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ATE: 10-26-81
ODEL NUMBER: 77L-10-B03-100
ERIAL MUMBER: 30808

[NE COUNT? 100

a . : : CW ROTATION

L R B B B

B y :

AB BB AB AB

QUADRANT WIDTH IN PHASE DEGREES

ﬂ§=92-9 avuG. 91.8 MIN 24 MRAX.

AB=8%.2 AVG. 87 .8 MIN. 90.2 WAxX,.
AB=91.8 AUG. 90,6 MIN. 93.2 KAX.
AB=86.1 AVG. 84.9 MIN. 87.3 MAX.

CH A TO CH B PHASE =92.3 DEGREES

SYMMETRY CH @& =1.,02 ON/OFF
SYMMETRY CH B =1.01 ON/OFF

AMPLITUDES (VOLTS)

CH ONE ZERO

A i e

B =) 2
51’
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Optecon Series
Optical iIncremental
Shaft Encoders

Compare the Optecon series with any competitive encoder. You'll find an
unparalleled range of model variations that let you buy exactly the capabilities
you need. You'll find built-in standards that equal or exceed extra cost options
on other designs. You'll find proven reliability that's backed up by the strongest
warranty in the business. And you'll find all of this at consistently competitive

prices.

Design features

= High output frequency (100 kHz) stana-
ard on all Optecons allows for simulta-
neous high resolution and high speed.
You don't have to pay a higher price—or
sacrifice system performance —when you
need both speed and resolution.

= Single light source eliminates errors
common on other designs caused by mul-
tiple lamp aging effects. Both the incan-
descent and optional LED light sources
are guaranteed—not just rated —for five
years' operation.

* The OC25. 0S25 and ON25 models are
the only size 25 encoders offering resolu-
tions up to 5,400 lines with a gated zero
marker. This is a conservative operating
range and ensures that your application
won't come close to straining the limit of
their capability.

* Complementary, push-pull ohotodiodes
provide extremely stable cutput with tem-
perature and power supply fluctuations
and in spite of noise and agirg effects.
 Optecons are ruggedly constructed with
anodized cases and stainless steel shafts.
The 0525. ON25 and ON35 models are
environmentally protected with shaft seals
and sealed MS connectors.

* Sealed duplex bearings pre-loaded to
provide high mechanical stability.

® Hysteresis feedback ensures jitter-free
operation.

* Single. non-critical voltage requirement
and low power consumption enable use of
system supply

® High shock resistance is ensured by a
specially designed disc and wide gap
spacing between the disc and mask.

* 90° phasing is accom.nlished physically
in the mask ensuning long term stability.

* Low lorque magnetic shaft seal in 0825,
ON25 and ON35.

e Standard TTL compatible.

* HTL, CMOS compatibility available.

* Advanced integrated circuitry ensures
long-term dependability

¢ Optecons accept high avial and radial
forces. There's no need to buy a more
expensive encoder when you need high
shatft loading.

¢ Low inertia and torque provide high sys-
tem performance.

Models to meet every need

The following are standard variations.
Data Tech also oifers design assistancelo
meet specizl requirements.
Mechanical configurations

® Light duty industrial

* Industrial

* General purpose

* Rugged, heavy duty

Resolutions

* From 110 5.400 cycles per revolution
(increased with X4 logic to 21,600 pulses
per turn)

» Over 60 resolutions avallable standard
* Additionai resolutions on special order
Electrical output configurations

« Bi-directional or non-direction sensing
* Square wave, pulse (X1, X2 or X4), or
sinusoidal output (buffered)

* With or without gated zero marker
Input voliage

e5yvolts DC

* 12 yolts DC

» 15volts DC

Light source

* Single incandescent lamp

« Singie light emitting aiode (LED)
Terminals

* Standard conneclors (see
specifications)

« Screw type terminals

* Hooded screw terminals

Additional output options

® inverted zero

* Complementary outputs

* | C. line driver

* Component line driver

"Optecon” is a registered trademark of Data Technology, Inc

The industry’s best warranty

Data Tech backs each Optecon encoder
with the industry's longest and strongest
equipment warranty. The light source is
guaranteed for five years. The rest of the
encoder is guaranteed for one year. If
anything goes wrong during those period.
because of defects in workmanship or
materials, we'll fix or replace it free.
Extended warranties are also available.
See our warranty statement for complete
details.

Other Data Tech encoders

Data Tech manufactures a complete fam-
ily of encoders ranging from the RS-23
series (the industry's lowest cost complete
encoders) through the Optecon series to
the OP-35 senes with resolutions up to
9,000 counts per shaft revolution or
36.000 pulses per turn. Low-cost, modu-
lar, kit encoders for adapting to the end of
a motor, dual count (English/metric)
encoders similar in style to the Optecon
Series, and hollow shaft encoders are also
available. Ask for individual data sheets.




Model OC25

For light duty industnal
applicatons

® 110 5,400 cycles per
revolution

* 21 600 puises per revolution
with X4 logic

* 100 kHz standard frequency
* 5 year hght source warranty
* All electncal vanations

* Connector or terminals

Model 0S25

For industnal abpl.cations

o All the features of the OC25
plus. ..

* Magnetically sealed shaft

» Environmerially seaied MS
connecior

S—"] (D) —— =U!
% 208 300 Liminn
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N | B
’ |
rd |
1
0 .l X
Sl e WL
¢rom}

FACE-MCUNTING. 440 NC-28 THR'D X 187 DP. 4 PLACES EQUALLY SPACED 33
ONAIXODBC

@ SHAET 15 CONCENTRIC WITH CONNECTIONS
23

1352 3120 DIA WITHIN BIN FUNCTION
=0 TIA " DC GROUND
(T} REFER MECHMAMICAL B vDC
SPECIFICATION" c ZERQ OUTRUT
o A OUT
(D) LENGTH VARIES WITH H
QPT:ONS F
H

° AVAILASLE WiTH SCREW TERMINALS

FACE MOUNT NG 240 NC.J8 THR'D X AET DF 4 PLACE
ON AT OEC

& GuTPUT
F CASE GROUND

* AVAILAELE ¥ITk SCREN TERMINALS

Model ON25

For general purpose industrigl
apphcations

* All the features of the 0§25
plus. ..

* Higher shaft loading

» Longer beanng nfe

* Larger shatt diameter

* | onger shaft length

Model ON35

For neavy duty appucaticns

s Al the features of the ON25
LS

* Heavy duly case

» Heavy auly mounting

o MS connector oniy

nomat

E WITH SCREW TERMING LS




Mechanical Specifications

Electrical

LY 44 -
oc25 0525 ON25 ON35 SpeCIflcatIOﬂS
Lignt duty General Resolution 110 5400 cyclesirev (21,600
industrial Industnal purpose Heavy duty pulses ‘rev. with X4 logic)
Freq y Lowestof 100 KHz a¢
Shatt loading {max) 3000 RPM
Rad.al 105 kg) 12(55) 35(159) —O-S—E- % resolution
Axial b3 (kg) 12 (5 5) 38{15.9) 60 min
Light source Single lamp or single L.E.D
Beanng e (optional)
(Ret Ite cnart) CURVE A CURVEB Light warranty 5 years (see warranty
Startng torque statemzAt)
; 5y (3 0.15(10.8 025(18.0 Phase 90 =22.5 elecincal degrees
Ozin (micm SRy (s (18.0 relationship (% cycle worst case)
Inertia Input power 5 volt mogel —
Oz-n-sec? (om-cm?) | 032107322y 0.4x10°3(28 4) (square wave +5VDC = 5% 200 ma
output) 12 voit model —
Ooerating speed D0 KHz sec . 1 - o 5
Lowest of « 60— or 3000 RPM +12VDC = 5% 150 ma
RPM max resoition 23k Output 5 volt model — TTL outout
g characteristics source—200ua @ 2.4
Shaft a\.:\.e eraton YDC min, Sink 16 ma @ 0.4
rag sect 100.000 G mix :
Shaft diameatar 12 volt model —Output
n{mm; 025 (6.35) 0.5(127) source impedance 1 K
ohmto 12 VDC. Sink 10ma
Seatec shaft and @ +03VDC max
connector NO YES Rise & falltime 5 voli model —
0.1 usec max.
Connector type Amphenol 12 volt madel—
mourted 126-197 MS3102E-148-6F 1.5 usec max
i v
Matng connecior MS3108BE-145-6S(C) Ze[t:ptr;:::i] 4icycle gatedpulse
suppliea by D' T 126-196 night angie connecior MS3106E-145-65 Pulse width 2 sec =25%
Snait rotation continuous and reversiple (multiplier
option only)
Maunting servo and tace ENVIRONMENT:
4 eratin Otc 160°F (—18to +71°C
Weight 5z igm) 90(255) | 132(375) y73(490) | 2741780) ool NI R )
(non condensing)
. - Storage ambient —&5 o 175°F (=54 to 80°C)
Bearing Life Chart
10 1o s T T T T ]
1 : T T T 1
I 1 1 T 1 i
gz b T A ey o Bet:
) deas TG00 Dorgto curvgs by 2% ok EOO0 g
il ngn-operatag rate. | )
! Cutup b r‘.*l&-"*c |—d
T :
| 2o 'oao
Cérve B ONercoaer |
3o ipag ime
; :
! l.
- 1
1
|

Cune B!

10%

! I
Axial and racial shatt loaas  pounds

5

butenn 1604 Sea?

10 15

20 25 30 15

DATA TECHnology, Inc.

4 Gill Street, Woburn, Mass. 21801
1617) 935-8820
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Absolute Maximum Ratings

Temperature Under Bias
Starage Temperature

Specified vperating range
45°C 10 +150°C

Voltage On Any Pin 0.3V 10 47V
with Respect ta Ground
Power Dussipation 1.5W

"éiiﬂ-

*Comment

Stresses above those listed under “Absolute
Mamumum Rating” may cause permanent
damage to the device. Thus 15 a stress rating
only and functional operauon of the device
at these or any other condition above those
indicated 1n the operational secuons of this
specification 1s not implied . Exposure 1o
absolute maumum rating conditions for

extended pencds mav affect device reliability,

Z80-CPU D.C. Characteristics

Ty =0Cwo ?0‘(.\-".‘. =4V = 517 unless utherwise specified

Note  For ZN00PU 41l AU and DC charactenstcs remain the
e fod the mulitary grade pans except r“_.

1= 200mA

Capacitance

T, =25°C.1=1 MHz,
unmeasured pins returned to ground

Symbol | Parameter Min. Typ. | Max. | Unit Test Condition Symbal | Parameter Max. | Unit
ViLe Clock lnput Low Voliage 02 pAs i Cp Clock Capacnance EX pF
\IIH(' Clock Input High Vultage Ve -6 V.+3 v ':I'\i Input Capacuance 5 pF
= !
ViL Input Luw Voltage 0.3 Q8 b/ Cout Output Capacitance | 10 pF
ViH l Input High Valiage 20 Voo v
Ay Quiput Low Voltage 04 v Iy =LEMA
oL oL
-
Mo Quiput High Viltage hat | v igy = -250uA Zso CPU
. .
Ordering Information
lee Puwer Supply Current 150 mA |
! : C - Ceramic

ILI Enput Leskage Current [[1] HA | P - Plastic

| : o § — Standard 5V 5% 0" to 70°C
Ton | TreStte Outout Leshage Cunentun Float ! 1071 A ) Vortiale Vi E - Extended SV 5% -40° 1o 65°C

T ) M — Military §V £10% =55° 10 125°C
ILOL | TriState Outpur Leakage Current ain Flost | <i HA \OL-T=04V

1 I . 3
Lo | [hara Bus Leakags Currenyan Input Mude I | =10 BA ] OSViy< \..-:

Z80A-CPU D.C. Characteristics

Ty =090 1 7070 L5V uniess otherwne soecined

Capacitance

Ta=25°C.0=1 MHz.
unmcasured pins returned o ground

Svmbol | Parameter i Min, 1 Tvp I Max ] Unit J Tewt Condition
Vige | Ftoek Tipu Lo Valige i EY ‘_'l | 045 v
l Y I» Ul bupar High b aitags ]\‘-cc ¥ | i\r'“-.j \
i' N bRt Low Vit l BT | [ on v
N | e g A e l 2 ! | v
| % | dhizent Low Valtage ! ; | ud r Vo IgLstma
Yo Chatpat g b oitage : 4 i 1 VO by s
[ o 1wt Suppis L rent | [ w0 | 00 | wma I
i i GG it [ ' I —_—
[ 1, st Eeahage Cutient | | [ b oA | N ey |
| ’l O | Tev Soape Charpat Leanages C werent an Fiogy l | { y @ i & it T=: dinh
il o | TSt D §vanase Crrent s bl | | I S L
;l | Daia B Leanage Canrer i tipa Moce | I ST PR | oSV

I Symbul ] Paramerer Max

|
|
i_-p 1 Chant apacitane 3% ! hld

b |

I 4 apac il g E 4 J rt |

! (hatput L apacitanee | 10 | pk l
1

Z80A-CPU
Ordering Information

P - Platug
S - Standard §V £57.07 1o 70°C



Absalute Maximum Ratings

—«ﬂ—

Tereperaiure Eager Bigs  Spoalied oporating rarge
Stoage lemperature BT e O
Voobape Ui Ay lin Voth

Peapet Dot AN N
Powe: Disapatiom o

7.80-P10 and Z89A-PIO
D.C. Chargcteristics

*LComment
Strensesabove those listed under “Absalure Maxunum
Ratmg’ mav cause penmanent damage 1o the dence.
Tlis 15 3 stress ratng vnby and fune ol vperation of
the depce a1 thess pr any other s ahove those
e dcated w the peratenal sactbe i ol o specitic .
HUIR TS A Daposiie ta absolute Migvitim
rating o b entemded penods may atiea
devie rehabihes

Nole:  All AC and DC characteristics remain the same {or
the military grade pastsexoept .

= [ MimA

loo
¢

TA=0°C 1o 70 0, Vey = 5 W ¢ 80 unleas vtheranse spevitied

r
b Symbal Farameter Min. | Max, | Unn Test Conditinn
:I..., Vit Clock Inpat Lew Valiage <03 48 v

.l Vit Clogk g gl Valpg e Veeed | Veie 3 A%

i \'” Tnpot Fova Montape -3 HE, Y

P Tupet Hogin o v |V

' Vi et Low Nedtige 04 ¥ fop =10 mA

i Ve ] Ot Mgh Veliage ld v 101y = =259 A

U e | Power Suppiv Crreent 0 A

=

! Y| lipuat Leakoage Curent 10 HA Vyy = 0o Vee

{. Lot Tr-State Outpan Loabage Currant e Ploa 10 | pA Vout = 24 1o Ve
i o Tri State Ourean §oshoged arrent s Fhaat =il nA Vout = 04V

f Il n [ata Hos Leanaps Vuerent i Input Mode 10 HA 0= \'N eV
'-15”“ Daringten Dive C e =5 IR mA VOH =15V

d Rpyp =900

} Port B Only

Package Package Outline

Configuration

RO

Femarir

0
il SRR BT I

P A———

——— YT -]
15,000 ¢ 0401 i
—
an pab o Ve gy sy e :—_.”.—-I,--‘-Ir-.n_v..rﬂ-”' .

-t £t ')J"'-_' o b AR LT
da lme st ENARLE N YT 633 (1 6001
! e "F'_"""'"" NOTE: Dimenciens in parentheses are for metric system f(emi.
1
|
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synchronous and Asynchronous
()peration

= Synchronous:
5-8 Bit Characters
Internal or External Character
Synchronization
Automatic Sync Insertion

= Asynchronous:
5-8 Bit Characters
Clock Rate — 1,16 or 64 Times

Baud Rate

Break Character Generation
1,115, or 2 Stop Bits
False Start Bit Detection
Automatic Break Detect
and Handling

-dlg -

8251A |
PROGRAMMABLE COMMUNICATION INTERFACE

Baud Rate —DC to 64k Baud

Full Duplex, Double Buffered,
Transmitter and Receiver

Error Detection — Parity, Overrun,
and Framing

Fully Compatible with 8080/8085 CPU
28-Pin DIP Package

All Inputs and Outputs Are
TTL Compatible

Sinéle 5 Volt Supply
Single TTL Clock

The B251A is the enhanced version of the industry standard, Intel® 8251 Universal Synchronous/Asynchronous Receiver/Trans-
nitter (USART), designed for data communications with Intel’'s new high performance family of microprocessors such as the
3085. The B251A is used as a peripheral device and is programmed by the CPU to operate using virtually any serial data transmis-
iton technique presently in use (including IBM Bi-Sync). The USART accents data characters from the CPU in parallel format and
then converts them into a continuous serial data stream for transmission. Simultaneously, it can receive serial_data streams and
convert them into parallel data charzcters for the CPU. The USART will signal the CPU whenever it can accept a new character
for transmission or whenever it has received a character for the CPU. Tre CPU can read the complete status of the USART at any
ume. These include data transmission errors and control signals such as SYNDET, TxEMPTY. The chip is constructed using

N-channel silicon gate technology.

PiN CONFIGURATION

BLOCK DIAGRAM

] U,
L4 Uln
R [T 3 v,
] Aat A__F, DATA A J I_r THANSMIT -
C T ‘ ¢ BUS A BUFFER [—= "
# ".]_'_.h oy 0T BUFFER ‘.'—\-’| —l/ ® 5
LOe RTS |
) 7 o] 1
o, RESET I i I
mo . ik RESET AN o
— ¥ t— TaRDY
wR 10 c\.' ——=| ReaDWAITE | v y—p] TRANSMIT
CO—a| conTROL | TaEMPTY
TeEMPTY BGIE CONTROL ’
) e H ES -
it : -
co crs LT T— T
Ao SYNDETIBD "' !
RaADY 1aHDY L I
|
OSA — o Jn
ey o oTh .
Pin Name | Pin Funclion | P reame [ Fin Foncion —-— MODEM ALl RECEIVE D
01 0g Data Bus (8 oty . DSR Do Sat Ruady e CONTROL \__ nusr F'E A fefin
c Contrat i Data 1 10 be Weitten or Fead i5TR Bt T Moy by ——c 15 <P}
-—
ho Pesd Oata Coswmand | SYNDET/BO | Swnc Detect, : :
WA Weae Dats or Convial Command Break Deuer I l
cs Chip Sebect s
1 CLK Ciuock Pulse (TTLI e S ot Dita ”
RESET Reset i |cTs Ciew 10 Send Data , | RsADY
fat Tranamatter Clock il.ennr Tiaramitter Empty & RECEIVE A
| A - e R
TaD Toammater Dana L vee o8 Volt Sippiy :"‘f:::sl CONTROL
Al Frcriver Cloch ot Grours smor‘;.-
RO | Rerewver Data ! BAKDE
o.ofv | Aesess Rasdy (hes charsctar for CPU) ~




2716
16K (2Kx8) UV ERASABLE PROM

= Single +5V Power Supply = Pin Compatible To Intel 2316E ROM

= Simple Programming Requirements
Single Location Programming
Programs With One 50ms Pulse

e Fast Access Time: 450ns Max.

® Low Power Dissipation = Inputs and Outputs TTL

525mW Max. Active Power Compatible During Read
132mW Max. Standby Power And Program

The Inte!® 2716 is a 16.3B4-bit ultraviolet erasable and electrically programmable read-oniy memory (EPROM). The 2716
operates from a single S-volt power supply, has a static power down mode, and features fast single address location program-
ming. It makes designing with EPROMs faster, easier and more economical. For production quantities, the 2716 user can
convert rapidly to Intel's new pin-for-pin compatible 16K ROM, the 2316E.

Since the 450-nsec 2716 operates from a single S-volt supply, itis ideal for use with the newer high performance +5V micro-
processors such as Intet's BJE5 ana B048. The 2716 is also the first EPROM with a static power down moce which requces
the power dissipation without increasing access time. The maximum active power dissipation is 525 mW while the maximum
standby power dissipation 15 only 132 mW, a 75% savings.

The 2716 has the simpiest and fastest method yet devised for programming EPROMs — singie puise TTL leve! programming.
No need for high voltage puising because all programming controls are handled by TTL signais. Now, it is possible to program
on-board. in the system, in the field. Program any location at any time — either individua!ly, sequentially or gt random, with
the 27 16" fingle address iocation programming. Total programming time for &!l 16,384 bits 15 aniy 100 seconas.

MODE SELECTION
~ I | I
— s ! poaM | & | Ve | Ve 1 OUTPUTS ¢
PIN CONFIGURATION l!lmo( ! Yidy I o | u'-., ! ;:. 1113170
M Arsc i Vi, Vi 5 . -5 i Dgur
Cveiect 3 Don t Care o 5 4 mon 2
L
i Porwer Do Vi " DontCate | =5 & | Hgnl
| Frogram | Pulea Vo e Ve, Ve | +25 -5 D
| Piggram ety | Vi e, | =2% -5 Oaur
. Praaram b b ViL Vim =25 1 =% Heg 2
BLOCK DIAGRAM
OATA QUTPUTS
VeE o Oo-01
GNO ———
[ EEERRE
= L
& ChIF SELECT
PIN NAMES romoN T RoE Losie - OUTPUT BUFFERS
Ap—A1p | ADDRESSES ! — ozczmzn . ¥ GATING
PD/PGM | POWER DOWN/PROGRAM | AgeAtn -
cs | CHIP SELECT | s g .
— 3848
0p-07 | OUTPUTS | =—! Dpecoorn 5 cELLmATRI
— .
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2114A 1024 X 4 BIT STATIC RAM

[ 211aaL1 | 2114aL2 | 2118AL3 | 2114AL-4 | 2114A4 | 2118A5
Max. Access Time (ns) 100 120 150 200 200 250
Max. Current (mA) 40 40 40 40 70 70

B HMOS Technology ® Completely Static Memory - No Clock

or Timing Strobe Required

8 Directly TTL Compatible: All Inputs

8 |dentical Cycle and Access Times and Outputs

8 Common Data Input and Output Using
Three-State Outputs

8 High Density 18 Pin Package B 2114 Upgrade

The intel® 2114A 13 a 40%-bit stalic Random Access Memory organized as 1024 words by 4-bits using HMOS. & hign per-
formance MOS technology. It uses lully DC stable istatic) circuitry througnout. in both the array and the decoding. therefore it
requires no clocks or refresning 1o operate. Data access s particularly simple since address selup limes are not required The
dala is read oul nondestructively and has the same polarity as the input data Common input/output pins are provided

B Low Power, High Speed

B Single +5Y Supply +10%

The 21144 15 designed for memory applicalions wnere the figh performance and high reliability of HMOS, low cost. large oil
storage. and simpie interfacing are imporant design opjectives Tne 2114A 15 placed in an 18-pin package for the nignest
possibie gensity

Itis directly TTL compatible in all respects inputs, outputs. and a sngle <5V supply. A separate Chip Select (C5) lead aliows
aasy ssieclion of an individual package whan outpuls are ar-lieg

PIN CONFIGURATICN LOGIC SYMBOL BLOCK DIAGRAM
L9
T [ | vae =i !é——h: ] -—Q-‘fu
SO: vl s, —a - > " ‘—Qf-m
e ':N ” 1o — l,g PN now MpmOn Y .nlun
(- i ] . 4 Row:
. L e & - mm— i COLUMNE
L s vy — 2] .
&5 21148 w[Tim, S IH e
= — = & p ]
AT nf i B
el ] I
LY ul i, i L] e hﬁ- =] coruwm 10 Cincuns
a’Js nfim, — s, 10, — !t\,@ }, - S [ COLUMN SELECT
= Data T
awo )0 o Wt —N -8 conTROL
Wi s 9 [ 1
~
PIN NAMES T 3 | = GGG,
ADDRESS INPUTS Vo POWER 1-5V) _ : ﬂ_'_J
WAITE ENABLE GND GROUND = —
CHIP SELECT
| 0, -1.0, DATA INPUTIQUTPUT | i (O = rim wumesing

Figure 2.6: A partial data sheer and block diagram for the 2114, 1K % 4, common 1/0 static RAM.




DS1489/DS1489A

-l -

Line Drivers/Receivers

NATIONAL

DS1489/DS1489A quad line receiver

general description features

The DS14B9/DS14B9A are quad line receivers ® Four totally separate receivers per package
designed to interface data terminal equipment

with data communications equipment. They are ® Programmable threshold

constructed on a single manolithic silicon chip.
These devices satisfy the specifications of EIA
standard No. RS232C. The DS1489/DS1489A
meet and exceed the specifications of MC1489/

8 Built-in input threshold hysteresis

MC14B9A and are pin-for-pin replacements. The ® “Fail safe” operating mode
DS1489/DS1489A are available in 14-lead cera-
mic dual-in-line package. ® Inputs withstand 30V
schematic and connection diagrams : DuskIn-Line Packasge
T o O Ve L i T w s l.

o= < T

£ 3-
0 e TR T ameT -
e A, oM T vrw
-l LT - -
\ Order Number DS1483J or DS1488A)
ac test circuit and voltage waveforms i
RESGaST CONTROL '
B TRT Ve L
[- [ e R -

' —] -

1 — o p—
-
LR Lab Bl Bl Bl |
RERERATER T Ll S B | oyt W
et ALY
o isCiuoees

Wi
I' 2% Ang mon

typical applications

AT - g L4
- -
2 e T %:—::; L
. L]
. i -?Il(lurlm I
man’ v i = el [ man
---:(_;:: G—--l“_;:: [ — -'I.-.J,
. L e | SR :-~|
T A
e e
*Optionai a0 nona hitenag.
RS232C Data Tranamission MOS to TTL/DTL Transiator

34




Line Drivers/Receivers

NATIOMNAL

DS1488 quad line driver

general description features
The DS1488 is a quad line driver which converts = Current limited output $10 mA typ
standard DTL/TTL input logic levels through ons ® Power-off source impedance 30052 min
stage of inversion to output levels which meet EIA - ® “ Simple slew rate control with external capacitor -
Standard No. RS-232C and CCITT Recommenda- 8 Flexible operating supply range
1o V 24. N ® Inputs are DTL/TTL compatible
schematic and connection diagrams-.
- . 3a 7SS N Dustin-Line Package *
» b - - 1' - - - q-...l . ; - Ll - )
ﬂ!o—“—‘ .
-P.—;" Gl Iu 13 !u |n |u !l l!
T g | E}J LE>J
Y <m
s o -
‘r. i
T Y LA L ) '
._L:J T '
- 1:. {o i~
o5 L . - — 1 1 1 [ ' ' 1
S & == i
i:- f & = ; Tor viem
g Lg ™

- ) ” Order Number DS1488)

typical applications

RS232C Data Tramsmimsion

" 1M oTvaa
TTUSTL 1A o o L, mAan
— =~
= e > T
—— ” -
WTIRCORNECTIO8
14 camt T
AT [os 0N 1 - TTLUSTL
e i i T T
—enf  E=ZZ _CG_.-.., ]
el - -
v T et el
INTERFACE DATA = Roves 2+ woen
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LM78XX series voltage regulators
general description

The LM78XX series of three terminal regulators is
available with several fixed output voltages making them
useful in a wide range of applications. One of these is
local on card regulation, eliminating the distribution
problems associated with single point regulation. The
voltages available allow these regulators to be used in
logic systems, instrumentation, HiFi, and other solid
state electronic equipment. Although designed primarily
as fixed voltage regulators these devices can be used
with external components to obtain adjustable voltages
and currents.

The LM78XX series is available in an aluminum TO-3
package which will allow over 1.0A load current if
adequate heat sinking is provided. Current limiting is
included to limit the peak output current 10 a safe value.
Safe area protection for the output transistor is provided
to limit internal power dissipation. If internal power
dissipation becomes too high for the heat sinking

of external components. It is not necessary 1o bypass the
output, although this does improve transient response.
Input bypassing is needed only if the regulator is located
far from the filter capacitor of the power supply.

features

® Qutput current in excess of 1A

s internal thermal overload protection
® No external components required

= OQutput transistor safe area protection
® Internal short circuit current limit

® Available in the aluminum TO-3 package

voltage range

provided, the thermal shutdown circuit takes over
preventing the IC from overheating. LM7805 5V LM7815 18V
LM7806 6V LM7818 18V
Considerable effort was expended to make the LM7BXX LM7808 8V Lm7824 24V
series of regulators easy to use and minimize the number LM7812 12v
schematic and connection diagrams
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Hex Inverters

-200"~

vee AB Y6 AS Y5 Ad Y4 1 AB Ye GMD Y5 AS Y4
[1a |13 sz [ [0 |e |8 e |13 |r2 11 fo Jo e
i
|
Y=A
i
|
[ -
i
E
| 1
| " PR PR P PR O 1 2 s [+« |5 [s [
‘| A1 Y1 A2 Yz A3 Y3 GND A1 Y2 A2 Voo A3 Y3 A4
|
: 5404 (J) 7404 (N) 5404 (W)
| 54H04 (J) 74H04 (N) 54104 (W)
54L04 (J) 74L04 (N)
54L504 (J.W) 74LS04 (N)
1 See page 54 54504 (J,W) 74504 (N)
e r—— e
Electrical Characteristics over recommenaed operating free-air temperature range (unless otherwise noted).
DM54/T4 DMS54/ T4 DMS4/T4 DMS4/T4 DMS4 T4 |
— Gondiiions 00, 04 HOO. HO4 L0O. LD4 LS00, LS04 500,504.§10 |
arameter 10. 20, 30 H10. H20. H30 L10.120,L30 LS10.1520.LS30 | $20.530.5133 e,
Min Tnii'.l!' Max | Min |Tyn|ll| Max | Min [Typ(1}] Max | Min ,‘ruuﬂ Max | Min h‘yynu Max
Vie ! rugn Level Input Voltage [ 2 I 2 1 i 2 ! ! v
it Law Level Input Voltage DMS4 08 | 08 a7 ! o8 | o8 !
E v
i . DMT4 08 08 07 ] 08 | o8 |
vy { Inout Clamp Voitage Ij = =8 mA -15 NiA | |
H Voo = Min [l = =12 mA | -15 NoA | [
! o= =18 mA i NrA | -1 5 -12|
oM | Hign Level Output Current i -400 =500 -200 I —4G0 — 10001 LA
Vo High Level Output Yoltage | yer = Win. Wy = Max Dr54 1 24 34 24 | 35 24 a3 25 0 34 25 34 |
v
lom = Max DM74 24 | 34 24 | 25 24 | 32 27 | 34 27 | 34 |
L Low Laval Oulput Current DM54 18 20 2 | 4 20
mA
oM74 18| 20 36 | 8 20 |
VoL Low Level Ouiput Voltage i DMS4 a2 04 ! 0z 04 015 | 03 |o2s | o4 05 |
Vo = M lOL = Max
DM74 02 | 04 02 | 04 02 | 04 |o3s | o5 05 | ¥
Vil = 2V —~
oL = AmA |DMT4 04
i | tngut Current a1 Maximum V=55V ' o1 i )
i Input Voltage vee = Mas T ; 5 [ mA
™ | +ugn Leval Input Current V=24V | a0 i 50 10 :
H Voo = Mas T wh
i V=27V | 20 | 50
[ : Low Level input Current Vi=03V | =0.18 | |
f LS30 ! 04| |
'[ vee = Max (VI =04V [ ers [ =18l -2 i -o03s| | ™4
! V=5V | | | | | | -2 !
as | Shart Cureunt Oulput DMS54 -20 | | -55 | —a0 | —wa| -3 -5 | -20¢ | -100| -40 | ~100 |
v = Max (2) 5 mh
| Rl 8 . DM74 —e | 55 | -40 | —1w00| -3 -5 | =201 | =100 | —40 1 | =00 |
ot Supply Current Voo = Max See Table |
sote 10 & typical values are 8l Voo = 5 V. Ta = 25°C

Hots 2. Not mors Ihan one ouipul ARGUK] De sNored al & me snd lor DM S - DY

Tk DMSALS DMTALE ana DMS4S5. DMTAS dursnion of ahon crguit Thouid Nol SLCeec one second
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05  Hex Inverters with Open-Collector Outpuls

Vec A8 Y6 AS Y5 A4 Y4 Y1 A8 Y6 GND Y5 A5 Y4
[1a |12 |12 [11 |10 |9 s [1a |13 |2 |ne fro o 8
‘ J
Y=A
|1 2 |3 e 5 6 |7 [v ]2 ] Js s e |7
A1 Y1 A2 Y2 A3 Y3 GND A1 Y2 A2  Vge A3 Y3 A4
5405 (J) 7405 (N) 5405 (W)
54L05 (J) 74L05 (N) 54L05 (W)
54L505 (J,W) 74LS0S (N)
54505 (J, W) 74505 (N)
--Electrical Characteristica over froa-an range (uniees BOMG) g e s i a2 i -
DMS4/TA DMS4s T4 DMs4/ T4 OM34/ T4 oS4/ T4
01,03 Lot. Lo3 1501, LSO3 503 Units
Porsmainr Conantions 05 a1 Lo L508, L8 12, L8212 908, 322
o [Tyo (1] Mas | Mim [Typ (1] Max | Maa (Typ (1] Max | Mia [Tre (1M Max | Ma [Trs (1) Mas
Vi Hegh Lave ingua Volsge 2 V.2 F H 2 v
Ve Low Laves inowt voRage | onasa on i [ on 08 on
[osara o8 o8 1) an os | "
w g Clamo Voitsge = -8 ma -5 Wk
VoL = M |y = =12 mA -8 MiA ']
3 i = - wia | -15 -2
CEX Fegh Level Owipul Correst | ¥og = Mn, Wy, = Hasx 250 250 w0 10 250 |
VoM = 58V
oL Low Lawel Owtpst Corremt DS+ L] 20 2 4 F) -
D74 L] 20 a8 L 0
Yoo Low Leves Owipat VoRtage Des4 02 a4 | o2 | 04 015 | 03 028 | 04 as
vog = Mm |loumMen f 02 | 04 02 | o4 02 | 04 03s | o3 as | ¥
V=2V
iy = amA | DMT4 04
N gt Cortent o Maxswes V=55V i 1 o1 1 -
nou vorsge Vog = M werv e
- Hegh Larvsd o Current Vislav - 50 m ki
faci Vi=2TV o | 50
w Lonw vl inpwt Currant V=03V -0 18 |
Vg = Mas (V=04V -18 = |-0e] maA
Vi=0sV | | =4
ec Swpoe Coarrest VEC = Max Sea Tabie
Mk 1 Al fypecad vetese are @ Vor = BV, Ty = 28°C
Supply Current Switching Characteristics atvge=5v.Ta=2: ¢
l
| IceH ImA) i oL (mA) 1 tpLH (N8} 1pHL (ns) \
] Tolal With Total With ! Propagation Delay Time., | Propagation Delay Time. |
Davice | Dulputs High Oulputs Low Davice Conditions | Low-To-High Oulput High-Ta-Low Output i
™ Max | Typ Max | | | Min Typ Max Min Typ Max
o1 T« T 8 | 12 22 | |o0no03 O = 1S OF R = 4killor oL | i 3 s I8 15
|03 - ] ‘ 12: ] 22 05 AL = 400 1} 12r tppg i 10 55 s | 15
o5 | a 12 8 ) 33
- . - - HO1 L CL = 25cF R = 2801 ; i 10 i5 ] 12
s T L@1. L0, LOS | € = S0 oF P ] ) | 80 9C 13
. L L =~ o = 4 ki! ' ' ! |
Lot [ a4s | c8 118 | 264 e L el
L3 t D4s | 08 | 118 | 204 | '-5"’; LS03 ey e 1spF AL = 2w ;& | 12 20 3 - O L S
] ! | L305 LS2 :
[ 208 Sty 190 T i 3% LS22 Loy =s0eF AL = 2ay 20 az a5 N 0 20
| Lsor i 0B ] 18 | 24 | a4
| Lsoa | os 18 | 24 | 4a 503, 55 | G = 15 pF Ry = 2804 - 7 2 a5 7
LS0S [ | e ) i3e o 88 222 CL = 50 oF. A = 25011 3| 75 K 3 T
LSz ar i t4 | 18 | 22
Ls22 | oa | 08 | 12 | 22
503 5 w2 o2 8
505 Lo 198 30 1 54
| s22 3 56 o ' e
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1]
120 Dual 4-input NAND Gates

Ve D2 c2 NC B2 A2 Y2 D1 c1 B1 GND Y2 D2
|14 13 |tz [11 1o | |® 1w 13 iz |1 J1o |o
t
)
- ¥ = ABCD
s )
!
'
3 T |z (3 & |5 |8 |7 1 2 [a J&a [s s
i Al B1 NC c1 D1 Y1 GND Al Y1 NC  Vgo NC A2
!
}
5420 (J) 7420 (N) 5420 (W)
' 54H20 (J) 74H20 (N) 54120 (W)
|
P 54120 (J) 74L20 (N)
i 541520 (J,W) 74LS20 (N)
| Electrical Characteristics over ing Iree au range (unleas otherwise noted).
OMS4 T4 DMS4 T4 DMS4 T4 DMS4 T4 OmMsa Ta
00, 04 HOD. HO4 100, L4 LS00, LS04 500, 504, 510
Faamer T 10, 70. 30 10, HI0. HIO L10.1230.130 | L8$10.1870.1830 | s30.830, 8131 | U™
sm (Typ (1) Man | Mes (Typ(ti| das | s [Tyoit)| Mas | Min Typi1)| Mar | e Tre(n)| Max
L Hgh Level gl VoRage 2 2 2 2 H ¥
= Low Lavel ngut Vorage | owsa o8 os or a8 a8
|ouara o8 on or o8 as | "
i Impat Ciamp Voltage Rl Y =18 oA
WEE = M = =12 mA =15 NI v
W= =1EmA NoA =14 ' =12
o rgh Larears Cralput Cuttont — 400 =500 =200 — 400 = 1000|  wA
Vow Fagh Laved Owiowt Volegs | vee = M Vi = Mas DMS4 24| 34 24 | 38 24 | 23 23 | 24 25 | 24 y
lon = Mas oMT4 24 | 24 24 | 38 24 | 32 27 | 34 21 | 2a
oL Low Larved Outpndd Curremit Oaas4 8 0 2 4 0 i
oM " 20 as s o | "
Yoo Low Level Dvipt Yolage o (=10 2z | 04 0z | o4 018 | a3 0 | oa os
Ve = b 1oL DMTa 02 | 04 02 | 04 02 o4 035 | 03 os v
V=V
oL = 4mA | DMT4 o4
L gt Curtent ot b ssmom =55V 1 ' o 1
Inpul Vorsge Vg = Max Nt o1 i
- Fegh Laved ingurt Curvant Vim24v 0 £ 10
. Ve = Max A
Wwi=21V . 0 L5
LN Low Laved ingut Curvent Wi =03V =018
|usa0 -04
Voo = Mex V=04 | Ginara -8 -2 -0.36 =
V=08V -2
o8 Shont Cacus Cuipwt |omse -2 58 | -a0 -1o0| -3 -8 | -20 -100 | -a0 ~ 100
Carrant vee = Max () I”""‘ —1a 55 | —s0 -100| =3 -5 | -20 =100 | =40 =
L=l Suppty Current Vop = e . Sas Tacis
Mote 1 AS typecel valess are @ VO = BV, Ty = 34°C
Wols 1 _—-m—mmnm---r--_ﬂum-mrnmsaw!n!ﬂDuasmmu.-uamu-m-m—-mﬂ
Supply Currents Switching Characteristics s vee =5v. T4 = 25°C
. IcCH (mA) IcCL (mA) tpLy (ns) tpuL (n8)
- Tolal With Total With ‘| Propagation Dalay Time, Propagation Delay Time,
s o SR Qulpuls High Qutpuls Low Davice Conditions Low-To-High Oulput High-To-Low Oulput
l_ Typ Max Typ Max Min Trp Max Min Tre Max
(V] i 4 a8 12 22 00, 10 11 22 15
04 1 8 12 8 k] &
10 1 p 9 i85 04, 20 CL = 15pF AL = 40001 1z 22 a 15
20 3 2 4 ] " 30 13 22 a 15
s J 2 3 o H0O 59 10 62 0
HOO 10 18.8 26 40 HO4 8 10 85 0
HO4 . 8 26 40 58
H10 TS 128 195 30 H10 C_=25pF R = 2804 59 10 63 10
H20 . 5 a4 13 20 H20 8 10 7 10
H30 25 42 85 0 T ——
—=—— | H30 88 10 89 12
Lo0 044 a8 1.18 204 RO L8
Lo4 0680 12 174 308 - a5 3
L1 : 033 oe 087 153 | [Lro.L20 CL = S0 pF, AL = 4kl ® 3
L0 02z o4 058 102 L30 as 80 10 100
Lo - a1 02 029 051
LS00, LS04 Cy = 15pF AL = 2 kU 3 5 10 3 10
LS00 T o8 8 24 44
LS04 3 V2 24 18 88 L510, LS20 Cy = 50pF A = 2k} 4 8 15 4 [} 15
L5100 - oe 12 18 a3 . CL = 1S pF AL = 2 kil 4 7 12 4 7 15
Ls20 o4 o8 12 22 L5310
Ls30 035 | os o8 1 oo ol s ) . . LI u 20
s00 0 18 20 38 S00. 504 CL = 1SpF AL = 28010 2 3 45 2 3 5
504 15 24 30 54 $10. 520 €y = 50 pF. R = 280 1 2 45 T 2 H a
S10 7 1.5 2 is 2r
=15
520 5 s 0 Y a3 CL = 15pF. R = 280 U 2 L] L 2 45 ?
530 . 3 5 55 1] CL = 50 pF R = 280U 2 55 a a 85 0
5113 a 5 56 10 e (S
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Dual 4-Input AND Gates

Yec D2 c2 NC B2 A2 Y2
[1¢ |13 fiz_ |11 |w [o |8
¥ = ABCD
1 J2 Ja |s s [s |7
a1 B1 NC c1 D1 Y1 GND
54H21 (J) T4H21 (N)
54LS21 (J, W) 74LS21 (N)
Electrical Characteristics over frea-an range (unisss olharwise nated).
DMs4/ 74 DMI4: T4 DMs4 T4 OMs4. 74 DMs4/74
T Parameier Conditions o8, 11 HOS. H11, H21 L08. L11 LSo8, LS1Y, LE2T S04, 511 Units
Min (Typilh| Max | Min [Typ(1)| Max | Min [Typ(1)| Max | Bia [Typ(t)| Wax | Min [Typ(l)| Max
Vi Hegh Laved inpul Vol sge 2 2 2 2 H v
v Low Level inpet Vonage [omsa o8 08 o1 08 o8
|osars a8 as 0.1 o8 oe | "
A gt Clamg YoRage g = -8 mA -8 HA
Vo = M = =12 mA =18 Wia | v
N =18 mA oA | -18 -2
o High Livel Ouipst Current ~800 -800 -200 | -400 ~1000| A
VoM | Moo Lavel Ovipet Ve = Min, Vee = 2V [ TRED 24 | 24 24 | 33 | 25 | a4 23 | 14
Vollsge lon = Max oMTe 24 | 34 24 | 34 24 | 32 |21 | a4 27 | 24 ¥
oL Low Level Ovipst Chase " 0 - 2 | 4 0
Carvaod DuTe ) 20 as | ] o | ™
Voo Low Lawel Outow Disa 02 | 04 02 | 04 018 | 0.3 025 | 04 o8
Nohage ::‘.'l:::' o IeE Toura 0z | oa 02 | o4 02 | oa 03s | 08 os | v
oL = ama  |OMTa 028 | 04
- 1
b ::-c::w Voo = Max :_::v - s o i Y
- [ p———— V=24V w 50 10
Yo oM TV - 20 w | ™
" Low Lavel inomt Cuarrent V=03V -0.18
Voo = Max (Vp=04V -8 =2 -0 38 ma
V=08V -2
o8 Short Circast Outpet | owmasa -20 -85 | —40 =100 | -3 18 | =20 —100 | -+0 —100
et T [ours -18 58 | -4 ~100| -3 -1 | -» —100] -s0 s
cc Suppty Current Veg = Max See Table
Mate 1 AN typecal vakees are M VoD = BV Ty = 1S°C
Miote 2: MOt mors Than S Dutpel showkd be SRoried ol & ime, and or DARAH ! DT H, DUMSALS DUWTALY and DM543 1 DUTAS. dwstion of shor cocul showd Aol sncesd ons second
Supply Currents Switching Characteristics mvec=5v.Ta=25"C
ICCH (mA) IccL (mA) tpLH (ns) tpyt (na) :
Total With Tolal With Propagation Delay Time Propagation Dalay Time, |
Device Outpuls High Qulputs Low Device Conditions High-To-Low Level Output |
Typ Max Typ Max Min Trp Max |
08 n 21 20 33 08, 11 Cy = 15 pF. R = 400 0 178 27 12 w !
" 8 15 14 22
s = = = = o €L = 25 pF. AL = 2801 18 12 88 12
i :: :: :g 5 Lo8 CL = 50 pF 45 %0 P %0
L R = 4 kil 40 80 45 90
Los L 211 20 | 33 |[isosustt |CL=I15pF R =2k 4 8 a 3 15 "
Lso8 24 48 . 8.8 i CL = £ pF. Ry w2 )et 2 1 L H 18
LS11 8 38 13 86 508, 511 € = 15pF. AL = 28011 25 45 7 25 5 75
Ls21 12 24 22 a4 CL = 50pF. AL = 2600 3 P . e P
so8 . L] a2 32 57
S 138 24 24 42
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32 Quad 2-Input OR Gates

Vec B4 A4 Y4 B3 A3 Y3
14 13 |12 1 |1a |9 |a

Y=A+8B

]1 I 2 ill 4 ES |6 |7
A1 21 Y1 A2 B2 Y2 GND

5432 (J,W) 7432 (N)
54L32 (J,W) 74L32 (N)
541532 (J.W) T4LS32 (N)
54532 (J.W) 74532 (N)

Electrical Characteristics over recommendad operaling Ifee-aw lemperaiure range (uniass oiherwise noted)
T T T

I JuMs4 Ta | DM34 T4 i OMS4 T4 oMsa Ta H
Paiamater Consitons | 1 } (ET) | L$32 522 Units
! | Min Typ (V)| Max | Mia | Tygqi)| Was | e | Trpil)] Mas | Mm Ifrotn | Max
Vo Hign Laves input volage i ] 1 O B i 2 2 | | v
Vi Lew Love ingut voltage iCMsa H | an 1T L] | ! aa
[ i H | =
: ; .
| ‘oMTe | ! on | | a7 | L | o8
v tnput Clamp Voragae ¥ In== 2ma J ] Ldys | i fwa | 1
ling = t 1 i “
5 Ih= ='mma i i | (L R | 14 | -12
- T
" Hagh Lt Culpet Current ; | -0 | | =m0 | =400 1 =000 | ua
Lt Hegn Level Dutowt Vorlage lipe = Men vpg o2y 1 EMS4 is 1034 1Lza o2 | I 28 14 78 | 14 |
; - i - v
| Om * Man cure TET R T Maa | 20 ) ar 14 27 | e |
OL | Low Levs Outout Currant ] | Daise ! i [ s i ‘N . . ] [ 20
1 | 1 -
i (puara | | F e | 18 a [T
og Low Level Outpwn Vollage 1 oMse 1 a2 o4 | AL 31 338 o4 os
Vee =M 1oL Mas . I
" Vi = Mae om7a i o2 0 | o4 333 | os as v
oL mama (Cure | | | 928 | o4
y R P — H WSSy ] B i 2 | T
input voRage Voo = M - T maA
Viesry o
. High Lavel Ingut Corsnt Wpe2avw 40 0
. ¥Ce = Maa =
: V=21V 1 0 50
L Low Lawel ingwl Carremi Vi=03v =012 -0w
VecmMas  |[veoaw i =18 -0 36 } i
vi=0%v | I i -3
s Shaet Circunt Cutput Cuirant | omsa 1 a0 | -55 | -3 -9 | -5 | -2 -0 | -0 | 00
VEE = Mas (2] t - , ma
(omra I ] =55 -3 -9 -5 =20 =100 | =40 | =00
L Supoey Hegny " (L Iz '8 i2 3 L3 W | o2
tVCC = Mas * - ma
Chrymet om ENER 23 | a8 a9 | 38 % |

Nate 1; AN IvDacal valwet ore 8 Voo = 8V Ty = 23°C
Malle 2: Hot more Ihas one OwiBut SNcuid De M1CTES 8 one lime nd for CLISALS DMPALS 0nd D345 743 duration of shon cwcw should Aot S1ceed sae second

Switching Characteristics VCC =5 V. Ta = 25°C

| 1pLH (na) ! tpHL (ns) ]
] Propagation Delay Time, | Propagation Del |
[ Davice Conagitions _Lam To-High Lavel Qulput | High-To-Low Level Output |
| Min | Typ | Max i Typ |
|32 CL = 15pF ] i
‘! 2 AL = 400 1t | 5| CI
fuaa f C_ =50 pF |
i . AL = 4nil [ = | » | | b
Lsaz CL = 15 pF | ! i |
o 3 LA S A A D - TR U
; RL = 2x ! | | !
CL = %0 pF . | | }
AL = 210 “ -] 5 ‘ 4 i L] ! 5
532 CL = '5pF i y )
AL = 2801 ? ‘ = 558 || 4 2
i ————
! CL = 50 pF !
; AL = 280 11 el O W I I
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'74 ouaip Positive-Edge-Triggered Flip-Flops with Preset and Clear

Truth Table

D2

CLK2

PR2

[

Q2
o |

ls

|11
L—!

1 2 |3 4 s |e | 7
Inputs Qutputs L
— CLRT D1 CLK1 PR1 Q1 G1  GND
PR CLR CLK D Q Q
5474 (J 7474 IN

L H X X H L ) )

H L = v i H S54H74 (J) T4HT4 (N)

L L X X H  H 54L74 1J) 74L74 (N)
IR H i H H ; 54LST74A (J.W) TALS74A (N)
! - - 54574 (J.W) 74574 (N
| H Ho o+ L L H ¢ )
CH H L X Qo GO

PR1 Q1 a1 GND @z a3 PR 2
Nates: CO = tne jever 3t Q belore 1ne indicateg I T4 [ 1 12 44 10 I § |8
NZUE 22400008 ware estabhished. !
"This contigurancn s nonstadle; tRat s it wil not
FErSISt wrhen Creset ano clear mguls return 1o
thew inactive 1h|9n: leves
a Q o Q
PR CLR CLR PR
o CEK CI:K o
1 2 3 4 5 '6 7
CLK 1 D1 CLR 1 Vee CLR2 D2 CLK 2
5474 (W) 541"?54 (W)
Electrical Characteristics over ron-aw range {unisas oiherwise noted).
DMs4 74
L Conaitions 574 s112 813 114 Uity
Mia | Typ (V)| Max Wi | Typ (1) | Max Mn Ty 1) | Max M | Typ (1) | wax
Vi Hgh Laved ingut Vollage 2 2 2 7 v
Vg Low Lavel ipul Vollage o8 os o8 os v
i Inpul CLamp Vollage Vg = M iy = =18 ma -12 =12 =y 3 -1y v
e Hegh Levewt Ouiput Carrent - - =1 -1 i
Vou | Hon Leve Outowt Vorage VoG = M, Vgy = 2V [omsa 25 | 14 28 | 2 28 | 34 2s | 34 1,
Va 08Vl =-imh fourg 21 | a4 THED 27 | a4 271 | a4
oy Low Level Outgut Curremt 20 0 20 ERED
oL Low Livst Outpel Vollage ::c-o:.‘:_-,r:nn os o8 os os | v
Ll m f:;:." Makimam Vg = Mas ¥y = 55y ' [ ' N
Ind HahLeve 4K oD 50 50 s0 0
nput Curremt [ oar 150 100 A 700
Voo = Man vy s 27y A
Pransi 100 100 100 00
=1 Ciocx 100 100 100 00
Iy Lowiewes < 12K or D =2 =18 =18 -8
ot Curtanl [ e 121 -4 -t "I —ta
" Prassi 12) Voo SNendi=osy -4 -1 -1 - "
Cinen - -4 -a -2
ng | Shaet Cocud Dutawl Cutent Veg = Manid) - 40 =100 40 =100 - 40 | =00 -3 =00 | ma
tog | Sunpre Cosret Ve = M fe) | w | s w | s B | w | o | % e
MOle 1 AN iypecat vaiven are @ Vo m AV Ty s S50
Mole 3 Cions 1aaied ms Gomamt FiGn AnD D HAB fasied w ERa Rgh
Bote 3 Mot more iRes Bhe GuiDyl ¥Ouid De aRoTed "8 P ARG e SR S AP0 CEou SRl A BICEEA DRe BeCORD
Mole 4 IR LE DulDwtB e L0 8 Seabered wh 1R (0 0ad 5 DDA PR 8 T AT s lima 3 et sman, RS Sheh 7t 8 Qe waged
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86 quad 2-input EXCLUSIVE-OR Gates
Vcc B4 a4 Y4 B3 A3 M3 Vec B4 A4 Y4 Y3 B3 A3
[1a |13 |12 |1 Jo s |s J1a Ja Ji2 11 o fe e
Truth Table l ] ‘ |
(86.L86. LS86. SB6) 1= 1 - 15 15 I R PR PR P PR TR
Al B1 ¥ a2 B2 Y2 GND Al 81 Yt Y2 A2 B2 GND
Inputs Qutout
A B | Y 5486 (J.W) 7486 (N) 54186 (J); 74L856 (N)
L \ L 541886 (J.W) 74LS86 (N)
= W 74586 (N}
L H H 54586 (J.W) N
H L H
H H L
vy =4 % gmap e 4B :
Electrical Characteristics over recommended operaling Iree-an (emperalure range (uniess clnerwee noted),
[ ous4. T4 | oMSa T4 oS4/ T4 DMSa T4
Pacamates Conaltians ' 88 | Loe L588, LSI88 s88 Units
w Ui (Typi1)] Max o Mie [Tyt ! Mex Min [ Typ 1| wax Mim I Typg) | sax
™ Hegh Levat inpul voRtage 22 N2\ ! 2 2 W
i, Low Lavet inou Voltage [omsa ! ce | 1 | o7 o8 oa
: iwn i as | | ar L o8 ¢
w Boui Clamo vonage ] i
i T PR ol
e Hgn Laved Outgut Currast ~=30 | | =0 | 1 —ec0 —000 | LA
V3 “hah Levst Ouigul voitage Ver = M Vg m 2V |omsa J 24 34 | 24 | 23 | 28 34 15 1
Vi, = Man gy = Mas {oura 24 2 ETEETH 2r a4 2t ' A
oy Lew Laves Output Curtent | oMse o | L2 + i
[Ewre 1 8 18 a w | ™
Vo Low Level Ouiput Voitage i Touse | o2 | oa o1 | 03 02 | oa os
cC = Ma | =M t
V2V oura ] 02 o4 02 | oa o35 | os as v
ST Me e =ema DT i 028 | o4
[ Enput Curtent 1 Masimem V=55V 1 | o2 1 1
npui Vodage Wop = Ma YTV T FE na
" Hoh Lavel ingut Cuctent vi=24v w D)
Voo = Man uh
V=21V | 40 50
= Low Level ingut Currant V=03V L ] —om
Veg sMm  [vm04v | | =ve | -0 m
Vpm0s v | f | -2
log Shon Corcudt Outpwt Curfent DhSa | =m0 =45 | <% =15 -0 =100 | -0 -0
Vog = Mas (2) 1 A
Cuara i -1a —ss | -3 | -8 | -2 =100 | -4 - 100
\cen Supply Cursent CMse | 10 a3 22 | 4a 81 ] s w0
AU Oviets Hegh You = Was 3y Curs | a0 o | 22 | aa a1 | w s PP s
‘ecu 3:;:::::. Vep = Mas (4) i TS st l 38 | (L] | 0 i [oma
HOle 1 A% el rasead aee Bt Wep = SV Ty = J50°C
Hols 3 Wol more Man 00 OutDel BhOwd BE RO ol 8 leme and for DMSALS DMTELS and DM 45 (745 Surie0n 5l 1A0A (@et Boid S0 BCSea DR BEcOnd
Hots 3 ir gy 8 Sentm e weih 00 Dwiputd COBA. Dha mOyt o S8R GEE W1 4 3 ¥ and e Sihee sgeis grownded
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Swilching Characteristics vcc =sv. 14 =25'C

tpLy (ne) 1pHL (ne) ].
Propagaton Delay Time, Propagation Delay Time, |
Davice Caonditions Low-To-High Level Output | High-To-Low Lavel Output |
Min Typ | Maz | Min Tys | Max |
5 ]
85 Cp = 15 pF | Other ingui Low 5 2 1 : 1
AL = 400 1| Oiher input High 18 0 | o Lo
Lee Ci = 50 pF | Other inoul Low a7 | e | 21 50
AL = 4 kil | Other input High 25 | e | s #0
Ls88 CL = 15 pF | Other Input Low 12 | 18 w | w
AL = 2Kl | Otner input High Rk | 8 |
P !
L5868 CL = 50 gF | Othar inpat Low 15 2 I e I
AL = 2% | Qther input High | 10 i | w i s




4-Bit Binary Counters

93 Divide-By-Two and Divide-By-Eight

'g3A. 'L93. 'LS93
Count Seguence
(See Note C)

| Qutput
| Count
Gp Q¢ 0 Qa

0] L L L L
L L L H
2 L L H L
3 L L H H
4 L H L L
& L H L H
6 L H H L
7 L H H H
3 H L L L.
3 H L L Hi
0 H L H L
11 H L H H !
12 H - L L
13 H H L H

| 14 H H H L

|15 H H H H

‘93A. 'L93, 'LSI93
Reset’Count Function Table

Reset Inputs i Output

Ro(1) Roj2: . Qp Q¢ Qg Q4
H H PLoL L |
L X i COUNT |
X L ' COUNT :

C Outcut Gy 18 conneciea 12 inout B

-900/ -

INPUT
A NC  Qp Qp GNO Qg Q¢
14 13 12 1 10 9 a
Qs Qp Qg
—> A
Q¢
—> B
Ror1) Ry
1 2 |3 |4 Ts Te Ir
NC

INPUT Rgryy Rorz) NC vVeg NC
8

54934 (J.W) 7493A (N)
54LS93 (J.W) 74LS93 (M)
INPUT INPUT
& Qa Qg GND Q¢ Qg B

14 |13 |2 I“ [o o e
Qa 0Qp Ce Qg
—CD> A
8g
r—“om
Ror2)
TP TFFFT
Roj1) PRgizy NC  Vgeo NC NC NC

54L93 (J,W): 74L93 (N)

NC —MNo internal connection 154L533 T4L553)
NC —Maxe no eaternal connecnon (54934 T453A)
(54193, 74093
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{125 TRI-STATE” Quad Butfers

~90& =

Yoo o4 A4 Y4 c3 A3 Y3
I
! lu i3 iz [ e e In
. Truth Table
Inputs | Qutput
A c Y B
H L H supply Currents
L L L | Conditions |
= — I ImA) |
x H Hi-Z Device | Data | Oulput . .
| Inputs .Controisl Min  Typ (1] Max
Y =A fas oV | 45V | 13z s | 1 |2 ]J 4 ]5 |6 I?‘
24 | ov | ov ; 38 62
[ : €t Al Yt C2 A2 Y2 GHND
1.5125A41 QV 45V i 11 20
I s1z6ai av oV | !z 22
5134 GV ov 7 13 54125 (J,W) 74125 (N)
WP sy 1 oov L T 54LS125A (J,W) 74LS125A (N)
4 ;osv | osw ¢ i 25
Notes _[ L = ona high-ievel puise. 1_[ = ona low-lavel pulse
An | nming may ba ¢ d Cegxt and Rexr Cgxr (posnive)
For accurale repeatable puise widths, connect an exlernal resistor batween eyt CExT and Vo
To oblan vanable pulse widins, i ' RexT'Cext 8nd Ve
Electrical Characteristics over d op 9 lree-air range (uniess othersrae noted)
oMS4/ T4 DMS4 /T4 DMS4 T4
Parameles Condillons 125, 126 LS125A, L51264A 5134 Units
’> Min | Typ (1) | Mas Min | Typ (V)| Max Min | Typ (1) | Maz
ViH High Level input Voltags 2 2 2 v
Vip Low Lavel Inut voitage [DM&& L) a8 o8
[omra T 08 os | ¥
vy input Clamp Voltage Bi==12mA =15
veo = Mn l'l"'““ -15 -1z ¥
oM Hrgh Leovel Ouigut Current CM54 -20 -0 -65
oM =532 | ~-28 e M
VoH High Level Oulpul Vollage VEo = Min Vg = 2V CM54 24 13 24 | 3a 24 34
ViL = Mas gy = Mas DMT4 24 3 24 i 24 3.2 "
oL Low Lavel Ouiput Current OMs4 (L] 12 20
D74 16 24 0 mA
Voo Low Level Oulput Voilage Ve = Min o= Mo OmM54 04 o4
ViH=2V oMT4 Qs 0s v
Vi M L e 2 mA O 04
Ig(oFF) | ON-State (High impedence dg=oav =20
i State) Oulpul Currant Sl TP 0
Voo = Mas
.i Vw2V Vo =y =40 wA
| Vi =08Y |Vvg=05V -50
Vo =24V 40 50
o) | Of-Stete (Migh impedance Statel |Vog = Max = - -
Input Current Vi= 04 VI0DSVlor DMS45/ T45) ¥ o = BA
M Input Current al Maymum Vi= 55V 1 1
Input Volisge Yoo = Mas V=70V 01 mA
I Hgh Level input Current Vi=24V 40
vec mMax T 20 50 A
'} Low Level Input Currert Vi=oav -8 -04
YeemMm DY o™
s Short Cucuit Output Curtsnt | omse -0 -0 | -20 -0 | -0 - 100
YOG = Man (2) im“ —z8 -10 -20 - 100 - 40 =100 i
ice Supply Current Voo = Max Ses Table
Hals 1. AR Pypecal saham M M Vop = SV ana Ty = 33°C
Mol 3. Hot MmOns IRAN DAS Suignd Bfcund B8 SRCARD ol 8 lume 8ad 800 DMSALE DT ELS and DRSES: 45 dulBieon &1 SRR vl Mh0uk A4 BUEwed SRS beCoad
tching Characteristics » T T
OM34LE TS i DWS4LS TaLg DMsa T4 I oMb T4 ‘l—
Paiamaies | Conaions LS12%4 151384 Conmtans | L1254 LE1T8A Unete 28 128 Cangnam ] 134 Unats
Mam  Tyg o Mas 0 M o Tep | Mak o M Tep 0 Man o Wm0 Tye o Man o o + Tre 1 Sas v e s Trp I_'“ .  Tre 5 Hes |
Fapagetan e as ! <o
LG =2 C T ) 3 £ P (] PR TR H : | w e |
Lim s e e et | b i [T “
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138 3-t0-8 Line Decoders Multiplexers

DATA QUTPUTS

Veg YO Y1 v2 Y3 Ya

Y5

Y6

!

Lo oo [se o [z [ Jio o
[ I [ ][]

Yo ov2 ¥3 v4 YO
A Y6
B C GIA G2 G1 V7
R EERE |4 ls s I? ls
A B C G2a G2B G1 Y7 GND
QUTPUT

SELECT ENABLE
54L5138 (J,W) 74LS138 (N)
| 545138 (J,W) 745138 (N)
i
| Truth Tables
LS138, 5138 LS139, 5139
[ [ Inpuls Inputs o
3 Outputs Qutputs
|:Enable Select Enable Select
|‘,.GT G2°|C B A |[YO Y1 Y2 Y3 Y4 Y5 Y6 Y7 G B A Yo L& Y2 ¥3
¥ Hi X X X|IH H H H H H H H H X X H H H H
]I L X|X X X|H H H H H H H H L L L L H H H
' H L'L L L|{L H H H H H H H L L H H L H H
ffe LyL L H|H L H H H H H H L H L H H L H
i H L|]L H LJ|H H L H H H H H L H H H H H L
iH LJL H H|H H H L H H H H T
;I H LIH L LIH H H H L H H H H = high level | = low level X = dan t care
HH L|H L H|H H H H H L H H
dH L|H H L|H H H H H H L H
lH LfH H HIH H H H HHHL
il
i "GIos A+ GTR
| M = High lavel L = low invel X = don | zare
Switching Characteristics vce - sv.7a = 25°c
ousare | omsara | M4, Ta Dusa 74 |
Pacamaier r:::::l |o:r:uu :l Deiay | Conditions L5128 L5130 Conditions 5138 s1290 Units
Min | Typ | Max | Min | Tyo | Max Min | Typ | Mes | Wia | Typ | Max
e Procagatan Ceiay Teme. Cp e tsof | :! s ! o = 15 0F .
i Low-1a Hegh Lavel Cutpwl A= 2w | \ ) | . Ry = 280 w1 o8 ‘ ® g
"
. c;L'_sf::: ; w | oar T } Y] :l‘:::;':: " @ as | w0
? '
| Procaganon Dwiay Tms. .y ] P
il ettt wetmic e bed dpdedgoatl [ fe] T
| Bonary An l;:l. .' T-‘: | 2 I m | il & : 2 | ‘I';t‘::\\u:l I vl 4 ol
f Fr oo Cwtay T Selact t o R 11 | 1 & 1
e I.:l‘::gn L:-:lﬂvl:m rp:]_ - ::.-' i I [ | i 1' " :ll- a:ou:n L | * 2
c,:l',‘f:: | w o o | oar '::::0‘: @ | [as | n
! .
Propagatson Deay T R H -
ke N:I::au Laval Dul:ul nLl - p:: | { i r i ¥ ] i ::- 2:6':.1 * H ! " Lo |
(:;_L:-::::' | Ee I a0 2 lI “0 :::::;:‘ "0 13 I ] 1 |
i ] i
) - -t ke i |
il riocorchuiin e fo ]| | e o | s |» T
| * 5 e
| | oo ;Ll:-':“il es | o | L as | w0 :
e [E , i larat] Y
. ; . 2| W !:L‘:__":o":._.l' 3 u :us 1 .I
| Py e R " . ihpF |
i L:.:L:f..::nmt i ! il :Ll- .';\BN.' | W | -
:! [ : , u::;::::u":l ss | 1 wa |
‘e v-uawmml-'-lhm I i oA I Fy = 8ok I s i_—
egh 1o Low Lever DJuipel A = ey ’
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General Description

gacn of these 4-ine-10-16-hne decoaers utiizes TTL cir-
-wiry to decoae four Dinary-coaed npuls into ane of six-

—D9e =

4-Line to 16-Line Decoders/Demuitiplexers

Features

® Necodes 4 binary-<oaed inguts into one of 1% mutually
axClusive oulpouls

.een mutually exclusive outputs when coth the strabe
nputs, G1 ana G2. are low. The demuilipiexing tunction 1s
pguormed by using the 4.nput lines 1o aadress the outpul
ine. passing data from one of the strobe inputs with the
siner strope inout low. When either strobe input 1s high, all

® Ferforms the gemultiplexing functian by distnbuting gata
trom one input =ne 13 any one ol 6 Jutpuls

8 Inputl clamping cicdes simpiify sysiem ges.gn
® High fan-outl. lcw-mpedance, I3tem-cole outauts

sutculs are hign. These demultiplexers ire ideally suted Typical Typical
{gr implementing nigh-performance mMemory deccaers. All Type Propagation Delay Power
nputs are buffered ang inpul clamoing dioges are proviged 3 Leveis of Logic Strobe Dissipation
1o mimmize transmission-line effects ana thereoy simplhity 1E4 13 ns (8 ns 1T0 mwW
sycrem design L1E2A EE ns 45 ns 24 myy
LS1E4 23ns '9 ns 45 mw

Connection and Logic Diagrams

INPUTS QuUTPUTS x T
Yee & B8 C D G2 G1 15 4 13 12 als ! 2
lza 23 |22 |21 |20 lug lm !ur l:s |1s 1\4 b “150% 121
- - - - i '.1
LT e
11 g.—..—_Ds'—'-*l
18}, al | l
reS o [
- Sl =
. (RE1] * =]
* 51y
- s —~—— - H =
[ i { 123‘C D A 1 I — 8
A - Rk
. . . . L 3} l )
|| |2 |3 Ia |s ls l.' ENE lm 1 112 sy @R oL .
o 1 2 31 4 5 & T 3 9 0 GND a-—:>°—"“ﬁ+>é.
QUTFUTS '
21 :{>C{
54154 (J.F) 74154 (N) P> = T outPUTS
S54L154A (J.F) 74L154A (N)
54L5154 (J.F) 74LS154 (N)

1201 2 pe
Ln—l-.>-0—‘—':{>\
{ DA (R




General Description

These positive-edge-triggerec lho-oos utiize TTL circuitry
to imptement D-type tip-floo egic. All have a direct clear
input, and the ouada (175) versions feature complemertary
outputs trom each thp-fiop

Information at tne D inputs meenng the setus ime require-
ments 1s transierred to the Q autpuls on the gasilive-going
edge of the clock pulse Clock triggening occurs at a par-
ncular voltage ievet and 1s not directly relatea 12 the transi-
tion time of the positive-going pulse Wnen trhe clock input
's at either the nign or low level, the D inpul signai has no
ettect at the output.

~oaln-

Hex Quad D Flip-Flops with Clear

Features

B 174 LS174 S174 contain six thp-tiops witn single-rail .
oulpuls !

B 175 LS1T75 S17E contawn tour tio - flees with double-ran
autouts

M Bufferea c:ock anag dwect clear inputs
Indivioual data input to each thp-tioo

Applications incluge.
Butier storage reqisters
Shitt registers
Pattern generatsrs

Typical Typical
Type Clock Freaquency Power Dissipation
Per Flip-Flop
174 175 40 MHz 38 mW
LS174 L5175 40 MHz 14 mW
5174, 8175 110 MHz 75 mwW

Connection Diagrams

Logic Diagrams

Yoo 06 D6 05 05 D4 04 CLOCK 174, LS174. 5174 175. L5175, 5175
1 1€ I 15 I 14 13 12 " 0 ' 9
+ 3 2 4 (Fi
| l 01 5 =0 0 o——————————5 o o1
; o ——c> CLocK ) ——c{>cLocx ;
i3
| 5
+ $ 3 CLEAR CLF4R
1 T + Y
—
ot | e 5 = i
\ | 02 o 4 o 0 p—o2 02 0 0 ol—oo2
] 1 l J H-—obcmcx p—— > CLOCK
) 2 3 4 s & 7 _{a N
‘ ! . a1 GNo i cLean 0,82
CLESR @1 DY 02 02 D3 2 N
) G Y
L " " .
54174 (J.W) 74174 (N) 03 @ e O L 5 ol o
5415174 (J.W) 74LS174 (N}
p——o> cLocx .
545174 (J.W) 745174 (N) = il s W
CLEAR citan —0 a3
ll—] .,—l
Yecc o4 O D4 D3 G303 CcLOC " | oy i 13
g , o4 G 1 o —0Co04 mcm' o nlor.n
[!6 Jlﬁ [‘J il] | 12 lll l 0 EQ !
1 b—-t:bcwcn 1> CLOCK
1 g, 4 _
é | Eda croex T D>o—r el O
| 3 I = e | _
i - 1 . I 3 I iz - CLEAR
0% o —10 300
. Jb--f--f]:’C'.nl'.l
H } | CLFAR
T T o
CLEAR Q1 (1] o1 oz dr @1 GNO - re
X 06 T i 5 3 pP—2cn
54175 (J.W) 74175 (N) 5 [>cLock
S54L5175 (J.W) TALS175 (N} cipex ’.—{ P I )
545175 (J.W) 745175 (N) f LR
CLEAR o B .—b—n{




“e99n=

SN54LS182/
SN74LS192

PRESETTABLE BCD/DECADE
UP/DOWN COUNTER

DESCRIPTION — The SNS4LS192/SN74LS192 is an UP/DOWN BCD Decade
{8421} Counter ana the SNE4LS193/SNT74LS193 is an UP/DOWN MODULD-16

. Binary Counter. Separate Count Up and Count Down Clocks are usea and in either
counting mode the circuits operate synchronously. The outpuls change state
synchronous with the LOW-to-HIGH transitions on the clock Inputs.

Separate Terminal Count Up and Terminal Count Down outputs are provided
_which are used as the clocks for 3 subsequent stages without extra logic, thus
simplifying multistage counter designs. Ingividual preset inputs ailow the circuits to
be used as programmable counters. Both the Parallel Loso (PL) ana the Master
Reset (MR) inputs asynchronousiy override the clocks.

e« LOWPOWER....95mW TYPICAL DISSIPATION
« HIGH SPEED...40 MHz TYPICAL COUNT FREQUENCY

e SYNCHRONOUS COUNTING

o« ASYNCHRONOUS MASTER RESET AND PARALLEL LOAD

e INDIVIDUAL PRESET INPUTS

e CASCADING CIRCUITRY INTERNALLY PROVIDED

e INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATIGN EFFECTS
o FULLY TTL AND CMOS COMPATIBLE

SN54LS193/
SN74LS193

PRESETTABLE 4-BIT BINARY
UP/DOWN COUNTER

LOGIC SYMBOL

|
T

u
v

]

n
o

Vee =Pin 16
GND=Pin8

CONNECTION DIAGRAM
DIP (TOP VIEW)

! s vee 5
PIN NAMES LOADING (Note aj 1 ! H
: A O s s
HIGH | Low | -
CPy  Count Up Clock Fulse Input Qs UL 0250.L. | 0= *:" Bl
CPp  Count Down Clock Puise Input 05U.L. 0.25U.L. s d =2 i Ve
MR Asynchronous Master Reset (Clearl Input 0.EU.L. 025 U.L. sO= ]
PL Asynchronous Paraliel Load (Active LOWI Input 05Ul ] 0.25 U.L. s s
P Parailel Data Inputs gsuL. 4 025 U.L. | fj 5 [0
Q, Flip-Flop Outputs (Note bl wuL | S2suL. | i \ R
i?_lflm Terminai Count Down [Borrowl Qutput (Note b} 10 UL, .5i2.51U.L. lE bl d p :
TCy Terrminal Count Up {Carry) Output (Note bl 10 U.L. 5{2.51U.L. NOTES
The Flatpax version has the same
NOTES: | pinouts (Connection DOiagram| as tne

a 1 TTL Unit Load (UL} =40 A HIGH/ 6 mA LOW |

Duat In-Line Package.
b. The Qutout LOW drive ractor 1s 2.5 U L. tor MILITARY (54)ana 5 U L. for CCMMERCIAL(748)

Temperature Hanges.

STATE DIAGRAMS
L5192 LOGIC EQUATIONS
FOR TERMINAL COUNT = A -

?EU N QO.G:-CP_U I
T - G T G305 Fp e

LS193 LOGIC EQUATIONS d

FOR TERMINAL COUNT " ll
T, - Qg Q,°0;°03° Py . o
o % g, 9; 5 [j_-ij_—g_':j._:é

COUNT LP —

COUNT DOWN
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Octal TRI-STATE® Buffers/Line Drivers/Line Receivers

General Description

These buiters/line drivers are designed to improve both
the performance and PC board density of TRI-STATE?
pulters/drivers empioyed as memory-address drivers,
clock drivers, and bus-oriented transmitters/raceivers.
Featuring 400 mV of hysteresis at each low current PNP

Features

= TRI-STATE outputs drive bus lines directly
®m PNP inputs reduce DC loading on bus lines
® Hysteresis at inputs improves noise margins

" Tyowcal Typicsl Typical Propagation  Typical Typscal Powaer
data line inpul. they provide improved nonse. rejection and ol oM Delay Times Easbisi Crisalicn
high fanout outputs, and can be used to drive terminated (Sink  (Source f Dissbia (Ensbied)
lines down to 1332 11 T Current] Current) Inverting Moninverting Times Inverting Nominverting

S4LS '2mA =12mA 05ns 12 ns 18ns  130mW 135 mW
74LS 24 mA  =15mA 105 ns 12 ns ‘@ns 130w 135 mw
545 48mA =12mA 450 & ns Gns 450w 538 mW
T4S EdmA =—=15mA 45ns &ns gns 450 mw 538 mwW
Connection Diagrams
Vee 2G  1Y1 244 1Y2 2A3  1Y3 2A2 1Y4 2A1 Vee 2G0 1Y1 2A4 1Y2 243 1Y3 2A2 Y4 a1
[0 |19 |18 [17 |16 |1s |14 [13 12 |n1 l20 1o [1a |17 |1 [1s [1e |13 [iz |
1
EENENECEE le 17 | |o |10 EHERE [« s s |7 {8 [s |
16 1A1 2Y4 1A2 2Y31 1A3  2Y2 1A4 2Y1 GND 16 1A1 2Ya 1A2 2Y3 1A3 2Y2 1A4 2Y1 GND

7415240 (N)
745240 (N)

54L5240 (J)
545240 (J)

Vec 2G  1Y1 244 Y2

74L5241 (N)
745241 (N)

5415241 (J)
545241 (J)

2A3  1Y3 2A2 1Y4 2A)

[20 [19 |18 17 J1s [1s [14 [13 [12 |1t
N EEEEHE CEEEEE [10
16 1A1 2Y4 1A2 2Y1 1A3 2Y2 1A4 2Y1 GND

5415244 (J)
545244 (J)

7405244 (N)
745244 (N)
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General Description

These octal bus transceivers are designed for asynchro-
nous two-way communication between data buses. The
control function zes external immg
requirements.

ation

The device allows data transmission from the A bus to the B
bus or from the B bus to the A bus depending upon the logic
level at the direction control (DIR) input. The enable input
(G) can be used to disable tha device so that the buses are

TRI-STATE® Octal Bus Transceiver

Features

B Bi-directional bus transceiver in a high-density 20-pin
package

B Tri-state outputs drive bus lines directly

® P-N-P inputs reduce D-C loading on bus lines

B Hysteresis at bus inputs improve noise margins

® Typical propagation delay times, port-to-port. . .8 ns

8 Typical enable/disable times . .. 17ns

-

effectively isolated. $ypu lou lon
(Sink Current) (SourceCurrent)
5415245 12 mA —12mA
74L5245 24 mA —15mA
Connection Diagram
ENABLE '
vee G B1 B2 B3 B4 85 B6 87 Ba
Jzo 19 18 17 Isu 15 |14 It: 12 '11
L L7

a

i /4
TJ L), W/
|1 l: Ia 4 Iﬁ |a 7 B 9 Im
DR A1 A2 A3 A4 AS AS AT A8 GND
5415245 (J); 74LS245 (N)
Truth Table
Direction
E"%bh Control Operation
DIR
L L B data to A bus
L H A data to B bus
H X Isolation

H = high lavel. L = low lavel, X = urelevant



General Description

;nese 8-bit reg'sters feature totem-pole TRI-STATE out-
puts designed specilically for driving highly-capacitive or
(glatively low-impedance loads. The migh-impedance state
and increased high-logic-leve! drive provide these regis-
ters with the capability of being connected directly to and
driving the bus lines in a bus-orgamzed system without
Fstd for interface or pull-up components. They are particu-
jarly attractive for implementing butfer registers. 1/ 0 ports,
midirectional bus dnivers, and working registers.

The eight latches of the DM54/74LS373 and
DMS4 /745373 are transparent D-type latches meaning
that whiie the enable (G) is high the Q outputs wiil follow the *
data (D) inputs. When the enable 15 taken low the oulput will
be latchea at the level of the data that was set up.

(Continued next page)

~o@'D —~

TRI-STATE? Octal D-Type Transparent Latches and Edge-Triggered Flip-Flops

Features

8 Choice of 8 Latches or 8 O-Type Fhio-Flops in a Single
Package

® TRI-STATE Bus-Driving Quitputs

® Full Parallel-Access tor Loading

® Butfered Cantrol Inputs

B Clock/Enable Input Has Hysteresis to Improve Ay,
Noise Rejection

8 P-N-P Inputs Reduce D-C Loading on Data Lines
(DM54.745373 and DMS4 T45374)

!Connection Diagrams

ENABLE
Vee 80 8D 70 70 60 6D 50 50 G
|2n 19 18 17 16 15 ] 14 13 12 11
E Q [+] ] [ o Q ] [ Q D I] [ 5] Q ] 2T
G o—e—iG GPo——G
OE 0E OE OE
3 3 T ]
a o D a Qe bhH|rde aph .
g o_-l- g gl AG
\ |— oe @ LE & oe —| [— oe © € oe
T wiy ¢ I T
o — I i e s
|1 2 3 a 5 s 7 8 a —[w
OUTPUT 10 10 20 e T 30 ‘ap 40 GND
CONTROL .
54LS373 (J.W) T4LS373 (N)
5458373 (J,.W) 74S373 (N)
Vee 8a 8D 70 70 60 6D 5D 50  CLOCK
i' [m 19 18 17 16 15 14 13 12 1
| LA RN MENALINPINE] =
y Qo 0D_a Q_D D_Q o
CK Jo—e—> CK qo-->—o> cK
H OE OE OE QE
| 1 1 8 ]
! oé_io— —oé_o' oc_on— —o _Q
’ o—1é+-of> CK K Jo-teto> CK .
i [- OE 9 QE —‘ [— OE 9 f OE
i ] 1 | I |
! ! L"'E . -9 i
!‘ ‘ 1 I 2 I b 4 l 5 | 6 ] 7 l B | 9 | 10
i OUTPUT 10 0 20 20 3Q 30 40 40 GND
¢ CONTROL
! 54LS374 (J.W) 74LS374 (N)
T 545374 (J.W) 745374 (N)
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(0a0u)
(gool)
(udo2)
(u003)
(Yuvs)
(0000
(0Ue7)
(Quusd)
(oY)
(ocoa)
(000by
(guoc)
(U00D)
(UGUE)
(UUGE)
(Golo)
(uoll1)
waulz)
(Lull)
(ouls)
(0015)
(GJ18)
(ouly)
(ocla)
(Uulb)
(SUlE)
(LULF)

(GLU0)
(00ul)
(Cuo2)
(0003}
(0C0%)
(OsL3)
(0026)
{u027)
[QUVVED]
(Lu0Y9)
(LOuA)
(JolL)
(Guuls
(UJos)
{udur)

— -~
[ PR B SV S R
=]

-
=
—

0001
0002
00U3
voLs
u0eGs

0006 P

agou?

GUUS

(VIVVR)
0019
o0ll
0Cl1z
G013

0014 5&E

0015

uole sk

Jul7?
0018
0014
Guz20
uo2l
gu2e
0023
0024
Juzs
0026
0027
0023

uo29 -

Guld wl

LiX0
INX1
ThK2
I5K3
InYo
InY1

5 INY2

aYo
e

. oger

P 1

[iie2
Lined
Lol
nbsSIs
hoslU
H

3

3
wio:En

) aoTAuK

oLobld

5 whoDbF

WUl aon

7 pebollF

PAGE UGUOl

QUTPUT PURTsS NA#E LIST

EQU
EQU
EqU
EQU
EGU
EQU
EiU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EGU
EQU
EGU
EQU
EQU
EQU
EGU
£GU
EQU

1aPUT PORTS

EQU
EQU
ECQU
EQU
EQU
EQU
EQU
EGU
oy
EQU
oy
EQU
ELU
25U
Ly

00H
0ld
O2H
03H
G4hH
06d
074
08H
0Su
OAH
OBH
Och
CoH
OEU
OFH
lua
'l
121
13k
14H
15k
18H
191l
1AH
YER
lEd
1Eh

COH
ClH
G2H
034
041
05H
GOH
07ii
G3H
094
J4ah
Jba
Jih
JEQ

an

NALE LIST

1-BYTE oUFFEk Naop LIST

EQU
ZJuU
E U
£gU
Eu
EQU

S005H
2uFFH
Juudit
2UEJL
24000
21CUH

3ST.ADDN vISPLAY aALEA
;S5T.ADLR 3TALK AKREA

3ET.ADDR T-35EG LUFF.adEA
yST. DS L-UUNMEERS BCD COLE
saAX.ALSK OF olD-cUt
;ST.ADER BLD-BUF (LiD VALLE)
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(20A0)
(20a1)
(20a2)

(20b0)
(20ul)
(iub2)
(20p3)
(20564)
(2UL3)
(20E0)

(200)

(2ulF)
(2017
(ZJUF)
(2007)

(2uCl)

(3000)
(goil)
LGoaz)y
(VOu3
(Uuus)
(0345)
(G0d0 )
(GUs7)
(Ovud)
(G539)
(OUuUa)
(JGus)
(QUGC)
Loudb)
(UYOE)
(CJIF)
(uolgy
woull)
(vidi2)
(GJdl3)
(VY
Louid)
Wuls)
(Cui?)

(2uJl)
(2902)
(2010)
(20200
(2033)

0u58
J059
3260
0061
Qué2
VIVES
0Ju4
UG6)
0066
0Jdo7
UJ&D
QubH)
0u70
0u7l
03712
0073
0074
0075
0u76
0577
Gu73
007y
U030
0C31
yu3az
0033
3034
0035
0056
God
Juié
Cuud
Gdyd
3091
092
0Cy3
00Y4
0095
0u9s
Co97
Quys
GJg9
Cl1Go
Clul
clu2
Glas
it
C1Cs
4106
Iv) By
Olue
oloy
0119
ulll
uli2
oliy
ulls

BHXTN
LRXUUT
sUFCuT

FLaG
GRS LU
CwSI0o
3TsiG
ChP LU
sCTPLU
LUTSIO
WRAREA
3
HWADDR
ZADDR
YALOA

XADDR

H
wUORK1

EQU

204A0H
20A1H
20A2H

20bUH
2dpld
20B2a
20b2i
20E4%hH
20b5H
20B6ii

20C0d
201Fh
20174
200FH
2007k

2¢6clu

PAGE 0002

;ADDR OF WCRD TO RECORL ADDR.
:0F MNEXT ENTRY IN bChBUF-1IN
;ADDR OF WORD TO RECORD ADDR.
;GF NEXT ENTRY IN bCDBUF-1OUT
;ADDR. OF WORD TO RECOKD HO.
JUF WOKDS WAITING FGR OUT.
:FLAG WORD ADDRESS.

;MODE wORD OF SIU

; COMMARND WORD OF 3I0

;STATUS WwORD OF SIO

; COMMAND WORD OF PIU

;BYTE COUNTER OF PIQ

;BYTE COUNTER OF SIG

;WORK AREA
SEGBUF ENTRY ADDRESS

732D FIIIIINIINFINDRIIDIDIDNDNDINNNDNIDNDNDNDNDNDN

CODE

IS B EREEEEEENEREEEEEEREEERNEINEEREREEERNEER]

IEE TR
V]

Kl

K&

<7
KPGInT
K2

X5

Ko
KPROJ
X3

Kb

X9
RIETH
KSETL
RSETY
RGETX
RENTER
RaTPRN
nsTPUP
wLLRYZ
KTEsT
SALPRS
saleo?

RLLZLRT

EGU
EQU
EGU
EQU
EQU
EQU
EQU
EQU
EGU
EqU
EQU
EQU
g
EQU
o
oGu

QCH
OlH
02
O
Q4id
U5t
Q6H
Gl
U3H
U9k
UAH
Obh
OCH
ODH
ULEH
JFH
10H
1L
L2
13h
JEATH
15k
15u

L7H

IR EEEE R EEE R EEEEEEEEEEREEEEEEEEE]

L I O B EN B B
winik ]
wiRKZ
Heol
avVALUE
DATA

20014
230241
20100
20231
2030n

PIIIIIFFNINNINDNDIIIINDIINDIDIINDIDDNNRDNDNNIDNDIINDDNDNDD
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0115 ; MAIN PROGRAL
0116 Sosiviinsimsiiamumeissaninnaseansgg
0117 ;
00V0° 0l1g ORG 100H ;0-FF RESERVE
0119 ; INITLALISE
0lyy 2ir¥2b 0120 4aInNl LD SP,ASTACK
0103 ED3E 0121 IM2 ;250 INT-HODE-2
0105 CD99y01 Gliz CALL LIITKE
U138  €DAJOL 0123 CALL INITSO
J10B  CBBFUIL 0124 CALL INITPO
OlCE CDDiul 0125 CALL INITCT
0111 cposvul 0126 CaLL INITOP
0127 ; SCAN KEYBECARD
0114 CDEYO1 Gl2e MAINZ  CALL CHECKB
0117 25E7 012 JR Z,MAIN1
9119  LDF70L 0130 CALL KBSCAN
011C 382 0131 JR C,MAINI
JLIE FEl4 0152 cP KTEST
0120 2504 0133 JR 2,SYSTST
0122 FELL G136 CP KSTPRH
U124 2009 0135 JR Z,SETSIO
ul26  FELD 3136 cp KENTER
0128 2808 0157 JR 2, AIN3
ul2a  1cid 0l3o JK MAINZ
0l2¢  C3sA0l 0129 SYSTST JP MAINLZ
012F €33401 0140 SETSIGC JP MATYHL3
0132 CDLAD4 0141 #AIN3  CALL INHBDZ
0135 CDl303 0142 CALL SETX
0138 CDAYO3 0143 CALL SETY
0128  CDIaAO4 0lad GALL 3ETZ
GL2E  CLESU4 0143 CaLL SETN
0141 CBFLlU4 J146 CALL ENABDZ
0l44 CD5102 0147 H“AIN4  CALL RDHZYX
0147  CBAEU2 0145 AMId5  CALE CCavDI
Ul%A  CD3005 G149 MAING  CALL DISKYZ
8150 ; SCAN. KEYBOARD
014> CLEYOL 0151 MAIN? ~ CALL CHECKB
0150 23FD w152 Jk 7 HATRT
G153z CDF70l Cl53 CALL KBSCAN
0155 L8F6 015% Jx C,HAINT
0157 FEL2 0135 cP KSTPDP
0159 2834 ul56 JR Z,MALINS
Ul56  FELIL G157 cp KSTPR
Ji5D  280L 0153 JR Z,HAIN9
gl5F FELT 5159 cp KRESET
Glol 233D Glou Jh Z,HALINL
uld3  IuEs Glol JK HATAT
Ul63  Cb3205 J152 LAING  CALL uP13
0168 leba 0las JR AN
Jida  Loold2 0164 JAINY  CALL CASCI
316D CD5aU5 0155 :MALH10 CALL fs 10
gl7u  leuz 0166 Ji AALNG
0172 C(DEJCL 0167 HAIRLL CaLL CHECKL
JL75 2iFb Glos Ji Z,ATRLL
Q177 cLriul Qlou3d CaLll KiSCAN
Ol7s4 3K gl76 JR Lo BaTRLL

017C FEOL glil P Kl
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0176 2308 0l72 JR Z,TSTl
0120 FEOS 0173 cp K2
Ul82 2804 0174 JR z,IST2
0134 FLOY 0175 cp K3
0186 2509 J176 JR 2,TST3
0188 1YEob 177 JR MAINLL
glsa 00 JL78 MAINIZ NOP
0l3b  CDSLOS ul79 a7l CALL TESTI
G130 JRUN TESTL UNTIL PRESS RESET Sk
ITCH s
0lGE CDSEUS 0181 TsTZ Call TEST2
0182 ;RUs TEST2 UKTIL PRES5 RESET SW
ITCH
0191 CD6OOS 0183 TST3 CALL TEST3
0ld4 JRUN TEST3 UNTIL PRESS RESET SW
ITCH
0194 CD3&05 0185 MAINL13 CALL PRGSIO
0197 €9 0186 RET
0187
0198 76 0183 HALT
0189 53333335500 000033333535333335333533333533335333353333333
35333
0190 INITIALISATION HODULE
OLGL 535333533 5355503353553335333333358333333333333333333355
3333
0192 ; SUBROUTINE INLITKB
0193 ; PURPOSE
015% ; WwwITE HIGH STATE TO COLL TO LOL6
0195 ; INPUT -
0195 -
0l97 ; OUTPLT
0195 ; =
0199 ; REGISTERS USED
0230 A
0201 ; DESCRIPTION
0262 ; -
0207 e s O INEEE T et 1) R S
0204 NAlLE INITKE
0199 FS 0205 INITKB PUSH AF $SAVE A
01Ya JEFF 0206 LD A,QFFH
Glyc D315 0207 oUT QUTKE, A
GLIE FL €265 pop Ak
Ol¥E LY G209 RET
021 335t s it
I
21l ; SULRCUTINE INLISU
u2l2 ;PURPOSE
w213 ; SET LWLE wulld Ty aivu
gzls SET COuMAND WOKD TO 310
J215 ;LINPUT
0216 ; -
6217 ;ulTPUT
021> ; =
021y fins10,CuS10,8TS 10
0220 ;SECGISTERS USEL
G221 ; ~F
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0222 ;DESCRIPTION
0223 3 PORT DESCRIPTION (C/D -t A0)
0224 ; INPUT PORT OE = READ DATA  A0=U
6225 ; INPUT BCAT OF = READ STATUS A0=l
0226 ; OUTPUT PORT lE= WRITE DATA  A0=0
0227 ; QUTPUT PORT 1F= ARITE STATUS AC=l
0223 ;
0229 ; INITIALISE SIO:
0230 ; BAUDRATE=16X
0231 ; DATA LEL=3 BITS
0232 ; ENABLE PARITY
0233 ; PAKITY = EVEW
0234 ; STOP BIT=
0235 3
0236 TRANEMIT ENABLE
G237 ; RECEIVE ENABLE
0228 ; ERROR RESET
0239 ;
0240 ;MGOE wORD:
0241 ; 7 D6 55 D4 D3 D2 DL DU
0242 ; pt— Q@ T=—"F=1 O = 7B HEX
U243 ; = L Sea'
0244 Il NS T — BAUD RATE FACTOR
0245 ; = 2/ A TR DATA LEXCTE
0246 ; P I i v EUABLE PARITY
0247 ; BV D o aahtm EVEN PARITY
0248 ; Hmm B - 1 S$TOP BLIT
0249 ;COMMARD wURL:
0256 ; p7 b6 D5 D4 D3 D2 Bl DO -
9251 ; o /o SORCERGE 1.0 | = 15 HEX
0252 ; IAVARN . N *—TRAWSHIT ENABLE
0253 ; R "N DTR
0254 ; I --RECEIVE ELABLE
0255 ; A e BREAK CHARACTER
0255 ; P ERROK RESET
0257 ; — KTS
0255 ; N K- LUTERNAL RESET
0255 ; * HU4T MODE (SYNC)
025U ;
0261 ;STATUS WwORD:
0262 ; D7 D6 D5 D& D3 D2 DL DO
0263 _ o - . _
0204 NCK LINWERCTgS1DY
0265 T B —me - _-m=TeooFoooooSYNDET INEGPTY X

ROY
0260 ; L Emmemmme—mmoee- PARITY ERRCE
067 - T e CVERRUN ERROR
0268 3 - Fommmmmmmmmmmm e FraLIRG ERRCR(ASY
5C)

JI6Y ; # - LATA SET READY
Q2790 poaeu R B R o B R R
0271 NALE INITSO

Ula0  F5S 0272 1iiil PUSH  AF

Olt"ul jE?l'- i LD A,?L‘,l'-

ula3 32L129 0274 LD (iwSI3) ,a

5EAG 3EiS u27s Lu A, 150
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01A3
01AB
0lAE
01B0
J1bi
ulB2
ulB3
01b7
0idb
Glb9
UlBA
0loD
GlBE

OLBF
0lcu
olez
Ules
0l1C7
Ulte
ulcy
oles

326220
3ABE120
D3LF
£3

E2
3AB220
DILF
E3

E3

AF
328326
Fl

cY

F5
JEOF
32b42C
0302
E3
D3ul
E3

0276
0277
02738
0279
0280
0231
G232
Q283
0234
0285
J250
0237
6258
0259

0290
0291
0292
0243
0234
0295
0290
0297
0296
0249
0300
03ul
0392
0503
0204
0305
0306
0307
0308
0309
0310
0311
0312
0313

0214

Usid

0316
3317
0315

dily
u32u
Q0321
0322
0325
Uies
0325
03256

ulzs

3333313

; PURPOSE
)

¥

; INPUT

3
;OUTPUT

;REGISTE

LD (CwS10),A
LD A, (MWSIO)
ouT WCS10,A
EX (sp),HL
EX (sP) ,ilL
LD A,(CWSIO)
OUT wlS10,4
EX (5P} ,HL
EX (sp),HL
XOR A
LD (STSLO) ,A
POP AF
RET

PAGE 0006

SUBROUTINE INITPU

SET COMMAND WORD TC PIC:
MODE 0 (OUTPUT ULLY) FOR PUKT -A AND B

CWPIU
RS USED
AF

3

; DESCRIPTICHN
PORT UESCRIPTION (AO =t B/A ; Al -t C/DJ
= DATA GUTPUT PORTA

= DATA OUTPUT POKTB

INITPO

OQUTPUT POKT 00
GUTPUT PGRT 01

GUTPUT PUKT 02 = CCillAND «ODE PORTA

OUTPUT PORT 03 = CONASD :JCDE PORTS

COWIRGL WORD:

p7 D6 D> D& D3 D2 Dl DO

— Fem—fo=—r—==% 1111=CONTROL WORD

Fomm e MGDE G 1 23
Ftmmadtmm k=== (111=INTERRUPT CT

IWITFu

2uasl af
LD A,0FH
LD (CWPID
cut PiG2,a
Ex
EX
outT P103,A
LX

)y h

Y

X

(SF),uLl
(5p),iL

(5P),ul

‘

0

T L I R

37=tuAbLe INTER

07=DISAcLE IKWTE

INTERAUPT VECTOR

R



~olng ~

CROMEHCO CDUS Z80 ASSEMBLER version 02.15

olcc
0lcDp
0100

0lol
01D4
01D7

01Ds
01Dy
C1DA
JlDb
Jibdc
GlDF
GlEL
0lEZ2
ULE]
Uiis
ulLo
JIET
ules

E3
CD6205
o))

CCEAU4
CDCADZ
c9

F5
&3
D5
AF
110G0u
0624J
12
13
10FC
Dl
cl
Fi
Cy

03238
0329
0330
633l

0332
G333
0334
0335
0336
0337
0335
0339
0340

0341
0342
9343
03435
0345

03490
347
J343
0549
0356
0351
0352

- 0353

0354

0355
0356
G357
G358
0359
Cleu
0361
U362
0363
2204
0365
U3ah
G367
Uloo
HEIY

Usiu
ol
usiijd
U373
0374
0375
U376
U377
0375
03749

PAGE 0007

EX (SP),HL

CALL DINPIO

RET
D s Rt B M o R S A I b SN e
Vi *
: SUBROUTINE INLTCT
s PURPOSE
; INUIBIT X,Y,Z PLUSE OF wAVESHAPE CIRCUIT
; CLEAR BCD COUNTER (74LS192) TO ZERO
s LHPUT
;OUTPUT
;REGISTERS USED
; CESCRIPTLON
A e e R R R S R S

RAME
INITCT CALL
CALL
RET

INITCT
IHHBEZ
CLRCHy

332331333

E ]

; PURPUSE
; INPUT

; GUTPUT

:REGISTERS USED

SUBRUGUTINE

CLEAR DLISPLAY MEHCRY

INLTOY

: AF ,/BC,DE
s DESCRIPTION
NAM INITDP
I[NITDP PUSH AF
PUSIH EC
PUSH DE
XOR A
LD DE, 8000k
LY B,20H
CLRLGP LD (DE),A
INC DE
BJINZ CLRLOP?
PuP DE
PUP BC
PuP AF
RET
TP B e A S B I S P RO R O R S G R S
L ]
: SUBRGUTINE CLECKL 3 RKLYIGC
s PUKPUSE
: UUT Liw STATL TU KEYBOARD PORT 1510 {CCL1-LULS)
: IN FRO0 KEYBOARD PCRT Cii (ROwl-HUw4) FOR THE
; PURPOSE OF TESTING FOR IdE PRESENCE OF PRESSED
: KEY

; LOCaTIon

CUHECKE

3 LNPUY

4 OUTKs = POdT#21 CuLlb TV CULL
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J1E9
OlEA
O0lEB
GlEC

OlEE

OlEF
g1r0

OlF2
Olrs

Ulrd

oF
E3
E3
D215

E3
E3
hive

ESGF

EEUr

C9

0340
0381
0532
0333
0334
0345
0386
0387
0338
0389
0390
0391
0352
0393
0354
0395
0396
G397
0363
0399
040C
0401
0402
0433

0404
0405

. 0406

0407
0403
G409
0410
0411
0412
0413
0414
0415
0416
0417
0418
C419
0429
0421
Jaz2
0423
C424
0423
Uslo
G427

Uslo

U329

0430

(= =]
+

3

[
L B —

2
43

INKB = PORT#l12

OUTPUT

A5 FOLLOWS:

ROWl TO ROw4

PAGE 0008

FOR KEYIO 4LEASTSIG. OF A R:EG = COL# TO BE

4 LEAST SIGWIFLCANT bITS OF A KEGISTER ARE

LOW

SET

L]
»
»
5
E ]
: D7D6D5D4 D3ID2CIDO 2 DESCRIPTION
: GOUO 00001l NU KEY PRESSED
: 0G00 00010 A PRESSED KEY IN RCA 1
3 0C0UO0 0011l 00 A PRESSED KEY IN ROW 2
: 0000 01000 A PRESSZD KEY IN RGW 3
: 0000 100JuU A PRESSED KEY IN ROW 4
: Z FLAG = 1 WHEN NO KEY PRZSSED
; REGISTERS USED
3 AF
; DESCRIPTION
: CLL GL2Z CL3 GL4 CL5 CL6
3 D3t 7 8 5§ X CLRXYZ RESET  3=RCW 34
; b2t 4 5 6 X S5-PDP A-PDP  §=ROW 3
; bt 1 2 3 Z s-PRN A-PRN  3=ROw 2
; DOt 0 . IL N ENTER TEST 3=R0W 1
;
3 . H
3 Do pl D2 D3 D4~.D5
R 8 67 HE U R SR e S A e
HH '
]
CHECKE  XOR A ;CLEAR A
EX (SP),HL ;DELAY 17-MICROSEC
EX (52),KHL :
KEYIO  OUT OQUTKB,A ;LOw COL6 TO COL1
EX (SP),HL ;DELAY 17-AICRUSEC
EX (SP),dL
I A, INKB ;IN ROwl TO ROW4 (DO-3)
; D3D2D120
: 1111 0§ KCY PRESSED
H 1110 KEY ROw 1
5 111061 KEY Ruw 2
H | el | KEY ROw 3
4 Q4 1 14 KEY RGw &
AND OFH 3CLEAK MOSTL. 4EITS £=0
XUR Ork ;REVLASE BLT ahy SET Z
; D3D2DlD0  Z
; 00 ¢ J 1 46 KEY PRESSED
; Y01l 0 KEY ROw 1
: 0010 U KEY Kow 2
; 01093 U &Y RGw 3
3 1 0008 J KEY iw 4
RET
R R T A R S SR S S S
E ] ; ]
3 SUBRUUTINE KBSC.Ai
F A A R R R A S e e
HHH
; PURPOSE
: SCAN XEYBGARD FOR PRES3ZD RXEYS, DeTCCT THE

EXISTENCE CF 1IN

GLE PRESSED KEY,AllD PASS
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0434 BACK ITS IDENTITY TO TWE CALLING ROUTINE.
0435 ; LOCATION
0436 ; KBSCA
0437 ; INPUT
3‘58 ; NONE
9 ; OUTPUT
3440 CARRY FLAG = | WHEN NCKEY OR MOREKEY PRESSED
0441 A 4 C CONTAINS THE IDENTLITY OF KEY A5 FOLLOWS:
0442 CoL. 1 2 3 4 5 6
0443 RWUw
0444 LA a7 05 CF 13 17
0445 ; 3 3 02 06 0a OE 12 16
0446 2:0L 05 09 o©0b 11 15
U477 1 : 00 C4 08 oc 10 14
044% -
0449 ; DESCRIPTION
0450 ; B INIT=FB USI1NG FOR RUW=COUNTER
0451 ; C INIT=40 USING FOR COL-SCAN-COUNTER
3452 A= C A =" ¢ COMPLEMENT
0453 ; 7654 3210, CY 7654 3210
0454 ul0J-Q00u INITIAL C
0455 04,10 00Ud J 1181 1111 1-ROTATE L-COLO
0456 ; 0091 GOUY 0 1110 1111 2-ROTATE L-COL5S
0457 ; QuOG 1U00 J 1111 0111 3-RCTATE L-COL4
0453 ; 00GG ulul 0 Liti ivii S=aldTlali L-COLS
0459 ; 0uC0 9019 0 1111 1101 5-ROTATE L-COLZ
C460 ; GLOG U0l 0 1111 1110 6=RUTATE L-COL!
u46l 3000 00U0 1 EYD RCTATE
04062
U463 ; A Is 3ET bY SHIFT-RIGHT-LONG C
0564 AND CALL KEYIO TiuEN
0463 A=4BIT LEASTSIG. SHOWS KEY ROwi
0466 ; Z FLAG =1 NO KEY ; =0 KEY PRESSCD
0467 RUTATE RIG,ﬂ HRU CY OF A KEG AND INCREMENT
0468 ; B REG. UNT% = ]| DO HEXT
0469 ; A D3D2DIDO B + ¥ = ¥
0470 ; 0001 FB+ 1 =FC
0471 == FC Ell = FD
0472 ; 0100 FL+1 =FE
3473 k 0:019, oFepnly &= FF
0474
0475 ; A = A.AND.QF TC «AKE SURE 0 MULTLREY
0476 ; LOAD A BY € WwHICH IS SPECIFIC LOW=-COL-#
0577 THE!: CaLL KEYIo TG wARE SURE KEY-PRESSED
U473 EXLISIENCE Asu KEY DEECUNCING EFFECT.
0479 ;
U4ol LUy 4 BY & AND 3dlfT ¢ TO GET LY ICENTITY
U431 BY ADD A WITH % BEFORE RUTATE C UaTIL Ci=1
d&62 PusSisle C / PO3Siwli A+h VALLC
0333 3 JEUg 2o¢1 00 g) 9z 8l
043% FCs = U
Gasd Fu+4 = Ul
J350 Pots = ue
€437 ; FE+s = OO
Cano QUL otle U4 03 Wb U7
U%a% 3 04y 190 93 J% ua €

JAYL uulbl 1006 ol QL g ur
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Da5L o0ul vucn 1o 11 12 13
0492 ; 4610 Dond 1% 15 16 17
0433 3
0494 INITILIZE KEYGOAKD (HIGH STATE COLS) & RETURW
0435 ;
0490 533333000003 303 033303333 33333333333533333333353533333333
]
0497 NAME KLSCAN
GlF7 O0L4CFB 0498 KbsCAN LD BC,0FB40L ;By=FB C3=40[01000000]
OlFA CB39 0439 CLKBS  SLL C :0-1C(7...0]-tCY
OlFC D8 0500 RET C ;CY=1 SCAN ALL
o561l ;FOUSD NO KEY PRESSED
OlFD 79 0502 LD A,C ;a=C
JlFE 2F 0503 CPL ;COMPLEMENT A
0lFF CDECOl 0504 CALL KEYIO ;OUTSIN KEYBOARD
0202 26F6 0505 JK Z,CLKBS : ;2=1 FROM KEYIO MEAKS
0506 ;HO KEY THEN NEXT SCAN
05C7 : ELSE DO WEXT
0204 (4 0508 STPKB  INC B sh=g+l
0205 IfF 0509 RRA ;a[7...0]-1CY -tAl...]
G206 30FC 0510 JR WNC, STPKB ;CY=0 REPEAT ELSE NEXT
0205 EGUF 0511 AND OFii ;1F A.OF t 0 THEN FOUKD
U20A 2019 0512 JR NZ,CCF ; MULTIKEY,EXIT ERR.
0513 : EL3SE WEXT
020C 79 0514 LD A,C ;LOAD A L-COL PATTERN
020D 2F 0515 CPL ; CONPLEMENT FOR KEYIO
020E CDECU! 0516 CALL KEYIO ;OUT&IN KEYBCARD
0211 E3 0517 EX (5P ,HL ;DELAY 3G-MICROSEC
0212 E3 0518 EX (5P),ilL
0213 E3 0519 EX (SP),iiL
0214 E3 0520 EX (5P),HL
0215 DBGC 0521 Lii A, INKB ;IN A(DO-3 =k1-4)
0217 EBOF 0522 ALD UFH ;THIS IN IS FOR SURE
0219 EEOF 0523 XOR OFH ; (REPEAT KEYLIO INST)
021B 2808 0524 JR Z,CCF ;EXIT wHEN NO KEY
021D 78 0525 LD A,B ;A=B ROw COUJTER(STPKE)
021E C604 0526 LPKBL  ACD A,04H ;FIND OUT KEY IDENTITY
0220 CB39 0527 SKL C ;0-1C[7...0]-1CY
0222 30FA 0528 JR NC,LPXBl ;CY=1 DO NEXT
0224 4F 0529 LD o] ;C=4A
0225 3F G530 CLF CCF ;CLEAR CARRY FLAG(CY=d)
0226 cLuvol 9331 CALL TiiITKL sHIGH ALL COLUsN
0229 C9 0552 RET
U533 5iii333a0assaaaaiaasaataiiiiaiaiiaiiiaiiiiiiiiasiiiiisg
1
45545 SUBROUTISE wAIT # SECONDS
J335 ;PURPUSE
0536 3 TO LELAY sUnE SELUHLS
0537 ;ILdPUT
0539 -
0559 ;OUTPUT
0540 ; -
J541 ;REGLSTERS USED
0542 AF,HL,DE
0543 ;DESCRIPTIOM
0544 fesevnesccsnesnmrensans o Ny e e IR S 5

D
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0545 ;
0228 FS 0546 WAIT5: PUSH  AF
0228 E> 0547 PUSH HL
022¢ 05 0548 PUSd  DE
022D 210500 0549 LD HL,C005H
0230 18UE 0550 Jk WALT
0232 F5 0551 WAIT3: PUSH AF
0233 ES 0552 PUSH  LL
0234 D5 0553 PUSH  DE
0235 210300 0554 LD HL,0003H
02358 1806 0555 JR WALT
G2IA ¥5 0556 wAIT1: PUSH  AF
0238 ES5 0557 PUSH  HL
0z3C 05 0556 PUSH DE
023D 210100 0559 LD HL,J001H
0240 1LFFFF 0500 wAIT: LD DE,OFFFFH
0243 1B 0561 LPWALT: DEC DE
0244 7A G562 LD A,D
0245 B3 0563 OR E
0246 20¢B 0554 JR NZ,LPWALT
G245 2B 0505 DEC HL
0249 7D 0565 Lo A,L
0244 84 0567 OR H
0248  20F3 0565 JR NZ,WAIT
024D Dl 0569 PoP DE
024E El 0570 PoP HL
024F Fl 0571 POP AF
0250 C9 0572 RET
0373 3333335553553335333333333333033333333553353333383333553
233132133
0574 ; SUSRCUTINE RDNZYX

]
0575 ;PURPGSE
0576 ;INPUT
0577 ;OUTPUT
0578 REGISTERS USED
0579 :DESCRIPTION

0560 St RNGesnmenneins e e, s MR
0251 3EQ7 0581 RDNZYX LD A,07H
0253 0304 05382 out WSCNT, A
0255 E3 0533 EX (SP),HL
0256 E3 U534 ’ EX (sP),HL
0257 3EET7 0535 LD 4,0E7H
G259 D304 0585 ouT wSCAT, A
20258 E3J 0537 EX (SP),HL
0256 (B3 U563 EX (SPJ,uL
023D Oluidun G339 REALN LD BC,04h
uZol  1luo2l 059y LD DE, BCDBUF
U263 21Ul u591 LD HL, HBCLLF
0265 EDBY J5%2 LDIR
0263 1iv4ll 0593 LD DE, sCDBUF+4
208 UbUS USyh IN A, INZO
U200 CDASU2 0595 CalL WRT
J27C  DbLUS L5595 i A,INZI
U272 CDas02 0557 CALL WRT
0275 DBUA G595 Il A,INZ2
0277 CDAGO2 0399 CALL WRT

0274 Doub 0600 L A, 1823



CROMEXCO CDOS ZB30 ASSEMBLER version 02.15 PAGE 0012
G27¢ CLA8G2 0601 CALL WRT
027F DBEO4 0602 IN A, INYO
0231 CDa802 0603 CALL WRT
02564 DbUS J604 IN A, INY1
0235 CDABO2 0605 CALL WRT
0289 DLOG 3606 IH A, INY2
025b CDAED2 0607 CALL WRT
023E DBO7 0608 IN A, InY3
0290 CDASG2 0609 CALL WKT
0293 UBOU 0610 IN A, INXO
0255 CDA802 061l CALL WRT
0293 DBOL 0612 L A, INX]
029A CDA8Q2 0613 CaLL WRT
029D DBO2 0614 IN A, INX2
UZSF CDABO2 Cals CALL WRT
0242 DBO3 0616 N A, INX3
02A4 CDA302 0617 CALL WRT
0247 C9 0613 RET
02A8 E3 G619 WRT EX (sp),HL
0249 E3 0620 EX (SP),HL
0234 12 0621 LD (DE),a
3245 AF 0622 KOR A
024C 13 062 ING DE
024D €9 0624 RET
0025 3331333453454 anssaaidaasiiiiiisasaasiiiaaiaiiii
0626 ; SUBROUTINE CONVDI
0627 ; PURPOSE
0625 ; CONVEART BCD VALUE OF N,Z,Y,X IN olD-BUFFEK
0629 ; TG 7-SEGHEWT CODE AND WRITE INTC SEG-bUFFER
0530 ; LOCATION L &EHMORY
0631 ; CONVDI
0632 ; INPUT DaTa
0633 LCDBUF  ADDR 16 BYTES (NZYX)
0634 SEGBUF  ADDR 32 BYTES (XYZN)
0535 ; £27TEL ADDRESS OF BCD-TC-7SEG TABLE
0635 ; BNXOUT = WORD CONTAINS START ENTRY IN BCDBUF
0617 ; FROM wiiICH GCDVALUE IS READ TO
0636 CONVERT (7-SEG) AND WRITE TU SEGEUF
0539 ; OUTPUT DATA
00407 COVERTED X Y 2 AND M IN SEGBUF WHICH IS
0641 ; READY TO BE DISPLAY
0642 ; REGISTER USED
oLEd s hL,CE,AF,B
J64%% ; DESCRIPTICH
0545 ; 1.B=EYTE COUNTEK
00646 ; 2.C.” ALDR OF SCGBUF
9047 3.LLY ADDR OF BCLVALUE
0548 ; 4.LGaU 1 BYTE UF buD Tu & BY RIGHT-RUTATE
0649 ; UnTIL EWD OF BUFFER
0630 ; 5.CONVLRT RICKTMUsT EYTE IN A TC 7-5EC CODE
0651 ; AND THEN WRITE TO  SEGLUF
0632 ; 6.D0 oIEP4 ANL STEPS UNTIL END OF DATA
0635 7.RETURN
Jo5s
0053 3335535355 333333533335533355557 TIIEEIENIIIG

(VIR

Uadi

~alo«l =

NANE convDl

CLRVDL: XUR A _ eG.
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02AF LIFFILF 0653 LU DE, SEGBUF-1
0659 ;
02B2 0510 0660 LOOPXX: LD B,l0U
0284 13 0661 INC DE
0255 24A120 0662 LD KL, ( BXXOUT)
0663 ;
G283 o6 060+ ADD A, (HL)
6259 77 0665 LD (HL), A
0284 7B 0666 LD ALE
0288 FE20 0667 cp 0204
025D 2617 06066 JR Z,FINISH
0669 ;
U2br Ar 0679 Ko A
02¢0  EDOF 0671 LOOPX: RLD
02¢2 23 0672 INC HL
02¢3  1OFB 0673 DJHZ LOOPX
0674 ;
0675
0676 ;
02C5 F5 0077 PUSH AF
02C6  EO70 0673 AND 70H
ub79
0650
06351
02C3 200D 0652 JR
02¢ca Fl 0683 POP AF
0634 ;
02CB  F5 0635 PUSH AF
02CC 216405 0636 LD HUL,B27TBL
02CF 35 0627 ADD AL
0200 6F 0658 LD LiA
Jzbl JE 0639 LD a, (HL)
0202 12 0690 LD (DE),A
0202 Fl 0661 POP AF
0204 13DC 0692 Jr LOOPXX
Jo95
02D6 CY 0694 FINISH RET
0695
0207 AF U6v5 BCDOVF AOR A
0208 12 0557 ? LD
02p9  Fl Goys POP AF
0ZbAa 15DO 0599 JR

(DE),a

LOOPRX

PAGE 0013

;DEy--SEGBUF-1

;SET BYTE COUNT=16 WD
3 INCREMENT SEGBUF
;HL3=-ENTRY.ADDR

OF BCDBUYX

3A5=-15T BUDVALUE
;FILL LAST VALUE
;A3-—-LAST SEGBUF ADDR
; LAST ADDR=201F+1
3END GOTO FINISH

ELSE BEGIN CONVERT
;CLEAR A

;ROTATE AND INC HL
JROTATE 16 TIMES

TEST OUT OF RANGE (fF)

;5aAVE A

; A.AND.70H

10 OVERFLOW GOTG
BCDOVF

s ELSE DO NEXT

e we

NZ, BCDOVF

:RESTCRE A

JSAVE A

;EL® ADDR OF TABLE
:CAL ENTRY NG.
:SET ENTRY NU.
{GET ENTRY INTU A
{WRITE SEGBUF
;RESTORE A

;LOOP UNTIL END

OF bCDBUF

;CLEAR A
;SET BLANK CODE
;KESTCKE A

J"L'O lI|!!!‘!!l!)"!)’ll!II”!!)l!‘)l)’!)!)!lll'!il'l!"l"!

23333313
07Ul
u792 :

0705 ;PURPUSE
0ivs

U705 3 INPUT
0706 ;CUTIPUT
0707 ;KEGLSTERS USED
0705 ;DESCRIPTICH

U709 jeevcevncnaee N ST Y

071u tiaflE CwAsClL
v2be  AF 0711 CNASCLI XOR A
020D 1IFFle | ¥l B Lb DE.SEGULUF-1

SUBRCUTLHE viadsCL

CONVERT bCD VALUE id LUDLUF TU ASCIL IN ASCBUF
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02EQ
02E2
02ES
02E6
02E7
U2ES
02E9
J2EB
U2ED
J2EE
0270
02F1
J2F3
02F4
02r6
02F38
02F9

2FaA
02¥D
Q2FE
02FF
U300
0201
Gi02
03u4
0305
03056
0337
0348

usla
0308
giub
03JUE
UIUF
G211
g3l2
gl
0315
Uiib
uil7

0610
13
2AALZ0
86
77
1b
FE4T
2317
AF
ED6F
23
LOFEB
F5
E6T70
200D
Fl
F5
216E05
85
6F
T
12
Fl
1806C
Cc9
Al
12
Fl
1580

0713
0714
0715
07186
G717
u7ld
u7ly
0720
0721
0722
0723
0724
0725
0726
0727
0726
0729
073C
0731
0732
0753
0734
735
0736
0737
G758
0739
074G
0741
0742

0743
0744
0743
0746
0747
0748
0749
0750
0751

0752
0753
0754
U755
0756
0757
07335
Ji739
U750
070l
U762
G703
Q704

0765
0736

LOOPYY LD
INC
LD
ADD
LD
LD
CP
JR
ZOK
KLD
INC
DJNZ

LuOPY

PUSH
LD
ADD
LD
Lo
LD
pup
JK
FLH KET
ASCOVF ~ XOR
Lu
pPoP

B, 10k

DE

HL, ( BNXOUT)
A, (HL)
(nl),A

A,E

U40H

Z,FLN

A

HL

LOOPY

PUSH AF
AND 70H
JR NZ , ASCOVF
POP AF-
AF
HL,B2ASCI
A, L

LA

4, (L)
(DE),A

AF

LOOPYY

A
(DE),A

PAGE 0014

..............................................

23333233

3

; PURPUSE
-

3 INPUT
;OUTPUT
:REGISTERS USED
; DESCRIPT ION
RAE
XGR
ouT

CLRCKT

[EEREERE]
3

.

SUBRCUTINE CLRCNT

CLEAR ALL DIGITS OF XYZ

CLRCAKT

A

CLRX,A

EX (sp),dL
EX (5F) ,HL
CLRY,A

EX (sP),kL
EX (s52),1L
CLRZ,A

EX (5sP),HL
EX (SP),HL

SUbRUUTINC SETX

I N R s es s s s EsEsEEEEE R eSS

srs s
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0767 ;PURPOSE
0768 ;INPUT
0769 ;OUTPUT
0770 ;REGISTERS USED
0771 ;DESCRIPTION
0772 ; LATCL LINE
0773 ; D7 D6 D5 D4 DI D2 DI Du
0774 ; T I e
0775 ; IN IN IN XX XX MR MR MK
0776 ; Z Y X i Y X
0777 ;
0778 ; DIGIT BIT PATTERN :
0779 ; D7 D6 D5 D4 D3 D2 Dl DO
0781 | S D DI R R 6 1357
0782 ; ¥ ¥ ¥ % , DG 2 4 6 8
0733 ;
0784 ; DIGLT LAYOUT
0785 ; DG DG DG DG DG DG DG DG
0785 ; 8 2 =54 3 2 1
0737 ;
R T o T D
0789 NAME  SETX

0315 CLC304 0790 SETX ~ CALL,  CWORKI

031B 3EE6 0791 LATCHX LD A,0EGH

031D D304 0792 ouT WSCNT, A

031F E3 0793 EX (SP) ,HL

0320 EJ 0794 EX (SP) ,HL

0321 CDDOD4 0795 CALL KBY

0324 FELD 0796 ce KENTER

0326 2654 0797 JR ZyERLTX

0328 CD7D03 07956 CALL  XDGl2

032b CDDOC4 0799 CALL  KEY

032E FELD 0500 ce KENTER

0330 2544 0801 JR Z,EXITK

0332 CD7DO3 0802 CALL  XDGI2

0335 CDCbo4 0803 CALL ~ CWORK!

0336  CDDBOC4 0304 CALL  KEY

035p  FELO 0305 CP KEKTER

033D 283D 08C6 JR Z,EXITA

033F CD&503 0367 CALL  XDG34

0342 CDLIO4 €303 CALL K&y

0345 FELS 0809 cp KENTER

9347 2333 0819 IR Z,EXIIX

0349  CD33ul 0511 CALL  XDG34

034C  COCLUA 0812 CALL  CWORKI

034F  ChuOG4 0813 CALL K&y

0352 FELD 04814 cp KENTER

0354 2026 G315 Jk Z,EXITX

0356 CDY303 0516 CALL  XDG5%

0359  CoDOV4 0817 CALL  KEY

035¢ FE10 0518 cP KENTER

U35E  251C 0819 JR Z,EXITX

0368 CDY303 0820 CALL  XDG5é

0363 CLCBUA G521 CALL  CWOnKI

0366 CDDOV4 0822

CALL KEY
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0359 FEL0 0823 cP KENTER
0368 230F 0824 JR Z,EXITX
036D CDYEG3 0825 CALL XDG78
0370 CDLUUS 08206 CALL KEY
0373 FELO 0327 cp KENTER
0375 2305 0523 JR Z,EXITX
0377 CD9YEOD3 0829 CALL XDG78
J37A  189¢C 0830 JR SETX

037C C9 0831 EXITX  RET

G37D 3AC120 0832 XDG12 LD A, (WORKL)

0380 D309 0813 ouT SETX0,A

0332 E3 U834 EX (SP),HL
U333 E5 0335 EX (SP),HL
0384 CDF304 0336 CALL DISX
0387 €9 0837 RET

U383 3ACl20 0538 XDG34 LD A, (WORKL)

0338 D304 0839 ouT SETX1,A

0350 E3 0840 EX (SP),HL
038E _E3 0841 EX (SP),HL
030 @eoFaos 6842 CALL ~ DISX
G392 €9 0343 RET

0393  3acl20 0844 XDGS6 LD A, (WORK1)

0396 D30B 0845 ouT SETX2,A

03938 E3 Uo46 EX (SP),HL
G399 E3 0847 EX (SP),HL
U39A CDF504 U843 % CALL DISX
039D 9 0849 RET

U3SE JaClzo 0650 XDG78 LD A, (WORKL1)

t3al D30C o851 ouT SETX3,A

U3a3  E3 3352 EX (sp),HL
U3A4 EJ 0853 EX (SP),HL
03A5 CDF304 0854 CALL DISX
U3as Cy 0853 RET

JE56 ;;;;;;;;;;;;;;;;;!ll'll!)l!l!!’lll"!!!llll!!’l!ll!!l!’

33331713
2857 SUBROUTINE SETY
0856 ; PURPOSE
2839 ;INPUT
0560 ;OUTPUT
0861 ;REGISTERS USED
0802 ;DESCRIPTION

OBBT 5 livrwiiorsn msowowe corwrmmimsm et o w5 o 0 B B R a0 .
05064 NAdE SETY

G3a¥  uDCBUS 0355 3SETY CALL CWORK]L

wiAC  1EES J330 LATCHY Lo A,0ESH

JIAE  L3G4 0237 ouT WSCNT, A

Jowli  £3 2353 ER (sP),EL

Giol E3 3859 EX (52),6L

Uob2  CDuoui 0570 CALL KEY

UisS FELU 0571 CP KENTER

G3LT 2054 2872 JR Z,EXITY

QoL9 CDOECH 0573 CALL YDGL2

USEC  CDDOCY 0374 CALL REY

USLF  FELC Js75 cp KENTER

JICl  2u44 JE76 JR Z,EXITY

gLl CDULCS Q377 CALL YDG12
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03C6 CDCBO4 ‘0378 CALL CWORK1
03C% CDDO04 0379 CALL KEY
03CC FEILO 0330 cp KENTER
03CE 233U 0ssl JR Z,EXITY
03D0 CD1YC4 0232 CALL YDG34
03D3  CoLoos 0333 CALL KEY
U3Did  FELV 0384 CP KENTER
03D3 2633 0335 JK Z,EXITY
U3DA  CD1y04 0336 CALL YUG34
04D  LDCBO4 0337 GCALL CWORK ] :
0JED CDDO04 0s33 CALL KEY g
03E3 FElO 0329 Ccp KENTER )
03E5 2826 0390 JR Z,EXITY
03E7 CD2404 0591 CALL YDG56
03EA CDDOO4 0392 CALL KEY
03ED FELD 0593 cp XKENTER
0ZEF 28lC 0594 JR Z,EXITY
03F1 CDb2404 0395 CALL YDG36 2
01rs  CDCBO4 0896 CALL CWORK1
02F7 CDUO04 0357 CALL KEY
03FA FELO G594 ce KENTER
0ZFC 23uF 0599 Jk Z,EXITY
OJFE CD2FU4 0900 CALL YDG73
0401 CDDUGH 0901 CALL KEY
0404 FELO 0902 cp KENTER
0406 2805 G303 JR Z,EXITY
0408 CD2F04 0904 - CALL YDG7 3
2465 189C 0905 JK SETY
046D CY 0906 EXITY  RET k
040E 3AClzZC 0967 YOGl2 LD A, (WORK1)
3411 D30D 0308 ouT SETY0, A
0413 E3 0909 EX (Se),HL
J4ls  E3 0910 d EX (SP) ,HL
0415 C€D0ADJS 0911 CALL DIsY
0413 9 0312 . RET _
0419 3AC120 0913 YDG34 LD A, (WORK1) e
041C D3GE 0914 OuT SETY1,A
041E E3 0915 EX (SP) ,HL
U41F E3 0516 EX (sP),HL
3420 CudAGS Gal7 CALL DISY
J&23 U 091s RET
3424 3ACL120 0219 ¥DGS6 LD A, (WORKL)
0427 D30F 0920 CUT SETYZ,A
0429 E3 . 0921 EX (5P),HL
428 B3 0922 Ex (SP),HL
042L  CDDAGS G325 CALL DISY
JS2E €Y 0324 HET
Ghir  3AC120 0925 YoG7io  Lb A, (WORK1)
U432 D310 0926 ouT SETY3,A
0434 E3 G927 ExX (5p) ,HL
vbl5 EJ g928 EX (s2) ,HL
0436  CDUAGS G2y CALL DISY
0439 9 3950 RET

- B Qo B e e B B S e e R e L S e e e e

Prsiaaad
0232 ; SUBRCUTIN SETZ

0933 ;
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oL

[ 2

CcCoC o

M CDOD3Wol)py—mo s

e e e e R L T e
Y S E T S S &

O?ODC-DOOC‘Cl
un
=~

I
wn

0454
045D
045F
0461
0464
0467
0469
0465
046E
0471
V474
0476
0475
047B
BTE
0480
0452
0435
2438
04sb

JauF

b S SR
+
W
A

J43F
044z
0443

Uhat
Jaay

VERYN

CDCBU4
3EES
D304
E3
EJ
CDDO04
FEL1O
2854
CD9F04
CDDUJ4
FELU
B4A
CDYFO4
CDCBCA
CDDO0%
FELO
233D
CDAADG
CDLOO4
FEL1O
2833
CDAACS
CDCBOS
CDDOUS
FELOD
2326
CDBE504
CDDUG4
FELO
281C
CLESUL
CDCBO4
CbDJ04
FE10
230F
CDCo04
CDLUYS
FELIU
264J5
CDCO04
1a9¢
(%]
Jacl2o
D31l
EZ
EJ
cb1COs
cY
JACILZ0

0934 ;PURPGSE
0935 ;INPUT
0936 ;OUTPUT

0937 ;REGLGTERS USED
0938 ;DESCRIPTION

G939 §essmuieiiees

e

0940
0941 SETZ
0942 LATCHZ
0943
0944
0945
0946
0947
0948
0949
U950
0951
0952
0953
0954
0955
0956
0957
0958
0959
G960
0961
962
0963
0904
0965
0965
0967
0963
0959
0970
0571
0972
0973
0974
0975
us756
0877
0975
0979
J8854
0981
0952 EXITe
0933 Zool2
0954
0985
09305
0957
0930

G939 £ZDG34

NAMNE
CALL
LD
OuT

CALL
cp
JR
CALL
CALL
CP
JR
CALL

CALL
CALL
Ccp
Ji
CALL
CALL
CP
JR
CALL

Jn
RET
LD
JUT

RET
Lo

SETZ

CWORK1

A,0E3H

WSCNT, A

EX (SP),HL

EX (SP) ,HL

KEY

KENTER

Z,EXITZ

ZDG12

KEY

KENTER

2,EXITZ

ZDG12

CALL CWORK1

CALL KEY

cp RENTER

JR Z,EXITZ

CALL Z0G34

CALL KEY

cP KENTER

JR Z,EXITZ

CALL  ZDG34

CWORK1

KEY

KENTE&

2,EXITZ

ZDG56

KEY

KENTEK

Z,EXITZ

ZDG56

CALL  CWCRKI
~ CALL KEY

cp KENTER

JR 2,EXITZ

CALL ZDG7 6

CALL KEY

W RENTER

JR Z,EXITZ

CALL  ZDG7s

SETZ

A, (WwORKL)

SETZ0,A
EX (8P),liL
EX (SP),HL

CALL DISZ

A, (WORKL)
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JLEL
JLLL
UL
Jaru
Qa2
Jhe5
UsF3
C4rop
JAFE
usvl

Jaclzo
o312
E3

E3

‘CDCFO5

c9
JaCl2o
D213
E3

E3
CDCFO5
c9
JACL120
D3l
£3

£3
CDCFG5
(o]

.I'.l F
32C120
(s
Cheyol
26Fb
CLF7G1
JoE0
35
2iLL37
35

oF

it
210120
EDOF
Fl

<

Cbiols
LEEuJS
fLid

Lo+

JACL20
J20020
CDYiG5
CDEL05

0990
0991
0992
0y43
0954
0995
C296
2997
0935
0399
1600
Luul
13362
1Ua3
13C4
1505
1606
1Cu7
10038
1009
1J10
1011
1012
i015
1014
1015
1016
1017
10l
1619
1020
1621
1022
1025
1024
1025

1626
1627
1028
Luz3
10306
163

10,52

1625
134
luad
luic
1337
Lula

JoY
1640
1041
1U42
lus.
1044

ZDG34 LD
ouT

RET
ZDG36 LD
ourT

RET
ZDGT73 LD
cutT

RET

CwCORKL XOR
LD
RET
Ke¥ CALL
Jk
CALL
Ji
BUsh
LL
ADU
LD
Lb
LU
RLD
POF
ET

3333333

3

s PURPOSE
; INPUT
;OUTPUT

yREGISTERS U3ED

JDESCRIPTION

HANE
CALL
vall
LP
i
LG
LL
CALL
CaLL
CALL
cP
JR

ﬂqe"b—

PAGE 0019

A,(wORK1)

SETZ1,A

EX (SP) ,HL
EX (SP),liL
CALL DISZ

A, (wORKL)
SETLZ,A

EX (SP) ,HL
EX (5p),iL
CALL DISZ

A, «ORKL)
SETZ3,A

EX (5P),HL
Ex (5P),LiL
CALL DISZ

A

{WORKL) ,A

CHECRE
Z,ReY
KEsCaN
C,KEY

Ar

b, R2BLD
A,L

Ly

A, (HL)
tL, wCREL

AF

SUBKROUTINE SLTH

SaTu
CwuilK1
KeY
KEuTER

PP SR
A, LwGRIKL)
(ewbbr) , A
LAY

vioan

KLY
KEATER

4, EXITH
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0505 3ACl120 1045 LD A,(WORKL)
0503 32E020 10406 LD (HBLDLF) ,A
0508 CD9105 1047 CALL RDN
U5S0E CDELGS 1048 CALL DISH
0511 CDCEO4 1049 CALL CWORK1
0514 CLDULL 1050 CALL KEY
C517 FELO 1051 cP KENTER
0519 2:z21 1052 JK Z,EXITN
C51L  Jaclzd 1055 LD A, (WUORKL)
OS1E  32t120 1654 LD (HLCDbF+1),A
G321 C€DY105 1055 CALL RO
0524  CLELGS 1656 CALL DISN
0527 CLLOOS 1057 CALL KEY
0524 FElY 1058 CP KENTER
052C 280E 1659 JR Z,EXITi
JO52E 3ACl2 1060 LD A, (WORKL)
0531 32El20 1061 LD (NBCDBF+1),4
0534 CDylos 1662 CALL KDN
0537 CDEILGS 1063 CALL DIsy
J53A 1501 1064 JR CONTIN
053C €9 1065 EXITX RET
35:D 00 1056 ConTiN KOP
J53E  CDCLO4 1067 CALL CWORK L
0541 CDLOI% 1068 CaLL KEY
U54% FELQ 10564 CP KENTER
3540 28F4 1070 J& Z,EXITH
U543 34AC120 1071 LD A,(iLORKL )
3548 228220 1672 LD (NECDLF+2) ,A
US4E CDJ105 1073 CALL RN
0551 (CDEILLS 1074 CALL DLEN

1675
U33%  CDDGus 1u76 LALL REY
0557 FElu 1077 cp KENTER
G559 Z23El 1078 JR Z,E5KITH
0558  3AC120 1679 LD A, (WORKI)
0552 32E220 igso LD (HBLDBE+2) ,A

T 0581 CL91dS 1651 CaLL RDE

0564 LUDLELOS 1032 > CALL DISH

1633
0567  CLCBUG 1uss CALL CwORK]
356a  CLLLIA 1355 CALL KEY
056D FElu 10ad CP KELTER
J50F  23CE 16387 JR Z,EXITN
U571 3aC120 lubs Li A, AWORKL)
3574 32EL29 1039 LD {ALUDEF+3) ,4
w3717 CLvlies 1C50 CALL KL
W37A CDELds 10yl CALL DISH
J37u COLLUS ley2 CALL KEY
J5zu  FELO 1693 cP RENTER
2582 2010 1ou4 Js Z,EXITi
J5u%  JAULZ0 lJu5 LD a‘l,(hdﬂi{ll
0547 32E320 1055 LD (NLCDEE+3),A
05LA  CD91ud 10697 CaLL KROH
3530 CLELDS 1093 CaLl DISi
3590 C9 1039y RET
U391 uldiuy 1i0J koW LD LC, 040

05v4  1louz2l 1101 Lu DE, LUDBUF
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0597
3594
059¢

J590
U39k
05al
U5az2
3543

J544
0545
U3A8
J549
UoaAA

Conb
05aC
0540
USALE
O3l
05L4

21E020
EDBG
C9

JEED
2304
E3

9

65
D5
5
ul 00
L1GJSO
210udy

1162
1163
1154
1105

1106
1107
1168
1109
111G
1111
1.EE

1115
1114
115
1116
1117
ills
1119

1i2y
1121
1122
1122
124
1125
1126

ilz7
1123
1129
1130
1131
1132
1135
1134
1135
1136
1137
llJb
1159
1140
1141
lidz
1143
1144
1155
1140
17
1143
1149
1150
1151
1152
1153
1154

LD
LDIR
RET

IEEEEENEE]
H

; PURPOSE
; INPUT
;OUTPUT

~9ana=

PAGE 00Z!

HL, NBCDbF

SUBKGUTINE INHBDZ

JREGISTERS USED

yBESCRIPTIUN

R et
NAME

LiesbZz LD

our

3333333

LiddbD2

A,O0E0H

WSCHT, A

EX (SB),HL
EX (5P),HL

SUBKCUTINE ERASDZ

3

; PURPTSE

; INPUT

;CUTPUT
;KEGISTERS USED

sUESCRIPTION

NANE
EhaAslZ /LD

OuT

RET

3320333900y

GuALDEL
&,0E
whlaT, A
EX (SP),HL
EX (5B),nL

)I’l’l"lD!!}’l!!!’))l!ll”’!l!lll!)’!!l‘l

3 SUBROUTINE DISX,DISY,DISZ,DISN,DISKYZ

; PURPOSE

H DIsP
; LOCATION

3 DISX
;o LIiPUT

; GUTPUT

LAY VALUE TO 7-SEG LED DISPLAY

+DISY;DISZ; DISH, DISXYL

;3 anGIaTLRs USED

3 By, BE 4L

3 BESCRIPTION

L]

PR ST A Ve s e e e e L T e R
NN DIsk

BT8R PUSH BL
BUSL DE
PUsu HL
LL BC,J8i
Lu DE, LiIbuEs
Lo hl, SEGBUY
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05E7 EDBO 1155 LDIR

05b9 El 1156 POP HL

05LA DI 1157 POP DE

05b0B  Cl 1156 POP BC

usec €9 1159 RET
LI60 Giiaasdssdsdadsisssinsidsssssssassssssissssssiiisiisss
1151 NAME DISY

0580 (5 Li62 bISY PUSH EC

JSLE D5 1163 PUsII DE

05bF E5 1164 PUsH AL

U5C0 VL0800 1165 LD BC,00il

95C3 110530 1166 LD DE, OISHEH+3

05L6 210320 1167 LD HL,SEGBUF+3

05C9  ELBU 1168 LDIk

05¢B  El 1159 poP liL

05¢C Cl 1170 POP DE

05¢D  Ci 1171 POP BC

05CE 9 1172 RET
L1735 5a83333335333333333033333333333333383333338533333333
1174 NAME D1sSZ

03CF €3 1175 Dlsz PUSH BC

0500 D5 1176 PUSH DE

JSCl ES 1177 PUsL AL

usp2 010800 1178 Lb bE, 08Il

05L5 111086 1179 LD DE,CISMEN+10kH

0503 211020 1150 LD HL,SEGBUF+10H
1181

0508  EDEQ 1132 LDIR
1182

¢5DD  El 1164 PGP HL

05LE Wl 1155 POP DE

USDF <l 11386 POP B

0SES L9 117 RET
11s3 R R R R R R R AR R R R R R AR A A
1189 HANE DISy

05El L5 1190 DISK PUSH BC

05£2 DS 1191 PUSH DE

0585 E5 1152 PUSI HL

0554 010800 1193 LB BC,05hH

05£7 111880 1194 LD DE, DL3MEN+15ii

05E4 211820 1195 LD HL, SEGBUF+18H

JSED CDEU 11y6 LDIR

USEF El 1197 PCP HL

3560 bl 1193 POP DE

95F1 (I 1199 PGP C

u5 r2 ") 12L‘d wiT
D S S s A L s s R e
1202 NALE DISNYZ

JOF3 Q3 1243 wisXYe Plon fvins

05K4 55 1204 PUSH D

J5¢5 &3 1205 PUSH HL

0350 01200u 1240 LD BC, 20

05F9 1106380 1207 Lu DE,DISOEN

05£C 210020 1208 LD HL, SECBUF

05FF  ELEO 1209 LDIR

0661 El 1210 PUP HL

vou2 bl 1211 pup DE



-9E0—

CROMEMCO CDOS Z80 ASSEMBLER version 02.15

Go03
0604

0605
0605
0004
0oJdkb
U60cC
UoUF
061l
usl2
0EL3
Jels

tuld
Cala
Jolc
SOlD
J61E
0621

Cl
c9

3A0021
D200
E3

E3
3acl2l
pDiul
E3

EJ
JEO2
328529

SEFQ
D323
EJ

E3
Lb4cCua
c9

JAB52C
FE22Z
281F
alud2l
L2ak529

Lbus
LDTESO
UsUu
ES

B3
vLz3
LUTEUU
D301
EJ

£3
3Az520

1212
1213
1214

1215
1216
1217
1218
1219
1220
1221

——
[

= S

22
23
1224
1225
1226
1227
1228
1229
1230
1231
1232
1233
1234
1235
1236
1237
1235
1239

240

1241
1242
1243
1244
1245
1246
1247

e s e b e e
[ o T D S T )

&~

Lot B = €3 WD 00

R B I I B o I oS B

o
]
wnoLn
€™ =

LA U lnownoun un

N

1259
L2ou
1261
1262
1265
L1264

PoP
KET

;PUAPOSE
; THEUT
;OUTPUT
JREGISTERS Ustl
;DESCRIPTION
Jeerernaresanas
NaME
HPIO LD
out
LD
ouT
LD
LD
LD
ouT
CaALL
RET

SUBROUTINE MPIO

dPIO

A, (BCDBUF)
2100, A

EX (sp),HL
EX (sP),HL
A,(BCDBUF+1)
PLUl,A

£X (SP),HL
EX (3P),HL
A, 24

(BCTPIC),A

4,0F0n
PI03,4
EX (5P) kL
EX (3P),HL

ZINPLO

PAGE 0023

3133223 ¥
.

H

; PURPOSE

; INPUT

;OUTPUT
JREGISTERS USED
s DESCRIPTION

NAUE
INTPIO LD
cP
JR
LD
LD
ALD
LD

Inc
LD

LD

SUBROUTINE INIPIO

INTPIO
A,(LCTPLO)
20H
Z,PICEXT
BC, ECDEUR
IX,(LLTPIO)

iX, 8¢

A5 600

uU3 PICG,A
£ (5¢),HL
EX \sPJ,IL

T

A, (LX)

OuT PIOL,A
EX (8P), kL
EX (5P), 4L

A, (BCTPIO)
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0645 G602 1265 ADD A,2H

0647 C9 1266 RET

J643  CD5306 1267 PIOEXT CALL DINPIO

0048 €Y 1263 RET

' 1269 ;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;:;;;;;;;;;;;;;;;;;;;;;;;
issiaais

1270 ; SULROUTINE EINPIC
1271 ;PURPOSE
1272 ;iNPUT
1273 ;0UTPUT
1274 ;REGLSTERS USED
1275 ;DESCRIPTION

L1270 joececnonocccnncnnss

P R TR RN N AR R R R S

1277 NAME EINPLIO
064C 3ES7 1278 EINPIO LD A,87i
UO4E D303 1279 ouT PIO3,4
05650 E3 1280 EX (SP),HL -
U031 E3 1251 EX (SP),HL
5552 C9 12382 RET
L2553 333350i330003333335035a5a553333333353333333333333535353
3355 ddan
1234 SUBRCUT ISE DINPIO
1255 ;PURPOSE
1236 ;IuPUT
1287 ;0UTRUT
1283 ;KEGISTERS USED
1239 ;DESCRIPTION
1290 3 2. oo L ARSTTTL e S enn e srvas s wnnmo s mnanedenss o
1241 NASE DINPIC
06353 3E07 1292 DINPLO LD A,07a
0655 D303 1293 ouT PIJ3,A
U657 EJ 1294 EX (SP) ,HL
0653 EJ 1245 EX (sP),iiL
0639 <9 1296 RET
1297 G3siiisassiisaisiiiitasissasnsiississsdsidisidaiissisiin
R
1293 3 SUBRCUTLHE PRGSIO
1299 ;PURPCSE
1300 ;INPUT
1301 ;OUTPUT
1502 ;RLGISTERs USED
1505 ;uESCRIPTION
ES a4 =00 MU LI, CRINAY DR b vapaviins R R
0654 AF 1305 PRGuI0  XCR A
Jodn  Z2@i2u Lsuo LL (s 10) A
J558 215120 1307 LD KL, w510
1205
Cndl  CoDuv4 1309 28ivd  CALL KEY
Obu4s  FEUL 1210 CP Kl
0666 2002 1311 JR Nz, nhsiol
GGo3  LBCS 1212 SET G, (i)
Gh6A  COLOUS 1513 u8ICL CALL KEY
056D FECI 1314% P Kl
065r 2002 1,15 JR NZ, 5102
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0671 CBCE 1516 SET 1,(HL)
0673 CLDOO% 1317 MSI02  CALL KEY
0676  FEOL 1316 ce Kl
0678 2002 1519 JK NZ,MSI03
J57a  (obb 1320 SET 2, (L)
Uo7l CDDUUS 1321 mSIiu3d  CALL KEY
007F FECI 1322 cp Kl
gbul 2002 1323 JR Ne,M3104
€533 CEDE 1324 SET 3,(wL)
1325
0555  CDDOCL 1326 ©SIv4  CALL KEY
0653 Fudl 1327 cp Kl
0634 2002 1326 JR NZ,HS105
G5s8C  CbEd 1329 SET 4,(HL)
038E  CDLDOO4 1330 aSIG5  CALL KEY
5591 FECL 1331 cp Kl
0693 2002 1332 JR NZ,MS106
0695 CBEk 1333 SET 5,(HL)
U697 CDDUOL 1334 5106  CALL KEY
069A  FEJL 1325 CP Kl
J63C 2002 1336 JR NZ,MSI07
J6GE  CBF6 1327 SET 5,(iL)
J5aA0 CCDuO4 1333 #5107 CALL KEY
n59a3 FECI 1539 CP Kl
J6a5 2302 340 JR NZ,MSFIN
00a7  CEFL 1341 SET 7,(HL)
G049 3ABL20 1342 MSFIN LD A,(+wWS10)
J6AC  D3IF 1343 ouT WwC3I0,A
UOAE  E3 3454 EX (SP),HL
JOAF  ES 1345 X (sP), L
36Ed  CY 1546 KET
1347 SUBROUTIUE HSIC
1348 ;PURPUSE
1349 ;ILPUT
1350 ;QUTPUT
1251 ;REGISTERS USED
1352 ;LESCRIPTION
1353 ;AL o e N G
1354 NAG RNy
QoBl  AF 1355 uS10 XOR A
06b2 328620 1356 LD (BLTSIO) ,A
06855 DGZALG2U 1257 LD IX,(BCTSIV)
Job9 V12020 1355 LD BEC,ASCEUF
UGLC  3AL620 1359 s10 LD A,(ECTS10)
UoLF FE2U 1300 cP 20n
Goel 2517 1.61 R Z,SI0EaT
4903 Luiud 1362 ALy I, bC
1343
JOC>  bice 1265 LubsIo I A,RS510
SGel 325220 1363 LD (sT3I0),4
JoLa  Buul 1500 Alib A, lLil
J6uL 2GF7 13567 JR Z,LOPSIO
Q6L LolE libe ouTt wDS10,A
Jeuu £l 130y EX (5P) ,EL
Joul EJ 1276 £x (5P),1iL
2602 D22 1271 Iiic IX
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06D4 DD22B620 1372 LD (BCTSIO),IX

06D3 18E2 1373 JR sSI0

0aLA €9 1374 SICEXT RET

TTH ss ot v n s e s s s .
lJ;S "ll!!!!1)|‘!!!ll|!ll!‘J!"DlI’IIl’I!"'ll’i)lll)!!’ll”

333231133
1376 ; SUEROUTINE TEST
1377 ;PURPOSE
1378 ;inPUT
1379 ;CUTEUT
1380 ;KEGISTERS USED
1551 ;DESCRIPTION

1382 jveemmonvmnenn seersasEasEe e Nee et a R s a sy aee e
0605 00 13583 TESTL  NOP
gebe €Y 1284 RET
06DD 0V 13585 TEST2  NOP
06DE €Y 1366 RET
G6DF 00 1337 TEST2  NOP
JUEG  C9 1386 RET
1309 5353533303533 35833333333333333333233335333333333283333
3
1390 TABLE LUOKUP
B S e o A S A e A AR S S S S T i i I
»y
1392 ;
UGEL 7D 1393 L27TBL  DE 7Dl ;0
U6E2 30 1394 DB 304 ;1
08E3  6E 1395 D 6EH ;2
UBES  TA 1396 Db TAH 3
06E5 33 1397 D3 33H 4
06EG 5B 1398 DB 5oH :5
G6ET 5SF 1389 Un Srt ;0
JGES 71 1460 DB 71k 37
G6ES  TF 1401 bF:) TFH ;8
06EA 7B 1562 DB 7BH 39
1403 ;
06Es 30 1404 82ASCI DB 300
06EC 31 14053 DB 31H
JQ6ED 32 1406 Di 32k
08EE 33 1407 DB 33d
06EF 34 1408 o)) 34H
06r0 35 1439 DB 351
06F1 36 1410 DB . 36H
0652 3 1411 DB 374
CoF> 38 1412 DE 33k
J6F4 39 1413 L 394
1414
ublrs 7u 1415 L27TbL  Du 7Dit el 1 U
Joko 30 1416 Db J0H i1 2 1
JOF7 33 1417 U 234 i1 3 4
P8 71 1515 Db 7l 1 4 7
uOrYy 30 i4ly De 35t ;2 1 .
GoFA  OE 1420 Y 6EU i2 2 2
Uérb  S5& 1421 L Sbu 32 3 5
06FC  TF 1422 LB 7fh ;2 4 5
Uorl QU 1425 Db 00k 3 L /PRI=1D
QOrE  7A 1424 Db 74t i3 2 3
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U6FF SF 1425 DH SFH ) 3 6
U7dy 7B 1426 DB 7bii i3 4 9
7ol 77 1427 Cb 774 4 1 A/SETN
4id2  IF 1423 DB 1FH A 2 B/ SETZ
U705 4D 1429 DB 4Dk A 3 C/SETY
0704 3E 1430 Dis JEL o4 4 D/SETX
0705 4F 1451 Dib GFH i35 1 E/ERTER
J7du 47 1432 uB 47k i5 2 F/ S3TP-PRis
w767 le L4255 B LiH 5 3 0/5TP-PLP
3768 IC 1434 Du itu 5 4 U/CLR=-XYZ
0769 1a 1435 Dis LAH ;5 1 “/TEST
G70A 37 1446 bs 37d ;0 2 U/ AUT-PRY
U7ub 02 1437 Lb u2n ;6 3 -/ AUT-PLP
u7gC U 1433 uE 06li ;6 4 R/KESLT
1439 ;
u7dL  9C 1540 K2BCD  UB 001
G7CE 01 1441 DL 0lH
07JF 0% 1442 Ls 41
G7iu 07 1443 LB 07u
071l F0 1444 LB OFQH
G712 02 1543 CL 02k
G71o U5 1446 Ui 05H
U714 03 1447 LE 034
715 Fl L443 2B OFLh
iT1le 03 1449 DB 034
3717 06 1450 0B Cou
3718 09 1451 oB 09
J7ly  GA 1452 Lo UAl
J71a 0B 1433 Lb Obii
J7ls  GC 1454 UB UL
wilc Gb 1455 DL T
371t e 1454 Db Oin
J7le OF 1457 Db Gf a
GJile 2 1455 Ci OF 2ii
U720 E3 1439 D 0Fh
Jizl T4 1450 uB Oran
0722 5 1401 i OF5:
0723 Fo 1462 b OFOH
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