, the Program Counter
(PC), the Status Register, and the I/0 Registers. The general
purpose registers are used for data and control information under
command of the instructions.

The Arithmetic Logic Unit contains one temporary working regis-
ter or accumulator (W Register) and gating to perform Boolean
functions between data held in the working reglster and any file
register.

Sequencing of mlcromstructlons is controlled via the Program
Counter (PC) which automatically increments to execute in-line
programs. Program control operations can be performed by Bit
Test and Skip instructions, Jump instructions, Call instructions,
or by loading computed addresses into the PC. In addition, an
on-chip three-level stack is employed to provide easy to use
subroutine nesting. Activating the MCLR input on power up
initializes the external ROM program to address 777s.

PIN FUNCTIONS

Function

Mode input. Used to set the PIC 1664B to emulate the PIC 1650A/PIC 1655A (logic “one”) or the PIC 1656
(logic “zero”). The mode must be selected before MCLR is brought high.

Oscillator inputs. When the MODE switch selects PIC 1650A/1655A operation OSC 1 becomes a single
input clock using either RC control or a buffered crystal. When the PIC 1664B is in the PIC 1656 mode -
both OSC 1 and OSC 2 are used as a two input clock using either crystal, ceramic resonator or RC
network.

Signal
MODE (input)

0SC 1, OSC 2 (input)

RT (input) Real Time input. This pin increments the Real Time Clock Counter Register 1 on high to low transitions
appied to this input. This pin has different modés of operation depending on the MODE input as well as
the contents of F3, the Status Register. In PIC 1650A/1655A mode this pm emulates the RTCC| pm Inthe
PIC 1656 mode thls pin emulates the RT pin.

RA0-7, RBO-7, - User programmable input/output lines. These lines can be inputs and/or outputs and are under direct

RCO0-7, RDO-7 control of the program. During emulation of the PIC 1655A or PIC 1656, Register D will become internal
(input/output) general purpose File Register 10; I/0 lines RDO-7 wili be undefined and must be left unconnected.

MCLR (input) Master Clear. Used to initialize the internal RQM program to address 777 and to latch all I/0 registers
high (for PIC 1650A/1655A) or1/0 registers F6 and F7 low and F5 high (for PIC 1656). Also clears bits 3-7
of status register (F3) (for PIC 1656). This pin should be held Iow at least 1ms after the power supply is

valid: MCLR has no internal pullup resistor.

Voo Primary Power supply input.
- Vyy Output buffer power supply input. Used to increase current sinking capability when emulating the PIC
1650A and PIC 1655A. When emulating the PIC 1656 this pin must be connected to Vpo.
A signal derived from the internal oscillator. Used by external devices to synchronize themselves to PIC
timing. The OSC frequency is divided by 4 for PIC 1650A/1655A mode or by 16 for the PIC 1656 mode.
Hait. When high this input suspends execution of the next instruction. No data is lost and after HALT is
brought low execution proceeds exactly as if no HALT signal had been applied.
Halt Acknowledge. This output is high when the PIC 1664B is halted either due to an active HALT input or
execution of the HALT instruction (0001s). In the first case HALT ACK is brought back low when the PIC
1664B begins execution when the HALT input is brought low; and in the second case it is brought low
using MCLR or by first raising and then lowering the HALT input.
Data Input. These twelve lines accept twelve bit PIC instruction codes generated by an external source
DO is the LSB of the instruction.
Address Output. These nine lines represent the address of the next instruction to be executed by the PIC
1664B. A0 is the LSB of the address.

CLK OUT (output)
HALT (input)

HALT ACK (output)

D0-D11 (input)

A0-A8 (output)
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MODE PIN OPERATION
The mode pin is used to select either PIC 1650A/1655A emulation
or PIC 1656 emulation.
With the MODE pin set high, the PIC 1664B is set to emulate the
PIC 1650A/1655A. Specifically:
1. MCLR will force all I/0 registers high.
2. OSC 1 becomes a single clock input. The PIC 1664B will
execute instructions at one fourth the OSC frequency.
3. The interrupt system is disabled and the RTCC always
counts on trailing edges.

4. Bits 3-7 of F3 are ones.

When the MODE input is low, the PIC 1664B will emulate the PIC
1656 circuit. Specifically:
1. MCLR will force 1/0 registers F6 and F7 low and F5 high.
2.0SC 1 and OSC 2 become a two input clock supporting
crystals, ceramic resonators, or RC networks. The PIC
1664B will execute instructions at one sixteenth the OSC
. frequency.
3. The interrupt system is connected and the interrupt/RTCC
operation is as described in the PIC 1656 data sheet.
4. Bits 3-7 of F3 are used for interrupt service.

To insure proper chip operation, the Mode pin should be preset
before MCLR is brought high at initialization. “Dynamic-type”
switching of this pin during processor operation will result in
undefined conditions and must be avoided.

PROGRAMMING CAUTIONS

The PIC 1664B is designed as a development circuit for emulating
the operation of the PIC 1650A, PIC 1655A and_PIC 1656. While
all circuits in the PIC series have the same basic architecture and
instruction set, there are differences which require attention on
_ the part of the user to insure that all conditions are met for proper

P'c 16643 V'\HH(X '\l! {/'\l

operation of the PIC 1664B with respect to the target PIC circuit
(either PIC 1650A, PIC 1655A, or PIC 1656). The following check-
list should be used to achieve proper emulation.

1. The MODE pin must be properly set (high for PIC 1650A/
PIC 1655A or low for PIC 1656).

2. With the MODE pin high OSC 1is asingleclock input. Alow
on the MODE pin enables the two input clock.

3. For PIC 1650A and PIC 1655A emulation , bits 3-7 of F3 (the
status register) should be considered undefined.

4. For PIC 1655A and PIC 1656 emulation bits 4-7 of F5 (the
input only file) should be tied to Vss (ground) as these bits are
always read as low inputs.

5. For PIC 1655A and PIC 1656 emulation the pins correspond-
ing to F10s (I/O port RD on the PIC 1650A) should be left
unconnected. In this way F10s will operate as an internal
register as is appropriate for the PIC 1655A and PIC 1656.
6. The I/0 Programming Caution on page 3-11 describing the
1/0 variations between the PIC 1650A and the PIC 1655A/PIC
1656 must be carefully followed. The PIC 1664B contains all
bidirectional input/ouput ports as required for PIC 1650A
emulation. The I/O structure variation used in the PIC 1655A
and PIC 1656 require careful adherence to the cautions listed
in the following pages.

7. The RETURN (0002) instruction is not supported by the
PIC 1650A and PIC 1655A and should not be used when
emulating these parts. The HALT instruction (0001s) is not
recognized by any PIC circuit other than the PIC 1664B.

8. For PIC 1656 emulation the Vxx pin must be tied directly to
Voo as there is no Vxx pin on the PIC 1656.

9. The PIC 1664B contains 3 levels of Stack. Becuase the PIC
1650A and PIC 1655A only use 2 levels of Stack, caution
should be used in programming. Make sure the PIC 1650A or
PIC 1655A emulation is not utilizing 3 levels of Stack in
software.

PIN-CONFIGURATION
64 LEAD DUAL IN LINE
Top View
4
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PIC 1664B

REGISTER FILE ARRANGEMENT

(&':"i') Function

FO Not a physically implemented register. FO calls for the contents of the File Select Register (low order 5 bits) to be used to
select a file register. FO is thus useful as an indirect address pointer. For example, W+F0—W will add the.contents of the file
register pointed to by the FSR (F4) to W and place the result in W.

F1 Real Time Clock Counter Register. This register can be loaded and read by the microprogram. The RTCC register keeps
counhng up after zero is reached. The counter increments on the falling edge of the input RTCC Inthe PIC 1656, Register F1

=3 can also be incremented by the internal clock and is used to produce vectored interrupts. ,
E a2 F2 Program Counter (PC). The PC is automatically incremented and each instruction cycle can be written into under program
; c“cj' control e.g., MOVWF F2. The PC is nine bits wide, but only the low order 8 bits can be read under program control.
& F3 Status Word Register. F3 can be altered under program control only via bit set, bit clear, or MOVWF F3 instruction.
) ®© 5 4) 3) 2 ) 0).

[oNt [RTcR | 1R [Rice | i | 2z [ bc | ¢ |

For ADD and SUB instructions, this bit is set if there is a carry out from the most sngmflcam bit of the
resultant. - -
For ROTATE instructions, this bit is loaded with either the high or low order bit of the source.

DC (Digit Carry):For ADD and SUB instructions, this bit is set if there is a carry out from the 4th low order bit of the resultant
Z (Zero): ‘ Set if the result of an amhmetlc operation is zero.
Bits: 3-7 lnterrupt Service’ Flags. (Read as “ones” in PIC 1650A andPI C 1655A mode In PIC 1656 mode, these bits are
cleared on MCLR.)
Bit 3: IE (extern'al Interrupt Enable) bit
Bit 4: RTCE (Real Time Clock Enable) bit
Bit 5: IR (external Interrupt Request) bit

C (Carry):

Bit 6: RTCR (Real Time Clock interrupt Request) bit
Bit 7: CNT (Count) bit (selects input to'RTCC)

F4 File Select Register (FSR). Low order 5 bits only are used. The FSR is used in generatmg effective file register addresses

F5 1/0. Reglster A (A0-A7)
F6 1/0 Register B (B0-B7)
F7 I/0 Register C (C0-C7)
F10 1/0 Register D (D0-D7)
F11-F37| General Purpose Registers

under program control. When accessed as a directly addressed file, the upper 3 bits are read as ones.

PIC 1664B INTERRUPT SYSTEM

The interrupt system of the PIC 1656 is comprised of an external
interrupt and an internal real-time clock/counter interrupt. These
have different interrupt vectors, enable bits, and status bits. Both
interrupts are controlled by the Status Word Register F3, shown
below:

7 ®© ©6& @ & @ @ .

[ onT [RTCR] R [RTCE] 1E |

loc | c |

(NOTE: F3 bits 3-7 are cleared on MCLR.)

The first high to low transition of the RT pin will set F3, bit5 (IR,
Interrupt Request) to a one. [The external interrupt is enabled by
F3, bit 3 (IE, Interrupt Enable).] If the interrupt is enabled (IEis a
one), or as soon as it is, during the next two instruction cycles the
processor will push the current Program Counter contents onto
the stack and execute the instruction atlocation 760s. The IR bitis
immediately cleared. Note that although the processor cannot be
interrupted again until a return from interrupt (RETURN) instruc-
tion is executed, an additional interruptrequest can be generated
by another high to low transition of the RT pin, setting IR high
again. If this is done, the processor will reinterrupt right after the

return from the preceeding interrupt (assuming IE is a one).
The Real Time Clock/Counter (RTCC, File Register 1) has a
similar mechanism of interrupt service. The clocking source for
the RTCC is selected by bit 7 (CNT, Count Select) of the Status
register. If CNT is set to a one, the RTCC will increment on each
high to low transition of the RT pin. If CNT is cleared to a “zero”,
the RTCC will count at the internal instruction clock rate, 1/16 the
frequency present on the OSC pins. When the RTCC transitions
from 377 to 0, an interrupt request will be generated (RTCR is set
to a one). If RTCE is a one, or as soon as it is set to a one, an
interrupt will be generated. That is, the present contents of the
Program Counter is stored on the stack and the instruction at
location 740 is executed.

The RETURN instruction (0002s) must be used to return from any
interrupt service routine as it re-enables interrupts to allow pend-
ing or future interrupts to be generated. External interrupts have
priority over RTCC driven interrupts in the event that both occur
simultaneously (and both are enabled). Interrupts cannot be
nested but will be serviced sequentially. The existence of any
pending interrupts can be tested via the state of the IR and RTCR
bits in the Status Word Register, and enabled or disabled as if
desired.



PIC 1664B

The following is a summary of the relationship of #3 bits 3-7 to the PIC 1656 interrupt function:

Status Register Bits
7 6 5 4 3 Interrupt Logic
CNT RTCR IR RTCE IE

0 0 0 .0 X The first hi_gh-to-low transition at the RT pin causes IR bit 5 to set to a one.

0 .0 1 0 1 IE and IR both set to ones enables the PIC to interrupt to 760s. IR (bit 5) then
immediately resets to a zero.

0 X X X X The RTCC register is enabled to increment at the internal clock rate. When the contents
of the RTCC register transition from 377s to 000s, RTCR (bit 6) is set to a one.

1 X X X X The RTCC register is enabled to increment at the rate of the input at the RT pin (event
timer mode). When the contents of the RTCC register transition from 377s to 000s,
RTCC (bit 6) is set to a one.

X 1 0 1 0 Both RTCE and RTCR set to ones enables the PIC to interrupt to 740s. RTCR (bit 6) then

. immediately resets to a zero.

0 0 0 X X Regardless of the states of |E and RTCE, an interrupt on the BT pin and/or an RTCC
transition from a full count to a zero count will set the IR bit and/or the RTCR bit to
one(s).

X 1 0 1 1 If the IR bit is set to a zero at the time that the RTCR bit is set to a one, the PIC will
interrupt to 740s (RTCC interrupt mode). The RTCR bit then immediately resets to a
zero.

X 0 1 1 1 If the RTCR bit is set to a zero at the time that the IR bit is set to a one, the PIC will

. interrupt to 760s (external interrupt mode). The IR bit then immediately resets to a zero.

X 1 1 1 1 If the IR bit and the RTCR bit are each set to ones at the same time, the PIC will first
interrupt to 760s (external interrupt mode). The IR bit then immediately resets to a zero.
If the IR bits remains at a zero (indicating that no other external interrupts have
occurred in the meantime), the PIC will then interrupt to 740s (RTCC interrupt mode)
immediately after a RETFI instruction is executed. The RTCR bit then immediately
resets to a zero.

X = DON'T CARE
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RSN PIC 1664B

Basic Instruction Set Summary

Each PIC instruction is a 12-bit word divided into an OP code
which specifies the instruction type and one or more operands
which further specify the operation of the instruction. The
following PIC instruction summary lists byte-oriented, bit-ori-
ented, and literal and control operations.

For byte-oriented instructions, “f" represents a file register
designator and “d" represents a destination ‘designator. The file
register designator specifies which one of the 32 PIC file registers
is to be utilized by the instruction. The destination designator

PIC W register. If “d” is one, the result is returned to the file
register specified in the instruction.

For bit-oriented instructions, "“b"” represents a bit field designator
which selects the number of the bit affected by the operation,
while “f" represents the number of the file in which the bit is
located. ) ‘

For literal and control operations, “k” represents an eight or nine
bit constant or literal Value.

For an oscillator frequency of IMHz for PIC 1650A and PIC 1655A
(4MHz for PIC 1656) the instruction execution time as 4 usec,
unless a conditional test is true or the program counter is

. § specifies where the result of the operation performed by the changed as a result of an instruction. In these two cases, the
= % instruction is to be placed. If “d” is zero, the result is placed in the insruction execution time is 8 usec.
=<8 BYTE-ORIENTED
=c - "
"l FILE REGISTER : (11-6) ) 4-0)
OPERATIONS |  opcope ld] f(FILEn)

Ford =0, f—~W (PICAL accepts d = 0 or d = W.in the mnemonic)
d=1,f—~f (If dis omitted, assembler assigns d = 1.)

Instruction-Binary (Octal) Name ' Mnemonic, Operands Operation ‘ Status Affected
000 000 000 000 (0000) No Operation NOP — - : None
000 000 1ff fff (0040) Move Wtof (Note 1) MOVWF . f W-—f ' None
000 001 000 000 (0100) Clear W CLRW - 0—-wW z
000 001 1ff fff (0140) Clearf CLRF f 0—f Z
000 010 dff fff (0200) Subtract W from f SUBWF f, d f-W—d 'C,bC,2
000 011 dff fff (0300) Decrementf - DECF f, d f-1-d 4
000 100 dff fff (0400) Inclusive OR W and f " IORWF f, d Wvf-d z
000 101 dff fff (0500) - AND W and f. - ANDWF f, d Wef—-d z
000~ 110 dff. fff (0600) Exclusive OR W and f XORWF f, d Wef-d z
000 111 dff fff (0700) AddWandf: : ADDWF f,d W+f-d .C,DC,Z2
001 000 dff fff (1000)  Movef. ' MOVF f,d f—d L Z
001 001 dff fff (1100)° Complementf COMF f,d f—d ‘ z
001 010 dff fff (1200) Increment f INCF f. d f+1—d z
001 011 dff fff (1300) Decrement f, Skip if Zero DECFSzZ f,d - f-1—d, skip if Zero None
001 100 dff fff (1400) Rotate Right f RRF f, d f(n)—d(n-1),{(0)—C, C—d(7) C
001 101 dff fff (1500) Rotate Leftf » RLF f, d t(n)—=d(n+1), {(7)—C, C—~d(0) C
001 110 dff fff (1600) Swap halves f SWAPF f, d f(0-3)=f(4-7)—d None
001 111 dff fff (1700) Increment f, Skip if Zero INCFSZ f,d f+1—d, skip if zero None

BIT-ORIENTED (11-8) (7-5) (4-0)
FILE REGISTER
OPERATIONS OP CODE b (BIT #) f (FILE #)

Instruction-Binary (Octal) Name Mnemonic, Operands Operation Status Affected
010 Obb bff fff (2000) Bit Clearf BCF f, b 0—f(b) None
010 1bb bff fff (2400) Bit Setf BSF f, b 1—~f(b) None
011 Obb bff fff (3000) Bit Testf, Skip if Clear BTFSC f, b Bit Test f(b): skip if clear None
011 1bb bff fff (3400) Bit Test f, Skip if Set BTFSS f, b Bit Test f(b): skip is set None

(11-8) (7-0)
LITERAL AND CONTROL [ I
ITERAL
OPERATIONS OP CODE k (LITERAL)

Instruction-Binary (Octal) Name Mnemonic, Operands Operation Status Affected
000 000 000 010 (0002) Return from Interrupt RETURN — Stack—PC None
100 Okk kkk kkk (4000) Return and place Literal in W RETLW k k—W, Stack—PC None
100 1kk kkk kkk (4400) Call subroutine (Note 1) CALL k PC+1 — Stack, k - PC None
101 kkk kkk kkk (5000) Go To address (k is 9 bits) GOTO k k—PC None
110 Okk kkk kkk (6000) Move Literal to W MOVLW k k=W None
110 1kk kkk kkk (6400) Inclusive OR Literal and W IORLW k kVW—W ¥4
111 Okk kkk kkk (7000) AND Literal and W ANDLW k keW—W z
111 1kk kkk kkk (7400) Exclusive OR Literal and W~ XORLW k kOW—-W z

NOTES:

1. The 9th bit of the program counter in the PIC is zero for a CALL and a MOVWF F2. Therefore, subroutines must be located in program
memory locations 0-377s. However, subroutines can be called from anywhere in the program memory since the Stack is 9 bits wide.

2. When an I/0O register is modified as a function of itself, the value used will be that value present on the output pins. For example, an
output pin which has been latched high but is driven low by an external device, will be relatched in the low state.
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SUPPLEMENTAL INSTRUCTION QET SUMMARY

The following supplemental instructions summarized below
represent specific applications of the basic PIC instructions. For
example, the “"CLEAR CARRY" supplemental instruction is equiv-

PIC 1664B

alent to the basic instruction BCF 3,0 (“Bit Clear, File 3, Bit 0”).
These instruction mnemonics are recognized by the PIC Cross
Assembler (PICAL).

Mnemonic, Equivalent Status
Instruction-Binary. (Octal) Name Operands Operation(s) Affected

010 000 000 011 (2003) Clear Carry CLRC BCF 3,0 - -
010 100 000 O11 (2403) Set Carry SETC BSF 3, 0 -
010 000 100 011 (2043) Clear Digit Carry CLRDC BCF 3,1 -
010 100 100 011  (2443) Set Digit Carry SETDC BSF 3, 1 -
010 001 000 011 (2103) Clear Zero CLRZ BCF 3, 2 —
010 101 000 011 (2503) Set Zero SETZ BSF 3, 2 -
011 100 000 011 (3403) Skip on Carry SKPC BTFSS 3,0 -
011 000 000 011  (3003) Skip on No Carry SKPNC BTFSC 3,0 -
011 100 100 011  (3443) Skip on Digit Carry SKPDC BTFSS 3, 1 -
011 000 100 011  (3043) Skip on No Digit Carry SKPNDC BTFSC 3, 1 —
011 101 000 011 (3503) ‘Skip on Zero SKPZ BTFSS 3, 2 -
011 001 000 O11 (3103) Skip on No Zero SKPNZ BTFSC 3, 2 -
001 000 1ff fff (1040) Test File TSTF f MOVF f, 1
001 000 off fff (1000) Move File to W MOVFW f MOVF {, 0 z
001 001 1ff (1140) Negate File NEGF f,d COMF f, 1
001 010 dff (1200) INCF f, d z
011 000 000 (3003) Add Carry to File ADDCF f, d BTFSC 3,0
001 010 dff (1200) . INCF f, d 4
011 000 000 011 - (3003) Subtract Carry from File SUBCF f,d BTFSC 3,0
000 011 dff fff (0300) . DECF f, d z
011 000 100 O11 (3043) Add Digit Carry to File ADDDCEF f,d BTFSG 3,1
001 010 dff fff (1200) INCF f,d V4
011 000 100 011 (3043) Subtract Digit Carry from File SUBDCF f,d BTFSC 3,1
000 011 dff fff (0300) DECF f.d z
101 kkk kkk kkk (5000) Branch Bk GOTO k -
011 000 000 011 (3003) Branch on Carry BC k BTFSC 3,0
101 kkk kkk kkk ~ (5000) GOTO k —
011 100 000 011 (3403) Branch on No Carry BNC k BTFSS 3,0
101 kkk kkk kkk (5000) GOTO k -
011 100 100 011 (3043) Branch on Digit Carry BDC k BTFSC 3,1
101 kkk kkk kkk (5000) GOTO k -
011 001 000 011 . (3443) Branch on No Digit Carry BNDC k BTFSS 3,1
101 kkk kkk kkk (5000) GOTO k -
011 101 000 O11 (3103) Branch on Zero BZ k BTFSC 3,2

101 kkk kkk kkk (5000) GOTO k -
011 101 000 011 (3503) Branch on No Zero BNZ k BTFSS 3,2
101 kkk kkk kkk (5000) GOTO k -
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I/0 Interfacing

The equivalentcircuit foran1/0 port bit is shown belowasitwould
interface with either the input ofa TTLdevice (PICisoutputting) or
the output of an open collector TTL device (PICisinputting). Each
I/0 portbit canbeindividually time multiplexed betweeninputand
output functions under software control. When outputting thru a
PIC 1/0 Port, the data is latched at the port and the pin can be

connected directlytoa TTLgateinput. Wheninputtingdatathruan
I/0 Port, the port latch must first be set to a high level under
program control. Thisturnsoff Qz,allowing the TTLopencollector
device to drive the pad, pulled up by Qi, which can source a
minimum of 100uA. Care, however, should be exercised when
using open collector devices due to the potentially high TTL
leakage current which can exist in the high logic state.

r

L

TTL DEVICE INPUT

TYPICAL INTERFACE-BIDIRECTIONAL I/O LINE
Vax
Dn
(INTERNAL o
DATA BUS) Q
RITE—C ¢
(INTERNAL
SIGNAL) a,
MCLR
READ
(INTERNAL
o osewo

v

l. DEVICE OUTPUT
OPEN COLLECTOR]

Programming Cautions

The use of the bidirectional I/O ports are subject to certain rules
of operation. These rules must be carefully followed in the in-
truction sequences written for I/O operation.

Bidirectional I/O Ports

The bidirectional ports may be used for both input and output
operations. For input operationsthese portsare non-latching. Any
input must be present until read by an input instruction. The
outputs are latched and remain unchanged untilthe outputlatchis
rewritten. Foruseas aninputportthe outputlatch mustbe setinthe
high state. Thus the external device inputs to the PIC circuit by
forcing the latched output line to the low state or keeping the
latched output high. This principle is the same whether operating
on individual bits or the entire port.

Some instructions operate internally as input followed by output
operations. The BCF and BSF instructions, for example, read the
entire port into the CPU, execute the bit operation, and re-output
the result. Caution must be used when using theseinstructions. As

an example a BSF operation on bit 5 of F7 (port RC) will cause all
eight bits of F7 to be read into the CPU. Then the BSF operation
takes place on bit 5 and F7 is re-output to the output latches. If
another bit of F7 is used as an input (say bit 0) then bit 0 must be
latched high. If during the BSF instruction on bit 5 an external
deviceis forcing bit 0 to the low state then theintput/outputnature
of the BSF instruction will leave bit0latched low afterexecution. In
this state bit 0 cannot be used as an input until it is again latched
high by the programmer. Refer to the examples below.

Successive Operations on Bidirectional I/O Ports

Care must be exercised if successive instructions operate on the
same I/0 port. The sequence of instructions should be such to
allow the pin voltage to stabilize (load dependent) before the next
instruction which causes that file to be read into the CPU (MOVF,
BIT SET, BIT CLEAR, and BIT TEST) isexecuted. Otherwise, the
previous state of that pin may be read into the CPU rather than the
new state. This will happen if toa (See I/0 Timing Diagram) is
greater than Ytcy (min). When indoubt, itis betterto separate these
instructions with a NOP or other instruction.

EXAMPLE 1:

-_—e

2444 ER — 1
dnoooge

OUTPUT INPUT
What is thought to be happening:
BSF75
Read into CPU: 00001111
Set bit 5: 00101111 .
Write to F7: 00101111

If no inputs were low during the instruction execution, there
would be no problem.

EXAMPLE 2:

1

24 44
o oLl [ [ ]]

OUTPUT INPUT
What could happen if an input were low:
BSF 75
Read into CPU: 00001110
Set bit 5: 00101110
Write to F7: 00101110

In this case bit 0 is now latched low and is no longer useful as an
input until set high again.
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ELECTRICAL CHARACTERISTICS

Maximum Rallngs* .
Temperature Under Bias.........ouuueuneiineeeneennreneeeneeneeaeennns 125°C
Storage Temperature ........c.covvvveniennanennn.
Voltage on any pin with RespecttoVss ..........

*Exceeding these ratings could cause perma-

nent damage to the device.This is a stress
rating only and functional operation of this
device at these conditions is not implied—
operating ranges are specified in Standard

Power Dissipation ............................................... 1000mW Conditions. Exposure to absolute maximum
Power D!ssipated by any one I/O pin (Note' 1) .....cvvviernenenenaennnns 60mW raﬁng'condmons for extended periods may
Power Dissipated by all I/0O pins (NOt€ 1) ........cccvvrieeerrennnnanns 600mW affect device reliability.
Standard Conditions (unless otherwise stated):
DC CHARACTERISTICS L
Operating Temperature Ta = 0°C to +70°C
Characteristic Sym Min Typ Max Units Conditions
Primary Supply Voltage Voo 4.5 — 7.0 )
Output Buffer Supply Voltage Vxx 4.5 - 10.0 \ (Note 2)
Primary Supply Current Ioo — 30 - 55 mA No Load
Output Buffer Supply Current Ixx — 1 5 mA No Load (Note 3)
Input Low Voltage Vie —0.2 — 0.8 \
Input High Voltage (except MCLR,RTCC/
RT & OSC 1 when driven externaily) VIH1 2.4 — Voo \
Input High Voltage (MCLR,
RTCC/RT & 0SC 1) Vivz | Vpo—1 — Voo v
Output High Voltage Von 2.4 - Voo ' Ion = —100uA provided by
: internal pullups (Note 4)
Output Low Voltage (1/0 only) Vou — - 0.45 ' Io. = 1.6MA, Vxx = 4.5V
— — 0.90 \Y) Io. = 5.0mA, Vxx = 4.5V
— — 0.90 v Io. = 5.0mA, Vxx = 8.0V
— - 1.20 Vv Io. = 10.0mA, Vxx = 8.0V
— - 2.0 v oL = 20.0mA, Vxx = 8.0V (Note 5)
Output Low Voltage A0-A8, (CLK OUT),
HALT ACK Vo2 - — 0.45 v Io. = 1.6mA (Note 5)
Input Leakage Current (MCLR, RTCC/RT) ke —10 - +10 uA | Vss < Vin < Voo (Note 6)
Input Low Current (all I/0 ports) In —-0.2 —-0.6 -1.6 mA Vi. = 0.4V internal pullup
Input High Current (all I/O ports) RO —0.1 —-0.4 — " mA Vin = 2.4V
Input High Current (HALT) Iinz — 50 200 uA Vin=2.4V, internal pulldown
NOTES: '

1. Power dissipation for I/O pins is calculated by
% (Vee =Vi) (IIn]) + = (Vec —Von) ([Ton]) + = (Vou) (Tov).
The termI/0O refers to all interface pins; input, ouput or1/0.
2. Vxx supply drives only the 1/0 ports.

3. The maximum Ixx current will be drawn when all I/O ports are outputting a High.
4. Positive current indicates current into pin. Negative current indicates current out of pin.

5. Total Io. for all output pins (I/0 ports plus CLK OUT) must not exceed 225mA.

6. Also applies to OSC 1 pin in PIC 1656 mode.
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IINE  PIC 1664B

Standard Conditions (unless otherwise stated):
AC CHARACTERISTICS
Operating Temperature Ta = 0°C to +70°C

Characteristic Sym Min Typ Max Units Conditions
Instruction Cycle Time tey 4 — 20 us 0.2MHz —1.0MHz external time base
) 1650A/1655A mode
, 0.8MHz —4.0MHz external time base
= 1656 mode
- Note 1
& @ (Note 1)
g =8 RT/RTCC Input
-l Period tar tey - — —
High Pulse Width : ) tarm Vatey — — —
Low Pulse Width trrL Yatey - hd - (Note 2)
1/0 Ports )
Data Input Setup Time ) ts — —  |Vtey—125 ns
Data Input Hold Time th 0 — — ns
Data Output Propagation Delay tpd — 500 800 ns Capacitive load = 50pF
OSC Input
External Input Impedance High Rose | — 120 - Q Vosc = 5V
(PIC 1650A, 55A mode) Applies to external
External Input Impedance High Rosch — 106 — Q Vosc = 6V .
(PIC 1656 mode) OSC drive only.
External Input Impedance Low Rosct - 108 — Q Vosc = 0.4V
HALT ACK Output
Delay from ¢2 tha - 200 - ns
A0-A8 Output
Delay from ¢ 1 . tao — 350 - ns
NOTES:

1. Instruction cycle period (tcv) equals four times the input oscillator time base period for 1650A/1655A operation or sixteen times
oscillator time base period for 1656 operation. . :

2. Due to the synchronous timing nature between CLK OUT and the sampling circuit used on the RT input, CLK OUT may be directly
tied to the RT input without any loss of counts.
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PIC 1664B ENINN

1/0 TIMING
INTERNAL
WAVEFORMS
(@1 and ¢2 Fre-
quency is 1/4
External Oscillator
Frequency. fosc. for
PIC 1650A or PIC
1655A; 1/16 fosc for
PIC 1656)

CLK OuT

INPUT

HLT ACK /I
—

3 1
| fosc I fosc |

Y
\/ N/ \_/
o1 :
@2 ﬁ
/\ /S /\ ,
A
\ SN
GATE 1
INCREMENT ANSWER|  WRITE
PC —{ l4-EXECUT TO!
ADDRESS ROM INSTRUCTION |INTERNAL, 10
FOR NEXT B8US
INSTRUCTION :
| oo "—"
' vauo
|
— s —t th F

————

1.5V

|
>§

1
STABLE }—:

—

T
T

\

tho |a— ‘
Ao-As
ouTPUT
NOTE: Rise and fall times are load dependent.
CLK OUT TIMING e i
Il |t —————
|
24V = I I
1 |
1.5V |
08V e mm =
CLK ouT! |
-
1
RTCC/RT TIMING
. : . >
: |
24V— — — | :
15V |
a.av—-——jz
1
1
. !
1

SCHMITT TRIGGER CHA

RACTERISTICS

Vo (VOLTS) Vo (VOLTS)
A lr
54 54—
0.4 0.4 4
4 } —— Vi (VOLTS) }
15 2.7 1.0
MCLR, 0SC TYPICAL HYSTERESIS

Voo = 5V Ta =

25°C

- V1 (VOLTS)
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PIC 1650A, 1655A EMULATION OSCILLATOR OPTIONS (TYPICAL CIRCUITS)
RC OPTION OPERATION

R(ext)

(==
5 &
I=8%)
LJL‘J
£3
[= =
.

TO PIC 1664B PIN #59

C(ext)

1

30KQ
26KQN \
Voo = 5.0V
22KQ C = 47pF
Rexr ) N

\ N Ta =25°C

18KQ \ \ )

N,

N p

14KQ /‘
TYPICAL

40 60 80 100 120 140 160 180 200 220 240 260

INSTRUCTION CYCLE TIME (kHz)
Oscillator Frequency With Typical Unit To Unit Variance

Unit to Unit Variation at Vpp = 5.0V, Ta = 25°C is +25%
Variation from Voo = 4.5V —7.0V referenced to 5V is —3%, +9%
Variation from Ta = 0°C —70° C referenced to 25°C is +3%, —5%

BUFFERED CRYSTAL INPUT OPERATION XTAL
1ml
10}
R
— " VN—9
1}—Do—0—-DO——> TO OSC PIN #59
—
[¢] C 30% < DUTY CYCLE < 70%

I° I

CLOCK FROM
EXT. SYSTEM —Do—) TO OSC PIN #59

EXTERNAL CLOCK INPUT OPERATION
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PIC 1656 EMULATION OSCILLATOR OPTIONS (TYPICAL CIRCUITS)

RC OPTION OPERATION

I L 3> OSC 1 PIN #59

OSC 2 PIN #58

]::C

CRYSTAL INPUT OPERATION

[ 3 OSC 1 PIN #59
T

X

XTAL
a 0SC 2 PIN #58

EXTERNAL CLOCK INPUT OPERATION

B averem —{><>——> 08C 1 PIN #50

N.C. ———3 0sC 2 PIN #58
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PIC 1664B

MASTER CLEAR
Voo
R R <100K
= TO PIC 1664B MCLR PIN #61
. . o
; S_ [ 0.1uF
=2 [
a- —
Master Clear requires >1.0ms delay before activation after power
is applied to the Vpp pin. To acheive this, an external RC con-
figuration as shown can be used (assuming Voo is applied as a
step function). '
OUTPUT SINK CURRENT GRAPH
Vxx = 10
40
/ L—1 Vxx =9
V) =
%0 / ; / B //‘ XX
To (/ ] L Vux = 7
(mA) e
20 P 1 — Vix = 6
7 / =
/‘
Z 5 E et Vir = 5
10 / — ﬁ/ - p"1
4/ ]
o
1.0 2.0 3.0
Vo (VOLTS)
IoL vs. VoL TYP @ 25°C
The Output Sink Current is dependent on the Vxx supply and the
output load. This chart shows the typical curves used to express
the output drive capability.
Von VS lou (1/0 PORTS) POWER SUPPLY CURRENT VS TEMPERATURE
5 T T 50 T
Voo = Vxx = 4.25V Voo = 7.0V
¢ T' 85°C 40 .\‘
/ A=85° \E 075mA/°C
3 \\\ /r.|=25°c -1 30 ‘ |
o | bo N 05mA~C
(VOLTS) L (mA) :
2 \ Ta=—40°C . \th-\.
| \Y\ .
200 400 600 800 1000 ~40 0 40 80 120
Ion (WA) TEMPERATURE (°C)




PIC 1664B

PIC 1650A/PIC 1655A EMULATION CAUTIONS
When emulating a PIC 1650A or PIC 1655A using a PICES
development system certain precautions should be taken.
A. Be sure that the PICES Module being used is programmed
for the PIC 1650A/PIC 1655A mode. (Refer to PICES Manual).
The PIC 1664B contained within the module should have the
MODE pin #22 set to a high state.
1. This causes the MCLR to force all 1/0 registers high.
2. The OSC 1 pin #59 becomes a single clock input pin.
3. The interrupt system becomes disabled and the RTCC
always counts on the trailing edges.
4. Bits 3 through 7 on file register F3 are all ones.

B. Make sure to only use two levels of stack within the program.

C. Make sure allI/0 cautions contained in this spec sheetare
used.

D. Be sure to use the 40 pin socket for the PIC 1650A and the
28 pin socket for the PIC 1655A module plugs.

E. Make sure that during an actual application that the MCLR
input swings from alow to high level a minimum of 1msec after
the supply voltage is applied.

F. If an external oscillator drive is used, be sure that it can
drive the 120Q input impedance of the OSC pin on the PIC
1650A and PIC 1655A.

G. The cable length and internal variations may cause some
parameter values to differ between the PICES module and a
production PIC 1650A and PIC 1655A.

PIC 1656 EMULATION CAUTIONS

When emulating a PIC 1656 using a PICES development system
certain precautions should be taken.
A. Be sure that the PICES Module being used is programmed
for the PIC 1656 mode. (Refer to PICES Manual). The PIC
1664B contained within the module should have the MODE
pin #22 set to a low state.
1. This causes the MCLR to force F5 register high and F6
and F7 low.
2. The OSC 1 pin #59 becomes a single clock input pin.
3. The interrupt system becomes enabled and the RT
always counts on the trailing edges.
4, Bits 3 through 7 on file register F3 are used for interrupt
servicing.

B. All three levels of stack can be used within the program.
C. Make sure all 1/0 cautions contained in this spec sheetare
used.

D. Be sure to use the 28 pin socket for the module plug.

E. Make sure that during an actual application that the MCLR
input swings from alow to high level a minimum of 1msec after
the supply voltage is applied.

F. If an external oscillator drive is used, be sure that it can
drive the 1200 input impedance of the OSC pin on the PIC
1656. )

G. The cable length and internal variations may cause some
parameter values to differ between the PICES module and a
production PIC 1656.
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IRCAINE  PIC Series

PIC CUSTOMER ORDER FORM
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Customer Name . Division
Address
City. State. Zip. ' Country
Telephone Number _ Ext.

Customer Contact i Title

PIC part number

Customer Part Number.

Customer Marking Requirement
PIC Temperature Range Selection:

0°Cto70°C O  —40°Cto 85°C O

Program ROM Pattern Media Paper Tape O Prom_______ 0O Other 0O
Part Number

Refer to PICES and PFD Manuals for formats

Customer Purchase Order Number

Date of Purchase Order

Prototypes réquested by

Customer Signature
Title

Date
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PICES

PIC In-Circuit Emulation System

FEATURES

m Complete in-circuit emulation and debug capability

m Multiple system configurations to match user requirements

® Standard serial interface for system integration

m Powerful 16-bit microprocessor for system control

m Multiple breakpoints, single step, program trace and editing
capabilities

& On-board diagnostics for system hardware troubleshooting

DESCRIPTION

The PICES is an in-circuit emulation and debug system designed
to provide the user with a complete tool for testing, trouble-
shooting, and modifying both the software program for the PIC
circuit as well as the total system application. The PICES is a self-
contained unit which can operate in a stand-alone configuration
or as a peripheral device to a host processor.

ARCHITECTURE

The PICES system contains two processors. The User Processor
is a PIC 1664B ROM-less microcomputer with external RAM. With
the RAM loaded with the user's application program, the PIC
1664B emulates the operation of the PIC 1650A, PIC 1655A, or
PIC 1656. A 28 or 40 pin in-circuit emulation cable attaches the
PIC 1664B to the application system. The Control Processor is a
CP1600 sixteen bit microprocessor with 8K of program ROm and
1K of RAM. This processor controls the functions of the PICES
including I/0 interfacing, manipulation of the User Processor
and interpretation and execution of the PICES command set.

OPERATION

STAND-ALONE MODE: The PICES is attached directly to a serial
I/0 device; typically a teletype. The user program is entered
either using the paper tape reader/punch unit on the teletype or
by manually setting each location in the PIC program memory to
the desired value. Once the program memory is loaded, all PICES
emulation and debug commands can be issued on the teletype
keyboard and PICES responses are returned on the teletype
printer. The serial interface can be either RS232C or current loop
and the baud rate is switch selectable.

PERIPHERAL MODE: The PICES can be configured such that the
unit itself is peripheral to another computer system. The PICES
can be attached as an additional peripheral device or in series
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PIC IN-CIRCUIT EMULATION SYSTEM

with the system TTY or CRT device. In this mode the user's
computer facility can become a one. station total development
system. The computer text editor is used to develop the PIC
source code. The Fortran PIC cross assembler will translate this
source code into PIC machine code; the machine code is then
downloaded into the PICES. All PICES commands are entered
through the system terminal. Minor modifications can be done
directly to the PICES. Major changes require re-editing the
source code, re-assembling and loading of the PICES.

DATA MANUAL

A detailed PICES Data Manual is available. This manual describes
the installation and operation of the PICES system. Included in
the manual are explanations of the command set with examples
for illustration.



PICES CONFIGURATIONS
STAND ALONE MODE ' PERIPHERAL CONFIGURATION A
DISK
TELETYPE o TERMINAL =
o PR
=
=2
[~
PICES COMPUTER PICES
. PAPER
LINE TAPE
N PRINTER READER/
MODULE PUNCH MODULE
PERIPHERAL CONFIGURATION B PERIPHERAL CONFIGURATION C
MAIN
COMPUTER
DISK FACILITY
N TERMINAL
TELEPHONE
LINK
COMPUTER " PICES MODEM
PAPER REMOTE
LINE TAPE TERMINAL PICES
PRINTER READER/
PUNCH MODULE
MODULE
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PFD 1000/PFD 1010

PIC Field Demo System

FEATURES

& Single +5V operation

® Adjustable on-board clock

m Optional external clock and reset .

m 512 x 12 words of program storage

B Dimensions: 4" x 4%"

m In circuit emulation cable length: 14"

® PFD 1000 emulates PIC 1650A and PIC 1655A
® PFD 1010 emulates PIC 1656

DESCRIPTION

The PIC Field Demo Systems provide the user with acompactand
portable method of evaluating and demonstrating application
performance before the commitment is made to ROM masking of
the PIC circuit. The PFD 1000/1010 systems each consist of a
single printed circuit module containing a PIC 1664B ROM-less
PIC circuit with external Erasable/Programmable Read Only
Memory (EPROM) attached. The EPROM contains the user's
application program. A 40 or 28 lead ribbon cable attaches to the
PFD Module terminating with a DIP plug providing emulation of
the PIC circuit in the application.

Provision for jumper options on the PFD Series module allows the
user to select various modes of operation as appropriate to the
application. Internal or external clock and power supply is
available.

[~ =
. B
g % PIC FILED DEMO SYSTEM (PFD 1000)
=2
a.

ORDERING INFORMATION

The PFD Module comes complete with a PIC 1664B ROM-less
PIC emulator circuit, EPROMs and an in-circuit-emulation cable.
Order the module to emulate the particular PIC circuit to be
emulated. )

DATA MANUAL

A complete description of the PFD 1000/1010 system is contained
in the PIC Field Demo Systems Data Manual.

EPROM |

DATA ADDRESS I

r
|
I
I

PIC 1664B l

L | [— —

RIBBON CABLE

28 OR 40 PIN ‘
IN-CIRCUIT
L——J emuLaTION PLUG
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PICAL

PIC Cross Assembler

FEATURES

W Symbolic machine operation codes (opcodes, mnemonics) .
B Symbolic address assignment and reference -

M Relative addressing

W Data creation statements

M Storage reservation statements

M Assembly listing control statements -

W Character codes may be specified as ASCII or EBCDIC

B Addresses can be generated as constants

" @ Comments and remarks may be encoded for documentation

B Cross reference table listing

DESCRIPTION A

The PICAL Cross Assembler is used for the General Instrument
tamily of microcomputers including the PIC 1650A, 1655A, and
1656. The function of this Cross Assembler program is to trans-
late the Symbolic Code into the machine code required by the
actual processors. The assembler program is written in FortranT¥
to achieve compatibility with most computer systems, including
those manufactured by DEC, Data General, Hewlett-Packard,
Xerox, and others. It is modular and may be executed in an
overlay mode should memory restrictions make that necessary.
The program is approximately 3400 Fortran card images in

_length, 20% of which are comments. The program is written in

ANSI standard Fortran I¥ and no facility peculiar to one machine
was utilized. This was done in order to eliminate Fortran compati-
bility problems.

The mnemonic Operation Codes are identical to those used in
other PIC literature and in other software products. This has been
done to eliminate any possible problems of program compatibil-
ity and to obviate the necessity of learning new assembly
languages. In addition, several directives and features are imple-
mented and described in the PICAL Users Manual.

The assembler is a two pass program that builds a symbol table,
issues helpful error messages, produces an easily read program
listing and symbol table, and outputs a computer readable object
(load) module. .

The assembler features macro capability, symbolic and relative
addressing, forward references, complex expression evaluation,
cross reference listing and a versatile set of directives.

The assembler program, written in Fortran, is usually supplied as
9 track, 1600 BP!, 80 column card image records, unblocked and
unlabeled magnetic tapes in either EBCDIC or ASCIl code. The
label on the tape reel will clearly specify the information.

The program is also supplied in compiled version for appropriate
media and machines, including the Data GeneraluNova® system.

ASSEMBLER LANGUAGE

An assembly language program is written in symbolic machine
language. It is comprised of statements. A statement is either a
symbolic instruction, a directive statement, a macro statement,
or a comment.

The symbolic machine instruction is a written specification for a
particular machine operation expressed by symbolic operation
codes and sometimes symbolic addresses or operands.

A directive statement is a statement which is not translated into a

machine instruction, but rather is lnterpreted as a directive to the
assembler program.

Statements are always written in a particular format. This format
is depicted below. )
("LABEL FIELD OPERATION FIELD OPERAND FIELD COMMENT FIELD

SYNTAX

The Assembler Language is a language like any other. That is, it
has a character set, vocabulary, rules of grammar, and allows for
individuals to define new words or elements. The rules that
describe the language are termed the syntax of the language.
For an expression or statement in assembler language to be
translated by the assembly program it must be written correctly in
accord with the rules of syntax.

A symbol is a sequence of characters. The first character ina ‘
symbol must be alphabetic or the special characters ?, $, or &.
Special characters except for the above three may not be used in
a symbol. Imbedded blanks are not permitted. The user is
cautioned not to use symbols that start with the ? character as the
assembler generates “local” symbols starting with this character.
Only the first six characters of a symbol are used by the
Assembler to define that symbol; the remaining characters are for
documentation. The parameter that dictates the number of
characters used to define asymbol may be changed in the Fortran
Source code.

A constant is an invariant quantity. It may be an arithmetic value
or a character code. There are several ways of specifying
constants in this assembler language.

Octal constants may be defined as a sequence of numeric
characters optionally preceded by a plus sign or a minus sign. If
unsigned, the value is assumed to be positive. Decimal constants
are defined in the same manner but preceded by a decimal point.
In most cases constants must be contained in one 8 bit word. A
constant can contain an unsigned number with a value from 0 to
255. When a constant is negative its equivalent two’s complement
representation is generated and placed in the field specified. An
eight bit two’s complement number can range from —128to +127.
Whenever an attempt is made to place a constant in a field for
which it is too large, an error message is generated by the
assembler.

An expression is a sequence of one or more symbols, constants,
or other expressions separated by the arithmetic operators +, —,
*, /. Parentheses are used in the normal manner to establish the
correct order of the arithmetic operators. Expressions are evalu-
ated left to right with multiplication and division being performed
before addition and subtraction.

The expression must resolve to a single unique value. All
expressions are evaluated modulo 65536 and hence are all 16 bit
quantities. In most cases the value of the final expression must be
contained in a 12 bit word.

DIRECTIVES

The directives or pseudo-operations are written as ordinary
statements in the assembler language, but rather than being
translated into equivalent machine language, they are interpreted
as commands to the assembler itself.

Through' use of these directives, the Assembler will reserve
memory space, define bytes of data, control the listing, assign
values to symbols, etc.
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The directives are:

ORG ' Set Program Origin

END End of Assembly

EQU Equate a Symbol to an Expression
SET Set a Symbol equal to an Expression
DATA Data Definition

RES Reserve Storage

ZERO Reserve Storage and fill with zeros
PAGE Advance Listing Form to next page
SPAC Space lines on listing

TITLE Set Program Heading

LIST List the Elements Specified

OPTION  Set Program Options (same as LIST)
NLIST Suppress listing of the Elements Specified

IF Conditional Assembly Statement

ELSE " Conditional Assembly Statement Converse
ENDIF End Conditional Assembly Code
MACROS

A macroisa sequence of instructions that can be inserted in the
assembly source text by encoding a single instruction, the macro
call. The macro definition is written only once and can be called
any number of times. The macro definition may contain param-
eters which can be changed for each call. The macro facility
simplifies the coding of programs, reduces the chance of pro-
grammer error, and makes programs easier to understand as the
source code need only be changed in one location, the macro
definition. i i

A macro definition consists of three bans: aheading, a body, and
a terminator. This definition must precede any macro call. A
macro may be redefined at any time with the latest definition of a
macro name applying to a macro call. A standard assembler
mnemonic (e.g. CLRF) may also be redefined by defining amacro
with the name CLRF. In this case all subsequent uses of the CLRF
instruction in the program will cause the macro to be expanded.

The PIC assembler which is precompiled for the Intel MDS® does
not have a MACRO capability due to the possnbly limited memory
space available.

USING THE ASSEMBLER

. The Assembler is written entirély in Fortran and is comprised of a

main program and several subroutines. The main program
appears first on the tape and the last subroutine is followed by a

‘tape mark. The Assembler may be compiled from the tape.

The Assembler should be compiled and its object module stored
on some secondary storage device. If desired, the Assembler may
be compiled and linked to perform in the overlay mode. Commu-
nications between subprograms is via blank common and sub-
routine call parameters. .

The Assembler is a two pass Assembler wherem the source code
is scanned twice. During the first pass the labels are examined
and placed into a symbol table. Certain errors may be detected
during Pass One; these will be displayed on the output listing.

During Pass Two, the object code is completed,- symbolic
addresses resolved, a listing and object module are produced.
Certain errors, not detected during Pass One may be detected
and displayed on the listing.

At the end of the Assembly process a symbol table or cross
reference table may be displayed. E :

The following steps are taken to assemble a source program:

1. Write a program utilizing the instruction mnemonics of the
PIC Instruction Set and directives. Encode the argument
fields with constants, labels, symbolic addresses, etc.

2. Transfer the source program to some computer readable
medium; cards, tape, etc. This medium should correspond
to the input device expected by the Assembler. On some
.systems device assignments may be changed during the
course of an assembly by utilizing proper system control
cards.
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3. Load the source code.
4. Execute the Assembler Program.
5. Get listing and object module as output.

During Pass Two of the assembly process a program listing is
produced. The listing displays all information pertaining to the
assembled program, both assembled data and the users original
source statements.

The listing may be used as a documentation tool through the
inclusion of the comments and remarks that describe the function
of the particular program segment.

The main purpose of the listing is to convey all pertinent
information about the assembled program, i.e. the memory
addresses and their contents. The load module, also produced
during Pass Two, contains the address and content information
but in a format that can be read by _pedple only with great effort.

TYPICAL ASSEMBLER LISTING

LINE ADDR 81 82 TEST CHECKSUM
1 THLE *TEST CHECKEUM®
2 L1s PE165S,X,E
3 000000 0000 8TaRY ND?
00001 0000 0000 MOV Fo
LT N’CODE ERROR o
S 000003 0070 MOVRF 30
6 000004 0061 START2 MOVWF 1t
7 000005 8TART3 .
8 000005 o043 MOVAF 3
9 ORG - 20
10 000020 .0001 0002 DATA 1,2,3
11 000022 0003
12 000023 . RES 2
13 o00002S IE'?O 3.
14 . STARY
15 | !nahr FR
16 ADDWF  Fto
17 ELSE
18 000030 0551 ANDWF  FQ
19 ! ENDIF
20 000031 o004y o MOVWF 9y
21 000032 onoU3l” MOVWF 3
322 000033 00ua . s MOVWE 4
23 000034 S002 6070 STERT+2
24 . URG 30
25 000030 So030 GOt
26 000031 4031 rovLn
27 000032 0oy . MOVAF 1
28 co0033 o042 VOVRE 2
29 000034 NO43 MOVRE 3
30 000035 o044 NOVeF 4
31 000036 004S MOVAF  §
#as TNVALID FILE REGISTER
32 000037 o047 . MOVWF 7
33 000040 -, 0050 MOVAF . 10
34 '
35, 000041 1008 MOVF S,
36 000042 1006 . MOVF by w
was INVALID FILE REGISTER - v
37 000043 1047 MOVF T
38 000044 1010 MOVE  10,n
39 . !
40 0o00uS 3345 HTFSC 8,7
41 00n0de SN‘S BTFSC 5,0
42 000047 06 RTFSC 6,0
*ae INVALID FHF "FG!SVER
43 000050 334 BIFRC 6,7
®se INVALID FILE RFG!SVHI
44; 00005t 3007 BTIFSC 7,0
45 000052 3347 BYFSC 7,7
46 000053 3010 HTFSC 10,0
47 0000S4 3350 . RTFSC 10,7
u8 1
a9 . i
50 UKG 777
.51 000777 ®po00 . GOTA - 8TaRT .
52 1
53 ’ 1
S¢  No1ang . . [0

BSSEMHLER FRRORS = 5

USERS MANUAL

A complete description of the PICAL Cross Assembler program
with detailed explanations of how it is used is contained in the
PICAL Users Manual.
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CP1600  CP1610

16-Bit Microprocessor
FEATURES

8 program accessible 16-bit general purpose registers
86 basic instructions

4 addressing modes: immediate, direct, indirect, relative
Conditional branching on status word and 16 external
conditions

Unlimited interrupt nesting and priority resolution

16-bit logic and 2's complement arithmetic

Status logic and word: carry, overflow, sign, zero

Direct memory access (DMA) for high speed data transfer
64K memory using single address

TTL compatible/simple bus structure

CP1600: 600ns cycle time, 3.3MHz 2-phase clock
CP1610: 1us cycle time, 2MHz 2-phase clock

DESCRIPTION

The CP1600/CP1610 are compatible members of the Series 1600
Microprocessor products family. Each is a complete, 16-bit, sin-
gle chip, high speed MOS-LSI Microprocessor. The Series 1600
family is fabricated with General Instrument’s N-Channel lon-
Implant process, insuring high performance with proven reliabil-
ity and production history. All members of the Series 1600 family
are fully compatible with the CP1600/CP1610.

The Microprocessor has been designed for high speed data
processing and real time applications. Typical applications
include programmable TV games, home computer systems/
home information centers, programmable calculator systems,
peripheral controllers, process controllers, intelligent terminals
and instruments, data acquisition and digital communications
processors, numerical control systems and many general
purpose mini-computer applications.The Microprocessor can
readily support a variety of peripheral equipment such as TTY,

PIN CONFIGURATION
40 LEAD DUAL IN LINE
Top View
eBcicjer = o P PO
MSYNC O 2 39 [J GND
scid 3 38 ga
BC2[ 4 a7 P e
BOIR(] § 36 [ Vgp (+12V)
D1sg 6 35 D Vgg (-3V)
oug 7 3¢ 0 Vee (+5V)
Bk ] 33 [J BDRDY
bz 9 32 [ §TPST
o1 d 10 31 1 BUSRQ
o101 30 O HALT
os Q] 12 20 1 BUSAK
osd 13 28 ) iNTR
oo 4 27 ) INTRM
o1 s 2 1 1C1
o7 16 25 [J EBCAO
o617 24 | EBCAY
osd 18 23 [ EBCA2
o419 22 [ EBCA3
03d 20 21 QD2

cassette tape, floppy disk, and RS-232C data communication
lines.

The CP1600/CP1610 utilize third generation minicomputer archi-
tecture with eight general purpose registers to achieve a versatile,
sophisticated microcomputer system. The 16-bit word enables
fast and efficient processing of alphanumeric or byte oriented
data. The 16-bit address capability permits access to 65,536
words in any combination of program memory, data memory, or
peripheral devices. This single address space concept, combined
with a powerful instruction set, provides an efficient solution to
microcomputer and many minicomputer-based product require-

CRT display, tape reader/punch, A/D & D/A converter, keyboard, ments. -
CP1600 SYSTEM DIAGRAM Voo Ve Ve
- MSYNC +12v sV -3V
g
2
ol 2
g —3 01 E8CI 42
>>BaN —3 02 xa gk
EEEE TR g8 2
e EBCAO g wo
EBCA1 23 Xa
EBCA2 e 2,—”3
£BCA3 <
- e CP1600 5
«> o <« CONTROL [€—BC2
80IR
. 74145 BUSRQ
po.1s  BUSAK
€— | fom | €— I ¢
BIDIRECTIONAL
[: BUS DRIVERS | 8726
ADDRESS
€> | Ram €« REGISTER | €—
. ( ADDRESS &
CONTROL BUS 14175 J ¢
16.81T BIDIRECTIONAL BUS
_ .




PROCESSOR SIGNALS

DATA BUS
DO0-D15
Input/Output/High Impedance

Data 0-15: 16-bit bidirectional bus used to transfer data,
addresses, and instructions between the microprocessor,
memory, and peripheral devices.

PROCESSOR CONTROL

STPST

Input

SToP-STart: Edge-triggered by negative transition; used to con-
trol the running condition of the mlcroprocessor

HALT

Output

HALT: indicates that the microprocessor is in a stopped mode.
MSYNC

Input

Master SYNC: Active low input synchronizes the microprocessor
to the ¢1, ¢2 clocks during power-up initialization.

EBCA 0-3

Outputs

External Branch Condition Addresses 0-3: Address for one-of-16
external digital state tests via the BEXT (Branch on EXTernal)
instruction.

EBCI

Input

External Branch Condition Input: Return signal from the one-
of-16 selection made by EBCA 0-3.

CP1600 @ CP1610

BUS CONTROL

BDIR, BC1, BC2

Outputs

Bus DiRection, Bus Controls 1, 2: Bus control signals externally
decoded to define the state of bus operations (see State Flow
Diagram).

BUSRQ

Input

BUSAK

Output

BUS ReQuest, BUS AcKnowledge: BUSRQ* requests the micro-
processor to relinquish control of the bus indefinitely. BUSAK*
informs devices that the bus has been released.

BDRDY

Input

Bus Data ReaDY: causes the microprocessor to “wait” and re-
synchronize to slow memory and peripheral devices.

INTR , INTRM

INTeRupt INTeRupt Masked: request the microprocessor to
service an interrupt upon completion of current instruction.

TCI

Output

Terminate Current Interrupt. puise outputted by the micro
processor in response to the TCl instruction.

PCIT

Input/output

Program Counter Inhibit/Trap: As an input, inhibits incrementa-
tion of the Program Counter during the instruction fetch se-
quence. As an output, generates a pulse during execution of a
Software INterrupt (SIN) instruction.

CP1600 INTERNAL BLOCK DIAGRAM

Voo~
VCC
Vn‘._—)
GNO—_5 \
01— L —
. 02 —3
MSYNC e -
PROCESSOR ( ] [
CONTROL
EBCAG €—
EBCA1 INSTRUCTION ARITHMETIC
be—{ REGISTERZ LOGIC UNIT
Esca2 DECODE ROM (ALU)
EBCA3 €
- EBCI l Il:'
Saer STATE
s Ml TIMING SHIFTER STATUS
[ Per ROM s{zlovfc
Tcl
BORDY g
e | y
INTRM
BUSRQ MAIN DECODE "WRITE PORT
conrroL T Srow s EXTERNAL
. Al 16817
] — |
-] R3 e > <> [pioIRECTIONAL
BC2 € BUS CONTROL R4 . BUFFERS
| eoire— 3 P
(SP)  R6 -
(PC) __R7
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CP1600 m CP1610

SIMPLIFIED STATE FLOW DIAGRAM

INITIALIZATION
SEQUENCE
=+
OUTP
CURRENT PC
(BAR) .
BORDY: 0 WAIT ’
(NACT) FETCH
SORDY ¢! BDROY: ! SEQUENCE
: BDROY: 0
INPUT :
INSTRUCTION
INTERNAL (o78) EXTERNAL
REFERENCE REFERENCE
INSTRUCTION INSTRUCTION A
BORDY: O WAIT
(NACT) ADDRESS
8 . JegoRor: SEQUENCE
ORO BORDY: 0
INPUT
EXTERNAL DATA
(078)
oy Execure Seasence
NTERRUPTABLE| 'NSTRUCTION INTERRUPTABLE
INSTRUCTION INSTRUCTION L

BUS REQUEST

WAIT
—— OUTPUT BUSAK
BUSRQ:0 (NACT)

SEQUENCE
BUSRQ*= | BUSRQ: O
M- INTFF v |
INTERRUPT
CURRENT PC SEQUENCE
(OW 8 DWS)
INPUT
DEVICE PC
(148) .
£

BUS CONTROL SIGNALS

BDIR BC2 BC1
0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1

- 2-66

Signal Decoded Function

NACT No ACTion, D0O-D15 = high impedance

ADAR Address Data to Address Register,
D0-D15 = high impedance

IAB Interrupt Address to Bus, D0-D15 = Input

DTB Data To Bus, D0-D15 = Input

BAR Bus to Address Register

Dw Data Write

DWS Data Write Strobe

INTAK INTerrupt AcKnowledge




INSTRUCTION SET (SUMMARY LISTING)

CP1600 m CP1610 [RI]

Mnemonics Operation Microcycles Comments
MOVR MOVe Register 6/7
TSTR TeST Register 6/7 MOVR to itself
e. |R Jump to address in Register 7 MOVR to PC
5 % ADDR ADD contents of Registers 6
® % | SUBR SUBtract contents of Registers 6
& | CMPR CoMPare Registers by subtr. 6 Results not stored
&= ANDR logical AND Registers 6
XORR eXclusive OR Registers 6
CLRR ClLeaR Register 6 XORR with itself
INCR INCrement Register 6
. | DECR DECrement Register 6
" % COMR COMplement Register 6 One's Complement
b4 ‘® | NEGR NEGate Register 6 Two's Complement
S | & |Abcr ADd Carry Bit to Register 6
& | & |cswo Get Status WorD 6
‘:::’ £ ] NOP No OPeration 6 -
= | @ |SIN Software INterrupt 6 Pulse to PCIT pin
2 RSWD Return Status WorD 6
3 SWAP SWAP 8-bit bytes 6 5
z| = [stL Shift Logical Left 6 SE
x| £ |Rc Rotate Left thru Carry 6 £5 Not interruptable.
w 5 SLLC Shift Logical Left thru Carry 6 25 One or two position
w | % |SR Shift Logical Right 6 oE shift capability. Two position
o] © |saAr Shift Arithmetic Right 6 Z g SWAP not supported.
g | = |rrC Rotate Right thru Carry 6 2
5 SARC Shift Arithmetic Right thru Carry 6 <
z HLT HaLT 4
2 | SDBD Set Double Byte Data 4 Must precede external reference
s2|EIS Enable Interrupt System 4 to double byte data
€8|Dis Disable Interrupt System 4
8 o‘,g TCI Terminate Current Interrupt 4 Not interruptable
£ 1 CLRC ClLeaR Carry to zero 4
SETC SET Carry to one 4
oY Jump 12
S| JE Jump, Enable, interrupt 12
g5 Jump, Disable interrupt 12
32]|JSR Jump,-Save Return 12
N ",":" JSRE Jump, Save Return & Enable 12 ::J:;'}:ggr?zr 6
=~ ] JSRD Jump, Save Return & Disable interrupt 12 ' .
B unconditional Branch 9* x
NOPP No OPeration 7* a Two words
@ BC (BLGE) Branch on Carry 7 3 c=1
S | BNC (BLLT) Branch on No Carry 7 > Cc=0
§ BOV Branch on OVerflow 7 g ov=1 -
£ | BNOV Branch on No OVerflow 7 s ov=0 ('*5 g
(7] £ | BPL Branch on PLus 7 - S=0 cg
g § | 8™ Branch on Minus 7 k] S=1 R
= € | BZE (BEQ) Branch on ZEro or EQual 7 B Z=1 E Ex
8 | @ | BNZE (BNEQ) | Branch if Not ZEro or Not EQual 7 5 Z=0 EQ
x| 5 [BLT R-=qch if Less Than 7 = SYov=1 86
5 § | BGE 1ch if Greater than or Equal 7 2 SYOovV=0 g‘}-
£ | Z |sLe 1ch if Less than or Equal 7 = ZV(SYOV)=1 go
wl| g |sar 1ch if Greater Than 7 ke ZV(SYOV)=0 - o
z O | BUSC 1ch if Sign#Carry 7 > CvS=1
u BESC 1ch if Sign=Carry 7 ~ CV¥s=0
B BEXT ach if External condition is True 7 3 4 LSB of instruction are decoded
w < select 1 of 16 external conditions.
3 Dir. | Imm. | Indir. | Stack
E ° MVO MoVe Out 1" 9 9 9 Not interruptable
1; S | PSHR PuSH Register to stack — — — 9 PSHR=MVO@R6. Not interruptable
w MVI MoVe In 10 8 8 1
PULR PULI from stack to Register - - - 11 PULR=MVI@R6.
o | ADD ADD 10 8 8 1
32| sus SUBtract 10 8 8 1
Eg]omp CoMPare 10 8 8 11| Result not saved
T | AND logical AND 10 8 8 1" .
< | XxOR eXclusive OR 10 8 8 1

-

MICROCYCLE=2 CLOCK CYCLES
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CP1600 . SPECIFICATIONS

ELECTRICAL CHARACTERISTICS

Maximum Ratings* ) ' *Exceeding these ratings could cause
Vpu.. Vee, GND and all other input/output voltages permanent damage. Functional operation
= St::;g;e$$1?;; XJBI'BG ~~~~~~~~~~~~ -;50‘;:(5:vt¢t>°+t;%9\cl of this device at these conditions is not
E 5 Operating Temperaturé ...................... 0°C to +70°C ) Lr:::;l::led—operatlng ranges are specified
==l Standard Conditions: (unless otherwise noted) , ’
=2 Vop=+12V15%, 70mA(typ) , 110mA(max.) Ves=—3V+10%, 0.2mA(typ) , 2mA(max.)
bl Vcc=+5V+5%, 12mA(typ) , 25mA(max.) Operating Temperature (T4)=0°C to +70°C
Characteristic ’ Sym - Min Typ** . Max Units Conditions
DC CHARACTERISTICS
Clock Inputs
High . Vine 10.4 - Vop v
Low . Vu,q 0 - 0.6' \
Input Current o Ic — — 15 mA Vine= (Voo —1)V
Logic Inputs :
Low V. 0 - 0.65 v
High (All Lines except BDRDY) Viu 24 bl Vee v
High (Bus Data Ready Line
See Note) Vius 3.0 - Vee A
Logic Outputs :
High Vou 24 Vee - v lon = 100pA
Low (Data Bus Lines D0-D15) Vou - - 0.5 \ lo.= 1.6mA
Low (Bus Control Lines, ’
BC1,BC2,BDIR) - Vou - = 0.45 \ lor = 2.0mA
Low (All Others) Vou - - 0.45 \ loL =1.6mA
AC CHARACTERISTICS
Clock Pulse Inputs, ¢1 or ¢2 ) )
Pulse Width te2, 192 120 - ns
Skew (o1, $2 delay) t12, t21 0 - - ns
Clock Period : tey 0.3 - 2.0 us
Rise & Fall Times ' tr, tf - - 15 ns
Master SYNC: i
Delay from ¢ tms - = 30 ns

DO0-D15 Bus Signals
Output delay from ¢1

(float to output) | teo - - 120 ns | 1TTL .Load & 25 pF
Output delay from ¢2 '

(output to float) ter - 50 - ns
Input setup time.before ¢1 tes . [} - - ns
Input hold time after ¢1 te2 10 - - ns

Bus Control Signals
BC1,BC2,BDIR

Output delay from ¢1 toc _ - 120 ns

Skew — - - 30 ns
BUSAK Output delay from ¢1 tau = 150 - . ns
TCI Output delay from ¢1 tvo - 200 = ns
TCI Pulse Width . trw - 300 - ns
EBCA output delay from BEXT
" input | toe - = 150 ns
EBCA wait time for EBCl input |  ta - - 400 ns Y
CAPACITANCE TA =+25°C; Vop = +12V; Vcc = +5V;
o . . Vs =-3V; t¢1=t¢2=120ns
¢1, ¢2 Clock Input capacitance |Co¢1,Co2 - 201 30 pF
DO-D15 — — 8 15 pF
- All Other : s — o= 5 10 pF

**Typical values are at +25°C and nominal voltages. s

NOTE: TheBus Data ReaDY(BDRDY) line is sampled during time period TS| after-a BAR or ADAR bus control signal. BDRDY must
go, low requesting a wait state 50 ns before the end of TS1 and remain low for 50 ns minimum. BDRDY may go high
asynchronously. In response to BDRDY, the CPU will extend bus cycles by adding additional microcycles up to a maximum
of 40 usec duration.
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CP1610

SPECIFICATIONS

ELECTRICAL CHARACTERISTICS
Maximum Ratings”
Voo, Vcc, GND and all other input/output voltages

withrespecttoVes . . . . . . . . . . .. -0.3V to +18.0V
Storage Temperature . . . . . . . . . ... -55°C to +150°C
Operating Temperature . . . . . . . . ... .. 0°C to +70°C

Standard Conditions: (unless otherwise noted)
Vpp=+11V+5%, 70mA(typ) , 110mA(max.)
Vec=+5V+5%, 12mA(typ) , 25mA(max.)

*Exceeding these ranges could cause
permanent damage. Functional operation of
this device at these conditions is not
implied—operating ranges are specified
below.

Vas = —2.2V * 5%, 0.2mA(typ), 2mA(max.)
Operating Temperature (Ta)=0°C to +70°C

Characteristic Sym Min Typ** Max Units Conditions
DC CHARACTERISTICS
Clock Inputs
High Viue 10.0 - Vop Vv
Low Vie 0 - 0.6 v
Input current - — - 15 mA Vine = (Voo —1)V
Logic Inputs
Low Vi 0 - 0.65 \
High (All Lines except BDRDY) Viu 2.4 - Vee v
High (Bus Data Ready Line
See Note) Vius 3.0 - Vee v
Logic Outputs :
High Vou 24 Vee - v lon = 100pA
Low (Data Bus Lines D0O-D15) Vo. - - 0.5 \ loL = 1.6mA
Low (Bus Control Lines,
BC1,BC2,BDIR) Vou - - 0.45 \ loL=2.0mA
Low (All Others) Vou - - 0.45 \ lor = 1.6mA
AC CHARACTERISTICS
Clock Puise Inputs, ¢1 or ¢2
Pulse Width t¢2, t¢2 250 - ns
Skew (o1, 2 delay) t12, t21 0 - - ns
Clock Period : tey 0.5 - 20 us
Rise & Fall Times tr, tf - - 15 ns
Master SYNC:
Delay from ¢ tms - - 30 ns
DO0-D15 Bus Signals
Output delay from ¢1
(float to output) tso - - 100 ns 1 TTL Load & 100pF
Output delay from ¢2
(output to float) ter - 50 - ns
Input setup time before ¢1 te 0 - - ns
* Input hold time after ¢1 ten 10 - - ns
Bus Control Signals '
BC1,BC2,BDIR
Output delay from ¢1 toc _ - 100 ns
Skew — —_— — 30 ns
BUSAK Output delay from ¢1 teu - 150 - ns
TCI Output delay from ¢1 tto - 200 - ns
TClI Pulse Width tiw - 300 - ns
EBCA output delay from BEXT
input toe - - 150 ns
EBCA wait time for EBCI input ta - - 400 ns |
CAPACITANCE TA =+425°C; Vop = +12V; Vcc = +5V;
R : Ves = —3V; tp1 = t92 = 120ns
$1, $2 Clock Input capacitance |Ca1, Co — 20 30 pF
D0-D15 o — - 8 15 pF
All Other — — 5 10 pF

**Typical values are at +25°C and nominal voltages.

NOTE: TheBus Data ReaDY(BDRDY) line is sampled during time penod TSI after a BAR or ADAR bus control signal. BDRDY must
go low requesting a wait state 50 ns before the end of TS1 and remain low for 50 ns minimum. BDRDY may go high
asynchronously. In response to BDRDY, the CPU will extend bus cycles by adding additional microcycles up to a maximum

of 40 usec duration.
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R LUie CP1600 = CP1610

CLOCK AND BUS TIMING
[ I CYCLE
151 T T 154 T TS2 154 T T 154 T
s2, 153, TS S, Ts2, 1S3 TS S2 T8 TS T8
ety —=
9.4v
. 1 Y _ ﬂ
= p o foev ] \ l \ [\
>R — g b
S& b b
Lo ‘: 1 i '
= ] | | !
& e | P
Mgt b = -ty ! o
1 i ! 1 ' '
v i ! -
= lcfor . 0 i i X
1 1 '
Sl : - ! P
8C1, BC2, S P
BOIR L /xosv ' .
v ={lgor=— —qlsr"’- ‘au"”"“, =la
00-015 '\\\ a AR '
, : \\ \ 0.8v H
1
BUS " BUs BUS INPUT
CHANGING FROM  OUTPUT CHANGING FROM INSTRUCTION
FLOAT MODE T0 VALID  OUTPUT MODE TO OR DATA
OUTPUT. WODE FLOAT MODE OPERAND

TYPICAL INSTRUCTION SEQUENCE (EXTERNAL BRANCH TIMING)

ITSIITS2ITS3 TSI {TS21TS3iTSAITS! T521TS3 {54 TSITS21s3 TsalTs! Ts2iTsairsaiTsi 2!

o NN NN NN NNNS

C S

=ty =
ebep ’XXXXXXX UNDEFINED XXXXXXXXXXSTABLE AS LONG AS ADDRESS 15 STABLE
[
) In— tAI —=
EBCT DON'T CARE = pON'T CARE—-

VALID INPUT
THROUGHOUT TSI

BUS
CONTROL U1 BAR D7 NACT D77 DB D7 NACT 7 BAR DA

oo-msm roar X X roar WX )@

<>
OuTPUT INPUT OUTPUT PC+1- TO

PROGRAM COUNTER BEXT INSTRUCTION FETCH DISPLACEMENT

LEGEND: : .00-DI5 BUS
AN CHANGING DIRECTION
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DAC1600

Dual Digital to Analog Converter

DESCRIPTION

The DAC1600 Digital to Analog Converter has been designed to
serve as a powerful, yet economic interface to a process control
loop. The DAC1600 provides two 10-bit Pulse Width Modulated
outputs and an array of switch inputs and light driver outputs.
Essentially the DAC1600 contains four registers which can be
loaded or read through a 10-bit I/O data port. Fig. 1 shows the
data base information in these registers.

ANALOG OUTPUTS

The value of the analog outputs SP and VO are determined
respectively by the ten-bit numbers loaded in the Set Point
Register and the Valve Register. An output is a pulse train with a
_period of approximately 1kHz (1MHz/1924) whose high/low ratio
is inversely related to the 10-bit value stored in the register. (See
Fig. 2).

The high{low ratio is unaffected by temperature and supply
variations and is the basis of the 10-bit D/A accuracy. The length
of the high or low portions of the pulse will never be in error by
more than a fraction of an LSB.

If the chip output (SP or VO) is passed through a low pass filter
the result will be approximately equal to the desired analog
voltage. However, it will not be accurate because, while the
output ratio is accurate, the chip’s output voltage levels are not,
and would thereby degrade the accuracy of the signal. Thechip’s
output should be used to drive a good switch which, in
conjunction with a voltage reference and filtering will yield an
analog voltage having 10-bit accuracy.

VALVE REGISTER (Manual Mode)

In addition to being a register, the Valve Register (B) is also an
UP/DOWN counter. By setting Ml (Manual Interrupt) toa “1” and
either UP or DN to a “1”, the B register will be slewed up or down.
This allows an operator to manually adjust the B register value.
The design allows bumpless, balanceless transfers between
computer and manual control. In order to provide both a precise
degree of manual control and an ability to slew the B register
through a substantial change, a variable slewing rate has been
incorporated in the chip.

PIN CONFIGURATION
40 LEAD DUAL IN LINE
. Top View

wicer = wptoz
w32 3 fce
swed 3 38 [ Voo
sws [ 4 a7 psp
cMi g s 36 A vo
cm2 O 6 35 P01
cmag 7 34 102

. mQgs 33 103
mB1 O 9 32 D104
MB2 O 10 31 Q105
DN1 O 11 30 3106
uP1 [ 12 20 107
Mo 13 28 [1108
Voo O 14 27 0 109
sw4 O 15 26 31010
iD (= 8[} 25 O GND
és o 24 O1s
FA1 O] 18 23 O FA3

SW3 (RD1) [ 19 22 [ FA2

swz2 O 20 21 [ sw1

MODE REGISTER

The first five bits of Mode Register (A) may be used to store the
mode of control. Manual Interrupt is in bit 1. Bits M2, M3, M4 and
M5 can be read or loaded via the I/0 bus or set by inputs from
three switch inputs CM1, CM2, or CM3. The condition of these
bits is encoded and output on light drivers MB1 and MB2. The
Mode Register may be used to inform the operator of computer
determined conditions or inform the computer of operator
actions.

SWITCH/LAMP DRIVER REGISTER

The Switch/Lamp Driver Register contains three light drivers
which can be used for panel alarm lights. It also stores six switch
inputs.

ADDITIONAL ALARM FEATURE

Light driver MO outputs a 2 cps signal which can flash a light to
attract an operator's attention.
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PIN‘FUNCTIONS

101-10: 10 bit bidirectional data bus. Data can be loaded
synchronously or asynchronously. Data are read onto the 1/0
bus without strobing.

MI: Manual input line. It forces the chip into a manual mode of
operation.

cs: Chip select line. It is low active for synchronous data trans-
fer, high active for asynchronous data transfer.

IS: Input strobe line. It loads one of the four internal registers
defined by FA1-3, when CS is low. If the chip is in the manual
mode via M, the ability to load one of the four registers, namely,
the valve register, is unconditionally inhlbned independent of the
CS signal.

FA1-3: Function select lines. It is used to specify one of the four
registers and whether an input or output function is to be
performed. See Table 2 for definition.

CM1-3: Control mode lines. A pulse on one of these lines will
alter the bit M3, M4 or M5 in the mode register. See Table 3.

UP1, DN1, RD1: Up counting, down counting and reversing lines.
They are used to control the direction of counting serially in the

valve register during the manual mode. Overfiow or underflow of
the register is prevented by internal circuitry. See Table 4 for
definition.

SD: DAC1600 shed signal. It is used in conjunction with manual
input line to form different manual mode outputs. See Table 5.
MO: DAC1600 manual mode output. It oscillates around 2Hz
whenever Ml is low and SD is high. See Table 5.

MB1, MB2: Mode bit-lines. They are used to indicate the status of
the mode register. See Table 6. .

VO: Valve register output. It is a 10 bit pulse width modulated
waveform. See Fig. 2

SP: Set point reg:ister output. Itis a 10 bit pulse width modulated
waveform. See Fig. 2.

CC: DAC1600 counter clock input.

SW1-SW6: They are used by CPU as switch word. SW3 (RD1) is
also used in reversing the direction of counting in valve register
during manual mode.

LD1-LD3: Panel lamp driver o'utputs.

10-10 10-9 10-8 10-7 10-6 10-5 10-4 10-3 10-2 10-1
1/0 Bufter
‘ Register A (mode register) 1 1. 1 UP1+ | DN1+ M5 M4 M3 M2 M1+
Register B (valve register) ) V10 ) "] V7 3 V5 v4 V3 V2 %!
Register C (set point regisﬁer) SP10 SP9. SP8 SP7 SPé SP5 SP4 SP3 SPQ SP1
Register D )
(switch/lamp driver register) 0 SWi+ | SW2+ | SW3+ | SW4+ | SwW5+ | SW6+ | LD3 LD2 LD1
+Read only locations (asynchronous input signals)
' Fig. 1 REGISTERS DATA BASE
Valve Register Valve Register Output . (VO)
or or
Set Point Register Set Point Register Output (SP)

ASSUMING 1MHz CLOCK

Tus —>I |<—1017ps———>‘
I

—

[l

fe— 51205 —fa—— 5120 —»]

j
fe———960us ——»| 64ps j@——

. Fig. 2 PULSE WIDTH MODULATED OUTPUT WAVEFORMS
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“ DAC1600 » st

‘ ELECTRICAL CHARACTERISTICS * Exceeding these ratings could cause per-
MAXIMUM RATINGS* ) manent damage. Functional operation of this
Voo, Y‘m and all otGh:erlnput/output voltages . ~03V to +18.0V device at these conditions is not implied—
Storage Tommoratare e G0 A1s0eG  OPeraling ranges are specified below.
\ Standard Conditions (unless otherwise noted) T, =0°Cto 75°C Vpp = +12V *5% Vgc = +5V £5%
Symbol Characteristic * Min. Max Units Conditions
Vi Input Low Voltage -0.5 +0.65 v * =
Viy Input High Voltage 2.2 Vee v * 22
; In Input Current - ' 10 pA Vin.= OV o 5.25V 2 (=
lLom Output Lkg. Curr. — 10 pA €S =22V 10 (1-10) = 4.0V =
oL Output Lkg. Curr. — -10 HA CS =2.2V;Vge =5.25V; 10 (1-10) = 0.4V
Cin Input Capac - 8 pF f=1MHz
| Cout Output Capac - 10 pF f= 1IMHz @ Vour = 0.0V
i . Tri-State Mode
\ VoL Output Low Voltage — 0.45 v *loL = 1.6 MA
‘ Vou Output High Voltage 27 Veo v *low = 300uA, CL = 100pF
lce Supply Current — 5 mA
Iop Supply Current - 25 mA No Load
* Applies to TTL compatible inputs and outputs. See Table 1 for other iﬁputs and outputs. ’
Table 1: THE FOLLOWING TABLE DEFINES INTERNAL
PULL UP CURRENT SOURCES [
signal | In/Out | Pull Up Comp |Loading LOAD AB.C,D . ‘
FA1,23 In To +5V L |<ima@ 4V Fara vay ‘ X:
LD1 Out — — Load Type A VitMAX
LD2 Out — — Load Type A INPUT VjyMIN ﬂ
' DATA
Mi In_ None Comp Type 1 ‘ ) 1Of0 ViLMAX
MO Out — — Load Type A i _
4.0 VMIN —\ tr = 20ns MAX
CM1 In None  |Comp Type 1 s tf = 10ns MAX
cM2 - In None  |Comp Type 1 e oy
CM3 In None |Comp Type 1{. T 50 MIN-»] =~ 50 MIN
‘ MB1 Out - - Load Type A & v‘"M;\ 250 MIN—=> /
‘ MB2 Out — — Load Type A * 2.000 MIN ASINGH OPER.
T 10000MAX "]
SW3 (RD1 In To +5V TTL ~1ma @ .4V : NO ASYNCH. OPER. PERMITTED
sw2 In To +5V TTL <1ma @ .4V (Note 1)
SWi1 In To +5V TTL <1ma @ .4V
Vo Out — — Load Type B
SP Out —_ —_ Load Type A READ A,B,C,D
UP1 In “None Comp Type 1
SW5 In None [Comp Type 1 FA1-3 x e x
DN1 In None Comp Type 1 )
SW6 In None  [Comp Type 1 ouTet X o K
‘ Sw4 In None |Comp Type1| . . 101-10 ol
LD3 Oout’ - . —  [Load Type A ) [+ 500 MAX = .
I sD In To +6V TTL | |s1ima @ .4V cs —\ /_
‘ cc In Series RC to Common | . 4000 MIN ASYNCH OPER.
i 1S “In To +5V TTL <1ma @ .4V NO ASYNCH OPER. PERMITTED
cs In To +5V TTL <1ma @ .4V : (Note 1)
101,-10 | In/Out | Tri State - Load Type C NOTE 1: Asynchronous Data Entry
B Data transfer in and out of the chip is made
COMPATIBILITY via the 10-bit bidirectional data bus (I/O 1-
1] 1 NN 10). Data may also be entered asynchron-
Comp. Type 1 z;?: : A t001 ix ously with respect to CS andIS. Asynchrous
| LOADING = rirrrrimmmmmmmrrmmmmemmemmener ) data entry during I/0 data transfers is inhi-
: bited by an internal “lockout" signal derived
Load Type A Source..........ooiiniins 2.5 mA @ 4V Min from the CS signal. When CS falls to zero, a
| Sink .......... .. 300 pA @ 0.4V Max delay of from 4us to 1Qus is generated. Asyn-
f chronous inputs are inhibited from entry
‘ Load Type B gic:::(rce """""" 1:&“%? 29\)’ &22 during this time.
SinK «.vviiiiiiiiii 1.6 mA 0.45V Max Fig. 3 TIMING DIAGRAM
Load TYPeC  Source ... ...300 pA @ 2.7V Min
Cap . 100 pF Max Load
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Table 2 REGISTER AND FUNCTION SELECT

Table 3 MODE CONTROL

FA

Operation

Condition

- -4 <4 4 O 0O O O|W
- 4 O O = = O Oj|N
- O = O = O = O|=m

Load ‘A’
Load ‘B’
Load ‘C’
Load ‘D’
Read ‘A’
' Read ‘B’
Read ‘C’
Read ‘D'

Mi+ =0

cM
3|21 ] ms M4 M3 M2
JLu 0 0 0
T 0 1 0 0
JL 0 0 0
CM1-3
v, i ’/__\
Vi MAX /
/ -
MSEC
0.02 MIN
| 20 MAX

Table 4 MANUAL MODE FUNCTION CONTROL

Mi | CS | UP1| DNt | RDI Operation
1 1 0 0 0 No Op
1] 1 ol o 1 No Op.
1 1 0 1 0 Incr “B”
1 1 0 1 1 Decr “B”
1 1 1 0 0 Decr "B”
1 1 1 0 1 Incr “B”
1 1 1 1 ol Indeterminate
1 1 1 1 1 Indeterminate
1 0" X X X. No Op.
0 0 X X X As specified by FA1-3
0| 1| x| x| x| Noop
Table 5 MANUAL MODE OUTPUT
Mi SD MO
0 0 0
0 1 TLT LI L t=2n
1 0 1 .
1 1 1
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INCR/DECR speed is controlled by an internal variable
frequency clock. The clocking rates are as follows:
16Hz for 2 seconds
64Hz for 2 seconds ’
128Hz thereafter until UP1 or DN1 are deactivated.
*If CS remains low for longer than 10 psec. normal -
operation (per UP/DN) will resume.

Table 6 MODE REGISTER STATUS

MB
M5 M4 M3 M2 2 1
0 0 0 I 0 0
0 0 1 0 0 1
0 1 0 0 1 0
1 0 0 -0 1 1




10B1680

Input/Output Buffer

FEATURES

B Single 16-Bit Port or Dual 8-Bit Ports for
Bidirectional Input/Output
Parity Check Logic on Both Ports
Three Levels of Priority Interrupt Logic
‘Real Time' Presetable 16-Bit Timer
Capability to Monitor Peripheral Error Status

" Three Interrupt Vectors for Error, 1/0 and Timer
Automatic Handshake Logic and Signals
Control Register
TTL Compatible

DESCRIPTION

The 10B1680 is a byte oriented programmable input/output
buffer which provides comprehensive interfacing facilities for the
CP1600 microprocessor with a minimum of .additional
components. The circuit is fabricated in General Instrument N-
Channel lon Implant GIANT II process insuring high
performance with proven reliability and production history.

The 10B1680 enables efficient interfacing between a peripheral
and the CP1600 by the use of six 8-bit registers and a 16-bit
programmable timer. Two of the 8-bit registers are a buffer store
between the CP1600 and the bidirectional I/0 lines to peripheral,
latching any data sent to them from the CP1600. Three other 8-
bit registers hold the Interrupt Vector Addresses associated with
1/0, Error Status and the Timer. The Control Register governs the
operation and characteristics of the 10B1680 and provides a
convenient means for the CP1600 to monitor 1/O status
information. The 16-bit timer gives the 10B1680 a real time
capability which is suitable for confirming system security and

PIN CONFIGURATION
40 LEAD DUAL IN LINE
Top View

i der ~ 40 piNTRQ
IMsko O 2 39 |3 IMSKI
ooQ 3 38 psCt
D] 4 37 pBC2
020 5 36 [J BDIR
p3g 6 35 O CE:

pad 7 34 [1 ERROR
Ds(] 8 33 [ Vee
os(] 9 32 [J GND
D70 10 31 [ Vpp
[SN=RE 30 3 PE.
FCIR O 12 20 QAR
PDO [ 13 28 [0 PD15
PD1 ] 14 27 0 PD14
PD2[] 15 26 [J PD13
PD3 ] 16 25 [J PD12
PD4 ] 17 24 EPD"
PD5 ] 18 23 3 PD10
PD6 ] 19 22 J PD9
PD7 O 20 21 P P8

for timing peripheral activities. These registers are initialized
after power clear by the CP1600 program writing the required
interrupt vector addresses into the appropriate registers. The
interrupt.-vectors may also be altered at any time by program.

BLOCK DIAGRAM INTRQ IMSKI IMSKO TCI PE AR
. N
(3]
BDIR /4 BUS CONTROL INTERRUPT
7 | roaic LOGIC )
BC2 7 PARITY
8C1 N LOGIC
CONTROL REG REG 0 k——
DATA REG 0-7 REG |k——4
7 ena 168IT
. PERIPHERAL PERIPHERAL
DATA REG 815 Rec?2 INTERFACE DATA BUS .
B R (BI DIRECTIONAL)
00-D7 of o
CP1600 DATABUS |~
DATA BUS BUFFER | 16 BIT TIMER REG 3/4 jK——t
(81 DIRECTIONAL)
LV.A.* INPUT/OUTPUT REG SH
LV.A.* TIMER ﬂsc‘ik—d-
LV.A* ERROR REG7 k—<
[ .
ADDRESS *
_ REGISTER J | RESET LOGIC l
CE — PCLR
I [ ‘LV.A. = INTERRUPT VECTOR ADDRESS
GND Vee

[ =4
‘C)

(7]
=27

|8 8]
25
o
[~
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10B1680/CP1600 SIGNALS

Data Bus:

DO0-D7 (Input/Output/High impedance)

DATA 0-7: The bidirectional data lines D0-D7 are used to
transmit data and address information between the Series 1600
Microprocessors and the |0B1680. These correspond to the
lower 8-bits of the Series 1600 Microprocessor’s data bus. These
data lines have tristate capability, being in the high impedance
state except when transferring data or status information from
the 10B1680 under control of the control bus signals BDIR, BC1
and BC2.

Bus Control Signals
BDIR, BC1, BC2 (Inputs)

.Bus DIRection, Bus Control 1 and 2: Bus control signals from the

CP1600 which define the state of data bus operations. These
signals are decoded internally by the I0B1680 to control its
operation.

"TCT (Input)

* 1Terminate Current Interrupt: A pulse output by the CP1600 in

response to the TCl instruction to indicate the end of the current
interrupt service routine.

INTRQ (Output)

‘INTerrupt ReQuest: This output is pulled low to a logic ‘0’ by the

' JOB1680 to request an interrupt from the series 1600 Micro-

processor. This is an open drain output capable of sinking 1.6mA

,with an output voltage 0.5V. Because of the open drain feature

the INTRQ output of several 10B1680s can be wired ORed

-together.

CK1 (Input)
ClocK 1: This clock defines when the bus control signals BDIR,
BC1 and BC2 are valid and is used in the 1081680 to strobe their

_decode signalis. It is also used to increment the timer.

CE (Input)

. Chip Enable: This low true address input enables the IOB1680 for
- data read and write operations.

IMSKI/MSKO (input/Output)

Interrupt MaSK In, Interrupt MaSK Out: These two signals are
used to form the interrupt priority daisy chain and prevent alower
priority device from requesting an interrupt while a higher device
is being serviced. The IMSKI input of the I0B1680 which is to
have highest priority must be connected to GND.

10B1680 PERIPHERAL SIGNALS

Data ‘

PDO-PD15 (Input/Output)
Peripheral Data 0-15: Communication of data to and from the

'peripheral device is via this 16 bit highway. Each output can sink

1.6mA for an output voltage of 0.5V. In the high state each output
can source 100pA. These lines can be used as wire ORed inputs
by ‘pulling down’ the line to a Iogtc ‘0" sinking the 100pA
externally.

Peripheral Control Signals:

PE (Output)

Peripheral Enable: Thisoutput is a function of the Ready bit of the
control register. When it is at a logic "0’ no action is required by
the peripheral, a ‘1’ indicates that peripheral activity has been
requested by the CP1600.

AR (Input)

Attention Request: This input from the peripheral device -is
normally high at a logic ‘1" and is taken low to a logic ‘0’ by the
peripheral to request attention. This edge triggers the Ready bit
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of the control register forcingittoalogic "1", causing an interrupt
request to be made'via the INTRQ output if the peripheral
interrupt enable bit of the control register is set. If the interruptis
disabled the Ready bit of the control register can be used in
‘polling’ handshake routines.

ERROR (Input)

ERROR: The error status of the peripheral is indicated by this
input; being low indicating an error condition, e.g. tape low.
PCLR (input)

Power CLeaR: Initializes registers.

INTERNAL CONTROL SIGNALS

Control Register:
The Control Register can be written and read under program -
control. The function of the individual bits are: ;

Bit 7—Parity Status for Peripheral Data 0-7:

The parity of the low order byte of the Peripheral Data bus is
indicated by this Control bit, alogic ‘' indicates even parity while :
a ‘0’ indicates odd. !

Bit 6—Parity Status for Peripheral Data 8-15:
Similar to bit 7, but indicates the parity of the high order byte of
Peripheral Data.

Bit 5—Timer Clock Enable (TCE):

The clock to the 16-bit timer is controlied via TCE, the clock is
enabled by setting TCE to a logic ‘1'. The timer can only request
an interrupt when its clock is enabled by TCE.

Bit 4—Timer Interrupt Enable (TIE):

For the timer to cause an interrupt request on the INTRQ .output
TIE must be set to a logic ‘1, a ‘0’ disables the timer interrupt
logic.

Bit 3-—Per|pl1eral Interrupt Enable (PIE):

PIE must be set to a logic ‘1’ to enable interrupt requests on the
INTRQ output as a result of penpheral Attention Request or
Error Status conditions. .

Bit 2—Data Width Select (DWSL):

The re-enabling of the peripheral by automatic handshake can be
chosen to occur with 8 or 16-bits wide data; DWSL being an ‘0’
indicates an 8-bit wide data word while a ‘1’ indicates a sixteen
bit wide data word.

Bit 1—Error Summary

The ERROR STATUS of the penpheral is indicated by this bit of
the Control Register, being a logic ‘0" shows an error condition.
This will cause an interrupt requeston the INTRQ outputif PIEis
settoa ‘1.

Bit 0—Ready

This READY bit indicates the operational status of the peripheral.
When it is a logic ‘0’ the peripheral is active while a logic ‘1
indicates that the peripheral is idle and requiring service. The '
AR input going low indicates to the Ready bit the end of a
peripheral activity and thereby causes the Ready bit to be set. In
this condition, if the PIE bit is set, an interrupt request results via
the INTRQ. output. Reading or writing to the Peripheral Data
lines causes the resetting of this Ready bit re-enabling the

- peripheral activity.



ELECTRICAL CHARACTERISTICS

Maximum Ratings*
Vpp and Vgc and all other input/output voltages

WithrespecttoGND ... .ovviiiiiiiiiiiii ittt iiiieaes -0.3Vto+18V .
Storage Temperature .. -55°C10+150°C *Exceeding these ratmgs could cause-
Operating TEMPErature .........eveueenneenseeesersonnsonnens 0°Cto+70°C permanent damage. Functional operation of
this device at these conditions is not
Standard Conditions (unless otherwise noted) g“r"edﬂpeming ranges are specified
elow.
All voltages referenced to GND
Vpp = +12V =5%
Vee = +5V =5%
Operating Temperature (Ta) = 0°C to +70°C
Characteristic Symbol Min Typ** Max Unit Condition
DC CHARACTERISTICS
Clock Input: High Vine 24 — Voo v
Low Viie 0 - 5 v
Logic Inputs: High Vin 24 - Vee )
Low Vi 0 —_ .65 v
Logic Outputs:  High Von 24 Vee - \ lon = 100pA
Low Vo — — 5 \ loy = 1.6MA
AC CHARACTERISTICS
Clock Inputs
CKT Clock period tpc 0.4 - 4.0 us
Clock width tel 70 — — ns
Rise & Fall times ter,tef — — 10 ns
CAPACITANCE (T, = 25°C,
Vpp = +12V,
Vgg = +5V) .
Input Capacitance: D0-D7 Cin — 6 12 pF V‘,; =0V
All others - 10 pF Vin = 0V
Output Capacitance: Cout — 15 pF
**Typical values are at +25°C and nominal voltages.
TIMING DIAGRAM
| TS81 ) (Ts2, | T83, | TS4, | TS1, TS2 TS3 TS4 Ts1 TS2 TS3
I 10 l I 1T L | | l I | I | l | I | l ’
e N ]
< e 1
1 l
cK1 ' \ ]
ta — ] a1,
l Cl
BDIR |
BC2,BC1 1
T f -_ Note: CK1 not drawn to scale.
—> e fe—
CIRCUIT DESCRIPTION Register Mdrm Description
This circuit is designed to provide all the data buffering and N Control Register
control functions required when interfacing the Series 1600 N+1 Data Register Low Order 8-bits
Microprocessor System to a simple peripheral device. Data is N+2 Data Register High Order 8-bits
transferred to and from the peripheral on 16 bidirectional lines, N+3 Timer Low Order 8-bits
each of which can be considered to be an input or output. The N+4 Timer High Order 8-bits
transfer of information with the CP1600is accomplished viaan 8- N+5 Peripheral Interrupt Address Vector
bit highway, the 16-bits being transferred as two 8-bit bytes. The N+6 Timer Interrupt Address Vector
register addresses are assigned CP1600 memory locations, as N+7 Error Interrupt Address Vector

follows (N is an arbitrary starting address):
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=
=
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8-Bit Data Registers

These two 8-bit registers are the butter store between the G 1600
and the peripheral interface. These registers, when addressed,
accept data from the CP1600 data bus during a Move Out (MVO)
instruction to the peripheral lines on the 10B1680.

During a CP1600 Move In (MVI) instruction, the data present on
the IOB1680 peripheral lines is transferred to the CP1600 data
bus. If the registers have not been set to a ‘1’ prior to the Move In
instruction, the data read will be the wire OR of the peripheral
data and that contained in the registers.

These two registers have consecutive word addresses N + 1and
N + 2. The high order byte is held in register N + 2,

16-Bit Binary Counter-Timer

This 16-bit down counter can be set under program control to
give any count length up to 64K. Since only 8-bits are available to
transfer data between the CP1600 and the 10B1680 the counter
must be set as two 8-bit bytes, these bytes having word addresses
N + 3 and N + 4. The clock for the timer is the Series 1600
Microprocessor System clock divided by 8. The clock input to the
counter is enabled when the ‘timer clock enable’ bit of the control
register is setto a ‘1’, being disabled when this bit is resettoa ‘0'.
Everytime the count reaches zero the timer signals ‘end of.count’
which will generate an interrupt request viathe INTRQ outputof
the 10B1680 if both the ‘timer interrupt enable’ and ‘timer clock
enable’ bits of the control register are both set to a ‘1. The clock
to the timer is still enabled after this interrupt request has been
made and remains so even after it has been serviced, assuming
that the service routine did not disable it by resetting the TCE bit
of the control register. After requesting an interrupt therefore the
counter begins from a count of 64K, giving the IOB1680 a Real
Time Clock capability.
The timer has the lowest priority on the IOB1680 daisy chain. The
peripheral error summary has the highest priority.
When the timer is set under program control the ‘end of count’
logic is reset clearing any previously unserviced interrupt
requests from the timer. The acknowledge flip flop and the
control register are unaffected.
It is not possible to read the ‘current’ state of the timer as it is
counting in ‘real time' and therefore asynchronously with any
program running on the CP1600. A typical operating sequence is:
1. Load two bytes of counter.
2. Set ‘timer interrupt enable’ and ‘timer count enable’ bits of
Control Register.
If an interrupt is required only once after the preset count the
service routing would reset the ‘timer clock enable’ bit of the
Control registerdisabling the timer clock and interrupt capability.
If, however, the interrupt was required on a regular ‘real time'
basis then the service routine would leave the ‘timer interrupt
enable’ and ‘timer clock enable’ bits set.
8-Bit Interrupt Vector Address Registers
The start address of the interrupt service routines for the error
status, peripheral and timer are held in these three registers. The
8-bit Interrupt Vector Addresses are written into these registers
during system initialization. When an interrupt request
(INTRQ ), generated from the 10B1680 is acknowledged by an
INTAK from the CP1600, the subsequent IAB signal on the
control bus causes the contents of the appropriate interrupt
vector address register to be strobed onto the lower 8-bits of the
CP1600 data bus. This data is used as the program counter start
address of the interrupt service routine.
The word addresses of these registers are N+ 5, N+6and N +7.
This corresponds to the peripheral, timer and error respectively.

Power Clear Status of Circuit

Reset logic sets the initial state of the chip upon application of
Power Clear. In this condition the states of the on chip registers
are:

(a) Data Registers.
These are set to a logic ‘1’ so that the peripheral input/output
interface is high at alogic ‘1’, this allows the peripheral lines to
be used as inputs without any setting up procedure.

(b) Timer.
This is set to its maximum count length of 64K, all bits set to a
logic ‘1.

(c) Interrupt Vector Address Reglsters
These registers have all their bits reset to a ‘0’ by the power on
reset logic. '
Control Register.

(i)Bit 0 - Ready. This blt is set to a logic ‘1’ lnd|catmg that no

activity is required by the peripheral.
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(i) Bit 1 - Error Summary. This is a hard wired input indicating the
status of the peripheral and is unaffected by the power on
reset logic. ;

(iii) Bit 2 - Data Width Select. This bit is reset to a logic ‘0',
selecting the data width of the interface to be 8-bits.

(iv) Bit 3 - Peripheral Interrupt Enable.

Bit 4 - Timer Interrupt Enable.
Both bits 3 and 4 are reset to a ‘0’ at power on, disabling
interrupts from the peripheral, and the timer.

(v) Bit 5 - Timer Clock Enable. During power up this bitis reset to
a logic ‘0’ disabling the counter clock.

(vi) Bit 6'- Parity Data 8-15.

Bit 7 - Parity Data 0-7.

Both these bits will be at a logic ‘1’ showing even parity as the
data register bits are all set to a ‘1’. This assumes no inputs
from the peripheral; if this is not so, these bits will settle to a
state depending upon the wire OR condition of the data
registers and the peripheral inputs.

Interrupt Logic

The interrupt priority of the peripheral error status, peripheral
interface and the timer is established by a daisy chain. The
peripheral error status has the highest priority and the timer the
lowest.

If a number of 10B1680s are being used then they can be
connected in a daisy chain using the signals IMSKI, IMSKO and
TCI to define their priority. An interrupt request is made by the
10B1680 pulling down, to a logic ‘0’, the INTRQ output. This
output is open drain enabling wire OR capability. The
acknowledgement to this request is an INTAK signal via the
Series 1600 Microprocessor control bus. Each I0B1680 decodes
this signal which sets an acknowledge flip flop in the interface of
the interrupting device, causing the IMSKO output of that device
to goto a‘1’. This propagates toall lower priority devices causing
their IMSKI inputs to go to a ‘1", thus disabling their interrupt
capability.

When an |AB is valid on the control bus only the highest priority
interrupting device must strobe its Interrupt Vector Address onto
the Data Bus. Thus the IMSKI input of a device controls its IAB
decode. The IABsignalis only enabled on the IOB1680 which has
its IMSKI input at a logic ‘0" and its acknowledge flip flop set.
If two devices interrupt simultaneously they will both be
acknowledged by an INTAK since this:is decoded on each chip.
However, the IMSKO output of the higher priority device going to
a ‘1" will force the IMSKI input of the lower priority interrupting
device to a ‘'1". The IMSKI input of the lower priority devicée being
set to a ‘1" disables the IAB decode of the control bus thereby
resolving simultaneous interrupts.

The negative edge of the TCI signal from Series 1600
Microprocessor resets the interrupt logic of the highest priority
device whose interrupt logic has been set by aninterrupt request
and acknowledged by an INTAK.

The IMSKI/IMSKO daisy chain has a propagation delay which
allows a maximum of eight IOB1680s to be daisy chained in
series.

The IMSKI input to the highest priority device should be
connected to Gnd.

Control Logic

The CP1600 control bus signals BDIR, BC1, BC2 are decoded to
perform-the internal control functions required.

Parity Logic

The peripheral interface is constantly monitored and the parity of
bits 0-7 and 8-15 checked. Depending on the parity of these two
words, bits 6 and 7 of the control register are updated. These bits
can be conveniently: accessed by the CP1600 for use in branch
instructions.

Branching on Parity

Bits 6 and 7 of the IOB1680 Control register contain the parity
status of the upper and lower eight bits of the peripheral interface
respectively. The positioning enables the standard branch
instructions of the CP1600 to be conveniently utilized. A typical
example is:

MVI CTRLRS, R;Fetch Control Register

RLC R2, 2 .

‘BNC ;Branch if lower eight bits have odd parity
BC ;Branch if lower eight bits have even parity
BNOV Branch if higher eight bits have odd parity .
BOvV ;Branch if higher eight bits have even parity



The 10B1680 as an Output Device

The power clear reset logic of the IOB1680 sets the Ready bit of
the Control Register to a ‘1', causing the Peripheral
Enable/Ready’ output to go to a ‘0’,-a condition that requires no
activity from the peripheral. This power clear reset logic also
disables the 10B1680's ability to request an interrupt on the
status of the peripheral by resetting the Peripheral Interrupt
Enable bit of the Control Register to a ‘0"

A flow chart for a typical output operation is shown to the right;
the waveform diagram corresponding to this operation is also
shown to the right.

The main program setting up the output operation would go
through the following sequence of operations.

1. The Ready bit of the Control Register would be tested to
ensure that the peripheral was indeed inactive. This would
be so initially after power clear.

2. If condition (1) above is met, memory location CHAR of the
CP1600 would be set to the number of output operations
required. This is shown as ‘SET CHAR = n'.

3. Send data from CP1600 to IOB1680 using MVO instruct.
This operation resets the Ready bit to a ‘0’ causing the
Peripheral Enable/Ready output to go to a‘1’, requesting
an operation by the peripheral device. Thisisshown atAin
the waveform diagram.

4. The Peripheral Interrupt Enable (PIE) bit of the Control
Register is now set to a ‘1’ by programmer allowing the
10B1680 to request interrupts from the CP1600 via the
INTRQ" output. Enabling the PIE bit after sending the data
to the peripheral ensures that no ‘false’ interrupts are
generated.

5. After the data has been sentto the peripheral (3) above, the
10B1680 hardware monitors the status of the Attention
Request input. A ‘1" to ‘0’ edge on the input sets the Ready
bitto a ‘1’ and the Peripheral Enable/Ready outputtoa‘l’,
stopping the peripheral activity. The PIE bit and the Ready
bit both being set to a ‘1’ causes an interruptrequest to be
generated via the INTRQ output, if no higher priority
devices are interrupting. Refer to C in the waveform
diagram.

6. When the CP1600 accepts the interrupt it starts the
interrupt sequence by issuing the INTAK acknowledge
signal which resets the INTRQ output to its inactive state.
The subsequent IAB signal causes the Interrupt Vector
Address for the peripheral device to be strobed onto the
data bus and then used as the start address for its service
routine.

Once entered, the service routine might go through the

following sequence.

7. Decrement n, the number of output operations required
(buffer length).

8. Test the resulting value n.

(a) If it is zero the output operations are completed. Reset
the PIE bit to disable the interrupt capability of the
10B1680 and EXIT.

(b) If nis not zero output the next data to the |IOB1680. This
resets Ready to a ‘0" and Peripheral Interrupt
Enable/Ready to a ‘1', re-enabling the peripheral
activity automatically.

The peripheral acknowledges this operation by returning

the Attention Request input toa‘1’, the timing of this signal

is not too critical as the it edge triggers the Ready bit of the
control register by a 1-0 transition.

9. Theinterruptis terminated by TClinstruction which resets
the acknowledge flip flop in the IOB1680 interface logic.

START

YES

SET CHAR
=n
MAIN
PROGRAM ¢
OUTPUT DATA
WHICH SETS
READY =0

PERIPHERAL
ENABLE = 1

A

ENABLE
PERIPHERAL INTERRUPT

l WAIT

: YES
HARDWARE | READY —1
-
PERIPHERAL
| ENABLE —0
DISABLE | __
| INTERRUPT EXIT
| "
INTERRUPT | M
ROUTINE
I OUTPUT NEXT CHAR
WHICH CAUSES
| READY — 0
PERIPHERAL
l ENABLES — 1
l TCI
FLOW CHART FOR DATA OUTPUT
o
INTERRUPT
ENABLE 0
DATA x v
1 A
v
READY —-\ ’ 1 \ ’
| o
| .
PERIPHERAL
ENABLE ___f \ : / \ °
! .
— ] )
s \ L/ .
C INTAK | INTAK .
INTRQ i
|

o

INYERRUPT CAUSED DATA WRITTEN INTO 1081680 PERIPHERAL
R | TO THIS RESETS READY AND SETS  INDICATES
DGE PERIPHERAL ENABLE COMPLETION
OF OPERATION

TIMING DIAGRAM FOR MVO INSTRUCTION
(Data from CP1600 to 10B1680)
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1081680

The 10B1680 as an Input Device

The power clear status of the IOB1680 for input is the same as for
output which is described under the section ‘The IOB1680 as an
Output Device'.

A flow chart for a typical input operation and the corresponding
waveform diagram is shown to the right.

The main program setting up the input operation would probably
go through the followinb sequence:

be set to a ‘1" and the Peripheral Enable/Ready output to
go to a ‘0. The change in state of the output stops the
peripheral operation. As both the PIE bit and Ready bit of INTERRUPT
the Control Register are set an interrupt request will be _____I__.__
generated via the INTRQ output if no higher priority
devices are interrupting.

= 1. Test the Ready bit of the Control Register to ensure that SET GHAR <N
=34 the.penpheral deylce is inactive. After power clear this will SET BUFFER START
oW be its condition, i.e. set to ‘1", MAIN ADDRESS
=Q 2. If condition (1) is true a CP1600 memory location will be PROGRAM
a- set to contain the number of input operations required. \[/
Another memory location will be set to the input buffer SET READY = 0
start address. This is shown as ‘SET CHAR = N, SET pEAUSING
BUFFER START ADDRESS". . ENABLE =1
3. The Ready bit of the Control Register should.now be reset J/
to a ‘0 by program. This causes the Peripheral
Enable/ReaHy output to go to a ‘1", requesting an pempne%':ﬁhemanupr
operation from the peripheral device. On the waveform
diagram, this is point A. 4 -
4. The Peripheral Interrupt Enable bit, PIE, of the Control l WAIT
Register is now set to a ‘1" by program. This allows the
|0B1680 to request interrupts from the CP1600 via the |
INTRQ output (see point B). Enabling the PIE bit after the |
Ready Bit ensures that initially no false interrupts are YES
generated. ) HARDWARE |
5. After the Ready bit has been reset by program, (3) above, | READY —1
hardware on the I0B1680 monitors the Attention Request | R anERAY
input. A ‘1 to ‘0’ edge on this input causes the Ready bit to |
l

I
6. When this interrupt is accepted by the CP1600 the | |NDTISRA§b|E=T —exir
acknowledge signal, INTAK, will reset the INTRQ output I .
to its inactive state. The subsequent IAB signal will cause
the Interrupt Vector Address associated with the '
peripheral to be strobed onto the data bus. This address | DEC N
will be used as the start address for the peripheral's
interrupt service routine. MLl | v
A typical service routine for the peripheral could be: N I I © MVITO gléjFFEH
7. Test value of N. the number of input operations required l READY = 0
PR AR X PERIPHERAL
(a) if it is zero all the required input operations have been ) I ENABLE = 1
completed. Reset the PIE bit of the Control Register to
a ‘0’ to disable the interrupt capability of the IOB1680 I
and EXIT. .
(b) if not zero increment the buffer address and decrement L
N. _—
8. Move data from the I0B1680 and CP1600 by a MVI N FLOW CHART FOR DATA INPUT
instruction. This resets the Ready bit to a ‘0’ and sets the
Peripheral Enable/Ready output to a ‘1’, re-enabling the 0
peripheral. The handshake from the peripheral in | INTERRUPT "

response to this action is to return the Attention Request
input high to a ‘1". This timing, however, is not too critical ‘READY J——I\____/—"
as the input edge triggers the Ready bit. |

9. The interrupt is terminated by a TCI instruction which PERIPHERAL \__i/___\_——-“

resets the acknowledge flip flop in the IOB1680 interface. ENABLE

INTAK INTAK
INTRQ

| .
e e ] "
ATTENTION | / \
REQUEST i o
|
1
|

WHEN DATA AVAILABLE INPUT
PERIPHERAL PULLS DOWN DATA READ
ATTENTION REQUEST BY CP1600

TIMING DIAGRAM FOR MVI INSTRUCTION
(DATA FROM 10B1680 TO CP1600)




MUX1600

18 Channel Analog Multiplexer

[ =3
.S
FEATURES 2 %
[}
=
® Connects 1 of 18 analog inputs to analog output pin PIN CONFIGURATION =2
B Address latch on-chip 28 LEAD DUAL IN LINE ¢ °‘
® 0 to 6 volt input range "
®  Single +12V supply
®  Analog output controlled by chip select signal
Top View
GND d o1 e 28 [1 Analog Output
Chip Select O] 2 27 3 IN18
DESCRIPTION Address Strobe O 3 26 P IN17
20 Address [] 4 25 0 IN16
The MUX1600 is a binary addressed 18 channel analog multi- 2! Address [] 5 24 1 IN15
plexer fabricated in General Instrument's advanced N-channel 2 Address O} 6 23 (1 IN14
lon Implant process. Featuring on-chip address latches and 2 Address [ 7 2 1 IN3
- ) 2¢ Address [] 8 21 0 IN12
separate address strobe and chip' select signals, the MUX1600 Voo (+12v) O 9 20 B N1t
operates from a single +12 Volt supply. . e w1 d 10 19 B IN10
N2 1 18 [ IN9
IN3 [ 12 17 1 IN8
IN4 ] 13 16 [ IN7
IN5 ] 14 15 p IN6
BLOCK DIAGRAM
IN 1 IN 18
] =
MULTIPLEXER SWITCHES I————) ANALOG OUTPUT
18y
2>
2 N\
4 LATCH Sy 51018
\ L
ADDRESS 2 ) REGISTER / DECODER
23
Ve
24 >
—< Voo ’
< ano
ADDRESS \
STROBE 7/ q
. —O
/\
CHIP SELECT
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MUX1600

ELECTRICAL CHARACTERISTICS

Maximum Ratings*
Vpp and all other input/output voltages

With reSpectto GND ...ovuviteeniiee et eiinieeaannieneenes -0.3Vto+18V - 'Exceeding these ratings could cause
Storage Temperature ................. -55°Cto +150°C permanent damage. Functional operation of
Operating TEMPErature ... .........ceueeeueeenneeenernnneenns 0°Cto+70°C this device at these conditions is not
implied—operating ranges are specified
Standard Conditions (unless otherwise noted) below.
l=@ All voltages referenced to GND
g£ Vpp = +12V =5%
[=F=fl Operating Temperature (Ta) = 0°C to +75°C
=0
(==
a.
Characteristic Symbol Min | Typ Max Unit Condition
Input Load Current (all digital inputs) Iin - - =10 A Vin = 0V to 5.25V
Power Supply Current lop - — 8 mA All digital inputs = 5.25V
Input Low Voltage Vi -0.5 - 0.80 v .
Input High Voltage Vin 2.2 - Voo \
Analog Input Voltage Va 0.0 — 6.0 "
Channel on Resistance Ron — - 600 Q Va =0V to 6V
Channel leakage (each channel) loL — - 5 nA Va - Vour = 6V
Vpp Leakage IpL — — 10 nA Vpp - Vout = 17V
Source to Drain Capacitance Csp - — 5 pF f=1MHz
Analog Input Cap. . ) Ca b - 5 pF f=1MHz
Analog Output Cap. Co — — 20 pF f=1MHz
Digital Input Cap. ) Cp —_ - 5 pF f=1MHz
Substrate Leakage ' Ise — - 410 nA Vo - Vgg = 6V
18 gL + lp + gL 'LT -_ —_ 500 nA Vo - Vgs = 6V
SWITCHING CHARACTERISTICS LEAKAGE CURRENT DIAGRAM
Voo
e -

@

ADDRESS 7000 7 Va g p

’ INPUT SIGNALS: T
Agg:ggg ! +0.8V to +2.2V |
c
S0ns 200ns 50ns _pn! ~—» CL b
MIN. MIN, MIN.
AP SELECT % : =
6.0V
' B s S e |
ANALOG )
OUTPUT o 1 ‘
s —————] —Ca
TO 89.9% INTO TEST LOAD
OF 1MQ and 20pF. - Vour
18 TOTAL
T P
| I
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RO-3-9504

20480 Bit Static Read Only Memory

FEATURES

2048 X 10 bit ROM organization

Address and data on single 16 bit tristate bus

5 bit programmable chip select

Internal address status and data bits latched

300 ns typical data access time

1.8us complete cycle time

TTL compatible I/0

Single +5 Volt power supply

Ideal for microprocessors with multiplexed 1/0 bus for
address and data.

Totally automated custom programming

16 bit programmable initialization and interrupt response
addresses output to 1/0 bus

DESCRIPTION

The RO-3-9504 is a unique 20,480 bit ROM employing a single 16
bit address and data tristate bus. The RO-3-9504 increases the
power of single bus microprocessors or microcontrollers by pro-
viding separate latched address and control lines for static RAM
chips. The RO-3-9504 internally decodes ROM via an 11-bitword
address and a 5-bit chip select code. Ten bit data is outputted on
the lower 10 bits of theI/O bus. In addition there are two program-

~mable 16-bit interrupt response codes, one for the first interrupt

after master clear and one for all other interrupts. These codes are
output to the I70 bus in response to control codes, which do not
require a chip select code. The RO-3-9504 contains a 10 bit latch
and address port. The address is latched by a control code on the
three mode control lines. The stored address is copled from bits 0
through 9 on the data bus.

The RO-3-9504 has two programmable features, in addition to the
2048 word by 10-bit ROM. A five bit chip select code decodes data
bits 11 through 15 in order to generate the internal chip enable
signal. Second, the two 16-bit interrupt response codes are pro-
grammable.

PIN CONFIGURATIONS
28 LEAD DUAL IN LINE

Top View
vee Clo1- 28 BGt
MCLR []2 271 BC2
NC 3 261 BDIR
DB15 4 251 NC
DB14 (5 247 DBO
DB13 []6 2317 DB1
pB12 7 221 DB2
oB11 8 217 DB3
.oB10 9 20 DBa
pB9 ] 10 190 NC
DB [} 11 181 NC
NC [ 12 171 NC
DB7 [J13 161 DBS
DB6 [] 14 157 Vss

=)
=
2
=

PROCESSOR




RO-3-9504

PIN FUNCTIONS

DB0-DB15 Bidirectional, tristate data and address bus, high output impedance for NACT. control code.
gg:éch ' Bus control 1 and 2, and bus direction control signals determine chip mode control.
Vee ” +5 Volts
Vss Ground
MCLR Master clear, sets all outputs to high impedance state when low.
o
(=}
oo
&
£ BLOCK DIAGRAM RO-3-9504
= .
: Vee
11-15 Ela > i
BAR+ADAR+INTAK —p F’Rgg:;AM ® @ CE F
' 5 SELECT R g Q S
> INPUT BARTADARTINTAK ——dJ ‘r:f
LATCH
BARTADARTINTAK > ' v
ouTPUT | - T
ALL BITS : BUFFER
DBo-
b ADDR,
ROM D
OUTPUT 2048 x 10 °
16 LATCH ROM
eBTd L on
B'D'RECT'OE'S'S' OUTPUT — UPPER TRI STATE CONTROL
= BUFFER A . (BAR+ADAR+INTAK)

—_ —— CE
(DTB+ADAR)CE+IAB T

(OUTPUT TRISTATE CONTROL)
FIRST IAB AFTER MCLR

SECOND OR GREATER

NOTES:

1. Input data and internal chip enable latched by control codes = BAR + ADAR + INTAK

2. Internal chip enable signal cleared by = BAR + ADAR + INTAR

3. Internal RAM enable signal flip flop set by PB11-15 all zeros, cleared by = BAR + ADAR + INTAK

4. RAM enable plus DWS creates low on Read/Write line.

5. RAM enable plus DTB, ADAR or DWS creates enable output signal.

6. DTB or ADAR plus internal chip enable puts output ROM data to tristate bus.

7. Maximum skew time between control code transitions is 40 nsec to avoid false states.

8. Enable R/W and ADDRO — 9 lines normally high impedance outputs. When circuits are enabled, active p ill up

transistors turned on to allow wires or connection to other chips. RAM control signals and output addresses revert to
high impedance state in 2 and 0 - 3usec respectively. After master clear, chip enable and RAM enable flip-flops turned off
and all outputs in high impedance states.
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OPERATING MODES

‘The RO-3-9504 s designed to enhance the system operation of
16-bit Microprocessors that use a single multiplexed bus for data
and memory addresses, such as the Gl CP1600, the Intel 8085 and
the Fairchild 9440. The state diagram shows recommended se-
quence for Initialization, program storage with RAM addressing,
and interrupt handling.

The three mode control lines BC1, BC2 and BDIR create 8 func-
tions. As shown in figure one, these functions are chosen to
simplity program and data storage in the ROM. Functionally the

Ro.3.9504.

For the IAB (Interrupt Address to Bus) commands to work prop-
erly, an address must first be loaded into the chip to disable the
internally latched chip enable code.

RO-3-9504 performs the following functions in a microprocessor . §
system: =] %
2o
=2
a.
SIMPLIFIED STATE FLOW DIAGRAM msvnc® T
INITIALIZATION
STARTING PC SEQUENCE
{1a8)
OUTPUT
CURRENT PC
(BAR)
BORDY: O “WAIT
oA
BOROY: | BORDY 0
INPUT
. INSTRUCTION
INTERNAL (or8) EXTERNAL
REFERENCE REFERENCE
INSTRUCTION INSTRUCTION L
OUTPUT
EFFECTIVE
BAR)
= -
80ROV s 1 BDRDY: | SEQUENCE
BORDY* 0O
INPUT
EXTERNAL CATA
(or8)
-’-! ECH YEF
EXECUTE XECU!
mvsaé’\:‘»;usu INTERRUPTABLE SEQuENce
INSTRUCTION INSTRUCTION =L
SRS ourel busaxe BUS REQUEST
BUSRQ* 11 BUSRQ®™: O
INTR + INTRM - INTFF v |
WRITE INTERRUPT
CURRFNT PC SEQUENCE
(OW B8 DWS)
BUS CONTROL SIGNALS
BDIR BC1 BC2 Signal Decoded Function
0 0 0 NACT No ACTion, D0-D15 = high impedance
0 0 1 IAB Interrupt Address to Bus, DO-D15 = Input
0 1 0 ADAR Address Data to Address Register, D0-D15 = high impedance
0 1 1 DTB Data to Bus, D0O-D15 = Input
1 0 0 BAR Bus to Address Register
1 0 1 DWS -
1 1 0 DW —
1 1 1 INTAK -
2-85




it R RO-3-9504

ELECTRICAL CHARACTERISTICS

*
Maximum Ratings

Temperature Under Bias........ N Kerreiesnnan 0°C to +40°C. - *Exceeding these ratings could cause perm-
Storage Temperature —55°C to-+150°C -. .. anent damage.. Functional operation of this
All Input or Output Voltages device at these conditions is not implied—
With rESPECt 10 Vss . v v envverneeenaniseneeenneeneeeneanneanees —0.2V to +9.0V operating ranges are specified below.
 Voe With resSpect 10 Vss vvuvniiieeiiniiniiienenranrensnsnnnnnan —0.2V to +9.0V
=l Standard Conditions (unless otherwise noted)
=278 T, = 0°C to 40°C
=l Voo = +4.75V to +5.25V
=R Vs = 0.0V
a.
Characteristics Sym Min Typ Max Units Conditions
DC CHARACTERISTICS
Inputs
Input Logic Low Vi 0 —_ 0.7 v
Input Logic High Vin 2.4 — Vee v
Input Leakage e | — - 10 pa Vin = Vee
CPU BUS Outputs i
Output Logic Low - Voo 0 — 0.5 \ 1TTL Load
Output Logic High . Vou 24 — Vee \ +100pF
Supply Current . o : '
Vec Supply - — — 120 mA Veec = 5.25V at 40°C
. AC CHARACTERISTICS
Inputs : .
Address Set Up ts | 300 - - ns
Address Overlap to — . 50 - ns
Write Set Up tws 300 —_ - ns
Write Overlap two — 50 — ns
CPU BUS Outputs
Turn ON delay toa L— —_ 300 ns 1TTL Load
Turn OFF delay o too — — 200 ns +100pF




RO-3-9504

20K ROM
BAR/INTAK INSTRUCTION FOLLOWED BY DTB INSTRUCTION

H
v
B8C1
H . .
BC2 BAR-DT8
H
teso f—
BDIR | —] tosu
— p— e
[ R panie BN A
DATA BUS TRISTATE TRISTATE
FROMCPU L - — tenc
— los f— —] tace
W ol ————
DATA BUS TRI STAYE-\ y
FROMROM L -
.
H o e e r__ —_t -
RAM ——*{ CHANGING UPPER PUSH PULL TRI STATE
ADDRESS L - - - o e - ——
—
(BAR) (DTB)
LOAD READ
ROM ROM
ADDRESS NACT TO
LATCH DATA BUS
(INTAK) (DTB)
] 1 J L :
8C1 L —
M g —
B8C2 L INTAK—-DTB
H r——l
BDIR L

* Minimum hold time after DT8 before going tristate. Maximum time to tristate = 300ns.
** BC1, BC2 and BDIR are return 1o zero signals
*** Upper lristate means that the upper push pull outpul device is disabled and an internal load resistor will hold the
output positive
Proper CE address must be latched to allow ROM output to function during DT8
* Since chip is assumed 10 be selected R/W and RAM enable remain in the high state

Fig. 1

20K ROM
BAR/INTAK INSTRUCTION FOLLOWED BY ADAR INSTRUCTION

H
A e I
8c L
H
BC2 L BAR—-ADAR
H ' N
8DIR L
H
8CY L I I .
" I I
BC2 L INTAK—-ADAR
I [ P
BOIR H -
v 0
oaTABUS HT T TYAT T Ty mr
FROM CPU STATE _ STATE l
— e
H e -
o . TRI STATE —e] ‘lF:_ — s } TRI STATE

H  uppPeER UPPER
RAM IC UPPER CHAN
ADDRESS | _TRISTATE CHANGING TR erare | Cne tacn 7RI STATE

Jum——" vy S

(ADAR)
(Ban READ ROM
NTAK) TO DATA
LOAD E;’g
ROM
ADDRESS O aou
LATCH ODRES

“* BC1. BC2 and BDIR are return to zero signals
Proper CE address must be latched to allow ROM output to function during DTB
**** Since chip is assumed to be selected R/W and RAM enable remain in the high state

Fig. 2
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RO-3-9504

INSTRUAEN

20 K ROM (RAM ADDRESSING)
INTAK INSTRUCTION FOLLOWED BY DTB OR ADAR INSTRUCTION

H "
t tuict
8C1 L
H N . N .
B8C2 L_J.—-‘__I__l———— iNTAK — DTB
— 1
BRIR L
—J
BC1 L | S ;
H
8C2 L___r_—l INTAK = ADAR
H
] tosu
BDIR L
] 140A bt
Hom e oo e om o ——— -
TRI STATE TRI STATE
L
H -
_DATABUS | TRI STATE
FROM ROM A R l
[V I
RoM | TR —] tacn UPPER TRI STATE
L e o o —————
ADDRESS CHANGING r-
t ——‘ taon pe—
UPPER TRI STATE — '-— UPPER TRI STATE
RAM |
ENABLE ot
(INTAK) .
(DTB - ADAR)
ROM OUTPUT
ADDRESS RIW AND
LATCH RAM
wiTH ENABLE
RAM SIGNALS
ADDRESS

20K ROM (RAM ADDRESSING)
INTAK INSTRUCTION FOLLOWED BY DWS INSTRUCTION

8C1
N | I | A
BC2 1 —
. .
3 loau
E0IR L——.——] t—— I—————
—|  fe—tuc .
pataBus N T T == JSTATE] » ‘
Fron s | Tastatey | prrmsrare
oarasus R ot L DL
FROM ROM £ -
L__" & taon B
[P S
RAM UPPER —>{ 00—
ADDRESS | _TALSTATE bt B I -
CHANGING

RAM —
ENABLE UPPER TRI STATE

UPPER TRI STATE

(INTAK) (DWS)
LOA ouTPUT
ROM AW
ADDRESS privs
LATCH o
o ENABLE
Aooss SIGNALS

* Maximum time to upper tn state condition
** RAM address has DBy, thry DBis - Logic 0"
“** BAR or ADAR can be used instead of INTAK to load RAM address. if ADAR is used
remember RAM address will be provided from ROM output to data bus if chip previously
enabled. ° .
(Al time in nSec) . .

Fig. 4




RO-3-9504

GENLRAL
SERUMENY

MCLR

BC1

BC2

BDIR

DATA BUSS
FROM CPU

DATA BUSS
FROM ROM

RAM
ADDRESS
R/W

RAM
ENABLE

20K ROM
MCLR FOLLOWED BY IAB INSTRUCTIONS
H
tme
L
H [ tacacT Pt tc 3]
L
) /I N N S
L
H l
L
H __-T.F.!TST-AT-E-——“ - -
L —— taxk —]  f—— tanc
tacc |at—o tacc pat—

Hom oo oo o o e o e o = - -— - —~————

UNDEFINED TRISTATE 1 TRISTATE  \ TRISTATE
L - - -
Hem = m e e b — e e — - - - - ———

UNDEFINED

L
H o= - ——

UNDEFINED
L
H o oo omw e o o o -

UNDEFINED |
L

MASTER Aﬁé‘n
CLEAR MASTER 1AB"*
NEGATIVE CLEAR (CODE 2)
ACTIVE (CODE 1)

* Minimum hold time after IAB before going tri state. Maximum time to tri state = 300ns
** The first 1AB after master clear will present a 16 bit programmable code to the data bus. Subsequent IAB instructions

will output a second code that is gate programmable on ROM chip.

(Al time in nsec)

Fig. 5
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oI TROMINT [ RQ-3—51 20

5120 Bit Static Read Only Memory

FEATURES
® 512x10 Organization PIN CONFIGURATION
| Single +5 Voit Supply 24 LEAD DUAL IN LINE
m TTL/DTL Compatible
m  Static Operation—no clocks required
m 500ns Maximum Access Time
®  150mW Typical Power
m Three-State Outputs—under control of ‘Output Top View
Inhibit’ signal —
m Totally Automated Custom Programming GND g o1 2; gN.c.
® Zener Protected Inputs :: g : :z Jg::;
m  Glass Passivation Protection ‘ A8d 4 21 Bouta
A5 5 20 Fout 4
C =N 18 Pouts
DESCRIPTION A7 18 [Jout e
NC.O 8 17 Qout 7
The General Instrument RO-3-5120 Is a 5120 bt static Read- Veed @ 16 [Jout 8
Only-Memory. It is organized as 512 ten bit words and requires 8 A2Q 10 15 [10ut 8
bits of addressing. An ‘Output Inhibit’ function Is provided to A1 g n 14 Dout 10
simplify the connection of several ROMs to a common bus. The AoQ 12 13 Poutput Inhibit
RO-3-5120 is constructed on a single monolithic chip utilizing
low-voltage N-channel ion Implant technology.
A separate publication, “RO-3-5120 Custom Coding
Information,” available from Gl Sales Offices, describes the
punched card and truth table data format for custom
programming of the RO-3-5120 memory.
BLOCK DIAGRAM
Vee GND
> 01
A0 > (
S > 02
¢ > 03
A2 \. 4
7 N
Az > > 04
\ INPUT ADDRESS MEMORY OUTPUT > 05
A4 2 BUFFERS DECODE g allove ?| BUFFERS S 06
A5 D= 7
> 07
N 7
A6 / N
08
A7 N\ 7
4 5
A8 > > 09
4 N
> 010
A
OUTPUT
INHIBIT
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'RO-3-5120 [SEEAUN

ELECTRIC CHARACTERISTICS

Maximum Ratings* :
Vee and Input voltages (with respectto GND) . . . . . . —0.3V to +8.0V *Exceeding these ratings could cause

Storage Temperature . . . . . e .+ . . —B5°C to+150°C permanent damage. Functional operation of
Operating Temperature (Ta). . . . . . . . . e 0°C to +70°C this device at these conditions is not
Implled—operating ranges are specified

Standard Conditlons (unless otherwise noted) below.
Vec=+5 Volts £6% :
Temperature (Ta)=0°C to +70°C

Output Loading: One TTL Load, C. rora.=50pF

Characteristic Sym Min Typ** Max Units Conditions
DC CHARACTERISTICS
Address, Output Inhibit Inputs
Loglc “1" Vin 2.2 - - v
Loglc 0" ViL - - 0.65 v
Leakage . [ —_ — 10 A
Data Outputs . .
Loglc "1" Vou 22 - - v lon = 100uA
Logle 0" Vou - - 0.45 v oL = 1.6mA
Leakage lLo - - 10 pA
Power Supply Current lee - 30 46 mA Outputs Open
AC CHARACTERISTICS
Inputs
Cycle Time tc 500 — - ns
Capacitance Ci _ 5 8 pF f=1MHz
Data Outputs S
Access Time tacc —_ 350 500 ns
Inhibit Response Time tr — - 230 ns .
Capacitance Co —_ 8 10 pF f=1MHz N

**Typical values are at +25°C and nominal voltages

TIMING DIAGRAMS

VW

I sV, OUTPUT ’ .
ApoREss )< >< ™ INHIBIT -,
Vg, {8

toce ta e th e
DATA - 2,0 DATA _ _ OUTPUTS _ OUTPUTS oyTPUTS 20
ouTPUTS ><t:“.45 OUTPUTS "WiGH TMPEDANCE VALID I}Jprégs‘m e 45
ACCESS TIME (ADDRESS TO OUTPUT— INHIBIT RESPONSE TIME
QUTPUT INHIBIT AT LOGIC ‘0') (ADDRESS INPUTS STABLE)
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RO-3-9316A
0-3-8316A £ 3.9316B

R
RO-3-8316B  RO-3-9316C

16384 Bit Static Read Only Memories

FEATURES

m 2048 x 8 Organization—ideal for microprocessor
memory systems

PIN CONFIGURATION
24 LEAD DUAL IN LINE

m Single +5 Volt Supply .
®m TTL Compatible—all inputs and outputs RO-3-8316A/83168
m Static Operation—no clocks required Top View
B 850ns Maximum Access Time: RO-3-8316A/9316A =
® 450ns Maximum Access Time: RO-3-8316B/9316B VA=A 2 Breetesn
® 350ns Maximum Access Time: RO-3-9316C . aod 3 22 Pz
® Three-Stage Outputs—under the control of three Ator] 4 21 No3
mask-programmable Chip Select inputs to simplify Aol s 20 (o4
memory expansion A1g 6 19 Pos
m Totally Automated Custom Programming A2g 7 18 1106
m Zener Protected Inputs ::E g :; gg;
®m Glass Passivation Protection asd 10 15 Ficst
AsC] 1 14 [cs2
GND O 12 13 [cs3
DESCRIPTION .
The General Instrument RO-3-8316A/8316B and RO-3-9316A/ : :
9316B/9316C are 16,384 static Read Only Memories organized as RO-3-9316A/9316B/9316C
2048 eight bit words and are ideally ‘suited for microprocessor Top View
memory applications. Fabricated in GI's advanced GIANT II N- Aoy :
channel lon-Implant process to enable operation from asingle +5 :;E '2' :; gx‘;" avy
Volt power supply, the 'RO-3-8316A/8316B and RO-3-9316A/ asd 3 22 P ae
9136B/9316C offer the best combination of high performance, AaL] 4 21 D cs3
large bit storage, and simple interfacing. A3} 5 _ 2poest
The RO-3-8316A/8316B are direct replacements in pin :fg 3 :: gg’s‘;
connection and operation for the Intel 8316A and 2316A. a0d 8 17 Bos
The RO-3-9316A/9316B/9316C pin configuration is identical to 01 s 16 Qo7
that of the Intel 2716 16K EPROM. E gz‘é ::’ :i 32
A separate publication, “RO-3-8316/9316 Custom Coding enod 12 iabhos
Information,” ‘ayailable from Gl Sales Offices, describes the
punched card and truth table format for custom programming.
BLOCK DIAGRAM fo oo
A0 ol
Al 02
A2 03
A3 ADDRESS MEMORY 04
o I TR 0
A6 o7
a7 08
A8
A9
A0
cst CHIP
cs2 SeLEcT SELECT
cs3 BUFFERS DECODE
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RO-3-8316A @ RO-3-83165  [wwemy
RO-3-9316A ® RO-3-9316B @ RO-3-9316C
ELECTRICAL CHARACTERISTICS ‘

Maximum Ratings”

Vce and input voltages (with respect to GND) . . . . —0.3V to +8.0V “Exceeding these ratings could cause

Storage Temperature . . . . . . . .. . .. .. —65°C to +150°C permanent damage. Functional operation of

Operating Temperature (Tp). . . . . . . . . . ... 0°C to +70°C these devices at these conditions is not
implied—operating ranges are specified
below.

Standard Conditions (unless otherwise noted)
Vec=+5 Volts £5%

Operating Temperature (Ta) = 0°C to +70°C
Output Loading: One TTL load, C TotaL = 100pF.

RO-3-8316A/9316A, RO-3-8316B/9316B, and RO-3-9316C

Characteristic Sym Min Typ** Max Units Conditions
DC CHARACTERISTICS
Address, Chip Select
Inputs
Logic “1" Vin 2.0 — - v
Logic 0" Vi - — 0.8 v
Leakage Iy — — 10 nA
Data Outputs
Logic “1"” Von 2.4 - - \' Ion =100uA
Logic “0" VoL — — 0.4 \ Io. =1.6mA
Leakage lo — — 10 nA
Power Supply Current
RO-3-8316A/9316A lec - 50 85 mA Outputs open
RO-3-8316B/9316B leo - 65 95 mA Outputs open
RO-3-9316C lce - - 105 mA Outputs open
RO-3-8316A/9316A
AC CHARACTERISTICS
Address, Chip Select Inputs
Cycle Time te 800 - - ns
Capacitance Ci - 5 8 pF f=1MHz
Data Outputs
Access Time tace — 600 850 ns
Chip Select Response Time Ta' - 200 300 - ns
Capacitance Co -_ 8 10 pF f=1MHz

RO-3-8316B/9316B

AC CHARACTERISTICS
Address, Chip Select Inputs

Cycle Time te 400 — - ns

Capacitance Ci - 5 8 pF f=1MHz
Data Outputs

Access Time tace | — 350 450 ns

Chip Select Response Time tr - 100 200 ns

Capacitance Co — 8 10 pF f=1MHz

RO-3-9316C

AC CHARACTERISTICS
Address, Chip Select Inputs

Cycle Time tc 300 — - ns

Capacitance C - 5 8 pF f=1MHz
Data Outputs

Access Time tace — 250 350 ns

Chip Select Response Time tg — 100 200 - ns

Capacitance Co - 8 10 pF f=1MHz

**Typical values are at +25°C and nominal voltages.
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RO-3-8316A ® RO-3-8316B
RO-3-9316A m RO-3-9316B m RO-3-9316C

TYPICAL SYSTEM APPLICATION

A complete system of 16K words of ROM (8 bits/word) is easily
obtained without any external address decoding by making use
of programmable chip select features and by wiring the outputs
of eight different RO-3-8316's as shown in the figure below.

CHIP SELECT TABLE

Cs3

Ccs2

o)
@

DEVICE
SELECTED

M ma-=000O0

- a0 0= =00
- 0 =0 =0=0

16 K0
16K1
16K2
16K3
16K4
16K5
16K6
16K7

ADDRESS BUS)

CHIP s(ELEcT BUS*
cs

"] |

|

|

[

000 oot oo on

RO-3-8316 RO-3-8316 RO-3-8316 RO-3-8316
16KO 16K1 16K2 I6K3

100

RO-3-8316
16K4

101

16K5

RO-3-8316

1o

RO-3-8316

16K6

RO-3-8316
16K7

* UTILIZED AS ADDRESSES A -A;3

OUTPUT BUS
(0 -0g)

TIMING DIAGRAMS

te

ADDRESS i
INPUTS i

Pl

tC!C(’:

DATA
OUTPUTS

ACCESS TIME (ADDRESS TO OUTPUT—CHIP SELECTED)

SELECTED

SELECTED

VIn

DATA OUTPUTS
OUTPUTS “HiGH IMPEDANCE

CHIP
SELECT
INPUTS SELECTED@(AS PROGRAMMED)

OUTPUTS
{ VALID

CHIP SELECT RESPONSE TIME (A'DDRESS INPUTS STABLE)

’OUTPUTS

HIGH
IMPEDANCE

,IL

- 22
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RO-3-8316A m RO-3-8316B AN
RO-3-9316A m RO-3-9316B m RO-3-9316C

TYPICAL CHARACTERISTIC CURVES
gt i +5
Vgg = +5V Vg = +5V
1000 < 550 <
800 450

e — e —

- — | - L—1 H
o 600 T o 350 T T
2 -+ \ H < -] i \
L 1 T B v | T ¥

\ | t | \ '
400 —¢ + ! 250 —t + i
| ! 1 | ! |
| ' 1 N
i | i :
300 T ! 150 i '
! ! ! ! ! H
0 20 40 60 80 ) 20 40 60 80
TEMPERATURE (°C) TEMPERATURE (°C)
RO-3-8316A/9316A RO-3-8316B/9316B
Fig.1 ACCESS TIME VS. TEMPERATURE
Ty = +25°C T, +25°C
700 Veg = +5V 450 Ve =45V
650 400

e / ) /
c £
o 600 o 350
Q Q
= e W T

] ]
550 ; 300 ] :
! i ! 1
‘ | " T
. 500 . 250 — :
| Il | |
1 | . 1 L
17 [K:] 2.1 23 25 7 19 2.1 23 25
Vo (VOLTS) Vou (VOLTS)
RO-3-8316A/9316A RO-3-8316B/9316B
Fig.2 ACCESS TIME VS. OUTPUT VOLTAGE
Var =+5V Vee =+5V
70 <« <
L 80
60
~ = 10
g 50 T g T~
"\
HS : '\\ .-.8 60 'l \\\
| |
40 L 1
1] 1
1 1
; 50 i
1 1
30 ! }
1 |
1 1
0 20 40 60 80 0 20 40 60 80
TEMPERATURE (°C) TEMPERATURE (°C)
RO-3-8316A/9316A R RO-3-8316B/9316B
Fig.3 POWER SUPPLY CURRENT VS. TEMPERATURE
39




ROM

GENETRAT
INGTRUAENT

Nw-Utuv v = NU-o-0J 10D

RO-3-9316A ® RO-3-9316B m RO-3-9316C

70

60

50

I (mA)

40

30

TYPICAL CHARACTERISTIC CURVES

T, = +25°C

Icc (mMA)

I
\

SR PR WP PUVI Sp

bedd-

4.6 4.8 5.0 5.2 5.4

Ve (VOLTS)
RO-3-8316A/9316A
Fig.4 POWER SUPPLY CURRENT VS.

80

70

60

50

Ty =+25°C

|

I O U ._‘
\

Ta = +25°C
24— Vee=+5V p—
18 A
//
<
E 2 //
al A
-
‘ //
1
o :
1
1
0 i 2 3

VoL (VOLTS)

RO-3-8316A/8316B, RO-3-9316A/9316B

4.8 5.0 5.2

Ve (VOLTS)
RO-3-8316B/9316B

SUPPLY VOLTAGE

Fig.5 OUTPUT SINK CURRENT VS. OUTPUT VOLTAGE

Ty = +25°C
24 Vee = +5V
18
£ 12 \
3 A\
K
0.6
1
o T
1
1
) i 2 3

Voy (VOLTS)

RO-3-8316A/8316B, RO-3-9316A/9316B

Fig.6 OUTPUT SOURCE CURRENT VS. OUTPUT VOLTAGE

5.4
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RO-3-9332A
RO-3-9332B

32768 Bit Static Read Only Memory

FEATURES

W 4096 x 8 Organization—ideal for microprocessor
memory systems

PIN CONFIGURATION
24 LEAD DUAL IN LINE

| Single +5 Volt Supply
m  TTL Compatible—all inputs and outputs
m  Static Operation—no clocks required
| 850ns Maximum Access Time: RO-3-9332A
B  450ns Maximum Access Time: RO-3-9332B Top View
®  Three-State Outputs—under the control of two arcder 28 PBvee (+5v)
mask-programmable Chip Select inputs to simplify el 2 23 3 A8
memory expansion Asd 3 2Pa
m  Totally Automated Custom Programming AdQ 4 220‘ p cs2
| Zener Protected Inputs Ec Z 19 g;\c?o‘
®  Glass Passivation Protection ad 7 18 B AT
A0C] 8 17 D08
oig 9 16 [307
DESCRIPTION 02d 10 15 106
The General Instrument RO-3-9332A/9332B are 32,768 bit static sgn :; [ 05
Read Only Memories organized as 4096 eight bit words and are enog 12 P o4
ideally suited for microprocessor memory applications. Fabri-
cated in GI's advance GIANT II N-channel lon-Implant process to
enable operation from a single +5 Volt power supply, the RO-3-
9332A/9332B offer the best combination of high performance,
large bit storage, and simple interfacing of any MOS Read-Only
Memories available today.
BLOCK DIAGRAM
Vee GND
AO > Ol
Al > 02
A2 > 03
A3 ' > 04
ADDRESS MEMORY
A4 INPUT FODRESS MATRIX BUFFERS > 05
A5 BUFFERS 4096 X 8 > 06
A6 > 07
AT > 08
A8
A9
A0
All
cst CHIP CHIP
cs2 SELECT SELECT
INPUT DECODE
BUFFERS
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IUBYE RO-3-9332A m RO-3-9332B
'ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Vce and input voltages (with respect to GND) . . . . —-0.3V to +8.0V
Storage Temperature .- . ~-. . ... ... . . .. -65°C to +150°C
Operating Temperature (Ta). . . . . . . . . . . .. 0°C to +70°C

Standard Conditions (unless otherwise noted)

Vee = +5 Volts £10% .
Operating Temperature (Ta) = 0°C to +70°C
Output Loading: Two TTL Loads, C. TotaL = 100pF

RO-3-9332A/9332B

*Exceeding these ratings could cause
permanent damage. Functional operation of
these devices at these conditions is not
implied—operating ranges are specified

below.

Characteristic Sym Min Typ** Max Units Conditions

DC CHARACTERISTICS

Address, Chip Select

Inputs

Logic “1" v’ Vin 2.0 — - \

Logic "0" Vi — - 0.8 \

Leakage v 1, — — 10 HA

Data Outputs )

Logic "1" . Vou 2.4 - — Vv Ion = 200uA

Logic “0" Vou — — 0.4 \ Io. = 3.2mA

Leakage A lo - - 10 uA (B

Power Supply Current :

RO-3-9332A lee o - 60 mA - Outputs open

RO-3-9332B lec - - 125 mA Outputs open

RO-3-9332C lec — - 140 " mA Outputs open
RO-3-9332A

AC CHARACTERISTICS

Address, Chip Select Inputs

Cycle Time te 800 - - ns

Capacitance C'1 — 5 8 pF f=1MHz

Data Outputs

Access Time tacc — 600 850 ns

Chip Select Response Time Ta — 200 300 ns

Capacitance . Co — 8 10 pF f=1MHz
RO-3-9332B

AC CHARACTERISTICS

Address, Chip Select Inputs

Cycle Time tc 450 — — ns .

Capacitance B i C, — 5 8 pF f=1MHz

Data Outputs

Access Time tacc - 350 450 ns

Chip Select Response Time tr — 100 200 ns

Capacitance Co — 8 10 pF f=1MHz

**Typical values are at +25°C and nominal voltages.
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RO-3-9332A ®m RO-3-9332B

GOFNLIRAL
INSTRUMENT

TIMING DIAGRAMS

ADDRESS ><‘ ><* “Vin
INPUTS
x : 3 e (8

tace
DATA 22
OUTPUTS 6

ACCESS TIME (ADDRESS TO OUTPUT—CHIP SELECTED)

CHIP — NoT SELECTED NOT Vv
SELECT sg | ECTED (AS PROGRAMMED) SELECTED
INPUTS V1L
tR e tr
OUTPUTS ouTPUTS " 2.2

VALID

DATA OUTPUTS
OUTPUTS "HiGH IMPEDANCE < HIGH ¢
IMPEDANCE

CHIP SELECT RESPONSE TIME (ADDRESS INPUTS STABLE)
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RO-3-9364B

PRELIMINARY INFORMATION

65536 Bit Static Read Only Memory

FEATURES

m 8192 x 8 Organization—ideal for microprocessor
memory systems

® Single +5 Volt Supply

| TTL Compatible—all inputs and outputs

® Edge-activated

m 450ns Maximum Access Time

| Three-State Outputs

® Totally Automated Custom Programming -

| Zener Protected Inputs

m Glass Passivation Protection

DESCRIPTION

The General Instrument RO-3-9364B is a 65,536 bit static Read
Only Memory organized as 8192 eight bit words and is ideally
suited for microprocessor memory applications. Fabricated in
Gl's advanced GIANT II N-channel lon-Implant process to
enable operation from a single +5 Volt power supply, the RO-3-
9364B offers the best combination of high performance, large bit
storage, and simple interfacing.

PIN CONFIGURATION
24 LEAD DUAL IN LINE

Top View
J

N
=

P Vee (+5V)
23 D As
22 P A9
21 QAR
1 cs1
19 [ A10
18 0 AN
17 o8
16 Qo7
06
P o5
04

O
CE~o o s wn®
n
S

2

588
oo
sz3
S Ea

BLOCK DIAGRAM

cst Vee

GND

1

AO
Al
A2
A3

ADDRESS
A4 . DECODE
AS >

A6 INPUT
A7 BUFFER
AS REGISTER

A9
AIO

> 0l
> 02
> 03
> 04

MEMORY OUTPUT

MATRIX
4096 X 8

> 05
> 06
> 07
> 08

BUFFERS

All
A12 >
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ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Vcc and input voltages (with respect to GND) ........cocvvviienne —0.5V +7.0V
Storage Temperature ........c.oovevniiiniieineineeneenineanens —65°C to +150°C
Operating Temperature (Ta).....ccvviiniiniiiriieiieninieneiaennes 0°C to +70°C

Standard Conditions (unless otherwise noted)
Vec=-+5 Volts £10%

Operating Temperature (Ta)=0°C to +70°C
Output Loading: two TTL Loads, Cv rora.=100pF

R 0-3-9364

*Exceeding these ratings could cause per-
manent damage. Functional operation of this
device at these conditions is not implied—

operating ranges are specified below.

Characteristic Sym Min Typ** Max Units Conditions
DC CHARACTERISTICS
Address, Chip Enable
Inputs
Logic “1” Vin 2.0 — - \
Logic “0” Vi - = 0.8 Y
Leakage Iy — — 10 UA
Data Outputs
Logic “1” Vou 2.4 -— - v Ion=200pA
Logic “0” ‘ Vou — - 0.4 v Io,=3.2mA
Leakage Lo — —_ 10 uA
Power Supply Current
Icc (Active) — — — 50 mA %tput Loading=1MQ and 100pF
CE at Minimum Cycle Time
Icc (Standby) — — — 10 mA CE=Logic “1”
AC CHARACTERISTICS
Cycle Time tc 400 - - ns
CE Pulse Width tce 300 — — ns
CE Precharge Time te 100 — - ns -
CE Access Time tac — - 300 ns ?‘II!I? ttor:‘gs E;g";‘ogow;;o
Output Turn Off Time torr —_ — 75 ns S P
Address Set Up Time tas 0 — —_ ns
Address Hold Time tan 75 — — ns
CAPACITANCE
Input Capacitance C - - 7 pF f=1MHz
Output Capacitance Co - - 10 pF f=1MHz
**Typical values are at +25°C and nominal voltages.
TIMING DIAGRAM te |
CHIP ENABLE ——ﬂ
Vin
\ j— to
N Vi
tee 1
tas’ e tan
/ Vin
ADDRESS VALID
Vi
tac le—— torr
7 -
DATA OUTPUT OPEN VALID OPEN
\( Voo
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AY-5-2376

Keyboard Encoder
FEATURES

= One integrated circuit required for complete keyboard
assembly

m Outputs directly compatible with TTL/DTL or MOS logic
arrays

® External control provided for output polarity selection

= External control provided for selection of odd or even parity

= Two key roll-over operation

u N-key lockout

u Programmable coding with a single mask change

a Self-contained oscillator circuit

a Externally controlled delay network provided to eliminate the
effect of contact bounce

= Static charge protection on all input and output terminals

m Entire circuit protected by a layer of glass passivation

DESCRIPTION

The General Instrument AY-5-2376 is a 2376 Bit Read Only
Memory with all the logic necessary to encode single pole single
throw keyboard closures into a usable 9-bit code. Data and
strobe outputs are directly compatible with TTL/DTL or MOS
logic arrays without the use of any special interface components.
The AY-5-2376 is fabricated with MTNS technology and contains
2942 P-channel enhancement mode transistors on a single
monolithic chip.

PIN CONFIGURATION

40 LEAD DUAL IN LINE
Top View
Ao
VecO @1 40 PIFrequency Control A
Frequency Control BQ 2 39 X0
Frequency ControlC O 3 38 X1
Shift Input [ 4 37 px2
Control Input[] & 36 [1x3
Parity Invert Input T} 6 35 X4 Keyboard Matrix
Parity Output (] 7 34 [Ixs Outputs
Data Output B8 (] 8 33 [x6
Data OutputB7 (] 9 32 Ox7
Data Output B6 O 10 31 [ave
Data Output BS ] 11 30 [AY1
Data Output B4 12 29 Ov2
Data Output B3 [} 13 28 QY3
Data Output B2 [ 14 27 Pv4
Data Output B1{J 15 26 Y5 X
Strobe Output O 16 25 pve :“:‘i‘s’"" Matrix
Vo O 17 24 Ov7
Ve ] 18 23 Y8
Strobe Control Input [ 19 22 Oy9
Data & Strobe invert Input (] 20 21 Y10

PARITY OQUTPUT

OATA OUTPUTS

«+ EXTERNAL CLOCK INPUT (OPTION)

YO Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9 YiO
31| 30| 29| 28| 27§ 26{ 25| 24} 23| 22| 1
,_____.4)_»}4»4»4»&44-1 - —————— I
40
Voo \u; ‘_‘_J —
) 50 KHz |2
[Zp— OSCILLATOR BT
1c
'
Vee—1y-4 1 IS
! | FREQUENCY
i 1181T COMPARATOR | CONTROL
| cLock !
CONTROL |
[ ! %
| 11STAGE RING COUNTER F——- |
! JIJIIIIIILL ) ' x
| 3 0
4 K— —4-
SHIFT INPUT — - e X1
54 o 23 X2
cONTROL INPUT__2 4 K— s +
A x.
| 2376817 ROM k S el 3
19.8IT X 88 KEYS x 3 MODE) COUNTER 135 Xa
— - —
CONTROL INPUT | K—| ¢
. ) Xs
R E # 32 X7
|
vee Ve Yo Y
| 83 SPST KEYBOARD SWITCHES
DATA AND STROBE X,
INVERT INPUT TTL'DTL'MOS | X6 A
\ COMPATIBLE | o -
PARITY INVERT 6 OUTPUT DRIVERS X7 TYPICAL SWITCH
INPUT
AY.5.2376
b 4449064444 ——— — ——— J EXAMPLE
16 71 8] 9] 0] 1} 12]13) 14} 15
. RIAMKONMS). C1 (004uF)
PROVIDE APPROX. 1.5mS DELAY
TPUT
STROBE OUTPU! -+ g2 o) C2 cony
B8 87 B6 B85 B4 B3 B2 81 VIDE 50 KHz CLOCK FREQUENCY




OPERATION

The AY-5-2376 contains (see Block Diagram) a 2376-bit ROM, 8-
stage and 11-stage ring counters, an 11-bit comparator, an os-
cillator circuit, an externally controllable delay network for elim-
inating the effect of contact bounce, and TTL/DTL/MOS
compatible output drivers.

The ROM portion of the chip is a 264 by 9 bit memory arranged
into three 88-word by 9-bit groups. The appropriate levels on the
Shiftand Control Inputs selects one of the three 88-word groups;
the 88-individual word locations are addressed by the two ring
counters. Thus, the ROM address is formed by combining the
Shift and Control Inputs with the two ring counters.

~ Theexternal outputs of the 8-stage ring counter and the external

inputs to the 11-bit comparator are wired to the keyboard to form
an X-Y matrix with the 88-keyboard switches as the crosspoints.
In the standby condition, when no key is depressed, the two ring
counters are clocked and sequentially address the ROM; the
absence of a Strobe Output indicates that the Data Outputs are
‘not valid' at this time.

When akey is depressed, a single path is completed between one
output of the 8-stage ring counter (X0 thru X7) and one input of
the 11-bit comparator (Y0-Y10). After a number of clock cycles, a
condition will occur where a level on the selected path to the
comparator matches a level on the corresponding comparator

AY-5-2376 [ERLEON

input from the 11-stage ring counter. When this occurs, the
comparator generates a signal to the clock control and 9, the
Strobe Output (via the delay- network). The clock control stops
the clocks to the ring counters and the Data Outputs (B1-B9)
stabilize with the selected 9-bit code, indicated by a ‘valid’ signal
on the Strobe Output. The Data Outputs remaln stable until the
key is released.

As an added feature two inputs are provided for external polarity
control of the Data Outputs. Parity Invert (pin 6) provides polarity
control of the Parity Output (pin 7) while the Data and Strobe
Invert Input (pin 20) provides for polarity control of Data Outputs
B1 thru B8 (pins 8 thru 15) and the Strobe Output (pin 16).

TIMING DIAGRAM

SWITCH
CLOSURE

Y

a—————— MINIMUM SWITCH CLOSURE ——————»

88 CL.OCK >
CYCLES
SWITCH »
BOUNCE

STROBE

L STROBE WIDTH
SWITCH
DELAY [ BOUNCE .'

SWITCH
RELEASE

Y

Y KEYBOARD Vee
MATRIX OUTPUT v

sTroBe Vce
OUTPUT

[ ]

V

MINIMUM SWITCH CLOSURE =SWITCH BOUNCE + (88 X 1/f) + STROBE DELAY + STROBE WIDTH

—-—lh— -5us

DATA VALID

y

MAXIMUM DETERMINED BY
EXPECTED EXTERNAL RC
DETERMINED MINIMUM TIME
BY FREQUENCY REQUIRED BY
OF OPERATION EXTERNAL
(EXTERNAL RC) CIRCUITRY
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AY-5-2376

ELECTRICAL CHARACTERISTICS

Maximum Ratings

Vai and Voo (with respectto Vee) . . . . . . . —20V to +0.3V *Exceeding these ratings could cause permanent damage.
|S-?9'C '"F_’rUt VO":‘I%“?‘? (with respect to Vcc) . . 65_"2(2?\{ 'g 1‘;%92/: Functional operation of this device at these conditions is not
Operating Temperature Range . . . . . . TG to +70°C implied—operating ranges are specified below.
Standard Conditions (unless otherwise noted)
Vee =45 Volts + 0.5 Volts, (Vce = Substrate Voltage)
Vea = —12 Volts + 1.0 Volts, Vg1 = GND. Operating Femperature (TA) =0°C to +70°C
Characteristics Sym Min Typ** Max Units Conditions
Clock Frequency f 10 50 100 KHz See Block diagram
footnote** for typical .
R - C values
Data Input
(Shift, Control, Parity
invert,data & strobe invert).
Logic “0” Level Vio Ve - +0.8 v
Logic “1” Level Viy Vee—1.5 - Vcct0.3 Y
Shift & Control Input
Current lins,c 15 36 60 uA Vi=+5V
8 16 30 kA V=0V
Data, Parity Invert Input
Current linp,p - .01 1 HA Vi=-5V to +5V
X Output (Xo-X7)
Logic “1” Output Current Ixt - 0 - uA Vour=Vce
80 150 400 uA Vour=Vcc—1.3V
140 300 800 pA Vour = Vcc—2.0V
250 700 1500 uA Vour = Ve =5V
500 1500 3000 pA Vour = Vcec — 10V
Logic “0” Output Current Ixo 15 30 80 pA Vour = Vcc
13 27 65 nA Vour = Vcc —1.3V
12 25 60 #A Vour= Vcc —-2.0V
5 10 40 rA Vour = Vcc =5V
— 1 20 RA Vour = Vec =10V
Y Input (Y,-Y o)
Trip Level Vy Vee —5 Vee =3 Vec—2 Vv Y Input Going
Positive
Hysteresis AVy 5 9 14 v Note 1
Note 2
Selected Y Input Current lys 30 60 160 uA Vin=Vcc
26 54 130 uA Vin=Vcc—1.3V
24 50 120 nA Vin = Vcc —2.0V
10 20 80 uA Vin=Vcc -5V
— 2 20 rA Vin=Vcc =10V
UnselectedY InputCurrent lyy 15 30 80 nA Vin=Vcc
13 27 65 uA Vin=Vec—1.3V
12 25 60 rA Vin = Vcc —2.0V
5 10 40 A Vin=Vcc =10V
Input Capacitance Cin - 3 10 pF atov
Switch Characteristics
Minimum Switch Closure - -_ - - -_ See Timing Diagram
Contact Closure
Resistance Zcc - - 300 Q
Zco 1X107 — — )
Strobe Delay
Trip Level (Pin 19) Vsp Vec—4 Vec—3 Vec—2 v
Hysteresis Vsp 5 9 14 v See Note 1
Quiescent Voltage (Pin 19) -3 -5 -8 \ With 680K to Vss
Data Output (B,-Bg)
Logic “0" — - — 0.4 v lo.=1.6ma
Logic “1” - Vee—1 — — \" lon—100pa
Power
lee - — 5 10 mA Vee=+5V
loe — - ] 5 10 mA Voo =—12V

**Typical values at +25°C and nominal voltages.

NOTE 1. Hysteresis is defined as the amount of return required to unlatch an input.
2. Guaranteed number of X & Y loads which may be applied to an X output = eleven.
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AY-5-2376 QXEHA
TYPICAL CHARACTERISTIC CURVES
14.0 ' b I I I
WEEENE NI,
00— ? ’f&ggoochms ) 80| Nominal Voltages
8.0[— Nominal Voltages 4 .
60 Vi
~ 40 // a @
g ) // g ¢ \
s 20— 7 x 0 \
2 10 g w0
o 2
800 uct 30 "’%,,v —
@ A
600 w
400 20
' 4
200 Z
00 0T 7007 03 005 o1 Aos.o'zz—‘(‘m ’ 05254 T80 00
CAPACITANCE (uF) CAPACITANCE (pF)
STROBE DELAY C1 OSCILLATOR FREQUENCY VS. C2
160 —— I
140 p - toomA // NOMINAL SUPPLY VOLTAGE
Vg = 45V
" 120 o g w0 v::;(:3 -2y
o
£ K / / g \ VGi - GND
o Wy H
z ¢ /o g N
S 80 & +— F 140 e
& / N
&0 ///// \\
Iy N
a0 — 130 \‘
20
° 3 25 20 15 10 10 20 30 40 S0 60 70
VG VOLTS . TEMPERATURE 9C_
TYPICAL OUTPUT ON RESISTANCE TYPICAL POWER CONSUMPTION
(Rpon) VS. GATE BIAS VOLTAGE (Vgs) (mW) VS. TEMP (°C)
vVee
Vee
ouT v To
KEYBOARD INTERNAL
Y] Sm— T INPUT -I— GATING
T
Vee Vee 1 Vee C COUNTER
1 INPUT
/- N STATIC CHARGE
P cE PROTECTION DEVICE
-OUTPUT DRIVER “¥” INPUT STAGE FROM KEYBOARD
: Vaa
|
TO KEYBOARD
COUNTER
INPUT 2 ! T .
STATIC CHARGE
PROTECTION DEVICE
) Vee .
“X” OUTPUT STAGE TO KEYBOARD
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AY-5-2376

STANDARD CODE ASSIGNMENT CHART

T

e

FEERE

38

e
BEREES

3 saas:

=
BELLE]

et Tassetzes sus

Illustrated using a Logic “O” on the Data and Strobe Invert Input (I‘°i-n 20) and the Parity Invert Input (Pin 6).
NOTE 1: This code is an 8 bit ASCI| code (B1-B8). Output B9 is included as an odd parity bit operating on outputs B1-B7.

*EXAMPLE
B1 B2 B3 B4 BS B6 B7 B8 PARITY
NS o BIT
. ; ; | xso . 1 Y
b e e . . .9
i N = NORMAL MODE
‘_ 1—_; ______ 4 - 8 — 88— NORMAL S = SHIFT MODE
Yo i,_ ________ B— — — > SHIET C = CONTROL MODE
s 8 - QUTPUT LOGIC “1!! (SEE DATAB1—
_____ o CONTROL U LOGIC “1%. (SEE DATA B1— B8)

LOGIC 1" =45V
(CODE REPRESENTATIVE OF KEY DEPRESSION AT LOGIC 0" = GND

LOCATION Xg — Yg AND PROPER MODE SELECTION)

TRUTH TABLES

DATA (B1-B8) INVERT TRUTH TABLE

PARITY INVERT TRUTH TABLE

DATA AND STROBE CODE DATA PARITY CODE PARITY
INVERT INPUT ASSIGNMENT OQUTPUTS INVERT INPUT ASSIGNMENT OUTPUT
(PIN 20) CHART (B1-B8) (PIN 6) CHART (PIN7)
1 1 0 1 1 0
0 1 1 0 1 1
1 0 1 1 0 1
0 0 0 0 0 0
STROBE INVERT TRUTH TABLE
DATA AND STROBE STROBE MODE SELECTION
INVERT INPUT INTERNAL OUTPUT S T=N
(PIN 20) STROBE (PIN 16) s E=-s
1 1 0 Sc=¢C
0 0 0 s c=C
1 0 1
0 1 1
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AY-5-3600

DESCRIPTION

Keyboard Encoder
FEATURES

® One integrated circuit required for complete keyboard assembly

" N key rollover or lock out operation

® Quad mode operation

® | ock out/rollover selection under external control (option)

® Self-contained or slave oscillator circuit

= 10 output data bits available

® Qutputs directly compatible with TTL/DTL or MOS logic arrays

® Output data buffer register included

® Qutput enable provided (option)

® External data complement control provided (option)

® Pulse or level data ready output signal provided (option)

u “Any Key Down” output provided (option)

= Externally controlled delay network provided to eliminate the
effect of contact bounce

® Programmable coding with a single mask change

® Static charge protection on all input and output terminals

® Entire circuit protected by a layer of glass passivation

The General Instrument AY-5-3600 is a Keyboard Encoder
containing a 3600 bit Read Only Memory and all the logic
necessary to encode single pole single throw keyboard closures
into a usable 10 bit code. Data, Any Key Down and Data Ready
outputs are directly compatible with TTL/DTL or MOS logic
arrays without the need for any special interface components.

The AY-5-3600 is fabricated with MTNS technology and contains
5000 P channel enhancement mode transistors on a single

monolithic chip.

PIN CONFIGURATION
40 LEAD DUAL IN LINE

Top View
Option C]@ 1 e 40 O x,
Option [ 2 39 PX,
See next page Option 3 38 Px,
Option ] 4 37 PX,
Option [] 5 36 EX'
Data OutputB9 [ 6 35 PXs
Data Output B8 (] 7 34 OXe
Data OutputB7 (] 8 33 [AX;
Data Output B6 (] 9 32 [Xs
Data Output BS O} 10 31 [0 Delay Node input
Data Output B4 (] 11 30 PVec
Data Output B3 [ 12 29 [ Shift Input
_DataOutputB2 ] 13 28 [ Control Input
Data Output B1 (] 14 27 PVge
Voo O 15 26 Yy
‘Data Ready (] 16 25 v,
Yo 17 24 v,
A =BT 23 FIYg
Y19 22 Oy,
YsO 20 21 v,

BLOCK DIAGRAM

Yo¥i Y23V Ys Y6 Y7 Ya Yo

RN L A

.
! !

Voo 27 1

Voo >-124 uasTeRs

OSCILLATOR

10 BIT COMPARATOR

F——————

_______ EXTERNAL CLOCK
""""" | T INPUT (OPTION)

FREQUENCY
CONTROL

SWITCHES

|
| 10 STAGE
| RING COUNTER
| )
| ENCODED
TIMING
KEY STROBE DELAY
e L'" }_ I °"‘°“"J I e belesh
< by g 1
& oo ¥ e c2 o { J
| 5 A2
Ve =
|1 440 7]
sFr>2244 MODE : 39 P o |
0! o 3
28 DECODER | 38 x2
*CONTROL ) 37 x3 hoo &
| ! 3600 BIT ROM 9 STAGE 36 x4
¢l; (10 BIT X 90 KEYS X 4 MODE} cou'r:"yza 38 x5
| :,> 34 X6
I3 33 X7
| Voo 32 xe
I ANY KEY DOWN
| L———4% 5 output Eretano

TTL/DTL/MOS
COMPATABLE

f—(— LOCKOUT/ROLLOVER (OPTION)
+

OUTPUT DRIVERS

——— ENABLE (OPTION) o
! NOTE: REFER TO FIG.| FOR OPTION PIN SELECTION.
| #R1 Llook ), C1 145,
%Kﬂ CLOCK FREQ.
mtcz llOOhS DELAVIW) R2 SUPPLIED INTERNALLY.

# %% DIODES NECESSARY FOR COMPLETE . nKEY
ROLLOVER OPERATION.




CUSTOM CODING INFORMATION

The custom coding information for General Instrument’s AY-5-
3600 Keyboard Encoder ROM should be transmitted to General
Instrument in the form of 80 column punched cards. Each ROM
pattern requires 92 cards (1 title card, 1 circuit option card and 90
ROM pattern cards). (See Note 1)

Ifitis not possible to supply punched cards, then the Truth Table
should be completed (See Note 1). However, there would be a

PIN OPTIONS

Pins 6-40 of the AY-5-3600 are permanently assigned. The func-
' tions assigned to pins 1-5 depend on which functional options are
selected from the following:

External Clock

—requires one package pin to input an external clock source.
Internal Oscillator

—requires three package pins interconnected with an external
RC network to develop the clock required.

Lockout/Rollover (LO/RO)

—requires one package pin to externally select N-Key Lockoutor
N-Key Rollover. LO = +5V, RO = GND. .

Complement Control (CC)

—requires one package pin to externallycontrol the logic state of
the data bits (B1-B10) and, if required, the Data Ready output.

substantial savings in both the coding charge and turn-around
time if punched cards were used. Upon receipt of the punched
cards or the Truth Table, General Instrument will prepare a
computer-generated Truth Table which will be returned to the
user for verification.

NOTE 1: Card and Truth Table format available upon request.

Chip Enable (CE)

—requires one package pin to controlthe databits (B1 B10)and, if
required, the Data Ready and Any Key Output.

Any Key Output (AKO)

—requires one package pin to indicate a key depression.
Output Data Bit 10 (B10)

—requires one package pin when ten data bits are required to
encode each key.

Select the pin options desired:

External Clock + 4 of the following functions
OR

Internal Oscillator + 2 of the following functions

LO/RO, CC, CE, AKO, BIO

The following chart lists the pin assignments according to the functions 'selected above:

PIN 1 PIN 2 PIN3 h PIN 4 PINS
External Clock LO/RO cc CE - AKO
External Clock LO/RO cC CE BIO
External Clock LO/RO cC AKO BIO
External Clock LO/RO CE AKO BIO
External Clock CC : CE AKO BIO

LO/RO CcC
LO/RO CE
LO/RO AKO
. LO/RO BIO
Internal Oscillator CcC CE
. cC AKO
cC BIO
CE AKO
_ CE BIO
AKO BIO

'ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Voo and Ve (with respecttoVee) . . . . . .. . . . —20V to +0.3V

Logic input voltages (with respecttoVee) . . . . . . —20V to +0.3V
Storage Temperature . . . . . . .. ... ... —65°C to +150°C
Operating Temperature Range. . . . . . . . .. .. 0°Cto+70°C

Standard Conditions (unless otherwise noted)

Vcc = +5 Volts 0.5 Volts
Ve = —12 Volts 1.0 Volts, Voo = GND
(Vcc = Substrate Voltage)
‘Operating Temperature (Ta)=0°C to +70°C
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AY-5-3600 EYSERGM
ELECTRICAL CHARACTERISTICS
Characteristics Sym Min Typ** Max Units Conditions
Clock Frequency f 10 50 100 kHz See Block diagram footnote*
: for typical R-C values
External Clock Width 7 - — us
Clock Input Vio Vaa — 15 Y]
Vi Vec—1.4 — Vee +0.3 v
Data Input
(Shift, Control,
Complement Control,
Lockout/Rollover,
Chip Enable
& External Clock)
Logic “0” Level Vio Vaa — +0.75 v
Logic “1” Level Vn Vee —1.1 - Vec+0.3 v
Shift & Control Input
Current Insc 75 95 120 uA Vi, =+5V
X Output (Xo-Xg)
Logic “1” Output Current Ix1 40 170 400 pA Vour = Vec (See Note 2)
600 1300 2500 pA Vour = Vcc—1.3V
900 1600 3500 pA Vour = Vec—2.0V
1500 3800 6000 pA Vour = Vcc5V
3000 6000 10000 pA Vour = Vcc—10V
Logic “0” Output Current 1xo0 8 15 50 uA ‘Vour = Vee
6 1 35 pA Vour = Vec—1.3V
5 10 30 /,.LA Vour = Vcc—2.0V
2 5 15 pA Vour = Vcc—5V |
— 0.5 5 HA Vour = V10V |
Y Input (Yo-Yyo)
Trip Level Vy Vec—5 Vec—3 Vec—2 v Y Input Going Positive (See Note 2)
Hysteresis AVy 0.5 0.9 1.4 \" (See Note 1)
Selected Y Input Current lys 18 36 100 nA Vin=Vcc
14 28 90 pA Vin=Vcc—1.3V
13 25 80 HA Vin = Vcc—2.0V
6 12 60 pA Vin = Vcc—5V
— 1 30 pA Vin=Vcc—10V
Unselected Y Input Current lyy 9 18 50 pA Vin=Vcc
7 14 45 pA Vin=Vcc—1.3V
6 13 40 pA Vin=Vcc—2.0V
3 6 30 uA Vin=Vcc—5V
— 0.5 15 nA Vin=Vcc—10V
Input Capacitance Cin - 3 10 pF at OV (All inputs)
X-Y Precharge
Characteristics ¢P 1500 3500 5000 pA V=Vcc
200 600 1500 pA V =Vcc5 (See Note 2)
Switch Characteristics :
Minimum Switch Closure - — —_ — — See Timing Diagram
Contact Closure
Resistance Zcc - — 300 Q
. Zco 1X107 — — Q
Strobe Delay
Trip Level (Pin 31) Vsp Vcc—4 Vcc—3 Vec—2 \"
Hysteresis Vsp 0.5 0.9 14 \ (See Note 1) o
Quiescent Voltage (Pin 31) -3 -5 -9 \ With Internal Switched Resistor
Data Output (B1-B10),
Any Key Down Output,
Data Ready '
Logic “0” — — - .55 \' Io. =.25mA
- — - 0.8 ' IoL=1.6mA
Logic “1" - Vec—1.3 - —_— \ Ion=.95mA
Power
lce _ _ 8 1:_3 mA Vee=+5V
lea - _ 8 13 mA Vgo=—1 2V

**Typical values are at +25°C and nominal voltages.

NOTE

I.Hysteresis is defined as the amount of return required to unlatch an input.

2:Precharge of X outputs and Y inputs occurs during each scanned clock cycle.
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ROM

AY-5-3600

OPERATION

The AY-5-3600 contains (see Block Diagram) a 3600 bit ROM, 8-
stage and 10-stage ring counters, a 10 bit comparator, timing
circuitry, a 90 bit memory to store the location of encoded keys
for n key rollover operation, an externally controllable delay
network.for eliminating the effect of contact bounce, an output
data buffer, and TTL/DTL/MOS compatible output drivers.

The ROM portion of the chip is a 360 by 10 bit memory arranged
into four 90-word by 10-bit groups. The appropriate levels on the
Shift and Control Inputs selects one of the four 80-word groups;
the 90-individual word locations are addressed by the two ring
counters. Thus, the ROM address is formed by combining the
Shift and Control Inputs with the two ring counters.

The external outputs of the 9-stage ring counter and the external
inputs to the 10-bit comparator are wired to the keyboard to form
an X-Y matrix with the 90-keyboard switches as the crosspoints.
In the standby condition, when no key is depressed, the two ring
counters are clocked and sequentially address the ROM, thereby
scanning the key switches for key closures.

When a key is depressed, a single path is completed between one -

output of the 9-stage ring counter (X0 thru X8) and one input of
the 10-bit comparator (Y¢-Yg). After a number of clock cycles, a
condition will occur where a level on the selected path to the
comparator matches a level on the corresponding comparator
input from the 10-stage ring counter.

N KEY ROLLOVER

— When a match occurs, and the key has not been encoded, the
switch bounce delay network is enabled. If the key is still de-

pressed at the end of the selected delay time, the code for the
depressed key is transferred to the output data buffer, the data
ready signal appears, a one s stored in the encoded key memory
and the scan sequence is resumed. If a match occurs at another
key location, the sequence is repeated thus encoding the next
key. If the match occurs for an already encoded key, the match is
not recognized. The code of the last key encoded remains in the
output data buffer.

N KEY LOCKOUT

— When a match occurs, the delay network is enabled. If the key
is still depressed at the end of the selected delay time, the code
for the depressed key is transferred to the output data buffer, the
data ready signal appears and the remaining keys are locked out
by halting the scan sequence. The scan sequence is resumed
upon key release. The output data buffer stores the code of the
last key encoded.

SPECIAL PATTERNS

— Since the selected coding of each key and all the options are
defined during the manufacture of the chip, the coding and
options can be changed to fit any particular application of the
keyboard. Up to 360 codes of up to 10 bits can be programmed
into the AY-5-3600 ROM covering most popular codes such as
ASCII, EBCDIC, Selectric, etc., as well as many specialized
codes. The ASCII code in conjunction with internal oscillator, 10
data outputs and any key down output, is available as a standard
pattern (See Figure 2).

MAXIM
EXPECTED

Fig.1

TIMING DIAGRAM
SWITCH SWITCH
CLOSURE RELEASE
le————— MINIMUM SWITCH CLOSURE
90 CLOCK CYCLES
swn'cn STROBE
aou DELAY
KEY
CLOSURE ' £ l?éJCRK | !
! "1 cYcLes ™ :
| |
DATAS_DFEégE “------:---—-—--——:-LJr—r-]—:—— . LEVEL
| [ [ IPULSE n KEY
! e : ROLLOVER
DATA | PR [ |
OUTPUT ! I [ |
| i
' ! L L ! RESETS AT FiRST. Xo Yo
ANYD(';VEII{_J (] AFTER FIRST X1 Yi
OUTPUT——————=~— [ :

RESUME SCAN FOR —=
n KEY ROLLOVER |

MINIMUM SWITCH CLOSURE = SWITCH BOUNCE + (90)(:—) + STROBE DELAY + STROBE WIDTH

UM

RESUME SCAN FOR
n KEY LOCKOUT

DETERMINED BY
EXTERNAL C

DETERMINED MINIMUM TIME
B8Y FREQUENCY REQUIRED BY
OPERATION EXTERNAL

(EXTERNAL RC) CIRCUITRY
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o JGENLRAL
AY-5-3600 = NSOy
MODE MODE
SYMBOL, N s C SC SYMBOL N s — 1 ¢ SC
. X1Y0,X0Y8 SOH x0Y9 X5 Y0, X0 Y§
A X0Y2 X1 v2 STX X1 Y9 X4 Y0, X1Y9
] X5v3 x2v2 ETX x4va x4ve x4 v4 X4 Y4, X6 YO
c x2v3 x3v2 €01 XA Yt
0 x2v2 xav2 END x3v1
3 x2 Y1 X5 Y2 ACK x2v8 X7Y1,X2Y8
¥ x3v2 X6 Y2 BEL x3Y8 X6Y1,X3Y8
G x4y2 X7Y2 8s .
H X0 Y5 X0 Y5, X5 Y2 X0vs x0Y$ HT X0 v4 X0 Y4 X0 Y4, X8 Y9 X8Y§
! xv1 xov4 F X7Y6 X778 X7Y6
n X6 ¥2 , X6 Y6 vi x3v7 xav? x3v? x3v7
3 X71v2 X3Y6 FF X7Y8 X7Y8 X7v8
L x2v6 X2Y6,x8 Y2 x2v6 X2 Y6 A X3Y5 x3Y5 X3 Y5, X1 Y6 X1Y6
M x7Y3 x3Y5 S0 xov? X0Y7,X1Y8 X0Y7,X1Y8
N X6 Y3 XaY5 st X1y? x1v? x1v? X1Y7
[ X8 ¥ DLE X0Y1
P X6 Y6 X0Y2,X0Y3 oct X5Y1
Q x0¥1 x1v3 ocz X6Y7
A x3vi x2Y3 oc3 x2Y1
s x1v2 x4Y3 nc4 X3Y0
T x4 Y1 X5Y3 NAK X2Y0
u x0Y1 x6Y3 SYN X5Y4
v X4 Y3 x7Y3 €18 X1 vo
w X1yy X6 YS CAN x3ve X3Y4
x x1.¥3 X8 Y2 M X8 Y0
Y x5 Y1 X5 Y6 suB X0 Y0
z x0v3 X5 Y5 ESC X7Y0
a X0Y2 X0v2 £s X1v4
[} X5Y3 X5Y3 s X7Y6
3 x2Y3 x2Y3 RS Xiva X1va X1v4
] x2v2 x2v2 us x2v? x2v1 x2v? x2v1
« X2yl x2v1 P X3 Y3, X4 Y9 X4Y9,X3Y3 X4Y9,X3Y3 X4Y9,Xx3Y3
[ x3v2 x3v2 ' X5 Y9 X5Y8,X0 Y9 x5Y9 . X5Y9
9 xav2 x4v2 - x3v8 X3Y9, X7 Y5, X1 Y8 x3vg X3Y9,X7Y5
h x5 Y2 X5v2 * X6Y9 X6 Y8, X2 YO X6 Y8 x6Y9
' X7¥1 x7Y1 s x2Y5 X2Y5,X3Y0 x2Y5 x2v5
' X6 v2 X6 Y2 % X1Y5 X1Y5, X4 Y0 X1Y5 X1Y5
. X7Y2,X2Y9 x1v2 & X6Y8 X6 Y0, X6 Y8, X2 Y8 X6Y8 x6Y8
1 X8 ¥2 x8Y2 . x7Y5 X3Y8 X7Y5 x7Y4
m X7Y3,X1 Y6 x7v3 ( X7v9 X7 Y4, X3 Y4, XB YO X7Y9 x7ve
n X6 Y3, X1 v8 X6Y3 ) X4 Y8 XA Y8, X6 Y7, XB Y9 x4v8 x4v8
o X8 Y1 X8 Y1 . X5Y8 X5 Y8, X7 Y0, X5 Y4 X5 Y8 X5Y8
[ X6 Y6, X0 Y8 X6 Y6 . x0Y6 - X0 Y6, X5 Y6, X7 Y7 X0Y6 X0Y6,X7 Y7
] X0 Y1 X0 Y1 . X8 Y3 X8 Y3 X8 Y3 x8Y3
' xavi x3vi — x2v4 X2Y4,X8Y7 x2va X8 Y7
s X1 Y2 X1 v2 . X8 Y4 X84 x84 X84
t x4v1 x4 v1 ’ X7v4 X7v4
u X6 Y1 X6 Y1 [ X6Y7,X8 Y8 X8 Y8 X6Y2,X8 Y8 X8 Y8
v x4v3 xav3 1 X0'Y0, X0 Y9 X0 Yo
w X1yt X1yt 2 X1Y0,X1Y9 x1vo
' x1v3 X1 Y3 3 X2Y6 X2Y0
Y X5 Y1 X5 Y1 . xavo x3Y0
2 x0v3 x0v3 5 x4 Y0 X4 Y0
C X8 Y6, X2Y9 X4 Y6, X8 Y6 ] X5 Y0,X2Y8 X5 Y0
\ X1 Yy 7 X6 YO, X3 Y8 X0 YO
3 X8 Y6 X1Y6 X8 Y6 X8 Y1 8 X7Y0 X7Y0
A x1ve x2v4 9 XB Y0, X8 Y8 X8 Y0
= X4Y7,X8Y7 X4Y7,X8Y7 x4v? X5Y4 X8Y5 X5 Y4 X8 Y5
{ X3Y6 X3Y6 X3Y6 . X8 Y5, X5 Y6 XB Y5, X5 Y6
{ X4 Y5 X4 Y5 XaY5 < X6Y5 X7 Y8, X6 Y5, X0 YO X6Y5
~ X6 Y4 . X6 Y4, X7 Y7 X7Y2,X6 Y4, X4 Y7 X6Y4
DEL x2Y9 x2vY9 > X5Y5 X5 Y5, X5 Y0, X0 Y7 X5 Y5
NULL x5v7 x5 Y7 X5Y7,%0 Y8 X5 Y7,X0Y8 ? x4 Y6 XA Y6, X7 Y4 XA Y6
Note 1. Bits 1 to 6 and bit 8 of the AY-8-3600 correspond to bits 1 to 7 of ASC Il
Note 2. Codes 0000011 and 0011111 are not present in the standard AY-5-3600 pattern,

Fig.2 STANDARD AY-5-3600 CODE ASSIGNMENTS ASCIl CODE

OPTIONS PROVIDED WITH STANDARD ENCODER

Device Marking: AY-5-3600

Internal Oscillator on Pin Nos. 1, 2, 3

Any Key Output on Pin No. 4

Any Key Output True (Logic 1) During Key Depression
Output Data Bit B10 on Pin No. 5§

N-Key Rollover Only

True Outputs Only

Pulse Data Ready Signal

Internal Resistor to Vop on Shift/Control Pin
Plastic Package
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Voo Fig.3 Ve
o
KE;B(;ARD 2
INTERNA
INPUT 1L GA%#GL TO KEYBOARD
STATI T COUNTER
CHARGE « Ves Voo INPUT STATIC
PROTECTION Vee  COUNTER PROTECTION
INPUT DEVICE
v
“Y” INPUT STAGE FROM KEYBOARD cc
“X" OUTPUT STAGE TO KEYBOARD
OUTPUT
INPUT T STATIC
\_CHARGE
CaStEE o
Vee Vee cc
OUTPUT DRIVER

NOTE: Output driver capable of driving one TTL load with no
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AY-5-3600-PRO

Keyboard Encoder and PROM/EPROM Application

The AY-5-3600-PRO is pre-programmed during manufacture to
provide specific yet simple binary coded outputs thus allowing
the purchase of off-the-shelf devices (distributors, etc.). To
enhance the device flexibility, the binary outputs have been
organized to provide direct interface with a PROM/EPROM.

AY-5-3600-PRO
KEY KEYBOARD
MATRIX ENCODER
ROM

PROM/EPROM —>

The PROM (Programmable Read Only Memory) permits the
programming of the required output code in the factory or the
field within minutes, thus making it extremely suitable for small
quantity, fast turnaround keyboard requirements. The EPROM
(Erasable Programmable Read Only Memory) is ideally suited for
prototyping, where patterns are quite variable, allowing the
EPROM to be erased and reprogrammed repeatedly. Similar
advantages are realized in the field where pattern changes are
necessary in order to respond to redefined requirements or to
subtle system peculiarities not previously encountered.

Technical Description

The AY-5-3600-PRO is a binary coded MOS-LSI device
programmed to furnish 360 unique 9-bit codes (90 keys x 4
modes x 9 bits). Option selections include such popular
functions as Internal Oscillator, Lockout/Rollover and an Any
Key Down output. For further, more explicit device
characteristics refer to the preceding pages. The internal
oscillator is a self contained (on-chip) circuit option which
eliminates the need for any external clock source. For applica-
tions necessitating an external clock source the internal
oscillator input pins may be utilized to function in the slave mode
of operation. Lockout or Rollover is selectable via an input pin,
thus allowing the versatility required on various keyboard
applications. The Any Key Down output performs the function of
a gating signal by acknowledging both a key depression and
release, making it a convenient signal for use in a repeat
application.

For ease of translation, each key is assigned an X-Y coordinate
and, in turn, each X-Y coordinate has been identified with a

specific yet simple binary coded output. Two formats are
described: the first for application with a 64 key 4 mode keyboard
and the second for a 90 key 4 mode keyboard.

The 64 key 4 mode application as illustrated in Fig. 8 utilized
keyboard encoder addresses X0 YO thru X6 Y3. A unique
combination of one input (Y) and one output (X) is assigned to
each key, for a total coverage of 64 keys. Binary coded outputs
B2-B9 have been arranged to provide the necessary 8-bit address
inputs to the PROM/EPROM, with B2 and B3 representing the
variable mode identification and B4-B9 each specific key
closure.

When a key is depressed a path is completed between one X line
and one Y line thus addressing that specific X-Y ROM coordinate
in the AY-5-3600-PRO. The 8-bit binary code for that X-Y location
(ref. Truth Table page 14-15) is transferred into a one character 8-
bit output latch (B2-B9) thus providing the appropriate 8-bit
address to the 256 x 8 PROM/EPROM.

Expansion to a 90 key 4 mode operation (see Fig. 9) isidentical to
the 64 key 4 mode except: the 90 key 4 mode version utilizes the
full complement of addresses X0 YO thru X8 Y9 (90 keys). The 8-
bit binary code (B2-B9) previously produced to address the
256 x 8 PROM/EPROM is now expanded to a 9-bit binary code
(B1-B9) for addressing to a 512 x 8 PROM/EPROM. With expan-,
sion to a 90 key 4 mode application outputs B1-B3nowserveasthe
variable mode identification.

The interface to a PROM/EPROM enables the custom
programming of the required output data in the PROM/EPROM
to directly coincide to the specific address inputs from the AY-5-
3600-PRO. Any PROM whether it be bipolar, ultraviolet erasable
or electrically alterable, may be employed to provide a wide
variety of “off-the-shelf” keyboards. Once the keyboard
assembly has gone beyond the prototyping stage, and assuming
the quantity/cost permit, the PROM/EPROM data can be
converted to the standard AY-5-3600 data format (ref. AY-5-3600
Custom Coding Information sheet) and produced in production
quantities. This eliminates the PROM/EPROM expense while
assuring the absence of undefined coding changes.

Summary of Important Features

| Ability to deliver complete keyboard assemblies within days
without sacrificing the features offered in the AY-5-3600
Keyboard Encoder

B Ability to buy off-the-shelf devices (distributor, etc.)

B Ability to verify the specific pattern format using a PROM/
EPROM prior to a ‘custom’ encoder commitment
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AY-5-3600-PRO
OPTIONS
®  Device Marking: AY-5-3600-PRO B Any Key Output on Pin No. 5.
®  nternal Oscillator on Pin Nos. 1, 2, 3 Any Key Output True (Logic 1) During Key Depression
®  Lockout/Rollover on Pin No. 4 ®  Pulse Data Ready Signal
Internal Resistor to Vpp on Lockout/Rollover Pin ®  Plastic Package _
B True Outputs Only B Internal Resistor to Vpp on Shift/Control Pin
XY | NORMAL SHIFT CONTROL | SHFT/CTR XY | NORMAL SHIFT CONTROL | SHFT/CTR
0 | 000000000 001000000 | 010000000 011000000 45 | 000101101 001101101 { 010101101 011101101
1 | 000000001 001000001 | 010000001 011000001 46 | 000101110 001101110 | 010101110 011101110
2 | 000000010 001000010 | 010000010 011000010 47 | 000101111 001101111 | 010101111 011101111
3 | 000000011 001000011 | 010000011 011000011 48 | 000110000 001110000 | 010110000 011110000
4 | 000000100 001000100 | 010000100 011000100 49 | 000110001 001110001 |.010110001 011110001
5 | 000000101 001000101 | 010000101 011000101 50 | 000110010 001110010 | 010110010 011110010
6 | 000000110 001000110 | 010000110 011000110 51 | 000110011 001110011 010110011 011110011
7 | 000000111 001000111 | 010000111 011000111 52 | 000110100 001110100 | 010110100 011110100
8 | 000001000 001001000 { 010001000 | 011001000 53 | 000110101 001110101 | 010110101 011110101
9 | 000001001 001001001 | 010001001 011001001 54 | 000110110 001110110 | 010110110 011110110
10 | 000001010 001001010 [ 010001010 011001010 55 | 000110111 001110111 [ 010110111 011110111
11 | 000001011 001001011 | 010001011 011001011 56 | 000111000 001111000 | 010111000 011111000
12 | 000001100 001001100 [ 010001100 011001100 57 | 000111001 001111001 [ 010111001 011111001
13 | 000001101 . | 001001101 | 010001101 011001101 68 | 000111010 001111010/ 010111010 011111010
14 | 000001110 001001110 | 010001110 . | 011001110 59 | 000111011 001111011 | 010111011 011111011
15 | 000001111 001001111 | 010001111 011001111 60 | 000111100 001111100 [ 010111100 011111100
16 | 000010000 001010000 | 010010000 011010000 61 | 000111101 001111101 [ 010111101 011111101
17 | 000010001 001010001 | 010010001 011010001 62 | 000111110 001111110 | 010111110 011111110
18 | 000010010 001010010 | 010010010 011010010 63 .| 000111111 001111111 [ 010111111 011111111
19 | 000010011 001010011 | 010010011 011010011 64 | 100000000 101000000 | 110000000 111000000
20 | 000010100 001010100 | 010010100 .| 011010100 65 | 100000001 101000001 | 110000001 111000001
21 | 000010101 001010101 | 010010101 011010101 66 |.100000010 101000010 | 110000010 111000010
22 | 000010110 001010110 [ 010010110 011010110 67 | 100000011 101000011 | 110000011 111000011
23 | 000010111 001010111 | 010010111 011010111 68 | 100000100 101000100 | 110000100 111000100
24 | 000011000 001011000 | 010011000 011011000 69 | 100000101 101000101 | 110000101 111000101
25 | 000011001 001011001 | 010011001 011011001 70 | 100000110 101000110 | 110000110 111000110
26 | 000011010 001011010 [ 010011010 011011010 71 | 100000111 101000111 | 110000111 111000111
27 | 000011011 001011011 | 010011011 011011011 72 | 100001000 101001000 | 110001000 111001000
28 | 000011100 001011100 | 010011100 011011100 73 | 100001001 101001001 | 110001001 111001001
29 | 000011101 001011101 | 010011101 | 011011101 | ° 74 | 100001010 101001010 | 110001010 111001010
30 | 000011110 001011110 | 010011110 011011110 75 | 100001011 101001011 | 110001011 111001011
31 | 000011111 001011111 [ 010011111 011011111 76 | 100001100 101001100 | 110001100 111001100
32 | 000100000 001100000 | 010100000 | 011100000 77 | 100001101 101001101 | 110001101 111001101
33 | 000100001 001100001 | 010100001 011100001 78 | 100001110 101001110 | 110001110 111001110
34 | 000100010 001100010 | 010100010 011100010 79 | 100001111 101001111 | 110001111 111001111
35 | 000100011 001100011 [ 010100011 011100011 80 | 100010000 101010000 | 110010000 111010000
36 | 000100100 001100100 | 010100100 011100100 81 | 100010001 101010001 | 110010001 111010001
37 | 000100101 001100101 | 010100101 011100101 82 | 100010010 101010010 | 110010010 111010010
38 | 000100110 001100110 [ 010100110 011100110 83 | 100010011 101010011 | 110010011 111010011
39 | 000100111 001100111 | 010100111 011100111 84 | 100010100 101010100 | 110010100 111010100
40 | 000101000 001101000 | 010101000 011101000 85 | 100010101 101010101 | 110010101 111010101
41 | 000101001 001101001 | 010101001 011101001 86 | 100010110 101010110 | 110010110- 111010110
42 | 000101010 001101010 | 010101010 011101010 87 | 100010111 101010111 | 110010111 111010111
43 | 000101011 001101011 [ 010101011 011101011 ) 88 | 100011000 101011000 | 110011000 111011000
44 | 000101100 001101100 | 010101100 011101100 .~ 89| 100011001 101011001 | 110011001 111011001
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AY-3-4592

Capacitive Keyboard Encoder

FEATURES .
. . PIN CONFIGURATION
= 128 key keyboard encoder: 112 fully decoded keys, 16 discrete 40 LEAD DUAL IN LINE
function keys
® 112 keys with 4 modes, 10 bit output Top View
m Key validation logic protects against bounce e o1 a0P Vee (+5V)
® N-key roll over or 2-key roll over p1 02 39 AKD
B Internal ROM allows any keys to control SHIFT CTRL, p2 03 38 ) MATIN
SHIFT LOCK and ALPHA LOCK D3 4 373 POR
® ALPHA LOCK and SHIFT LOCK indicator lines - pata | 2445 363 Clock
® Any key down (AKD) strobe outputs | D5 6 35 KPD
m Single +5 Volt power supply b6 47 3401 st
® Programmable coding of standard and special function keys b7 g8 33p AU
® Zener diode protection on all 1/0 pins 3; E?O ng i:
® Low power consumption, less than 2 milliwatts per key ' p1o 4 11 00 x5
® Usable with capacitive, magnetic, inductive. Hall effect or KBINH O 12 20h7 x14
mechanical keyboard switches Lo/ro O 13 28 x15
® Inputs and outputs TTL and CMOS compatible Keyboard YA 14 271 x13 | Keyboard
® Internal Oscillator Matrix { —vC ] 15 26[1 x12] Outputs
Inputs | —yg ] 16 253 X1
Keyboard —xo0 [ 17 247 x10
al
DESCRIPTION “hatrix | X1 18 #0 X
: Outputs | —X2 019 2217 xs
The G.1. AY-3-4592 is a unique dual pulse scanning encoder and -X3 ] 20 210 x4
keyboard controller for 112 keys in four modes and 16
programmable discrete function keys. ROM programming
permits any keys to control the shift controi and lock functions. The AY-3-4592 is fabricated with N-channel MOS technology on
The AY-3-4592 can be used with capacitive, inductive (magnetic) a single chip containing a 4592 bit ROM, a 128 bit shift register
or switch closure type switches since it works on pulse detection. and an internal oscillator.
BLOCK DIAGRAM
. D9 D8 D7 D5 D4 D3 D2 D1 X1413 12 11 10 9 8 7 6 5 4 3 2 1X0
P N |
| }
| ‘ p————0 v,
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PIN FUNCTIONS

Pin No. Name Symbol Function
1 Ground GND Ground Pin
2-10 Data Out D1-D9 Data Outputs, D1 through D9

11 Data Out D10 Data Output D10. See “AY-3-4592 options” for complete description )

12 Key Inhibit KBINH Logic “1” on KBINH will inhibitthe processing of Key closures and prevent new
output codes. See “AY-3-4592 options” for other custom options

13 Lockout/rollover LO/RO High for 2 Key Rollover operation, low for N Key Rollover operation. This input
is a high impedance Schmitt trigger with thresholds of approximately % (low)
and % (high) of Vce. This allows easy interfacing with.very slow RC circuits
for such functions as “repeat delay”. LO/RO is internally “anded” with
AKD/STB,; if either is low, N Key rollover is automatically selected.

14-16 Y-Address YA, YB, YC | Y Address lines select one of eight-Y inputs through external multiplexer.
Scan sequence is Y7 to YO

17-27, 30-32 X Outputs X0-X13, X5-X7 | X output drivers for Matrix scanning. Scan sequence is X15 to X0. Each driver
generates 8 pairs of pulses each scanning cycle.

28, 29 X15,14 X15, X14 X15 is programmed as a “discrete output” key in the standard part. Optlonally
it may be programmed as a error flag or as a Matrix drive line. See “AY-3-4592
options”. Unlike X0-X13, neither X14 nor X15 have associated ROM output
codes. These lines are-used to enable separate discrete keys to be debounced
using an addressable latch as illustrated in figure 2.

33 Alpha Lock ALI ALI will indicate if “op code” XX101 is selected. (See operation codes). In
Indicator the standard device there is no other function. If alpha lock is selected as an
option, op code XX101 will result in bit 6 being replaced by bit 9 when a key
is depressed.
34 Shift Lock SLI SLI will indicate if “op code” XX011 is selected. (See “operation codes"”). In
Indicator the standard device this op code will also select the shift lock function.
35 Key Pressed KPD KPD is used to shift the threshold of the external sense amplifier in order to
. provide hysteresis to improve noise immunity. In addition KPD may be
inverted to provide the data input to the 8 bit latches for decoding X14 and X15.
When a key closure is detected KPD is generated causing the 8 bit latch output
to go high. See figure 2.
36 CLOCK CLK Resistor/capacitor tie point for the internal oscillator. Nominal frequencies
and scan times are shown below:
C = 150pt C = 220pt C = 500p!
R Freq Scan time Freq Scan time Freq Scan time
5K 13MHz | 1.5 msec 12MHz | 17msec | .71MHz 2.8 msec
10K .8 MHz 2.3 msec .8 MHz 2.7 msec .45 MHz 4.3 msec
25K 4 MHz 4.8 msec .3 MHz 6.0 msec .20 MHz 10.0 msec
37 Reset POR Reset clears all internal registers and flip flops. Suggested circuit for power on
reset is illustrated in Figure 1.
38 Matrix Input MATIN Input from external multiplexer. Senses signal from X-Y scan of depressed
key.
39 Any Key Down AKD AKD is low when no key is depressed. When a key is depresed AKD goes high.
Strobe If while one key is held, a second key is depressed AKD will go low for 2
clock cycles.
40 Power Vee Power supply input; +5 Volts
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AY-3-4592

GEA
INSTRL

OPERATION

Keys are connected in a 16 x 8 matrix. Scanning of the matrix is
performed by the encoder in conjunction with an external,
multiplexer. The encoder provides a 3bitbinary address (YA, YB,
YC) used to scan each of eight possible sense lines (Y-lines). The
drive lines (X-lines) are each pulsed low by theencoder. Ifakey is
closed, the pulse is coupled from the drive to the sense lines,
amplified and sent to the encoder. When used to encode reactive
switches, a detection circuit is necessary between the output of
the multiplexer and the MATIN input to the encoder. In this
manner, each matrix cross-point is interrogated in turn. Each
matrix cross-point is given a unique binary code that is
determined by the intérnal scan counters. This code is used to
address a ROM which generates the output codes (such as ASCII
or other customer defined codes). The output of the ROM is

entered into an output holding ‘register when the key is deter-

mined to be a valid key closure. Only the cross-points on X0
through X13 can have output codes: X14 and X15 can be used for
scanning discrete keys.

An internal oscillator controls the matrix scanning rate. The

minimum scanning time is 1.7 msec, at a 1.2MHz clock. This -

allows a burst typing speed equivalent to over 250 words/min.
When a key is depressed; a matrix address from an X driver and Y
input line representing that key is loaded into a 7 bit latch. Onthe
second keyboard scan, the matrix address and the stored address
are compared. If the two addresses match, the ROM 10 bit word at

that address is loaded into the data holding register. Thisdatare-

mains valid until the next key is depressed. The internal error flag
is set, if this option was utilized, whenever there is amismatch be-
tween 7 bit addresses.

Two negative pulses must be detected during the MATIN timing
window for the depression to be recognized.

Keyboard Selection

The AY-3-4592 keyboard encoder can be used with a wide variety
of available keyboards. An external multiplexing circuit and one
external sense amplifier can be tailored to the user’s specific
requirements. As shown in Figure 1, the sense amplifier detects
changes in voltage caused by variations in the switch impedance
as a key is depressed and released. Given the key switch
impedances for depressed and released states, the values of Rx
and Rh can be chosen to guarantee switch closure detection and
noise margins. Rx is chosen to match the capacitor or reactor
time constants. For example, given a variable capacitance
keyboard switch with C1 = 100pf, and C2 = 10pf for depressed and
released positions respectively, witha 1.5MHz oscillator and Rx =
10 Kohm, a depressed key would make a 4.7 volt pulse while a
raised key would produce a 2.6 volt pulse. The potentiometer
would then be set for best noise immunity with minimum pulse
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width, 90ns for all keys. The hysteresis resistor, Rh, is chosen at
roughly ten times the value of Rx to provide increased noise im-
munity for detected key depressmns

Operation Codes

Dépending on the internal programming of the AY-3-4592, keys
may have one of three different functions. Keys on matrix lines X0
through X13 have in addition to the output code bits a function
flag bit (FFB). If the FFB is programmed as a zero, the key
produces a data output when depressed.

When FFB is a one, the key is a “function” key for which bits 1-5
determine the function. These bitsare referred to as the “op code”
and are used to provide special functions such as shift, shift lock,
alpha lock etc. Bits 6-10 are not used. .

Op codes may be programmed to provide data outputs as well as
change the mode of operation. Data when outputted is not
latched as are normal coded outputs.

Bits 1-3 indicate what operation the key will perform; per table 1.
Bit 4 programmed as one indicates a “down-coded” key, for
which the 10 data bits programmed in the shift mode level of ROM
are outputted when the key is depressed.

Bit 5 programmed as one indicates an “up-coded"” key for which

the 10 data bits programmed in the control mode level of ROM are
outputted when the key is released.

Neither bit 4 nor 5 will have any effect on the operational control
of bits 10-3.

Table 1
Op-Code Function
5 4 3 2 1
X X -0 .0 0 _Function key (with up/down codes)*
X X 0 0 1 Right Shift Key
X X 0 1 0 LeftShift Key
X X 0 1 1 Shift Lock Key or Discrete Key
(output SLI)
X X 1 0 0 Control Key

x
A
o
-

Alpha Lock Key or Discrete Key
(output ALLI)

- Error Reset Key or discrete key
(output X15)

Discrete Key (output D10)

*1f the op-code is 00000 the key has no internal function but KPD
will go low when it is processed.



OPTIONS

AY-3-4592 [ERSLEUN

Pin or Function

Option

X15

Error Flag

Alpha Lock

Shift Lock

KBINH

D10

Key Type

X15 may be programmed as
1) an X-output to provide a second set of 8 discrete lines
2) a “discrete output” which indicates when a function key with op code XX110 is depressed

3) an Error Flag Indicator (EF1). See “Error Flag”

In the AY-3-4592 STD X15 is a discrete output

When this option is selected, the AY-3-4592 has the capability of detecting multiple key depressions during
the same scan cycle. When selected, the error flag may be programmed to generate KBINH and or appear at
the X15 output. The error flag may be reset by three methods. If the “automatic reset” is selected/the flag will
be reset when the error causing Key is released.

Op-code XX110 may be programmed on a function key to reset the error flag.

If pin 12 is programmed for KBINH error flag will be reset by pulsing pin 12 high. The reset will occur on the
negative edge of the KBINH signal; the pulse must be at least 16 clock cycles.

In the AY-3-4592 STD, error flag causes KBINH and is automatically reset.

When programmed for Alpha lock, the} function key with op-code XX101 will cause the bit 6 output to be
replaced by bit 9. Bit 9 is not altered. Alpha lock is normally used to force printing of upper case characters
irrespective of the shift function. Op Code XX101 will also cause an output on ALI (pin 33).

When Alpha lock is not programmed, op code XX101 will simply result in an output on ALI (pin 33).

Op code XX101 may be programmed for momentary action, or latched push-on, push-off alternating action.
ALI may be programmed for normally low or high output.

Op code XX101 is momentary action. ALI is normally low.

The AY-3-4592 STD is not programmed for Alpha lock, although there will be an output on ALI.

When programmed for shift lock, the function key with op-code XX011 will cause normal electronic shift
action. Op code XX011 will also cause an output on SLI (pin 34).

If shift lock is not programmed, op code XX011 will simply cause an output on SLI. SLI may be programmed
for normally low or high output.

The AY-3-4592 STD is programmed for shift lock operation with SLI normally low.

KBINH, Keyboard Inhibit, may be programmed to be caused by Pin 12 high, by the error flag, or both. In
addition, function keys with up or down codes may be programmed, as.a group, to be inhibited by KBINH.
This is the “KCI Out” option. )

When pin 12is programmed to cause KBINH, a “high” input on pin 12 will inhibit processing of common keys.
If a key is depressed while the KBINH signal is present, output and output strobe wiil be generated when
KBINH is released. ’

The AY-3-4592 STD has KBINH actuated by pin 12 high, and by the error flag. The “KCI In” option is used,
that is, the function key operation is independent of KBINH.

D10, pin 11, may be programmed as the output for the memory bit 10 or as a “discrete” output. As a discrete
output pin 10 is switched from its normal state (programmable as high or low) by the function key with op-
code XX111.

The AY-3-4592 STD is programmed for D10 as a discrete key, normally low.

Keys may be either normally open or normally closed. The AY-3-4592 STD is designed for normally
open keys.




GOHNE  AY-3-4592

INSI

ELECTRICAL CHARACTERISTICS

Maximum Ratings*

VGG s evenennnenienieriiiieieenneninnes -0.3 Volts to +7.0 Volts
Maximum voltage with respect to Vog..vooevvnn.tn +0.3 Volts
Storage Temperature ..........covevieenenns 65°C to +150°C
Operating Temperature .......c..cevevueeieneeneenss 0 to 70°C

Standard Conditions (unless otherwise noted)

Vee = 5.0V £5%
Ta=0°to70°C

*Exceeding these ranges could cause
permanent damage. Functional operation of
this device at these conditions is not
implied—operating ranges are specified
below. .

Characteristic Symbol | Min. Typ.** | Max. Unit Condition
Data Output “1” Voltage Vou 3.5 - - v lon= 50uA, 25pF
Data Output “0” Voltage Voo - - 0.5 V | lg.=16mA
All Inputs “1" Voltage ViH 2.2 - - \ except POR, 2KRO
All Inputs “0” Voltage Vi - - 0.8 v except POR, 2KRO
All Inputs Leakage ™ - - 10 UA Vin = 6V
X Output “1” Voltage . . Xon 3.5 - - Vv lon = 50uA, 100pF
X Output “0” Voltage . XoL - - 0.5 v loL = 1.6mA
AKd Output Voltage Va - - 0.6 v loL = 3.2mA
MATIN Input Voltage Vy = - 0.4 v '
POR, 2KRO high threshold Veu - 13 - Vv Schmitt trigger
POR, 2KRO low threshold VgL - 3.7 - v Schmitt trigger
Power Supply Current e - 35 60 mA - Veec =5.3V.
Clock Frequency ) 200 - 1200 kHz
Matrix Delay t - - 250 ns
Input pulse width t, 90 - - ns
X Output pulse width t, 1.7 - - us
X Output fall time txr - - 150 ns Von = 4.3V, VoL = 0.4V
X Output rise time txrs - - 150 ns Vou = 2.4V, Vo = 0.4V
X Output rise time txre - - 500 ns Vou = 3.5V, VoL = 0.4V
X Output rise time txra - - 1500 ns Vou = 4.3V, VoL = 0.4V
KPD-X Output set time Tyx 500 - - ns
X Output-KPD hold time tyk 100 - - ns
Data out to AKD time : toa 1.7 - - us

**Typical values are at +25°C and nominal voltages.
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