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ABSTRACT

THIS THESIS IS INTRODUCE ABOUT TO THE TWO WIRE REMOTE CONTROL
SYSTEM. IT WILL CONTROL LOAD AND SETTING TIMER FROM CENTER.

IN COMMUNICATIQN USED TO EIA STANDARD RS-485 BETTER THEN EIA
STANDARD RS-232. FROM EIA STANDARD R3-485 DESIGNED FOR MULTIPOINT
TRANSMISSION ON LONG BUS LINES IN NOISY ENVIRONMENTS.
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fpraendidniiu va usy vb wastsiy ) ideesnBummssih i hanme
AR ﬁv&uﬁmmmw‘\mtﬁaﬁ'\n (Va + X) - (Vb + X) o
va - vb Baithuswhiiewn
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2.3 ¥WM3Ti RS-423

Interconnecting
cable

Generator |
interface
PE— "

2 11 SmeenoihreannaButneding RS-423
—#wﬁnﬁwmﬂw{m Unbalance
s fudeys i thannmnemaaumnsine
~tuusr Circuit Wawduundeiyanfine 1
& f83 Ground  USNEMELNS WatDN Ky aINty
Tuusiasins
-t Srnunmdetioyaidngsiie 100 kbps
~seHrmeRt oI Inelly 4000 o
wweE RS-423 harmeng it dEnsnnensregm Rs-232-C B9
Bareitpron Aufunvideira Teedkgrafids  dourdemaidin  dduleya
WM TeErastritey  Gromd Mhdeitna v s
St AT Ground M SuBiayatiRadeton
seiuTRSA Bt RS-423 fntiasnin Rs-232~¢ fifudnorienedaedoys
Sengothade Sunidiwinutuh ehmfedrnadetoys®e Slew Rate i
svinoumey  RS-232-C thgederiufonitin slew Rate gy  ifisferninnade
‘u’ﬂm&nmﬂd\aﬁﬂqwﬁu uvh';'\ﬁ'e‘lﬂﬂ'm'\‘m‘l% Slew Rate ﬁq«‘tﬁ (insefifioeh
Meetprenioenns) il sidinswmssimun s ERe A aihndin
Slew Rate shawhuswiERI N RaiEysRuNiL  Saifullin Slew Rate fnifu



uiEim i sdsihens et st Bayegeiu T
RS-423 Wwiinsofu 4 Twd-fe 6 Taviimu und 0 use -4 Tl By -6
Tl wndum 1 1e#n slew Rate fhiy Rs-232-c frwFndnsmadetiogs
199 RS-423 g1 RS-232 teaa 4 1 uens Nt Seund 1 wie o #
#dufioyanny  RS-423 Avwrediriinidndinin Rs-232 Asio Mt
yelAimawiuninegs 200 Sedtos  Sestrdiuduuncd o use -200 fed
Twf w1 fererrarineseiogeun Rs-423 swrsoftssemnd
iinfmswugy @ (Voltage Loss) uswWannninmm rRs-232-c

Output tnput

46V LAY
togic O Logic O
AV e e — -
—— _I _____ — +200 mY
.unsmon A/ Yaln e N iransition 2m mv
 JSA
3.8-V noise
mmunity
5 Logic 1
Logic 1
-6V -6V

‘}Uﬁ' 12 usassiuswbiihmsnsfiumedisain Rs-423

sy« ﬁwuﬁammwdméﬁjmmﬁwam

wrfud Windernridetiogn  uss Slew Rate fsunmmmIf  sufiiwhdedoyas

topd) Slew Rate 1000 V/S

fallvy RS-232-C (-25 v & +25 v) 50/1000 0.05 S

0.012 s

fWU RS-423 (-6 v &4 +6 v) 12/1000
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ﬁqﬁmmﬁu‘l&i‘ﬁ':ﬁoﬂm;aﬁm Slew Rate 1#enifuifu sy Rs-423 semn
T g R O A TP o TR TR

2.4 WWISM RS-422

WWIET RS-422 “WHNY NI RS-423 MR Saumsdetiogm S0
qqﬁmwmwvﬁﬂqamﬁﬂmmﬂﬁﬂwwwiu

Balanced
intesconnecting
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1 Load

Receiver

1
| Cable 1 i

l termi- \
nation
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Load
Interface
Qe ——

Generator
Intectsce

>

M 13 SnsaaiBnnoiwhreenBuileediiauy Rs-422
~setodgrathaun Balanced

~sufioye thannmeremaunndng

-twrsr e frwdurunsdeigrastuy 2 1fu

-t dunadeongeliy 10 Mbps
-wmqﬁﬂmmdm‘u’ﬂnaﬁo 4000 W

WWIg T RS-422 unvidetinyatuimmsnny one-Way Balance-Line #viih
fofaysu Line 19 ussirdufieys 10 Mvinedien Srunsedayidngote 10
Mops Fesmemauindy 40 W wnsiidedsyetue it 10 Mops  Suay
mofBunteBens e A 4,000 W

ddedranthunn  Balanced st iddinransidnTaing +2
Twd B9 +6 Tomd Trefeeiusoiu 2 ol B 6 Toml wmiliund 0 uas -2 Taad
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fiv -6 Tamf smitound 1 ﬁvwwnm'm%'lmmﬁmaqmdﬁuw RS-423 ussu

mvrdfinnd 1 wia 0 findufiye senaduianaRTieT 4200 Se8T e
Ffimdupmosniufnm  Sevusommindiy +200 DRl frvridinudhiw

wid o useindu -200 SRAT R etnd 1

Output
+6V

Logic 0

2V

Teansition

Logic 1

-8V

LogicQ ¢

immunity

Teansition

Logic 1

+200 mV -
—200 mV

P 14 usReTHILE RN tan B RediNsLY RS-422

2.5 NMIZTNU RS-485

wwasm Rs-485  GfnaNensnen Rs-422 AesRRmnaSin ety
wa (fhae) dhun Tri-state v wrsodBgm Wse e n
(Single Pair) rusiRBRiS VY ssnseioyaiasosia thaun Multidrop B
by« Fwwenfusedefaysuiy Half Duplex wusueiftd
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2 15 Smrssiim s snafuimedidsuuy Rs-485

MWW RS-485 § raAieiin ity ursinfiansoiedwe)
N mne 32§ usndeBymfureRc st asthiesiealine g
ittt fadesimematuneotogn dunadufiystisn
wrindeden  ofulie 32 # uidisdea e s e RSy it

¥ lmﬂmmmﬂdﬁmﬂmmmwﬂaw Bthut:

wtmthunmﬁmmwﬁama

fnalvnmusawwIg T RS-485 41501 fhf, ¢, seiads  usy R-
TERMINATING Bodnarusfnomumes RT ﬁﬂm%zwmﬁuwﬁﬁﬁﬂmm
W Ic wedsrlwnw DATA SHEET mav IC wmfhusenmesn RT UMY e
1ion usveuTFn e Wimewhds usviSignesnuuy UREIIIIREL TR T TN MBINRRE
thiurafisnsemewe EIA RS-485 (APRIL 1983) s dnemmansntaungy
unasefioys s wimils uwl%ﬂomw%mw;ﬂﬂhﬁhﬁﬂm uauLfen
LD A M ERIDENTIA
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EIA STANDARD RS-485 TWO WIRE

mawﬁmmﬁw;w"ﬁﬂwﬂnmm‘%ammﬁnmn uas | Afnedy
(Generators and Receivers)inasgmenififousnvizme Smeminsduiin
18N Binary Signals U Multipoint Intercomnection of Digital Equipments
tﬂ'ﬂ‘lﬁnﬁ‘z«ﬁm{unmmmwﬁtﬁa mﬂ'am’nﬂnﬁwmasm’im’ﬁm'm
e nTIgMesn L Bentiefuns Common Interconnecting Cable

st st nfmmiarenedenedsene Seviindsnnnh S Sawseiicae
tany &msmﬁﬂ%mmmwudn&m&ﬁmﬂméaﬂmws\ﬁﬁmmﬂ,mz
ud Az s &Wﬁﬂﬂa;n‘éﬂo’hﬂuvﬁnmem’émﬁtﬁmﬂ#ﬂ usz 1Sty
Loading #1fnthrinenees WHN MU NS TNUBEY "unit loads” wasnndnmily
7199 "unit lcads" tMﬂﬁWM%m@Mﬂme TN
paramster of cable lenght M wmmmisYIRUgMTBSTHniuRaEE N

Fwrrfiresidgnuansiurmesnull adwifnu RS-422-2  muntrrviadey
nmﬂnWmasméadmnmumnﬁWmmﬂMthmwﬁamﬁmsﬁq
KON msﬁuﬁ‘mﬁumtﬁm Q\\fmﬁﬁﬁu 9 U e, NISNYLIRN
(timing), protocal, pinassignments w1 Hevuihusminnmendisnemmg
qunsineu useiio§aifuiomessutiten i enfasisrses sy ut:wnmm
Ty foeing o uitusnseesiiifniy Beruthelans Interfacing futuaures
“1edoiovdngunliu

MWy 9 Smmwmtmmwmmﬁ T LNETILINYSUERNSY
aviSmii e mmasiRsing o e Seeireidernuensss S
numasginel 18U Power supply voltage, ipuﬁmmmqﬁuazmmﬁu

APPLICABILITY

‘lmw%'ﬂw'mss'm& 19 tw%dmmmmqm’éam‘u%miwmém i
\Mmmwmﬂmqmm binary signals Fwaefl pc wilaifhudnaie
ney wwszuluindiie Interface Standard wik uﬁwmzﬁmﬁ’ﬂm Interface
Standard IR AMSRUSAGIERE L BT Adaen™ R tHiA uasm%’m%’u}mmn“ﬁ
i e
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wsesipmaiRfionusnend svgnfiassetutogs e swanse
mwﬁmﬂm meﬂﬁﬁwuﬁaqaqm 10 Mg/sec W finderusavinng
UM 4 WIS N S SRS T e +-7 volts MU
Teifhla Uil Generator Offset Voltage &ﬁ%'l}n’ﬁ'ﬂuﬁ mhotsu  the common
mode voltage tolerance svainay fh offset voltage lw (0)

ELECTRICAL CHARACTERISTICS

P s wibniudoeedsetusziedaety AmsRimedmetnh
'twmz'm& dnshean B Tmie Generators, Receivers, Transmission ca-
ble uat Termination Resistance (R )faysnu Active Generator Muﬁﬂ\l
w1 dawlomey unit loads (U.L.8.) faystussniineniedaety wiaiadoenmiia
Whunesi use Passive Generator wnusavTnzmMMMTn wnit loads falnng
ustaza¥y wnit loads WwonaBueriasRnsususrnInNIsuE i ﬁaqaév:z;rmﬁrmu
U Passive Generator,Receiver (R) wiaiheriens Electrical Parameters fligan
s mwin wﬁ'b‘t‘tﬁu'hmémﬁmﬂ'q 9 garvndeieys 32 9 S wemaw
Fnmmataasmern :

S WA WU s e B uu ity qn’hﬂ'qn Interconnect it
verisesidnnainiy < s fewtsesbrmaguiusesinvineofussifuons
uNA e lﬂ.am’ﬁvbmumu‘m ust 1oy ‘) URY Passive Generators
netuginglunTwienm A, B USE C WY Generator Intercomnect Points Iy
mefl A", B' usr C' sk Interconmect Pionts uiuiadseiy Fnmuiiann
an%"lﬁlﬁud'mm Intercammecting means

LOAD CHARACTERISTICS

ﬁ'ﬂgﬂﬁlﬁsﬁﬂn Receivers ust Passive Generators Uu Intercomnect mean
YRR VRN T mmesEnss el § 2 181N DC Load use
AC Load W IC Load nalnusiavisvaaimusan  Sevanrefie sasdadumm
"mnit loads” &iidaBu s dhu AC Loding ¢ lin"wusu-wsg L unkseiians-
antufuranSEssINsn ﬁtmswﬁmmsﬁuﬁ'
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DC UNIT LOAD SPECIFICATION

avknazusiidnisdannitnti i adaoile e Active State il
e Al mdetayanaegrdyiudn1iy Passive State ummém“ﬁnvqn
usnviu Soutemnaisyyfedniny Hypotheical Unit Load (U.L.) wiostmswiily-
¥ via (Wi Vib) WmErewing -7 ust 412 Tl Wwmed vib (wlp via)
ndﬁrjuzﬁ’nﬂﬁ (Grounded) nsvuN Iia (U3 Iib) friinfiu ufonineuL mntti
(Shaded region) BaugmviunTmtunm ewiufoyn 1 On | AKTakesemsanTg
famswrtiin (Voltage) srawmamwiuunnisin

YMYMNBDY Unit Loads a Passive Generator Wi Direaciver Sifnfu
MAMIENS (Slope) MRS WIzaRARalgsgn ey current
Voltage Characteristics Wb 'lumwﬁ‘-p’#h -3 V usy +5 v Homeny)

MWD Unit Loads 'muwi"hﬂem'ﬁud'mﬁ'mh'hm\ﬁﬂd'm 2 s 1av
nrseudnl mudt%'aiﬁkﬁjﬂﬁn =7 V uas +12 V fmhenmvrssusgaiuns inu
199 U.L.S. fumifussusanthithins n U.L. wwsmalen

%ﬁmﬂzmﬁaﬁnu‘r’fﬁﬁﬁnﬁnurp Periormed WeRNTI% Power On UY Power -
off ndaesR e El Wnaneusiteasmeaeweule Genera-
tor #NHALMAY Current-Voltage N TUitae sz Demadehstifinnsn nasmmdin-
wnonfi a1y wiifasiessitiimsufmuisa hehmvelissen et

AC LOAD CHARACTERISTICS

nalmanzeanaflmwinudy Interconnect means #nttuiu pavEnvaLl-
AerihiAnfu Sesviardmmrmatnsus ey Interconnect means NanTvM
wanites L Andunu

- mssvipundy

- mrbidns

- nrfinfum3amwlling suraeiya

MR Parameters mRweMSEMUIMAT Wl Smmrwows Differtial
Impedance Aruflasn A' W C' uszan B' W C' wuadaviindorsdienn A
W C us¥9M B "W C WU Passive Generator BunsRen=anifnifumamnafiinad
méﬁﬁﬂsﬂad'mmmum NN MU RE eSS Leed Lud et Turema sy
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+1mA

Load =7V, =3V \\\\ v
+5Y +12v

-.BnA

A lozd is & Pessive CGeneretor, ¢ Recefver, cr

0

a combinztion Passive Generator-Receiver.

WINIT LOAD INPUT CLRFENT-VOLTAGE MEASREMENT

-7V

\\\\ S5y a1y i
.—.ER‘A\ i - ! .

e 1,125 ..¢mA

Exam;]e of 1.2 Unit Load

Ex2mole of 8 Unit Load
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GENERATOR CHRRACTERISTIC
Generator aN9AUNNNY Passive UsY Active wﬁﬂq‘luﬁn'\'w Passive
fnuvfisyarny Generator Arusnu doutnoaes o

mwﬁ'ﬂq'nuﬂm'w Active Smuyaliiiney Generator ILUSANOM I WINAIT
e elsdaitmaaadnuadutiifinetu (28 Interconnecting it
1.5 S fiv 5.0 Tl dpamaennsifin Voltages “\ninnvdny Interconnection
Cable flenunsresiel]

#1 A oY Generator wwifummudumavih B fsrfuinme Binary I ( MARK
OR OFF )

1 A 19 Generator wwithanniudums# B w¥usnie Binary 0

(SPACE OR ON)

OPEN CIRCUIT MEASUREMENT _

o*w¥u Binary State #od mommaweusinednd (V) Se¥meirinedh outset
#1 2 PB9 Generator swlifornin 1.5 Tl usrlbnandn 6 Tl usvmemey
Voa UBE Vg Finnann stz Output 189 Generator ifJ Generator
Circuit Ground wtlnnin 6.0 Tk

© TEST TERMINATION MEASUREMENT
nMAsEY Load Termination 2 ULy WTWieY  1ken i dmasinor
54 Tl uf¥R Output Voltages Ut Offset Voltage Anisennavile Cammon
Mode Voltage ¥iuimuan -7 Tl i .+12 T uas W Output Voltage

TEST TERMIMATION MEASUREMENT 1, WITH 54 CHMS LOAD

yerauR RN R neE 27 Tavks sefumynen sorineia out-
put AV Generator mNRMENRIWENWIN (V) FRanrineia output Hesavesl
AN 1.5 Toa wWiatigerin 5.0 T mfy Binary State Wesassnm
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fM%) Binary State finsaifuiw  nstusmee Vp Seouniy V. suwmaeenw
wAnsumIwEeY Ve uat vy sslasndn 0.2 Tae¥  Offset Voltage t99 Genera
tor vas ﬁmwwmd Test Load Wa¥ Generator Circuit Ground
seaysowing -1 T sy +3 T &@wrify Binary State # 2 &ne

WA e ST WNDONUUIN IS Deliberate Offset
Voltage Wi Offset el ooy offset ool oM smmny
i Common Mode WARRN  TUMEBIMBUNNANSENING Vos 8wy Binary State-
vl ust Vds ®wiy Binary state maswerlendn 0.2 Tod

TEST TERMINATION MEASUREMENT 2, WITH VARYING COMMON MODE VOLTAGE

nswseufi i Addegretuse Sulidmomu 60 Tk mumatuiR -
™ 375 ok 2 ¥ Bwinfumene  asoRsenanBwRoNY 375 ol
davvoriafimpious ity Feesinien -7 T i 412 Toed 1dle-
WUSY Common Mode Voltages ®UWIDAN Generator Output Voltage (V) gl
darrin 1.5 1o wdabhnnnin 5.0 T 1 Voltage Range -7 T By 412
T nMeavmsERLRTMIdE M Binary State fiesaofin %4 Vt uae vt

OUTFUT SIGNAL WAVE FORM

WS na R e Generator Output StwiTNI8¥ Binary State
(1-0-1-0,etc) MmN IR ws e R Y 54 Tavks il
mrnﬁﬁ'u&nhea 50 picofarad wileh dasmrineh Generator Output Bansoiu
WS 1ntBNaEing 0.1 UaY 0.9 789 Vss e Unit Interval e
0.3 wienif Signal Voltage swblifznnfiunin 10 % 7oy Ves e ze
unen e R iRg Binary dwhAnfu usrtumiimuanee vt ula Ve 1y
5.0 T Vss NEfiresramBansNEs WS WINR arinensn e 2 dén

B8N Generator Output

RECEIVER CHARACTERISTICS
%mw‘lﬂﬁwmm‘émﬁn@uﬁnﬂmmtmm Load Specifications
um%mimmmmmw%mmmm Differential Receiver
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ﬁxﬂ Input Impedance §¥ Us¢ Threshold 'nm:j‘tmﬁtmm -0.2 URY +0.2

£

T

INPUT SENSITIVITY MEASUREMENT

AMmAREUTEY Input Voltages (Var Wat Vg:) snfufify Input maviedavty
(A' ust B') 9 Wtulu Receiver Cammon (C) sxasewing -7 T use +12
Tw  ewfnaeuifurey  Input Voltages maviedaciiiin o  neruzimomentl
\pdpeieefinion Binary State W14y Applied Differential Input Voltage
(Vi) 89 +0.2 Tawf vy usnanfliadnefusfese BiMSEuman v atwy
A5 WMAR ) 199 Receiver Input Voltages nefu Allowable Range §i nymm
wuneusnmamesouil wmmmmﬂmmwﬁ ofwipormilafiL ity ady
ol

#r a' meaiedaviinsifusmausunasih B' ewdsne Binary 1 (MBRK OR
OFF)

i1 A" maedsviinethanntudumsih B' Swruny Binary 0 (SPACE-

OR ON)

INFUT BALANCE MEASUREMENT

M WEGMRDENANEAY Input Voltage Current usy Bias Voltage e LAERg-
% wwilenau Binary State MRUifinfmuinetd (VR2) 0.4 volts s
e iy 1500/n0.L. ohms #a#2 Input uieih Fauseugy fa Input
Voltages. (VR1 ust VR2) flvawaswring -7 Tae use +12 T 1ilanseusioas -
VR3 nund@ Binary state mﬁwﬁmﬁnMﬂwtm(nﬂlMMmﬁm
dnm sl Unit Loads (U.L.) yniinia  wisfuusouned Unit Load -
1 ngutedaei)

FAULT CONDITION MEASUREMENTS
Aemdave Wstusathrinnatn setidsmn e ssrnnnava
Resnatoifen Jumfina esinmaee i it | ety fegnmeminsdnusing ot

Aann nmssLeRuiey ¢ BRaE e futienetn amsiinanwiaen
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Generator WLimsisnt e zlmFwemasSHeia Output pENIU oiDUMES
udauswitituile 9 Sessinen -7 wilu 412 Tl nendine Output,
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GENERATOR CURRENT LIMIT
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Current ifiu 250 MA. Shimdaen iOniiway 9 fHnseuste g

TRANSIENT OVER VOLTAGE REQUIREMENT

fontwnetindiifolsdasiauas ety usesnifwiens edmnalesiuiheen
$onraifinfnseti efinsvusgedy 1oean single Contending Pair g
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NfarigenTne Passive AU 200 ns, mAWNYS Oscilate
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- A (ARITHMETIC UNIT)

FrmanmnuLe B rTiBudusing 9 fhisvnautu fhaninn-
gy o mpluieSasenninieedinnm e uv'nhsﬁn%mwné’uq\:%uuamﬁmﬁqnm
pEN TR RINTSHarIN L 9N L Adaeeanin Laedn BB R ST e usinBus fu
il

‘luﬂ'-r-gi’mﬁ LRSI L vAsh L et ﬁﬂﬂﬂ’]ﬂllﬂ#’b’ﬂﬂﬂl&”"ﬂﬁ‘ﬁﬂ\i&m
wuesidien  Affrue 8nuon B9i8enin Lst (LAST SCALE INTEGRATED CIRCUIT)
UREUSIRY N Swiamnpannn i B N afedainvesneen  Relligundn W
(CHIP) pwFsznaudan « WhAnsroai lmadiomn  svtsvnauBuanBuusd 1y
MW US¥Im ROM (READ ONLY MEMORY), RAM (RANDCM ACCESS MEMORY)
qunslsifusuu (CHIP SUPPORT) #y ¢ uaeivitL fuhlameesan aseouiinLae-
fin MUINISYNIRNANATY 38 CPU (CENTRAL PROCESSING UNIT) Feneuisenay
Wmdwing 9 Feufanteszun ‘:ﬂﬁlll

Bansnrudantimasnameute ol Ao

1. ARTTHMETICS LOGIC UNIT (aww) ifhonnsfvrunirfiounsennastortuiu-
Fnmeiaengnd uaznsnsenileifumvandn LU AND war OR  ALU. ¥ WNSovh
wihfM@asn UL RnBN N Lﬁuo‘lﬂﬁuﬁumgﬁmﬂsmjnuwwwmmuna\1 ALU.

2. CONTROL UNIT \fhaniwfvesrifiunaseitgarinuaminsiing « fde-
\Bouify cpu Winusawiiutdadnagnsta

3. pata Bus fulisasiemy (BI-DIRECTIONAL) ﬁﬂﬁﬂmﬁﬂﬁwwﬁazga‘ss-

Wiy CPU ﬁuqﬂn‘mfﬁ'u 9 Mylusvy unifuraaiitiays (DATA BUS) %ﬁ’umjﬁu
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iaray  CPU 1duwlunafinev 2-80 CPU sudwnuiioysfiay 8 On srhuesfatuu i du-
naviintings 8 18

Logic to Handle Avithenatic. and Ac ul
interrupt Requests nthmatic. cumuylator
- trom Logic Unit [T Registers)
Extemnal Davicas
[}
Instruction Register e
~{ Data Counterls}
Cdrivrot Unit
! = Stack Ponter
Y ¥
. Owect Memory
Interryot Priocity Bus interface n
Arbitration Logic' -} Program Counter Accets Controt
o ogic
A ) A
Y L Y Y
5 System Aus
A A 4 A
4 Y Y i
1/0 Communication| ROM Addressing 170 Ports RAM Addressing
Serial 1o Parallel and Interface Logic and
Interface Logrc Interface Logic o Interface Logic
4 A
\d Y
Programmable Read Only Read/Wnte -
Tirmners Meamory 1/Q Poas Memory

;

1 16 usmuRantansunaunny Z-80

4. CONTROL BUS w3 ffémwem  (fulfinneifisn (UNI-DIRECTIONAL BUS)
ﬁﬂﬁmﬁsdwm&mmdumﬁ’fuqﬂnwﬁw 9 Wsvuy

5. ADDRESS BUs ifhuiftmaifizn  Afitwinudiusninssan cPU panuiiamiae

AN tﬁmmﬁttuﬁqﬁ"ﬁaqmﬁ'wﬂaﬁ\:ﬁaqa wip\ssymhunisaswen 1/0 (INPUT

OUTPUT PORT) # cpu daumaResiody



siowili snavndnBivswes Bamnne z-80 cru BuiutAeusiss dadoune 8
v s fasnammaneulieqtiu

2-80 “brinTisisnidadiiu cPu Aulnmannudit ZIL0G INC. TandwAenname-
\fenifufisdn 8080 CPU pawUAi INTEL COORPERATION, Z-80 CPU “Wumnaini
Wiltafivlandn 8080  1fu Hrmemannnfiv 158 Anify T tRAMRL ey 8080
14 80 amde uane il Z-80 HBIMRNNNITIU 8080 v 12 #1 uar 8080 1flN
dniiculsunsofean ey dawstumunadsmusn 2 s fa cLock
GENERATOR CHIP, SYSTEM CONTROLER CHIP Wifui%uni THREE CHIP PROCESSOR
ufl  z-80 CPU ‘Io'm'sfmtmﬁnuuzﬁus'\umd'\ﬁ‘lﬂuﬂw [ﬁmﬁu waw 1 fhanlsyRvBnmny
HARDWARE, SOFTWARE W¥N"S INTERFACE Wigvbu

2-80 “WiATIUS1 B dad 1 AeBul el wsome i fussuuessfin e d dov
aﬁuqﬂnsﬁfﬁ'u 9 Bn 2 du fia ihwewah (MEMORY) usvwninz¥usvefiayat finean
(1/0 DEVICE) Sl AN TN ReuL Fan | Z-80 CPU usinwmh-
mteuswandadatoysserinoniamuan | 3Bseed (REGISTER) doufutanse-
naNiN3IR Laasnuney 2-80 1Rureu

~ 3¥inaine 9 W 2-80 CPU

Z-80 CPU JeUsenaubie®idinedfiv 22 Fadvluq A1 Lantevuniold-

vfu 2 newiEe T nafiwniih 9 W useAReeriniafiannsen

{ These two 8-bit reqisters

sre somatimes treated
as o 16-bit unit
{ - PSW__.] Program Status Words

AR A 'y Primary Accumulators

- C =1 Secondary Accumulators/Dats Counter
.0 W B | Secondsry Accumuiators/Data Counter
Ve b ":] Secondary Accumulators/Data Counter
SP Stack Pointer
PC Program Counter
1X Index Register X
v Index Register ¥
v Interrupt Vec:or
R Memary Refrash Counter

im0

Shaded registers represant the 8080A subset.
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1. F/simaSraiin 9w wniuSidieeduin Wud A, B, ¢, D, E, H
uay L Sarwqouon 8 In Simiemdiminid Autiaysiasnn  usnanniisfermnsniuts
ya st Tdaa s nsthetayatu L fut¥isnihemue iy uaydisinedam
89 ‘udt A*, B', ¢', D', E', H' usz L' émﬁu’%ﬁdm&%ﬁn‘wﬁﬁﬁtﬁuﬁmaﬁm-
NI WnsBiFaERiNm SN edwurteu Hathudaniandngy
favlmnansyt T elensriarandn

Fiond A 1% usefyiaieed (ACCIMULATOR) v Auiayatasof
Wannhmrunsvelisingnd 1du tamvdasufione 2 Ty wediftdes futs-
wsiiiend A 6 vanenil %mwsﬂﬁ:ﬁmmﬁévﬁ‘lﬁ’ﬁuﬁ’mga 16 fm 2-80 *xwuani3-
A imadudan "F" (FLAG REGISTER) W wiBiiend 2  13undn A3 inad AF
Fuflun 16 On uananiihigaisined 16 fn Bu 9 Bn A0 BC, DE uey HL

2. %ﬁdma‘%’ﬁ'lﬂﬂmm"aﬁw Wi FWweed 1, R, IX, IY, SP ua BC
Favarirfidng ) il

Fdived 1 (INTERRUPT PAGE ADDRESS REGISTER)  (fefinsduinndnf
ety ufussdawsnamunisrsanisan e i AU meusua By ma<S
Fdimad 1 ewindiAu 8 DuuzawirwnisionsWwnisewan & 8 Tnang
awffuannenen Wil CPU niisssztsznautul fuduen i assiseymrunionn -
UNWNRLNUBNNNSBUL NSl

Reinaf R (MEMORY REFRESH REGISTER) {Ri#dwimadmim 7 tmiignadiu
N73ids (REFRESH) DYNAMIC RAM uaednSasisnd R avifinBuinsinsifid® duyn
SN Linderdeanniasmeen

$Wenpd  IX uRs IV (INDEX REGISTER) (fhiddsiom<ifimin 16 on §-
UsrTamifivuaneunisluaniasa We UL INDEX ADDRESSING MODE aersuntwa
AU INDEX REGISTER |ffudndnada uz’a":‘lﬁ'ﬂ’xé‘\sﬁquam'ﬁmuuﬁqmqz‘s’a_sgaﬁo‘w’aqm‘mﬁ—
v nendvdetiihe TaHILUDNANSTHLINTIUSUTEY TWO COMPLEMENT

83dinas SP (STACK POINTER) ftuwm 16 Dv WsninannusnnDn RaM 9uil
dnaivfignnesneai it fufleysuty  LIFO (LAST IN FIRST oUT) 19 ewnsafiay-
uaysavusuantaafanie PUSH ua::tﬁ'aﬁam'ﬁﬁq{fmgaaﬂmﬁnmmn doviemita

POP
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Feimed PC (PROGRAM COUNTER)  1Tuddimndmuna 16 Dviadumsify
AT WA CPU st (FETGH)  anifaieanitmdanilet Soudasmdn
auBtdiond pe asifiufu  uaverBlufemuniommern @i 19N LR
A BC WA dAnde caLL win JoMp

W¥iwer{ F (FLAG REGISTER) 1senausiny

SIN FLAG (8) : llﬂﬂﬂlﬂ%ﬂ%’\u
ZERO FLAG (Z) : uvsnepef
HALF CARRY FLAG (H) : uwannﬂﬂé\a
PARITY/OVERFLOW FLAG (P/V) : usanun3iM3ninindiida
SUBTRACT FLAG (N) : uusnau
CARRY FLAG (C) : usan#iwm
a2 80 “Whmisusniudl swsenaudwudning (x S uillenunmng) Bin
2 tndlevufutisinediune 8 tm STy L Bnnnauan iuinday binangnfie

s2iaviimmagnn Z 80 (Z 80 PIN OUTS)

AO-A15 (ADDRESS BUS) : fumiggratamwhgmuin TRI-STATE hhwen-
Al 216 = 65536 sMwniv AO-A7 rusRivaMadi Z-
80 faunsfediafiz N ntinn A0-A6 IS IUITIEN LATNEENN T %-80 Wi
sy iisy

DO-D7 (DATA BUS) : ifumigadom/ 1awhm TR-_STATE wwusafieng
ot wiumaefayasring z-80 fnhsarnawagnsd 1/0

Ml (MACHINE CYCLE ONE) : Lﬂuﬂmmﬁwgmmﬂﬁwﬁmﬁn 0" m ML flax
upAfwmisH Z-80 MMNNTLWiTaaHTeamaveni  lunsfifiemiteter ind Fathdmne 2
Wi ML avusefiviumn o IBiRamsimtustes ]

MREQ (MEMORY REQUEST) : (fuswiawhpuwy TRI-STATE useftiisedn-
"o iflsifunnsiouendn z-80 NMANNsYINSRsiaiuninsannan

ICRQ (INPUT/OUTPUT RBEQUEST) : tfus e whmuuy TRI-STATE av
upeiisadn "o iileifuntmivuenin z-s0 N sAestatuguned /0 wazifla
I0RQ use Mi uspiiieg +sifunmaiawennemeutunistuinedhel (INTERRUPT Ac-

RNOWLEDGE )
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RD (MEMORY READ) : ifumiswhm TRI-STATE +wunefviensn "o” ifla
2-80 ¢favndutisgamnl e mlogingl 1/0 uar 2-80 arSufoyaaniisioys
L SedgrafluBussiuaninan "on 1y T

WR (MEMORY WRITE) : tﬂumtmva‘muuu TRI-STATE “vusafhiiandn "o"
ifln 2-80 dounadeayasentiMbnl s wlaqunsd 1/0

RFSH (REFRESH) : ‘fhuruswhm  ssuseiuifln 7 Sdre (a0-a6) mee-
tiduan 1 ANS LS taanun

HALT (HALT STATE) : tﬂumsmvfw szunafitanin "o" 1fln Z-80 8y
WRANENBNNTS HALT A0 CPU uv™a iy NOP (NO OPERATION) LWL AeneS st
ey 2-80 wwgeiunANIEnTs HALT 1 0 tWnne% Bmidagniu e el

WAIT : tﬁumﬁuw upPiiaedn o™ nazaefinamseauiyatiinounias
mavnfiangnfl 2 tawn - MACHINE CYCLE xﬁaﬂnm‘nm*hmﬁuwﬁumﬂu qufinns
unsn WAIT STATE Whfuusinr MACHINE CTCLE iflaifumssotigunaainenmnyvmnmad
MUNYSYUEN Z-80 URY Z-80 YBunIn WAIT STATE uninsefinnamsnesaum-in
11 WAIT sulandnifu "1 ,

INT (INTERRUPT REQUEST) : (fumswm usefhiieasn "o" z-80 v
setsviudrafiniinn 9 naRuganey INSTRUCTION CYCLE (LAST STATE)

NMI (NON MASKAELE INTERRUPT) : Lﬂumﬁwmmﬂﬁwﬁaaﬁn "o" agyna-
NON MASKABLE INTERRUPT \fhitmrafifssiuenuséty wunsmafuinmadnigon inig-
g INTERRUPT REQUEST Z-80 “wvsmu¥unaduivedSniriati tuataeiii s s wrsn
DISABLE ‘l¥W\n¥ SOFTWARE

RESET : fumium uaefbiisadn "o" Mt INITIALIZE cRU
e M58ifn INTERRUPT FLIP-FLOP uagifndnuiusunmienfined (PROGRAM -
couNTER) Wil 0000H  useusnemagidnil tisduen Lassussiivtayasvaiudgnie
HIGH IMPEDANEC Wavsgauauseing 9 svasflusning INACTIVE

BUSRD (BUS REQUEST) : \fumBumiusrfviiasdn "o" #mra BUS RE-
quesT +uityradiansunn RNy e NON MASKABLE INTERRUPT Watfinns-
m'zwimﬁ»,mwﬁ'nn 9 m‘séuzgﬂﬁm MACHINE CYCLE sun=wineusnaswhtgatiun z-
80 Lﬁaﬁam'\‘s‘lifﬂaﬁaqauaﬁduammd T8 fauinituntsnen z-80 asnan

svnis
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BUSAK (BUS ACKNOWLEDGE) : tﬁumﬁwgmmﬂmaaﬁn "o" pilsuaeii-

o 2-80 mausunN MW BUS REQUEST usvasvmiiidiians, tisenuem usuin
usaiasafiin ey HIGH IMPEDANCE ﬁ'mﬁqunwhmn‘lﬁﬁﬁ AR TR L ieete

Cru

1-80
cPU

v

| Getmn

‘311?'5 18 dnxurmaemta® z-80 CPU
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2.7 Z-80 TUBWMIAL AWM

QMMM NI BRI R g SmnwaiusdneBfaesaam-
mﬂsﬁmbﬁuqﬂnﬁﬁéu 9 isun usnivilpvimabheaweudy  wnvede cpu Sl
sufufefawmnesufisgernansifwmissdetiayanantunegtinsdL awhm fluﬁﬁw
ndBiviBn Bawiasewing 2-80 1#Wugunad 1/0 (INPUT/OUTPUT DEVICE) usn-
il eendefiemasdramedm 1/0 (INPUT/OUTPUT DEVICE) # 9 Teeigu-
nelilsu1im DISCRETE

witendmfimmunstiumusziawim  1assnniestaiugund 1/0 u 0
SnsuadnaRRaiunfestaf STATIC RAM wnfiarmi e fovnednadntauda axiih
Jrmuunfesiasewing CPU iy STATIC RAM ussnsfeslasewing cpu Mumunssd 1/0
{hinmradnsaReionn

U SELLRE LA IMEDY Z-80

foravneihiiusssndaudumisi z-80  vnsRestetuguined 170 fu
wlsvnavtidatagrasniidiuan1asd  (ADDRESS BUS) , fagnasnniiifioye (DATA BUS)
usedorasniiAuen (CONTROL BUS) _

W19 n.use 1. swusavUfanlnssunaurasnsReianaTun 8 v Witugund
tawhmiaySufnysengunsiium ms ey | Brmasndnafiviunemi

cPU QOUTPUT PORT

8 8ITS

. ! DATA AT
ouTPUT
PORT

TU19 n. usavufentnezunsuzamwniiawhm
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CPy

8 BITS

DATA AT
8 K INPUT
PORT

19 1. usaaudenteszunsumnmafnium

nraivsanatnieeauNe<Y (PORT ADDRESS)

WsEuULeaN 2-80 &asﬁﬁﬁumxmﬁﬁ& 16 (shuusisegnldlumstiauanainivesy
wn 1/0 1flae 8 (fuiiniin  Buitin 2-80 swnaevResiety I/0 tue 8 T IS
256 won (28=256) Taftsuiniifiivuensmuniamaaedni sedtoa thidinuentsne
I/0 wWANwWSg W (STANDARD I/0 MAP) ustudarwadswinvifioninssd  (fleuom-
LU saneAle (1 ueniess = 1 wedn) it uddhiduntsifenedn
WUU LINEAR SELECT I/0 fesuupninss 1 18 fiBan 1/0 1 wan Seefuadn 1/0
(flte 8 wad LINEAR SELECT 1/0 ﬁlm’usﬁu’:&mﬁﬁqﬂn%ﬁ 1/0 s"muliay

(fadnMTemniees 1/0 wasmawRhEm R USTIITEY Z-80  A3TRuen
insdgaLfaaiu ieiuTLoe das3wineddya TORQ  (INFUT/OUTPUT REQUEST)
U#NDSN3ITN MREQ (MEMORY REQUEST) S wHmmudrintussumnisewaniy livh-
htpwtiidusninssite 16 18u (Ad—AlS) wssannae 1/0 A fufifasifinauen
seie 8 1B Fhadheitu ST Wasm T 1/0 e 5 wadn Ay
Waeuoninad 3 tduie  Iwssuenieed 3 (s StuansT Rk fusneing
ity 8 etwunis (23) udwem 1/0 fia s Wwith s fisuen a8 L&y

WNSNENSUR L fanuam
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ushazHaM I/0 WA AaTTUs1 i tasarnauRun 9L Hawmunio L fenmmeseuL-
ffseniosd (R0-A7) srwnivzamedn 1/0 Mutrriusise sadeaderhsugni Sin-
1 "waduoniasN" (PORT ADDRESS) '31!?'!20 U NN en L e -
o LA OFFH i

74LS30
/ PORT SELECT LINE

BA3
BA4 5 8 SELECT CODE = FFis

BAS 11
BA7 12

Bjed fro fe

20 USRI oA e PORT SELECT Trefhunby PORT a2l OFFH

ntessunanug20 § 151ezithriiawhmm 8 me 1C 741530 et
"o" tﬁamﬁwgnmo GATE Hawmwilandnithy "1 fotneyiniovhmnn 8 mav 74Ls30
(PORT SELECT LINE) W¢Whineimiiaesn "o" lﬁaﬁﬁuﬂmmdﬁaﬁmﬂﬁmﬁﬁmmﬁ
eifanuint  ewsain e PORT SELECT LINE usefiufisndn "o"

04 W'5fw PORT SELECT LINE Sarinffaunefitd tumssl 2-80 idawnns
fewiaity 1/0 ‘il tﬁa\nﬂmm'mmm‘ﬂﬁ‘ﬁﬁmmmdqnLﬁm:’ﬁrsunmm 1/0 thu-
189 andednatdu ﬂm‘ﬁﬁmmmﬁmﬁﬂ%ﬁmmﬁﬁwﬁwﬁmmmuﬁwmmﬁﬁm
WWUN XXFFH, PORT SELECT LINE Aesupefiedne  iwsnelifueniasd A0-a7 uildn-
OFFH BmswifusifNray PORT SELECT LINE ofhurnor tfavsdvdraenueniu
1| lﬂ.mﬁmwﬂman'hmwﬁ"u‘m‘fmmm Lasfavnnsfiestefninauemds 1/0

st aeuen TOW uar IOR

i z-80 nssvhruumsiiesia’iy 170 11 IORQ mav Z-80 arUeadn "o
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o (Mgt adafumafiesiaussuniasanauah fawwhn MRED 1flusadn o
DN Lsﬂamifi‘&x}u'mﬁ%'mﬁum RD URY¥ WR yﬁ'aﬂ%ﬁo&wﬂm IOR (I/0 READ :

Lﬁﬂﬁ’amﬂ%'uﬁmgamnqun‘mﬁwm) uavdy IOW (1/0 WRITE : tﬂaﬁ’amﬁdqﬁ’nzga
santumegunsli awhm)

IORG FROM 280 PIN 20

FROM Z80

PIN 21 ) 1 OR
)

RO 2

FROM 280 fecse?

PIN 22 4 oW

WR ’ £ § )

15119'!21 usmvsMIRSeRr I0R URY IOW

U 21 usavWi it sTeeadede TOR way TOR Wsvuumee 2-80 “Washw
1 feneihdganmntsueefvssrinnsernsfeetugingd 170 vy -
22 N, USE 22 8. UAANTADELNTIL IR IIBNIUAUN N

froen 'y e M(PORT  WRITE)mewsvuy  2-80  svgnififusa  wrITE
ENABLE STROBE menwa-miowhmiignifan M’mmﬁmﬁuuwa%nﬁﬁmﬁﬂ%mﬁﬁﬁmﬁa
PORT SELECT LINE ust ToW useiwwdontu (Sasdnifu "o wioniu) dggnanns
1Beumadn sy fulggasinseduigunadiawhn Suffaysentastus s dafunand
(LATCH) La1% uSn 1 Banfiayaaanmadniawhmiign 1 &an



iORG ASSERTED FOR AN /0 CPERATION

AD ASSERTED FOR INPUT READ OPERATION

TOR ASSERTED

PIN 3 OF OR GATE L__/_—_

22 n. udaviaszunsuiaeens L Andgn TOR

t

WH ASSERTED FOR AN OUTPUT WRITE OPERATION

iow

PIN € OF OR GATE L/—

22 9. usgainsuni e S Anda Tow

RYIINTIAR RN 23 udnesRUL 1mﬂa~1w~nnu§u‘mmﬁagagnd\fm
ﬁq‘lu‘;mﬁ'w Lﬁu’hnn')ﬁm;’mmn Viusa WR 9w tﬂuﬁmrmﬁwmmj@mﬁ'\mﬁum%ﬁﬁvﬁa
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My 1/0 +wRugns éixﬁ':"uwmtﬂumﬂﬂﬁﬁm 24 wsthisaeiBiiiEun g
pyrannst Benavainindhs

AD-A7 STABLE

X

PORT [ SELECT (OF FIGURE 3.2) STABLE

ICRG OUTPUT FROM Z80

WA OUTPUT FROM 280

TOW ASSERTED (FROM FIGURE 3.3)

.

PORT WAITE ASSERTED

‘;Uﬁ 23 usavlmsuMN L wtasNS L indyyat PORT WRITE



PORT SELECT = FFis  (FROM FIGURE 3.2)

BA7 PORT WRITE STROBE

X

TOW (FROM FIGURE 3.3)

‘;ﬂﬁ 24 USSR PORT WRITE

PIsEAAIENIIIWNA 24 B Fownawde STROBE Suuapiiiansn "o” i
cpu fawniefimysuiimadnowhmiignniuen  unniiuenins 20-a7 1thidu
ity 8 1 funny HAND GATE Bt fursrsiimeus | feafnserug i 20

WHotituonimesite 8 1y (R0-27) fSaednifu "1 (Wi Banvednie OFEﬁ)
tawhmzey HAND GaTE +:fen3nifhu "o" PORT SELECT LINE fhawstn L fviuBuwmile
19 74LS32 OR GATE s"wiiufinfuymilemns oR GATE {harvendmra TR STROBE
(usatug) 7) 1fe TOW STROBE Seadnifhu "o N Wi cpu nhionsemt,s
sotiaya utiovaniawhm

ﬁﬁﬁw&mw ION us¢ PORT SELECT LINE Sseintffu 0" w¥aufu cpu e
duioyathaiowhmiignifan  n#%wym  TOW usw PORT SELECT LINE awiu
OR GATE fiflrwafives$ oo STROBE naviunmiawhmiion BanWhrnisduien
fiayartu #wraiii 519819809 "PORT WRITE STROBE" .

Anafindmdietl udBmauotunssdheite STROBE Whiniawimdian
oy iy ustnaTILS L tafir a1 #3Biand

48



49

el sdunem

frendrsiiiiisesmnmmunssufayer e dumoes  Z-80 lazunw
tm‘lu‘;uﬁ 25 usmeRtsmavdgrasingBussinsmmunsswiisgeenwe g
wisazan e TR weilfnsaveduiiigya ToF wwmesirnsdefoys tuiiaedm
Lamhm

STABLE

BAO—‘BA?l

PORT SELECT BECOMES ACTIVE
{SAME AS FIGURE 3.2)

N

{ORG ACTIVE LOGICAL 0, QUTPUT FROM Z80

]

RD ACTIVE LOGICAL 0. OUTPUT FROM Z80

IOR ASSERTED (AS SHOWN IN FIGURE 3.3)

S\

FORT READ
ASSSERTED

PORT DATA PLACED ON PORT DATA REMOVED FRCM
SYSTEM DATA BUS SYSTEM DATA BUS

2 25 UoNIRBEUNTI L Rl AnBUunNTITY 24



L s wReTsnaREeNia RD Bwusevugil 25 Mg 7D Seuriusdioga
TR Whimdnuadinmadium  dgrathennifens aiauiedsyre e iium
v 2-80 1fle RD izusstnunitu "on fayssnwarBuwenis e
uazavgn STROBE (HTWSidinadneru (INTERNAL REGIsi'm) 1Oy Z-80 fhpa

7D fewndmiflusndn "1 wnl munsieRauiwiagsiistugaas

PORT SELECT (FROM FIGURE 3.2)

: POHT READ
1OA (FROM FIGURE 3.3) L_D——L

§1ﬁ'i 26 UEANINTINIRS S PORT READ

;nJF'I 26 usviEuivume e « s viggranasme Sananideuts-
MVRBINTWRU 25 Leifuingy 26 thiheeede o fueesugl 24 10 uansing
MmO wsr TOR i PORT READ STROBE wwuseft (Seasnifu "om)
il 2-80 v dulysanvednitifon  wiiFewe OFFH WU 27 usevaees

gysiunsiaed 170 mm 8 finih o W
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74LS374

‘ +5
BAO 1 IC4
BA1 2 goo[s 2
o I PORT SELECT FF1e eorls SL\I\‘I <+
BA3 4= " so2fr s ND
BA4 5 2 L/ soafs 9 ‘uh |
BAS 6 / ‘ ~N~ —
LS30 804[13 12
BAg 11} ‘ - ——
BA7 12} 805114 15, N &
" apel17 16 N
S |
1 1
[~ NN
POAT WRITE
LS32 1C2
oW '3 1! (L
> 2
= > >
15321C2 3
m 4 mm

ol 1o
" 802l14 6 |1
L”803]12 [T
1/ BD419 1"y /+
r/aos7 13 i /+
/Bo6|s 15 L
807|3 Uil
; g L —d
, A
7415244 v

2 27 Uy Rino e IBum/ e mhmmion 8t Seleunle 1/0 e oFFm



(i e fumen s BayR tondni o thm

1. tidupniasd A0-A7 Jrdwntwiniviawhmmerdnvemuemnne z-80  Bima-
\Ferffulffuon i nas A0-A7 wnooeiiNTautdmudiu PORT SELECT LINE uju 27
1B whmm 8 mav 10(74LS30) wefisetnifiu "o" il AO-A7 Sewmenadentee
firrwn (WitiAe oFFH)

2. 2-80 yedoaysporadvaan fhgiivioge DO-D7 Mgy 27 Soymevanns)
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s INTERACTIVE TRANSCEIVERS PROGRAM

RXPORT  EQU
TXPORT  EQU
CXPORT  EQU
AIN EQU
BOUT EQU
SEND_COM EQU
RECV_COM EQU
WAIT-TIME EQU
BAUDMM  EQU
INIT: LD

LD

XOR

oUT

OUT

oUT
START: IN

LD

LD

oUT

CALL

LD

LD

oUT

JR
R_.SUB: DJNZ

JR
R_BYTE:IN

BIT

IR

NOP

01H
01H

15H
HL, 08FFFH
SP,HL
A
(TXPORT) , A
(CXPORT) , A
(BOUT)Y, A
A, (AIN)
D,A
A, SEND_COM
(CXPORT), A
SBYTE
B,WAIT_TIME
A,RECV_COM
{CX PORT)Y,A
R_BYTE
R_BYTE
START
A, (RXPORT)
(Y:

NZ,R_SUB

sAMUA STACK gaeTzuu

;CLEAR‘ﬁ133a511

sCLEAR OUTPORT



NOP
NOP
NOP
CALL
PUSH
LD
LD
R_BYTE2:IN
RLA
RRD

RXDLY

BC

D,0

B,8

A, (RXPORT)

CALL RXDLY

DJNZ R_BYTEZ

POP
LD

BC
A,D

OUT (BOUT),A

END: JR
RXDLY: LD
ADD
RXDLY1:DEC
JR
RET
SBYTE: PUSH
CALL
XOR
ouT
CALL
PUSH
LD
SBYTE1:XOR
RRC
RRA

START

A, BAUDMM
A,1

A
NZ,RXDLY1

DE

TXDLY

A
(TXPORT), A
TXDLY

BC

B, 8

A

D



ouT (TXPORT), A
CALL TXDLY

DJNZ SBYTE1L

POP  BC

LD A,80H

ouT (RXPORTY , A

CALL TXDLY
POP DE
RET

TXDLY: LD A,BAUDMM
TXDLY1:DEC A
JR NZ,TXDLY1
RET
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1.SELECTOR SWITCH

wuihfl On-Off Load M Mdm A3 §ﬁa@ﬁb Address Switch uUgY
Program 1By Selector Switch ﬁwsdﬂnuﬁuﬁbdﬁuﬁmmﬁmnaq TWO WIRE REMOTE
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SN75174
QUADRUPLE DIFFERENTIAL LINE DRIVER

02601, OCTOBER 1980—REVISED OCTOBER 1988

® Meets EIA Standards RS-422-A and RS-485 J OR N DUAL-IN-LINE PACKAGE .
and CCITT Recommendations V.11 and (TOP VIEW) -
X.27

14 O Uss[d vee

® Designed for Multipoint Transmission on 1Y 2 1s{] 4A
Long Bus Lines in Noisy Environments 123 14 E] 4y

® 3-State Outputs L2EN Qe i3] 4z

o . o 2z (s 12{] 3.4EN
® Common-Mode Qutput Voltage Range of 2v e  n{] 3z
-7Vto12V 2A (7 1w 3Y
® Active-High Enable GND (s 8|l 3a
® Thermal Shutdown Protection
FUNCTION TABLE (EACH DRIVER)
® Positive- and Negative-Current Limiting
QUTPUTS
® Operates from Single 5-V Supply INPUT | ENABLE Y |z
® Low Power Requirements B H HL
. L H L H
® Functionally Interchangeable with MC3487 X L 21z
description H = TTL high level,
. L = TTL iow leval,
The SN75174 is a monolithic quadruple X = irrelevant.
differential line driver with three-state outputs. Z = High impedance {off)

It is designed to meet the requirements of ElA

Standards RS-422-A and RS-485 and CCITT

Recommendations V.11 and X.27. The device

is optimized for balanced muitipoint bus transmission at rates up to 4 megabaud. Each driver features wide
postuive and negative common-mode output voitage ranges making it suitable for party-line applications
in notsy environments.

0
Rl
0

2
o
o
Q

(2

T
@
1 s
o
>

‘

(]
o

£

3

The SN75174 provides positive- and negative-current limiting and thermal shutdown for protection from
line fault conditions on the transmission bus line. Shutdown occurs at a junction temperature of
approximately 150°C. This device offers optimum performance when used with the SN75173 or SN75175
quadruple differential line receivers.

The SN75174 is characterized for operation from 0°C to 70°C.

logic symbolt logic diagram, each driver {positive logic}
2 {4)
1.2EN EN Y
{2} &
14 CRE -] S 35 14 z
o134z st
n b5l 2y
2A A (S) 5y
1
a1 o o010 4
g b1 5,
14}
an 119 L2 gy
B SLE

TThis svmbol is in accordance witn ANSI/IEEE Std 91-1984 and
tEC Publication 617-12.
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EEIU sN75174- .
" QUADRUPLE DlFFEHEHTlAL LmE DRIVER -

.

schematics of inputs and.outputs °

: EQUIVALENT OF EACH INPUT

eg

Caemma e

2f 26 o

'ﬁof-" = - B PRSP
;.'r'c'.‘ Data Inputs: Req = 3 k2 NOM.
T Enable Inputs: Regq = 8 k2 NOM
P .
(L T
C ke ML RN - )
P ,‘_—‘.5 absolute maximum ratings over operating free—axr temperature (unless otherwnse noted)
g“& . Supply voltage, Ve (see Note 1)...‘ i B AV
T8 . inputvotagei.......... E 2208 Y e B ~roasnen BN WELLEE | X3V,
R g © 7 Continuous total dxssnpat:on at {or below) 25°C free-air temperature {see Note 2)
g Jpackage ............. A AN AN ‘ 1375 mW
- Npackage eo.. 1625 mW

OperaUngfrce-alrtemperature..... ..... AHOTEA00EERILIL L I A Y ... 0°Cto 70°C
Storage temperature range St ttrrtesiisiteiciiiiinsiaimieea..... —B5°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 secondS'_ J package cermas s ee . 300°C
Lead temperature 1,6 mm (1/16 mch) from case for 10 secondS' N package. . - 2§0 °Cc

RS LN BRI R Dot A

NOTES: 1. All voltage values are with respect to the ¢ rk inal. .
2. For operation above 25°C free-air temperature, derate the J package to 880 mW n 70‘0 at the rate of 11 O mW/'C and
!hoNpoduqoto 1040 mW at 70°C at the rate of 130mWI'C A

recommended operating conditlons

Supply voltage, Voo Cl

“- | High-tevel input votage, VIH

. Low-Levei input voitage, V.

o mode output ge. VoC R
High-tevet output curent, Igy -

Low-level cutput current. Tg|

Operating tree-air temperarturs, TA '




SN75174
QUADRUPLE DIFFERENTIAL LINE DRIVER

g

electrical characteristics over recommended ranges of supply voltage and operating free-air tempemur';

{uniess otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
ViK Inout clamp voitage lf = =18 mA -1.5 v
i Vi = 2V, Vi, =08V,
VoH High-level output voitage IoH = -33 mA 3.7 v
Vig = 2V, Vi = 0.BV,
-1 .
vour Low-level output vottage loL = 33 mA 1.1 v
Vo Qutput voitage log=0 T ™0 [} v
IVop1| DOifferential output voitage lp=0 1.5 6 v
vV
, ! ) AL = 100 0, See Figure 1 % Voor v
iVopal Ditferential output voitage 2
A= 5410, See Figure 1 1.5 2.5 5 v
Vooa Oitterential output voitage See Note 3 1.5 5 v
Change in magnitude of
Vv 4 .
Atvool differential output voitage =~ 0.2 M
voc Common mode output voitage R = 84 Qor 100 Q. See Figure 1 *? v
Change in magmtude of
2Ivoet N ) £0.2 | v
common mode output voitage*
‘o Output current with power off Vee = 0, Vo = -7Viw 12V =100 »A
loz High-impedance-state output current | Vg = =7 Vto 12V =100 rA
hH High-ievel input current Vp= 2.7V 20 »A
he Low-level input current Vi=05YV -360 aA
Vo= =7V -250
los Short-circuit sutout current Vg = Vee 180 mA
Vg = 12V 3 300
! Supply current {all drivers) No ioad Purtuts egebiey - P4 mA
(" NG i r
ce e w2 ) [Gututs disabled 1 18 40 |

- TAN typical values are at Voe = 5V and Ty = 25°C.
taivopl and A1VQci are the changes in magnitude of Vop and Vo, respectively, that occur when the input is changed from a high

level to a low level.

NOTE 3: See EIA Standard RS-485 Figure 3.5, Test Termination Measurement 2.

switching characteristics, Vcc = 5V, To = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
tpp  Ditferential-output d.lav' t.irne R = 540, See Figurs 2 45 85 ns
tTD Qitferential-output transition tms 80 120 ns
tpzH  Outout enabdie time to high level R = 1109, See Figure 3 80 120 ns
tpz.  Qutout enable ume to low fevel R = 110Q, See Figure 4 55 80 ns
tpz  Outurt disable time from high level RL = 1100, See Figure 3 75 115 | .ns
tprz  Qutput disable ume from low level R = 11092, See Figure 4 18 30 ns
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SN75174 _
QUADRUPLE DIFFERENTIAL LINE DRIVER

SYMBOL EQUIVALENTS
DATA SHEET PARAMETER RS-422-A RS-485
Vo Vos. Yob Vos: Yob
1Vopi] Vo Vo
|Vapal Vi (R = 1000 Vy (AL = 54 0)
V¢ (Test Termination
IVooal " 2
Alvopl NV ~ {Val} 11Vel = [Vil]
Voc Vos| 1Vosi
AlVocl | Vos = Vos | ! Vos — Vo |
los lisal. ilsbi
lo lixal. lixbl liar Iy

PARAMETER MEASUREMENT INFORMATION

\ . o i‘ RFEER
$10A1000Y/SI0Al ‘BUY H :

\—— =~ —3V
T INPUT 1.5V 15V
L= SurPuT ! | ‘0 v

> 54 0
l o0 N - 15p
1 —-
CL = 50 pF son k= 25V
.(See Nots B} OUTPUT so% |
| 1% | -25v

VOLTAGE WAVEFORMS

AA

GENERATOR
{See Nots A}

NOTES: A. The input puiso.is supplied by a generator having the following characteritics: &, < 5 ns, tf 5 S ns, PRA 5 3 MHz,
duty cycle = 50%, Z5 = 50 Q. ‘
8. C includes probe and stray capacitancs.

FIGURE 2. DIFFERENTIAL-OQUTPUT DELAY AND TRANSITION TIMES



SN75174
QUADRUPLE DIFFERENTIAL LINE DRIVER

PARAMETER MEASUREMENT INFORMATION

GENERATOR
{See Note A}

[
Cy = 50 pf
sogl—'— — — 'J(SuNonaI

TEST CIRCUIT VOLTAGE WAVEFORMS

FIGURE 3. tpzH AND tpHz

5V

A —_——— —3V
a— Ry = 1100
$1 y neur Yisy 15V
OVte3dV OUTPUT
| I ! ov
| ¢ = 500F ‘PIL‘I"_"‘ I] oLz
GENERATOR 50 ol — — — —J {See Note B) 5V
(See Note A) =
OUTPUT
-__L__- i3 ? = Voi
TEST CIRCUIT VOLTAGE WAVEFORMS
FIGURE 4. tpz1. AND tpLZ .

NOTES:  A. The input puise 1s suoplied by a generator having the following characteritics: PRR s 1 MHz, duty cvcle = 50%.t, 5 5 ns,
ty < 5ns 25 = 500
8. Cy incluges probe and stray capacitance.

Line Drivers/Receivers E
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SN75174
QUADRUPLE DIFFERENTIAL LINE DRIVER

Vi — High-Level Output Voltage—V

Vop—Differontial Output Voltage—V

4.5

3.5

.2.5

1.5

0.5

3.5

3

2.5

2

1.5

1

0.5

0

TYPICAL CHARACTERISTICS >

HIGH-LEVEL OUTPUT VOLTAGE
vs
HIGH-LEVEL OUTPUT CURRENT

IV(:(;-5V4

Ta = 25°C

0 -20 -40 -60 -80 -100 -120

High-Level Output Current—mA_
FIGURE 5

DIFFERENTIAL QUTPUT VOLTAGE
Vs
OUTPUT CURRENT

I

H Vee = 5V —
\,\ Ta = 25’:6
\\'\\ !l
DN ’

\
|

[ ] ']

0 10 20 30 40 50 60 70 80 90 100
Ig—Output Current—~mA

FIGURE 7

VoL —Low-Level Output Voltage—V

1o -- Output Current—uA

LOW-LEVEL OUTPUT VOLTAGE
vs .
LOW-LEVEL OUTPUT CURRENT

I
45 FVec =5V
(TA - 25°C

« !
1.5 / I
//'7
1 |
0
0 20 40 60 80 100 120
1oL —Low-Level Qutput Current—mA
FIGURE 6
OUTPUT CURRENT
vs *
OUTPUT VOLTAGE
50
e | S|
40 | Output disabled
TA = 25°C
30
20
10 -
Vee =0V |
o L A !
YT T 11711
-10 L T
l —Vee = 5V ;
-20 ’ +
~-30
-40
s L] '
-25-20-15-10-5 0 5 10 15 20 25

Vo—Output Voltage—V
FIGURE 8



SN75174
QUADRUPLE DIFFERENTIAL LINE DRIVER

TYPICAL CHARACTERISTICS

SUPPLY CURRENT SUPPLY CURRENT
vs vs
SUPPLY VOLTAGE SUPPLY VOLTAGE
i s R I T
90 [— No Load No Load, Ly
ao | S Eoals 25 |- loow Oy /
sSTia- Output Disabled
E: 70 | S Ta = 25°C //
: 1 : / Lo20 e
§ 0 ! : g P e
£ i - 1 T M
5 | weuts oren, /| g | /
Y 5o L 2 L —— :
& 40 : 4 g L / P
@ i | /(‘\mpu*rs &/ 4a ! ‘ i ;
S 30 1 L GROUNDED & . :
8 W T 71 A= ENE 82ty — i B
10 A B D) ~B ] T
# : 1
0 1 2 3 4 5 6 1 8 o 1 2 3 4 5 86 7 8
Ve —Supply Voltage—V Ve —Supply Voitage—V
FIGURE 9 FIGURE 10

Line Drivers/Receivers H

TYPICAL APPLICATION

174 SN75174

—r K-
<=1 F L

1/4 SN75172

As
~

AA,
W
\Ad

—AAA

&
n

1/4 SN75173 . L 174 SN7517
upP 10 32 5 3 s
DRIVER/RECEIVER PAIRS
[ ] @ [ ]
114 SN75172 114 SN75173 114 SN75173 1/4 SN75174

NOTE: The iine length snould be terminated at both ends in its characteristic impedance. Stub lengths oft the main line shouid be kept
as short as possibie.

FIGURE 11



SNT5175..
QUADRUPLE DIFFERENTIAL LINE RECEIVER -

02602, OCTOBER 1980—-REVISED SF!TEJ!EH 1950

® Mests EIA Standards RS-422-A, RS-423-A, -.D,J, ORN . en :
..,..-and.RSr485_ . - OUAL-IN-UNE PACKAGE T
Wt - JPREPN et R P T {TOP VIEW) . BRI I
"8 Maets cerrr Rocommendat!ons V.10, P G -
V.11, X.28. and X.27.~ 180 YieJ vee
4
® Designed for Multipoint Bus Transmlsslon on . “lC E§ :% 42
Long Bus Lines in Noisy Environments 1.26N(e  13[] oy )
* ® 3-State Outputs : . 2v(s  12[] 3.4eN - .
. Y R,
& -Common-Mode Input Voltzgo Rango ";: E: ';% g A cd
-12Vw12yv. !
T : GNO L8 gl] 38
@ Input Sonslﬁvrty e £200 mV M h
.« . .%"Input:Hysteresis... . 50 mV Tvp i logicsym'!?eff ,
w=¥  exHighinpufimpedances - AZkAMind = . 123‘:“*,.,*. = N

T e Opcmtos from Single 5-Vait’ Supply . 4 )

® L . w2 1, oo @ L o

. Low. Pornmr Requirements: * s ] v 1Y e

® Plug-in Replacament for MC3486 2a 18 9 5y [ =z

: : 28 00 ‘T \\ -+~ g
description R .
] 34en U2_{g, R

The SN75175 is a monoiithic’ quadruple B
differential lina receiver with three-state outputs. 24 30 oo - 83

It is.designed to meet the requirements of EIA 1g ] 4 g8 =
Standards RS-422-A, RS-423-A, and RS-485 w4 W a
and several CCITT recommendations. The o U5 ] ¥ o
device is optimized for balanced muitipoint bus - c
transmission at ratss up to 10 megabits per ¥ This symbol is in accordance with ANSUIEEE Std 91- 1984 and ':L

.3
I3

second. Each of the two pairs of receivers has ~  IEC Publication 617-12. .
a common active-high enabla; AR A q
logic diagram (positive !oglc)
The receivers feature high input impedance,
input hysteresis for increased noise- immunity,
and input sensitivity of +200 millivolts over a
common-mode input.: voitage range of
+12 volts. The SN75175 is designed for
- optimum performance when used with the
SN75172 or SN75174 quadrupte differential line
dnvers

.

The SN75 175 is characterized for ¢ operauon from
0°C to 70°C.

FUNCTION TABLE {EACH RECEIVER}

- DIFFERENTIAL INPUTS ENABLE QUTPUT
A - B Y
Vipz 0.2 V H H
-02V<Vip< 02V H ? -
Vipz -02V H L
.’ X t Z -

H = high lavel, L™= low faval, ? = indeterminate, . -
¢ X = irrelevant, Z = high impadance (off) )



“ ke aeieeges RS PR T t‘mg\'-
RN

- SN75175" - -

QUADRUPLE DIFFEREHTIAI UNE’ REBEIVEH

P

I P EQUIVALENT OF EACH ENABLE INPUT TYPICAL OF ALL QUTPUTS

[ e ——— V(e
85 3 NOM

83k - v - astle
NOM -. v f e meme

~.'..... - N T

absoluto maxlmum ratings over oporating frae.alr temperature range (unless otherwise noted)

"-, n: } T
koot
.
ny

3, - Supply voltage, Vc( lsée Note "IY . 3 .

U - Input voitage, A or B mputs--—.-'.c. 1 T4 T KN, 2% " A3 © SO W P

= Differential inpist voltage_.(see Note 2)

5.3' Enable input voltage . ... 5 3

o Low-level output current-:-

5" Continuous total dissipation- at (or below) 25°C free-air temperature (see Note 3

) - D package . 950 mW

g J package 1025 mwW

< N package . . . : 1+150 mw

2' Operating free-air temperature range . 0°C to 70°C

A7) Storage temperature range .. ... A e A PR SV YN e AN ~65°C to 150°C
-Lead temperature 1.6 mm (1/16 inch) from casa for 60 seconds: J package ............ ~300°C
Lead temperature 1.6 mm (1/16 mch) from case for 10 seconds: D or N package ........ -260°C

NOTES: 1. AN vo'me values, cxcept diﬁennml input voitage, are with respm to natwork gtound termmal

2. Dift ial-input voltaga xed at the noninverting input with r 1o the corresponding Invanlng input,

A. For operation lbovo 25°C free-pir temperature, derate the O package to 608 mW at 70°C at the rate of 7.6 mW/°C, the
J package to 656 mW at 70°C st the rats of 8.2 mW/°C, and the N psckage to 736 mW at 70°C at the rate of 9.2 mwWrEC.
Inchpackagi SN751753|iptm9humoumod. \ s




SN75175
QUADRUPLE DIFFERENTIAL LINE RECEIVER

recommended operating conditions ¢
MIN NOM MAX | UNIT
Supoly voitage, Yeo 4.75 5 525} V
Common-mods inout voitage, Vic =12 v
Ditterential input voitage. Vip. =12 v
High-level enable input voitage, Vi 2 v
Low-levei anabla input voitage, Vy_ 0.8 v
High-level outout current. oy : -400 | »A
Low-level output current. igL 16| mA
Operating fres=aw-temp Ta - [¢] 70| °C

electrical characteristics over recommended ranges of common-mode input voitage, suppiy voltage,
and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT  MAX | UNIT
VTH Citferential-input high-threshold Vo = 2.7V. Ig = 0.4 mA 02l v
voltage
yrL Oitferennal-input low-threshold Vo = 0.5V, 10 = 16 mA _0.2% v
voltage
Vhys Hysteresis§ 50 mv
Vig Enaote-input clamp voltage § = =183 mA -1.5 v
Vou riign-ievel cutput voltage Vip = 200 mV. lgy = -400 kA, See Figure 1 2.7 V'
Vou Low-ievel output voltage Vip = ~200 mV, See Figure 1 ‘oL = 8mA ik \4
\ oL = 16 mA 0.5

high-rmpedance-state [
10z ° Vo = 0.4Vi0 2.4V =20 | »A
Qutout current

) s inpudeurrant Cther input at C V., Vy= 12V ' mA
See Note 4 Vi=s -7V -0.8

fre -hgn-tevei 2naple-input current Vig = 2.7V 201 <A

iy, Low-ueve'l enapie-input current Vi = 04V 100 | A

n input resistance 12 Q

‘log Short-circuit output current ! -15 -85 | mA

Ice Suppiy current Outputs disacied 70 | mA

T All typical values are at Vog = 5V, Tp = 25°C.

% The algebraic convention, in which the less positive (more negative} limit is designated as minimum. is used in this data sheet for threshold
voitage leveis only.

$ Hystecesis is the aitference between the positive-going input threshald voitage, VT 4. and the negative-going input threshold voltage,
VT ~. See Figure 4.

{Not mare than one output should be shorted at a time and the duration of the short-circuit shouid not exceed one second.

NOTE 4: Refer 1o EIA standards RS-422-A, RS-423-A, and RS-485 for exact conditions.

switching characteristics, Vgg = 5V, Ta = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX [UNIT
t P tion celay ume. tow-to-high-tevel output 22 35
PLH ropagation celay frne o.w o-high-level outpu C_ = 15pF, See Figure 2 - =
tPHL Propagation delay time, high-to-low-leve! output 25 5} ns
% Cutput enable ume to high levei 13 W} n
PzH o on eve C_ = 15 pF, Ses Figure 3 al
tpzL . Outout enable ume to low level 19 30] ns
t © Qutput aisaote ume f high | 35
PHZ utpu: fsao ime from high level CL = 15 oF, See Figure 3 26 35| ns
Pz Qutput gisacle ume from low level 25 35| ns

Line Drivers/Receivers.
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SN75175

QUADRUPLE DIFFERENTIAL LINE RECEIVER

PARAMETER MEASUREMENT INFORMATION v

e

Cy = 15pF
{sws Nots 8)

Vou

VOLTAGE WAVEFORMS

FIGURE 2. PROPAGATION DELAY TIMES

GENERATOR 2
{see Now A) s50n
=
15v
2v
TEST CIRCUIT
NOTES: A. The input pulse is lied by 8 g [}

ts 6ns, 2o = 500
B. Cy includes probe and stray capacitancs.

ing tne following characteristics: PRR s 1 MHz, duty cycle = 50%, tr < 6 ns,



SN75175
QUADRUPLE DIFFERENTIAL LINE RECEIVER

PARAMETER MEASUREMENT INFORMATION t

swit

15V
-5V —

GENERATOR P4
(see Note A) $s1a

TEST CIRCUIT

w2 av PzL

SWite -15V
SW2 clomd

ouTPUT ,( \
VoL

VOLTAGE WAVEFORMS

FIGURE 3. ENABLE AND DISABLE TIMES

NOTES: A. The input pulss is supplied by 3 generator having the tollowing characteristics: PRR s 1 MHz, duty cycle = 50%, tt = 6ns,
tr s 6ns, Zoy > 500
8. Cy includes probe and stray capacitance.
C. All diodes are 1NS18 or aquivalent.

Line Drivers/Receivers E



SN75175
QUADRUPLE DIFFERENTIAL LINE RECEIVER

y/s1eauq auypy

SJOAI9008

Vo—Output Voltage—V

VoH—High-Level Qutput Voltage-V

0
~-125-100~75-50-25 0 25 50 75 100 125

-

TYPICAL CHARACTERISTICS

QUTPUT VOLTAGE

vs

DIFFERENTIAL INPUT VOLTAGE

Vee=5V

10=0 Ta=25°C

Vic = Vie = Vic=
| Vic=] IC
-12 Vv o'v 12v

Vr—{l vy
r J’ T [A V-
VT4 3

i

V|p-Differential Input Voitage—mV

FIGURE 4

HIGH-LEVEL OUTPUT VOLTAGE

vs

FREE-AIR TEMPERATURE

™7
Vip=02V

TaA =25°C

I~ Vee=5V
| Vip=0.2V

loH = —~440 A
! 1 :

0 10 20

30 40 50 60 70 80

T A~Free-Air Temperature—“C

FIGURE &

VoL ~ Low-Lavel Output Voltage—V

VoH—~High:-Level Output Voltage—V

HIGH-LEVEL OUTPUT VOLTAGE

vs
HIGH-LEVEL OUTPU_T CURRENT

5 T T
Vip=02V
Ta=25°C 7]
4
N\
3 \\
N
vee =525V
5 NV
L~ vee=5V
Vec =475V N
2 N
\
N
) \N
0 -5 —10 —15 —20 —25 ~30 —35 ~40 —45 -50
1oH—High-Level Output Current—mA
FIGURE 5
LOW-LEVEL OUTPUT VOLTAGE
vs
LOW-LEVEL OUTPUT CURRENT
0.6 T
Vee=5V /
Ta =25°C /

0.5 >
0.4
0.3 s

e
-

N

5 10 15 20 25 30
1oL —Low-Level Qutput Current—mA

FIGURE 7



‘ SN75175
QUADRUPLE DIFFERENTIAL LINE RECEIVER

0.5

0.4

0.3

0.2

0.1

VoL—~Low-Level Output Voltage—V

Vo --Output Voltage—V

'
-

vs

TYPICAL CHARACTERISTICS
LOW-LEVEL QUTPUT VOLTAGE

FREE-AIR TEMPERATURE

i

i

i )

|

l-Vecc =5V -
Vip=-0.2V |

T loL =8mA ;

" i

]

0 10 20 30

40 s0

60 70

Ta—Free-Air Tamperature—"C

FIGURE 8

QUTPUT VOLTAGE

vs$

ENABLE VOLTAGE

80

: i
Veg=5.25V

Ve =475V
'

T |
Vip=-0.2Vv

Load = 1 k2 to Vo

Ta=25°C

|
Vee=5V

0 0.5 1

15

2 25

V|—Enable Voltage—-V

FIGURE 10

lcc—~Supply Current—mA

Vo ~-Output Voltage—V

100
90
80
70

50

40

20
10

OUTPUT VOLTAGE

vs

ENABLE VOLTAGE

Vip=02V

| Ta=25°C

-

™~ Load = 8 k2 to ground

T Vee=5.25V

I

LA : |

Vee =4.75 V —
;

PR TR S

|

i

A\ W1

1

1.5 2

25

Vi~Enabie Voitage~V

FIGURE 9

SUPPLY CURRENT

(ALL RECEIVERS)

vs

SUPPLY VOLTAGE

No load
I~ Inputs open
Ta =25

{
QUTP

UTs PISABLED //

LA
W4

A//!

/.

%ur#urs ENABLED

i

VA

7

0 1 2

3

4 5 6§ 7

Vce—Supply Voitage—V
FIGURE 11

Line Drivers/Receivers E
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SN75175 )
QUADRUPLE DIFFERENTIAL LINE RECEIVER

TYPICAL CHARACTERISTICS

INPUT CURRENT
vs
INPUT VOLTAGE
1
0.75
. 05
<
£
1l o0z
s
3 0
g
g -02s
{
= 05

-0.758

-1

V|—input Voltage—=V

FIGURE 12

TYPICAL APPLICATION
1/4 SN75172 1/4 SN75174

-~
*

b 1

UP TO 32

DRIVER/RECEIVER PAIRS

1/4 SN75173 1/4 SN75175
* [ ] ®

1/4 SN75172 1/4 SN75173 1/4 SN75173  1/4 SN75174
FIGURE 13

NOTE: The line should be termnated at both ends in its characteristic impedance. Stub lengths off the man line should be kept as shert
as possible.



“ADVANCE -
INFORMATION

DIFFERENTIAL BUS TRANSCEIVERS

02619, JULY 1985—REVISED OCTORER 1988

@ Bidirectional Transceiver

Meots EIA Standards RS-422-A and RS-485
and CCITT Recommendations V.11 and ~
X.27

Designed for Multipoint Transmission on
Long Bus Lines in Noisy Environments

3-State Driver and Receiver Outputs
Individual Driver and Receiver Enables

" 8- Wide-Postivaand Nagative Input/Output

Bus Voltage Ranges

Driver Qutput Capability. . . +60 mA Max

® Thermal Shutdown Protection

@ Driver Positive and Negative Current
Limiting

® Receiver Input Impedance . . . 12 kQ Min
) ® Receiver Input Sensitivity . . . £200 mV

® Receiver Input Hysteresis . . . 50 mV Typ
. @ Operates from Single §-Voit Supply

® Low Power Requirements
description

The SNB5176B ang SN751768 gifferential bus
transceivers are monolithic integrated circuits
designed for bidirectional data communication
on multipoint bus transmission lines. They are
designed for balanced transmission fines and
meet EJA Standard RS-422-A and RS-485 and
CCITT Recommendations V.11 and X.27.

The SN651768 and SN75176B combine a three-
state differential line driver and a differential
input line receiver both of which operate from
a single 5-volt power supply. The driver and
receiver have active-high and active-low
enables, respectively, that can be externally
connected together to function as a direction
rontrol. The driver differential outputs and the
receiver differential inputs are connected
internally to form differential inout/output (1/Q)
bus ports that are designed to offer minimum
loading to the bus whenever the driver is disabled
or Vg = O volts. These ports feature wide
positive and negative common-mode voltage
ranges making the device suitable for party-line
applications.

D, JG, OR P PACKAGE 1
(TOP VIEW)

RO U s
RE{]2 708
DE(Js  sJA

b(Js s{]ano

FUNCTION TABLE (DRIVER)

INPUT ENABLE- OUTPUTS |
) OE A 3
" H H L
L H L R
x L z z

FUNCTION TABLE (RECEIVER)

DIFFERENTIAL INPUTS ENABLE QUTPUT
A~8 RE A
Vip > 0.2V L H
-0.2v<vip<o2yVv L ?
Vips =0.2v L L
X H z
H = high level, L = low level, 7 = indeterrminate,
X = irrelevant, Z = hign impedance {off}
logic symboit
o 3 -
RE ‘_2’_&‘5“2
181 w2l A
o PYLLL
] tn

TThis symbol 15 in accordance with ANSIIEEE Std 91-1984 and
1EC Publicatron 617-12.

logic diagram (paositive logic)

(3

OE
o 4
E 2
-8l a
{11
A o 8sus
b {7) 8

SN651768B, SN751768

ADVANCE INFORMATION

-

0
o
]

2
)
9
2

o

S~
&
b
3
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o
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SN65176B, SN75176B

DIFFERENTIAL BUS TRANSCEIVERS

ADVANCE

INFORMATION

]

The driveris designed to handle loads up to 60 milliamperes of sink or source current. The driver features :
positive- and negative-current limiting and thermal shutdown for protection from line fault conditions. |
Thermal shutdown is designed to occur at a junction temperature of approximately 150°C. The receiver;y
features a minimum input impedance of 12 k{, an input sensitivity of + 200 millivolts, and a typical input .}

hysteresis of 50 millivoits.

Thesn

z 6B can be used in transmission line applications employing the SN75172 and

SN75174 quadruple differential tine drivers and-SN75173-and SN751 75 quadruple differential line receivers.

The SN651768 is characterized for operation from

for operation from 0°C to 70°C.

schematics of inputs and outputs

—40°C to 85°C and the SN75176B is characterized-

EQUIVALENT OF EACH INPUT

TYPICAL OF A AND B 1/0 PORTS

Vee

S
T

Driver Input: Req ™ 3kl NOM
Enable inputs: Req = 8 k2 NOM

188 k02
NOM

+

INPUT/QUTPUT
PORT

Vee

GND

TYPICAL OF RECEIVER OUTPUT
- — e Vece

<
<
<

F

8 n
NOM

OUTPUT




ADVANCE SN65176B, SN751768
INFORMATION DIFFERENTIAL BUS TRANSCEIVERS

absolute maximum ratings over operating free-air temperature range {uniess otherwise noted) -

Supply voitage, VG (S8 NOte 1) . ... ... i ittt it i eteeeenneiaananes 7V
Voltage atany bus terminal. . . ... ... ... . i i i it i i e e ~-10VtioisSvVv
Enable input voltage . . . . . ... it i i i e e e e e TN 5.5V
Continuous total dissipation at {or below) 25°C free-air temperature (see Note 2):
D package......... e e e e e, P 725 mwW
JE package . . ... e e e e e PSP e e, 825 mw
PpICkage. s L o TR s e e 1100 mW
Operating free-air temperature range: SN651768B............ e e -40°C to 85°C
SN75176B . ... e 0°C to 70°C
StOrage temPErature raNGE . ... ... v v it e e ittt e e -65°C 10 150°C
Lead temperature 1,6 mm (1/16 inch) from the case for 60 seconds. JG package ........ 300°C
Lead temperature 1,6 mm {1/16 inch) from case for 10 seconds: D or P package......... 260°C

NQTES: 1. All voitage values, except ditferential input/output bus voltage, are with respact to network ground terminal.
2. For operation above 25°C free-sir tamperature, refer to Oissipation Oerating Table. in the JG package. the chips are glass

maunted.
DISSIPATION DERATING TASBLE
PACKAGE Ta = 25°C DERATING FACTOR Ta = 70°C Ta = 85°C
POWER RATING ABOVE Tp = 25°C POWER RATING POWER RATING
[»] 725 mwW 5.8 mW/°C 464 mwW 377 mw
JG 825 mwW 6.6 mw/°C 528 mwW 429 mwW
P 1100 mw 8.8 mW/°C 702 mW 570 mwW

recommended operating conditions

. MIN TYP MAX UNIT
Suoply voitage. Voo 475 5 5.25 v
12
Voltage at any bus I vy or mods). V| or Vic 3 v
High-levet input voltage, Viy D. DE, and RE 2 v
Low-level input voltage, Vii_ D, DE, and RE 0.8 v
Difterential input voltage, V|p (see Note 3} 12 \%
Hiah-tavel out ] Oriver -60 mA
-lavel output current,
'S i gH Racerver Z400 | aA
Low-level out ) Driver 80 mA
ow-level output current,
i oL Receiver 8
r SN651768 -40 85
Operating # ir te ture, T, : - C
perating free-air temperature, T N7 7768 5 7o

NOTE 3: Ditferential-input/output bus voltage is measured at the noninverting terminat A with respect to the inverting terrminal 3.

Line Drivers/Receivers

ADVANCE INFORMATION
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PARAMETER TEST CONDITIONS ! MIN TYP! MAX | unir
Vik * Input clamp voltage = -1B mA -1.5 A
Vo Output voitage Io=0 0 8 \
TIvooTt— " Differential outpat voltage To=0 " 1.5 8 v
i %V
R = 1004, See Figure 1 001
Vopz| Differential output voitage 2 v
Ry = 54 0, See Figure 1 1.6 2.5 5 v
Vob3 Differential output voltage See Note 4 1.5 5 v
Change in magnitude of
atv, . v
fVool diffarential output voltage§ - £0.2
+3
Voc Common-mode output voitage Ry = 64 20r 10002, See Figure 1 ) A
Change in magnitude of
alVoe ge in magnitude o . 0.2 v
common-mode output voltage
Output disabled, Vo = 12V 1
! Qutput current mA
0 vy See Nots 5 Vo= -7V -0.8
hH High-level input current Vi =24V 20 pA
it Low-level input current L Vi =04V -400 A
Vg = -7V - 250
Vo =0 - 15
los Short-circuit output current o 0 mA
M Vg = Ve 250
Vg = 12V 250
§ Qutputs enabisd 42 55
i Si } t (total k. ) No load A
cc PN RN y Outputs disabled % 3w ] "

SN651768B, SN75176B ADVANCE
DIFFERENTIAL BUS TRANSCEIVERS INFORMATION

DRIVER SECTION 4

driver electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature {uniess otherwise noted)

1 The power-off measurement in EfA Standard RS-422-A applies to disabled outputs only and is not applied to combined inputs and ¢
2 All typical values are at Vee = 5Vand Ty = 25°C.
5A|Vooi and A{VQc| are the changes in magnitude of Vgop and Ve respectively, that occur when the input is changed from a high
level to a low level.
NOTES: 4. See EIA Standard RS-485 Figure 3.5, Test Termination Measurement 2.
5. This applies for both power on and off; refer to EIA Standard RS-485 for exact conditions. The RS-422-A limit does not apply
for a combined driver and receiver terminal.

Utp

driver switching characteristics, V¢ = 5V, TA = 25°C

PARAMETER } TEST CONDITIONS MIN  TYP MAX | UNIT
Do D?fferent!al-outpu( delay flme i R = 540, See Figure 3 15 22 ns
T Differential-output transition time 20 30 ns
tpzH  Output enable time to high leve! /= 1100, See Figure 4 85 120 ns
tpzL  Output enable time to low level R = 1100, See Figure 5 40 60 ns
tpHz  Output disable time from high level RL = 11040, See Figure 4 150 250 ns
tprz  Qutput disable time from low level R = 1100, See Figure 5 20 30 ns




ADVANCE SN65176B, SN75176B

INFORMATION DIFFERENTIAL BUS TRANSCEIVERS
SYMBOL EQUIVALENTS 2
DATA SHEET PARAMETER RS-422-A RS-485
Vo Voa. Veb Voa. Veb
Vop1! Vo Vo
Vooz: Ve Ry = 100 0 VIR = 54 0)
.. o -[Tast Termination 1 o -
- [Voos! T - e ~lTe ~
Measuremant 2)
AiVopi Vel = 1V Ve = Vil
Voc Vogi Vosi
AjVocl | Vos = Vos | i Vos ~ Vg |
los Hsal. ilsbi
o] xai. |lxbl Yiae lin

RECEIVER SECTION
receiver electrical characteristics over recommended ranges of common-mode input voltage, supply

N

voltage, and operating free-air tamperature {unless otherwise noted) g
PARAMETER TEST CONDITIONS MIN TYPY max | unT =
VTH  Differenual-input Mign-threshoid voltage Vg = 2.7V, Ip = -0.4 mA 0.2 \ 8 '
¢
VyL  Differentiat-inout low«threshold voitage Vg = 0.5V, o = 8 mA ~-0.2% v g
Vhys Hysterems$ 50 mv Y i
Vi Enabie-nout clamo voitage lj = -18 mA -1.5 v 5
Vip = -200 mV. lon = -400 an, >
¥oH  High-level outout vortage L) _ & OH = 2.7 \4 ‘-
See Figure 2 a
\ ~200 mv, i = 8 mA,
VoL  Low-ievet outout voitage 1% - oL m 0.45 v 2}
See Figure 2 c
02 Hign-imoedance-state output current Vg = 04Vt 2.4V =20 A .:l'
" Line inpu o Otherinput = OV, Vy = 12V 1 A
ne 1N curren -m.
! e.fnput cur See Note 6 Vim =7V -0.8
"] High-level enabie-input current Vig & 2.7V 20 »A
W Low-level enaole-input current Vi, = 0.4V -100 uA
] lnput resistance 12 L3
ios Short-circunt outout current -15 -85 mA 2
1 Suppl ;nt {total package} No load Quipdts{adaniso a 55 mA O
Cure e
cc ueely cu 4 9 Qutputs disadled 26 35 |:-
T All typical values are a1 Vee = 5V, Ta = 25°C. <
*The algetiraic convention, in which the lass-oositive (more-negative) limit is designated minimum, is used in this data sheet for common-
mode input voltage and thrashold voltage leveis onty. E
S Hysteresis is the difference between the positive-going input threshold voltage. V1 ., and the negative-going input threshoid voltag m
Vr .. See Figure 4. o
NOTE 6: This appties for both powar on and power off. Refer to EIA Standard RS-485 for exact conditions. g
receiver switching characteristics, Vo = 5V, Tp = 25°C E
PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT L
tpLH  Propaganon gelay time, low-to-high-level output Vip=0VtolvV, 21 35 ns O
tpHL  Propagauon delay time, high-to-low-ievel output CL = 15 pF, See Figure 6+ 23 35 ns 2
tpzH  Outbut enable tme to high fevel CL = 150F, Ses . 10 20 | ns <
tpzt.  Output enable ume to low levei o 12 20 ns >
Y utout di # high | N-11 ¥ 3G | = N o
pyz  Outout ublon.mo rom high leved Gt =150, * - SewFi o » 200 e v g
tpr2  Output disable time from low leved v ) 17 25 ns <
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SN651768, SN75176B
DIFFERENTIAL BUS TRANSCEIVERS INFCRMATION
PARAMETER MEASUREMENT INFORMATION b
I
Vop2 :. : Yo {
L 1—?. A
22 +oL OH
4 VoL
= -1:.- 1 I

FIGURE 1. DRIVER Vop AND Voc

FIGURE 2. RECEIVER VoH AND VoL

Cy =50 pF

1
oD —-¥

INPUT 15V 15V
1
: i ov

TEST CIHCUIT.

A= {See Note B)
GENERATOR 50 0 540 QUTPUT X \
{See Note A} l 1 T ~25V
v b OUTPUT  50% F 14-50%
L 3 R S

]
ool W - e
VOLTAGE WAVEFORMS

FIGURE 3. DRIVER DIFFERENTIAL-OUTPUT DELAY AND TRANSITION TIMES

OUTPUT

OVer3V

Ry = !'—"l_ tpZH

CL =50pF 10 0 ' teal Vou
GENERATOR| 2 {Ses Note B) OUTPUT -
2500 = 23v. || .
{See Nots A) < =
tpHz —fo-{ Vo =0V
TEST CIRCUIT VOLTAGE WAVEFORMS
FIGURE 4. DRIVER ENABLE AND DISABLE TIMES
SV, MU o NV el - — ——— 3v
1 |
51 ouTPUT N [ ov
IVorov lsz_n_ﬂ' :
Cy =50 pF’ } —d-tp 2
] {See Note 8) : } sv
GENERATOR soq ouTeUT 23v 05V
(Ses Nots A} e . A
—3~ VoL
- TEST CIRCUIT VOLTAGE WAVEFORMS

FIGURE 5. DRIVER ENABLE AND DISABLE TIMES

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t; s 8 ns,

tf < 6ns, Zgyy = 50 Q.
B. Cy includes probe and jig capacitance.



ADVANCE SN651768B, SN75176B

INFORMATION DIFFERENTIAL BUS TRANSCEIVERS
PARAMETER MEASUREMENT INFORMATION ?
- —— — — 3V
GENERATOR ‘ sin - ‘NPM
(See Note A} 15V | i ov
C = 1SpF

{See Note B)

I i tpLH —& 'l M—d— oL

3 -
= . ceen - e i ) — = VOoH
oV
- QUTPUT 1.3v 13v
Vou

" TEST CIRCUIT VOLTAGE WAVEFORMS
FIGURE 6. RECEIVER PROPAGATION DELAY TIMES

15V 51
2kq s2
~15V——O0 @ O=— 5V
lCL =15 pF(L
= Z Sk IN916 OR EQUIVALENT
<
(Sea Note B
GENERATOR o
(See Nots A} 0%
s3

= TEST CIRCWIT =
—_————13V
—~————15V
St =15V
OV S2closed
$3 open
| Vou |
—— e w45V
ouTeuT =Y ouTPUT ‘
v X DAY 1.5V
Vou
—— —3V
S1ta15V Stto~15V
INPUT $2 closed INPUT $2 clotsd
$3 closed S3 closed
i ov
i
tpLz ——
Vox : ——— =13V
os5v -
OUTPUT Fo- ouTPUT % asv \
—— e %13V VoL

VOLTAGE WAVEFORMS
FIGURE 7. RECEIVER QUTPUT ENABLE AND DISABLE TIMES
NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR s 1 MHz, 50% duty cycle, t; s 6 ns,

t < 6ns, Zoyr = 50 0.
8. Cy includes probe and jig capacitance.

Line Drivers/Receivers H

ADVANCE INFORMATION
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SNG65176B, SN75176B

DIFFERENTIAL BUS THANSCE!VERS

ADVANCE
INFORMATION

TYPICAL CHARACTERISTICS

DRIVER HIGH-LEVEL OUTPUT VOLTAGE

vs

DRIVER HIGH-LEVEL OUTPUT CURRENT

° vee: 5V
> 45 cc=5V
i Ta=25°C >
g 4 — )
> ]
$ast i
RN I S == -5
- -
S 25 BN 3
3 s
z 2 H
y 3
S 15 3
Ed o
. T

wad

o (=]
> 05 >

0

0 -20 -40 -60 -80 -100 —120

loH—High-Level Qutput Current—mA

FIGURE 8

Vop — Differential Output Voltage -V

&

DRIVER LOW-LEVEL OUTPUT VOLTAGE

vs

DRIVER LOW-LEVEL OUTPUT CURRENT

!
Vee=5V

48 1= 7a-25%C

35

3 .

25

15

et

1 —
05

0 20

lgL—Low-Level Qutput Current—mA

40 60

FIGURE 3

DRIVER DIFFERENTIAL QUTPUT VOLTAGE

3.5

25

1.5

0.5

0
0 10 20 30 40 50 60 70 80 90"100

vs

DRIVER OUTPUT CURRENT

N

[T
Vee =5V
Ta =25°C

10 — Output Current—mA

FIGURE 10

80

100

120



ADVANCE SNG651768, SN75176B

Line Drivers/Receivers n

INFORMATION DIFFERENTIAL BUS TRANSCEIVERS
TYPICAL CHARACTERISTICS e
RECEIVER HIGH-LEVEL OUTPUT VOLTAGE RECEIVER HIGH-LEVEL QUTPUT
vs vs
HIGH-LEVEL OUTPUT CURRENT ; FREE-AIR TEMPERATURE
5 T T ! V T ]L I
vee = 8§ B !
Vip=0.2V !
S - o 4|10 = -440 ,A
£ K s | . {
2 ; | "1
5 N -
a 3 \ 33 <
H . =7
Q N y 3
= N /Vcc|= 5.f5 VI bt
> (3
5?2 N 5V 32
z v 475 VT NN z
T cc* =)
:l. 1 \ ix
S N z3
N s
o N ;
0 -1 -20 -30 —40 -50 0 !
1oH —High-Levei Qutput Current—mA -40 -20 0 20 40 60 80 100 120
Ta—Frae-Air Temperature— °C
FIGURE 11 FIGURE 12
RECEIVER LOW-LEVEL OUTPUT VOLTAGE - RECEIVER LOW-LEVEL QUTPUT VCLTAGE
vs vs
RECEIVER LOW-LEVEL OUTPUT CURRENT FREE-AIR TEMPERATURE
0.8 0.6
Veg=5V / Veg =5V ;
> Ta=25°C /1 Vip = -200 mV |
| . >
0.5 L -
) v LostloL = 8mA
3 s
S 2
3 0.4 ; 0.4
g E]
3 o3 4 S e
s / S 03
3 )
3 /! S
3 0.2 3
3 / ;02 —
! 3
3 0.1 !
> 30.1
>
]
] 5 10 1§ 20 -25 30 0
lg—Low Level Output Current—mA -40--20 0 20 40 60 80 100 120
Ta—~Free-Air Temperature— °C
FIGURE 13 FIGURE 14

ADVANCE INFORMATION



S12A1899Y/819A1(Q BUI H

NOILVINHO4NI IONVAQY

SN65176B, SN75176B ADVANCE

DIFFERENTIAL BUS TRANSCEIVERS INFORMATION
TYPICAL CHARACTERISTICS 0
RECEIVER QUTPUT VOLTAGE RECEIVER OUTPUT VOLTAGE
vs vs
ENABLE VOLTAGE ENABLE VOLTAGE
° Vip=02V . § | ! Vip = 0.2 V
B - Vee=5.25V IpD=-0.2V
Load = 8°kﬂ to ground - . ; Load = 1kS2 to Vg
aLTa25°C — Ve = 5.25 V— ! Ta=25C 1
> T " 1 =] S VEC=475V ! =
. Vee=5V
& Ve =5V g 4 ce
= 3 Vee =475V a
32 3
-2 > 4
3 -
& 2
§ * 3
? 2
(]
> S
1 1 7
|
0 ! 0
0 0.5 1 1.5 2 25 3 0 0.5 1 1.5 2 25 3
Vi—Enable Voltage—V Vi—Enable Voitage—V
FIGURE 15 FIGURE 16
TYPICAL APPLICATION
SNés1768, SN651768,
SN751768 i SN751768
> 4§ <
: 2
I ) £f >  d 1

UP 1O 32
TRANSCEIVERS
s e 0

FIGURE 17. TYPICAL APPLICATION CIRCUIT

NOTE 7: The line should be terminated at both ends in its characteristic impedance. Stub lengths off the main line should be kept as short
as possible.
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LOGIC ANALYZER

Mr. Sorapong Chaotipanich 321361
Mr. Sanya Yimsiri 321366

Mr. Vittaya Thipsuwanporn Advisor

Abstract

This project is a development and design of Logic Analyzer Card
add on IBM PC whose, ability is analyzing and checking the digital signal .
It can ‘detect 16 channel of input simultoneously by 20 MHz of internal
sampling clock and 40 MHz ol external clock. Sampled datas are stored
in the "high speed memory, which showed on microcomputer display or
printer and also can be save in the slorage device. The function of
the Logic Analyzer Card is control via microcomputer and user interface

of controller programme which written by C.
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(Hard Ware) wIantamanias (Software) wiavasasadn Hamnufiananans
garuafziadwinenasfaidumnsinniansaseslanTumiem s
AMAIRaNAIAN WAL HaIAANNIIN

1. anuRanaaaIteyn (No data or wrong data)
. NANT (Glitches)
LA (Spikes)
138 (Races)
MIAaWa1A UAILLIRY (Timing Error)
3afa (Ringing)

N o o s w N

TLAUVBINTIAURANAIR (Wrong Level)
AMNAANRIANIEITAUIT (Hardware Faults)
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PRODUCT SPECIFICATION

HARDWARE DESIGN

SOFTWARE DESIGN|

HARDWARE
BREADBOARD

HARDWARE
TEST,DESIGN
AND PROGRAM

SOFTWARE
MODULE CODE

SYSTEM
TEST,DESIGN
AND PROGRAM

BREADBOARD TEST

SOFWARE
MODULE TEST

DES IGN

PRODUCTION HARDWARE

SOFTYWARE MODULE, HARDWARE
INTEGRATION TEST

SOFTWARE SYSTEM
INTEGRATION TEST

FINAL DESIGN,SYSTEM TEST

PRODUCTION SYSTEM TEST AND REPAIK
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nannIsly aam%ﬂaaaa%na%ﬂawas

widinsnuassednaw laimesinamualis (Sampling) ayaua¥
Tiiuluniasaanush Lﬂa’lﬁ’ém%’ummamwaua:‘imﬂzvﬁi'ﬂga'lun'mv&é‘a
Friunodnewlaefazlssnoudndmilsznay 3 #n A

1. n’mﬂ’mqunnq'wu”agla (data acquisition)

2. mﬂmuqummquuﬁagﬂ (trigger function)

3. MAUEAINR (display)

ianTodiau block diagram HAAIFINLIZNBLLRZMINIIUVBIREIN
am‘lalmaﬂd'ﬁagﬂﬁ 2-1

mﬂmuqumsziuﬁas&a (Data Acquistion)

A1 MWIRNT (clock) TBURITONFULITINIMN Y clock pulse 31N block
u u ] L]
diagram sziwInnmanIaRaniifygisminla 2 wuu Aesggam
-
WIRNWBITIUL (system clock)  WINBTIRYYIMMIRNITEINITATINTI
roudela
<& [y v P W o g & ad a ' o -
v hfeyauazdanuduiusiudgonod lunidiFoninmhamuunds -
a Al\ @ 1 A o A
laTa (Synchronous Mode)  annydinfioultiuannninfalisggismiitnn
°v J A L) 1 ° " &
sFatinanludrrasseinemilacefios Sendinmsviamnuuesdalamis
L g d ol v 4 o s 4 -~ -t
(Asynchronous Mode) 'uagaﬂqm:nmmgnﬂaﬂnammnwagmnmuﬂﬂ
l ¢ & J Q- o A'l a ¥ A A ] A
wiusgivanuhussfggrainily  lasUnfszldanubnganienud
vosayaT NIz 5-10 1
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ca a a & Moo o o o -
1w g ldwTening asdadulaslildsuviniiusggismiRnuessruunee
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Input date r_—n_____;__~J_1—
System
 1ock TULT LU
Stored

deta —_— | I

o ) , .
Jl/'n 2.2 l&ﬁﬂJﬂ’)T‘"’N’)M“UU‘ﬁJ[ﬂ?NH

Input data
et [\ S e S~
Legic enelyzer
e - JUUIUUUUUUUUY
Stored
data ———_—_—___——1_J—1___.J(——

A o ~ o
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void hline(int x1, inty, int x2, unsigned char color)

{

register int i, t;

it (x1>x2) {
t=x1; x1 =x2; x2=t; 5
}
outp(0x3cd, 0x40+y/64);
for (i=x1; i<=x2; i++)

pokeb(0xa000, y*1024U+i, color);

WIAT4 hline FIMTURINEHATI IUUUIULY

void vline(int y1, int x, int y2, unsigned char color)

{

register int i, t;



if (y1>y2) {
t=yl; y1=y2) y2 =4
}
for (i=y1; i<=y2; i++) {
outp(Ox3cd; 0x40+i/64);
pokeb( 0xa000, i*1024U+x, color);

WIriTu viine snsuainiduasy luuuIfy
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/% Logic Analyzer Menu Project

/* Run on TSENG LAB ET4000 SVGA Adapter
1024%748 pixels

/*

Resolution

/% Written by
Sorapong Chotipanich 4J 321361

/%
/%

Sanya Yimsiri
/% Finish at 13 May 1993

4) 321366

*/
*/
x/
x/
*/
*/
x/

JEEEEXREKERRRRKERRRREREEXERRRRRORRRARERER KRR AR KER R R R K IR Tkkk %/

#include
#include
#include
#include
#include
#include
#include
#include

#define
#define
#define
#define
fidefine
$define
#define
#define
#define
#define
#define
#define
fdefine
fdefine
#define

#define
#define
fdefine
#idefine
#define
#define
#define
#define
#define
fdefine
g#define
#define
#define
#define

/* MENUTYPE is the structure of the pulldown menu %/

<mem. h>
<dos.h>
<time.h>
<atioc.h>
<stdio.ho
<conio.h>
<stdlib.hy
¢string.h»

PAGEUP
PAGEDOWN
LEFT_ARROW
RIGHT_ARROW
UP_ARROW
DOWN_ARROW
ENTR

ESC

HOME

END

CTRL_F
CTRL_L
CTRL_P
CTRL_T
CTRL_C

heigh
space
yinit
x_text
y_text
humwave
PLOT
CLEAR
MANUAL
AUTO
bit1
tinegrid
xinit
endx

struct MENUTYPE {

};

int loc,active,item _num,maxlen;

18688
20736
19200
19712
18432
20480
7181
283
18176
20224
8454
9740
6416
5140
11779

0x01
4

(x_text+13)*8
(x_text+13)*8 + spacex(numwave-1) + 35

char title[20];
char item[7][20];
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/* PARAM is the structure of parameter sendind %/

struct  PARAM { i
unsigned int wordtrig,wordenable,wordelay,startword,wordstop;
float thieshold_level; .

};
/* LOGIC is the structure of view function in graphic mode %/

strict  LOGIC
int logiccolor[16],maincolor,aridcolor,mask,prev,word;
unsigned int data[16][numwave];
char fname[20]},charbase[3];
int saveimagei[530],saveimage2[530];
int pos1,pos2,timebase;

};

struct MENUTYPE menus[6];
struct PARAM parameter;
struct LOGIC logic_data;

unsigned int data_1in{4096],dummy[4096];
int cond;
char channel_name[16][16];

inftial() f /% initial all defult value %/

{
int 1:

parameter.startword = Oxffff;
parameter.wordtrig = Oxffff;
parameter.wordenable = Oxffff;
parameter.wordelay = 0x10;
parameter.threshold _level = 1.50;

strcpy(menus[0].title,"” File ");
strepy(menus[1].title,” Freq Sampling “);
strcpy(menus[2].title,” Parameter ");
strcpy(menus(3].title,” Run ");
strepy(menus[4].title,” F1 HELP “);

menus[0].item_num = 5;

menus[0].active = 0;

menus[0].maxlen = 10;
strepy(menus[0].item[0]," Load ");
strepy(menus[0].item[1],” Save ");
strcpy(menus[0].item[2]," View ");
strcpy(menus[0].item[3],” 0S Shell ");
strcpy(menus[0].item[4],” Quit ");

menus[1].item_num =
menus[1]).active = 0;
menus[1].maxlen = 8;
strcpy(menus[1].item{0],"” Clock ");

1;

menus[2].item_num
menus[2].active
menus{2].maxlen

:6;
0
1

9
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vpid locate(int X, int y)

“af AH = 2;
|_BH = o
"DH = y;
DL = x;
beninterrupt(0x10);
']
V4

detpixel() function ig used for get one pixel color in location specfied
t/

unsiigned getpixel(int X, int y)

{
outp(0x3cd, y/4);

,‘?turn (int) peekb(0xa000, y*¥1024U+x) ;
}

/¥
putpixel() function ig used for set one pixel on Screen to be g color
spécffed :

*/
void putpixel(int X, int y, int color)
{

outlp(0x3cd, y/64);
k pokeb(OanOO, Y*1024U+x, (char) color);

Y ogprintf() function ig like printf() function x/

nt cdec) gprintf(char color, char *fmt, ... )

va_llist argptr;
chay str{140];
int £nt, 1;

va_start(argptr, fmt);
ont - vsprintf(str, fmt, argptr);
for (i=o0; Tcent; j44)

_kt = strli];

H = 0x0e:

g ﬁg,_ = color;
H = 0:

ééninterrupt(0x10);

ﬁheni(argptr)
eturn(ent);

iraw %ash line in vertical x/

vdline(int Y1, int x, 1int Y2, unsigned char color)
|

8,
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register int 1, t;

if (y1>y2)

{t=y1; yt = y2; y2 = t;

ior (=y1; i<=y2; i++)

{ outp(0x3cd, 0x40+1/64);
pokeb(0xal00, i*1024U+x, colar);

if ( (i1%5)==0 ) {
i+=11negrid;

/* hline() function is a fast draw 1line in horizontal %/
void hline(int x1, 1int Y, int x2, unsigned char color)
register int 1, t;
if (x1>x2)
{ t = x1; x1=x2; x2:= t;
gutp(Ochd, 0x40+y/64):

for (1=x1; i<=x2; i++)
pokeb(0xa000, yx1024U+i, color);

void v1ine(int y1, int x, int ¥2, unsigned char color)
register int 1, t;
if (ytry2)
{ t=yls yl=y2, y2=t;
%or (i=y1; 1<=y2; i+4)

outp(0x3cd, 0x40+i/64):
pokeb(0xa000, 1*¥1024U+x, color);

void bar256(int x1,int y1,int x2 yint y2,1nt color)
register int i;

for (i=y1;1<=y2;1++)
hline(x1,1,x2,color);
}

void boxup(int x1, int yl, int x2 , int y2,
int maincolor, int brightcolor, int Towcaolor)



bar256(x1+1,y1+1,x2—1,y2~1,ma1nco]or);
h11ne(x1,y1,x2,br1ghtco]or);
h]ine(x1+1,y1+1,x2~1,brightcolor);
v11ne(y1,x1,y2,brightco1or);
v1ine(y1+1,x1+1,y2-1,brightco]or);
h11ne(x1+1,y2~1,x2—1,1owco]or);
h11ne(x1,y2,x2,1owcolor);
vline(y1+1,x2-1,y2—1,1owco]or);
v]ine(y1,x2;y2,1owco]or);

void boxerase(int X1, int y1, int X2, int y2)
{
int i;

for ( i=y1 ; q¢=y2 ; 1+ )
hline (x1,1,x2,0);

/¥ vrite string on screen and wait for a key to delete %/
void wrt_str_erase(int X, int y, char cf20], int color)
int length;

length = strien(c); .
boxup((x*4)*8,(y—1)*16+8,(x+1ength+4)*8,(y+1)*16+8,0,15,7);
locate(x,y);

gprintf(co]or,"%s",c);

getch();
boxerase((x-4)*8,(y—1)*16+8,(x+1ength+4)*8,(y+1)*16+8);

/* only write string on screen %/
void wrt_str(int X, int y, char c[20], int color)
{

int Tength:

length = strlen(c);
boxup((x—4)*8,(y—1)*16+8,(x+length+4)*8,(y+1)*16+8,0,15,7);
locate(x,y);

gprintf(color,"%s",c);

void pulldown(int order)
{

int y_]oc,tmp,i,loop;
int 1ightco]or,br19htco1or,ma1nco]or;

y_loc = 4;
for ( Toop=0 ; loop<2 ; loop++ ) {
1f ( loop=z0 ) {
lightcolor = brightcolor = maincolor = 0;
boxup(menus[1ogic_data.prev].1oc X8
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(y_loc+2)*16+5 ,
(menus[1ogic_data.prev].loc+menus[logic_data.prev],maxlen+2)*8,
(y_loct+4+menus[logic_data.prev].item_num)*16-5 ,
maincolor,brightcolor, 1ightcolor);

}
else {
maincolor = 0;
brightcolor = 15;
Tightcolor = 7;
boxup(menus[order].loc %8 ,
(y_loc+2)*16+5 ,
(menus[order].loctmenus[order].maxlen +2)%8 .
(y_loct4+menus{order].item_num)%16-5 ,
maincolor,brightcolor,lightcolor):
}
}
draw_text(order);
}
draw_text(int order) /* draw text in pulldown menu */
{

int i,y_loc,color;
y_loc=7;

for ( i=0 ; i<menus{order].item_num ; i++,y Toc++ ) {
locate(menus[order].loc *1,y loc):
if ( i==menus[order].active )
color = 3;
else
color = 14;
gprintf(color, "%s",menus[order].item[1]):

void pulldown_update(int order) /¥ update the entire menu %/

{

locate(menus[logic_data.prev].loc,4):
gprintf(11,"%s“,menus[]ogic_data.prev].tit]e);
Tocate(menus([order].loc,4);
gprintf(14,"%s",menus[order].title):
pulldown(order);

/* header() draw a top bar in the screen and is a part of pulldown menu x/

header()

{
int i,3,x,y;

X = 2;

y = 4;

logic_data.maincolor = 12;
boxup((x~1)%8,(y-1)*16,1022, (y+2)*16,12,15,7);
X += 3;

for ( =0 ; <4 ; i++ ) {
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menus[1].loc = x;
locate(x,y);
gprintf(11,menus(i].title);
x += strien(menus[i].title);
X += 5;

}

J = strien(menus{i]l.title);
locate(126~3,y);
gprintf(11,menus[ij.title);
pulldown(0);

draw_text(0);
locate(menus([0].loc,y);
gprintf(14,"%s” ,menus[0].title);

footer()

{
boxup((x_text-3)*8, (y_text+35)*16+20,endx,747,0,15,7);
locate(7,40); gprintf(11,"TRIGGER WORD : %X",parameter.wordtrig);
locate(7,42); gprintf(11,"TRIGGER ENABLE : %X",parameter.wordenable):
locate(7,44); gprintf(11,"TRIGGER DELAY : %X",parameter.wordelay);
locate(42,40); gprintf(11, "TRIGGER TYPE : LATCH ")
locate(42,42); gprintf(11,"TRIGGER SOURCE : INTERNAL");
Tocate(42,44); gprintf(11, " "THRESHOLD LEVEL T %3.1FVY,

logic_data. threshold_level);

void getfilename(char title[20],char name[20],int color)
{

int i,3,%x,y;

char c;

x = 20;
y = 15;
boxup((X~1)*8,(y—1)*16+8,(x+50)*8,(y+2)*16—8,0,15,7);
locate(x,y);
gprintf(i1,"%s",title);
J = strien(tit]e);
X+=j;
for ( 1=0,cond=0 ; <20 && cond<20 ; 1++,x++ ) {
c = getch();
name[il=c;
locate(x,y);
gprintf(color, "%c",c);
if (c=="\r’ )
cond = 20;
if ( c=="\x1B’ ) { /¥ ESC key */
X-=1;
i=-1;
locate(x,y);
gprintf(o0,” ");

if ( c=="\b’" ) { /* BACK SPACE key %/
X==;
1-=2;
locate(x,y);
gprintf(o0,” ");

rd.|



1=-;

name[i]="\0";

strcat(name, ".sav");

x=20,y=15;
boxerase((x-i)*a,(y—1)*16+8,(x+50)*8,(y+2)*16F8);

copydata(int num)

int index, item;
for ( index=0 ; index<numwave ; index++ ) {
for ( item=0 ; item<i6 ; Ttem++ ) {
logic~data.data[1tem][index] = ((data_in[index+num])>>item)&b1t1;

}
}
slide_left(int type, int pos)
{
int 1,3,x,y;
X = xinit + (pos+1) x space;
Yy = (y_text-1) x 16;
for ( =0 : <530 g+, ydt )
1f ( type==0 )
putp1xe1(x,y,logic_data.saveimage1[1]);
else

putp1xe1(x,y,logic_data.save1mage2[i]);

X-zspace;

y=(y_text-1)*16;

for ( i=0 ; {<530 poYHE, iHE ) |
if ( type==0 )

1ogic_data.saveimage1[1] = getpixel(x,y);
else
1ogic_data.save1mage2[1] = getpixel(x,y):

Y = (y_text-1) x 16;
vline((y_text—1)*16,x,(y,text+32)*16,2);

slide_right(int type, int pos)
{
int i,3,x,y;

X
y

xinit+(pos-1) % space;
(y_text-1) = 16;

for (=0 ; 1<530 ; 1++,y4+ ) {
if ( type==0 )
putpixel(x,y,1ogic_data.save1mage1[1]);



else
putpixel(x,y,logic_data.saveimage2[i]);

x+=space;
y = (y_text-1) % 16;
for ( 1=0 ; <530 ; y++,i++ ) {
if ( type==0)
logic_data.saveimage1[1i]
else
logic_data.saveimage2[1i]

getpixel(x,y);

getpixel(x,y);
}

y = (y_text-1) % 16;

viine((y_text-1)x16,x, (y_text+32)*16,2);

wrt_time_interval()

{

unsigned int 1;

i = (logic_data.pos2-logic_data.posi) * logic_data.timebase;
Tocate(x_text+75,42);
gprintf(13,"TIME INTERVAL : %d %s ",i,logic_data.charbase);

change_signal_name()

int i,j,x,check,temp;
char name[16],num[4];

boxup((x_text—3)*8,(y_text+35)*16+20,endx,747,0,15,7);

for ( check=100 ; check>0 ; ) {
X = x_text+15;
locate(x,40);
gprintf(14,"Enter signal number (1-16) :
x+=30;
for ( i=0 ; i<4 ; i++ ) {
locate(x,40);
num{i] = getch();
gprintf(14,"%c" ,num[il);

X++;

if C num[i]=="\r" ) {
num[i] = "\O’;
i=4;

}

}
temp = atoi(num);
if ( (temp>0) && (temp<i17) )
check=0;
}
X = x_text+15;
locate(x,42);
gprintf(13,"Enter name for channel %d : ",temp);
X+=28;
for ( check=100,3=0 ; (j<9)&&(check>0) ; j++,x++ ) {
name[j] = getch();
locate(x,42);
gprintf(14,"%c" ,name(jl);

Py



if ( name[jl=="\r" ) {

check = 0;
}
}
e
for ( ; J<9; j++ ) {
name[J]=" ';
}
name[j] = '\0’;
strupr(name);

strcpy(channel_name[temp—1],name);
locate(x_text,2xtemp+1);
gprintf(i1,"%¥s",channel_name([temp-1]);
footer();

border_setup()

{

int i,y,x;

for ( i=0 ; <16 ; i++ ) {
logic_data. logiccolor[i] = 15;
}

logic_data.gridcolor = 14;

boxup((x_text~3)x8, (y_text-1)x16,endx, (y_text+35)%16,

logic_data.maincolor,15,7);

hiine({x_text-3)*8, (y_text+32)x16,endx, 15);
hline((x_text-3)*8~1,(y_text+32)*16+1,endx,7);
hline((x_text-3)*8-2,(y_text+32)%x16+2,endx,7);

for ( i=t1,y=y_text ; 17 ; y+=2,1++ ) {

locate(x_text,y);
gprintf(11,channel_name[i~-1]);

y++;
locate(x_text,y);
gprintf(i14,"%s","N0O.");

void logic_plot(int status)

{

int y[16];
int 1,j,x,z,color;

for ( i=0 ; 1¢=16 ; i++ ) {
y[1] = yinit+32x*i;

x = xinit;
for ( i=1 ; i<numwave ; i++) {
for ( 3=0 ; j<16 ; j++) {
if ( status==1 )

color = logic_data.logiccolor{jl;

else

color = logic_data.maincolor;

/* select color to plot %/

if ( logic_data.data[jl[i] < logic_data.data[j]l[i-1] ) {

“e
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if ( i-1==0 ) {
hline(x,y[j]l-heigh,x+space,color);
vline(y[jl-heigh,x+space,y[j]l,color);
}
else {
hline(x,y[jl,x+space,color);
vline(y{jl,x+space,y[jl+heigh,color);
y[jl+=heigh;
\ }
if ( logic_data.data[jl[i] > logic_data.datal{jl[i-1] ) {
if ( 1-1==0 ) {
hline(x,y[jl,x+space,color);
vline(y[3],x+space,y[jl-heigh,color);
} y[j]l-=heigh;
else {
hline(x,y[{j],x+space,color);
vline(y[j],x+space,y[j]l-heigh,color);
y[3i]-=heigh;
} N
if ( logic_data.data[jl[i] == logic_data.data[j][i-1] ) {
1f (( i~1==0 ) && ( logic_data.data[j][1]==0 )) {
hline(x,y[Jj],x+space,color);
}

if (( i-1==0 ) && ( logic_data.dataljl[i]==1 )) {

yljl-=heigh;
hline(x,y[j],x+space,color);

}
else
hline(x,y[j],x+space,color);
}
}
Xx+=space;

void logic_update(int num, int posi, int pos2)
{

int j,x,1,z,k;

logic_plot(CLEAR);
for ( j=0,x=xinit,k=num ; j<numwave ; j++,k++ ) {
if ( k==zparameter.wordstop ) {
v]1ne((y_text—1)*16,x,(y_text+32)*16,1ogic_data.ma1ncolor);
viine((y_text-1)*16,x, (y_text+32)%16,10);
x+=space;
}

else {
v]ine((y_text—1)*16,x,(y_text+32)*16,logic"data.mainco1or);

vdline((y_text-1)%16,x, (y_text+32)%16,1ogic_data.gridcolor);
x+=space;

}

copydata(num);

logic_plot(PLOT);

for ( j=0,x=18 ; j<4 ; Jj++ ) {
locate(x,y_text+33);
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z =

gprintf(11,"%5d",num);
x+=34;
num+=5;

xinit + pos1 * space;
(y_text-1) * 16;

( 1=0 ; <530 ; i++,z++ ) {
logic_data.saveimagei[i] = getpixel(x,z);

(y_text-1) % 16;

ne((y_text-1)*16,x,(y_text+32)x16,2);

xinit + pos2 * space;
(y_text-1) *x 16;

( 1=0 ; <5630 ; i++,2++ ) {
logic_data.saveimage2[i] = getpixel(x,z);

(y_text-1) x 16;

v11ne((y_text—1)*16,x,(yntext+32)?16,2);

view g

int

logic_data.pos1

logi

bord

raph()
Jsk,1,num;

0;
numwave-1;

¢_data.pos2

er_setup():

logic_update(0, logic_data.posi1, logic_data.pos?2);

wrt_

time_interval();

for ( num=0,3j=100 ; >0 ; ) {

J = bioskey(0);
switch () {
case ESC

case CTRL_T

case CTRL_P

case LEFT_ARROW

case RIGHT_ARROW

J=0;
break;
num=parameter.wordstaop-12;
if Cnum< 1) {
beep(2000,400);
num = 0;
}
if ( num >4095~numwave ) {
beep(2000,400);
num = 4095-numwave;
}
logic_update(num, logic_data.pos1, logic_data.pos2);
break;
epsonlx_dump_scr();

break;
num-=1;
if ( num<t ) {
num = 0;
beep(1000,400);
}
logic_update(num, logic_data.pos1, logic_data.pos2);
break;
num+=1;

if ( num>(4096~-numwave)) {
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case HOME

case END

case PAGEUP

case PAGEDQOWN

case UP_ARROW

case DOWN_ARROW

case 6747

case 7005

case 10043

num=4096-numwave;
beep(1000,400);
}
logic_update(num, Jogic_data.pos1, logic_data.pos2);
break;
num = 0;
logic_update(num, logic_data.post,logic_data.pos?);
break;
num = 4096~numwave;
logic_update(num, logic_data.pos1, logic_data.pos?);
break;
num+=100;
if ( num>(4096-numwave)) {
num=4096-numwave;
beep(1000,400);
}
logic_update(num, logic_data.pos1,logic_data.pos?);
break;
num-=100;
if ( num<o ) {
num=0;
beep(1000,400);
} .
logic_update(num, logic_data.pos1, logic_data.pos?2);
break;
num+=20;
if ( num>(4096-numwave)) {
num=4096-numwave;
beep(1000,400);
}
logic_update(num, Jogic_data.posi1, logic_data.pos?2);
break;
num-=20;
if ( num<o ) {
num=0;
beep(1000,400);
}
logic_update(num, Jogic_data.post, logic_data.pos2);
break; [
logic_data.posi-~;
if ( Jogic_data.posi<0 ) {
logic_data.posi = 0;
beep(1000,400);
}
slide_left(0,logic_data.post);
wrt_time_interval();
break;
logic_data.post++;
if { logic_data.posi==logic_data.pos2 ) {
logic_data.posi——;
beep(1000,400);
}
slide_right(0,logic_data.posi);
wrt_time_interval();
break;
logic_data.pos2—-;
if ( logic_data.pos2==1ogic_data.pos1 ) {
logic_data.pos2++;
beep(1000,400);
}



"slide_left(1,logic_data.pos2);

wrt_time_interval();
break;

case 10279 logic_data.pos2++;
if ( logic_data.pos2==numwave ) {
logic_data.pos2 = numwave-1;
beep(1000,400);
}
slide_right(1,logic_data.pos2);
wrt_time_interval();
break;
case ENTR : 1ogic_update(num,1ogic_data.pos1,1og1c_data.posz);
break;
case CTRL_C change_signal_name();
break;
}
}
boxerase(0,0,1023,620);
header();
}
write_text_display(int index)
{
int y,1,x;
gotoxy(6,1);
textcolor(14);
cprintf(”16 BIT DATAIN] DATAINn+1] DATA[n+2] DATA[Nn+3]1");
textcolor(i5s);
for (y=2 ; y<23 ; y++ ) {
gotoxy(6,y);
cprintf("%5d", index);
gotoxy(21,y);
for ( x=26,1=0 ; <4 ; i++,index++ ) {
gotoxy(x,y);
if ( index==logic_data.mask ) textcolor(11);
else textcolor(15);
cprintf("%5X",data_in[index]);
X+=15;
}
}
}

findword(int num)

{

unsigned int i:

gotoxy(5,24);
textcolor(i1);
cprintf(“Enter word to find (hex) : ");
scanf("%4x",&logic_data.word);
for ( 1=0 ; 1<4096 ; i++ ) {
if ( logic_data.word==data_1in[i] ){
logic_data.mask = §;
gotoxy(5,24);
cprintf("Found %X at address %d
getch();

",logicﬁdata.word,i);



gotoxy(5,24);
r printf(" ¥
| return (i);
}
}

logic_data.mask = 10000;
gotoxy(5,24);
| cprintf("Not found %X at any address ",logic_data.word);
r getch();
gotoxy(5,24);
printf(” ")
return(num);

findnext(int num)

{

int i;

logic_data.mask++;
textcolor(11);
for ( i=logic_data.mask ; 1<4096 ; i++ ) {
if ( logic_data.word==data_in[1] ){
logic_data.mask = 1;
gotoxy(5,24);
cprintf("Found %X at address %d “,logic_data.word,1);
getch(); :
gotoxy(5,24);
printf(” ")
return (1);
| }
' }
logic_data.mask = 10000;
gotoxy(5,24);
cprintf("Not found %X at any address ",logic_data.word);
getch(); )
gotoxy(5,24);
printf(” ");
return(num);

view_text()

{

int index,1i,temp;
logic_data.mask = 10000; |

temp = 100; X
graphics_close(); l
clrscr(); :
write_text_display(0);
for ( index=1=0 ; temp>0 ; ) {

i = bioskey(0);

switch (1) {

case HOME : index = 0;
write_display(index);
break;

case END : index = 4012;

write_display(index);



break;
case PAGEDOWN - index=index+92;
if ( index>4012 ) {
index = 4012;
beep(3000,400);

}
write_display(index);
break;
case PAGEUP : index-=92;
if ( index<0 ) {
index = 0;
beep(3000,400);

}
write_display(index);
break;
case CTRL_F : index = findword(index);
write_display(index);
' break;
case CTRL_L :  findnext(index);
write_display(index);
break;
case DOWN_ARROW : index+:=4;
K if (index>4012) {
beep(3000,400);
index = 4012;
}

write_display(index);
break;
case UP_ARROW :  index-=4;
if ( index<0 ) {,
beep(3000,400);
index = 0;
}

write_display(index);
p break;
case ESC : temp = 0;
. break;
}

}
graphics_open();
header();
footer();

void view()
{
char item[2][12];
int temp,x,active,y,i,color;

strepy(item{0],"” Graphics ");:
strepy(item[1]," Character ");

x=20; active = 0;

boxup(x*8-8,10%16-8, (x+13)*8+8, (10+2)%16+8,0,15,7);
for ( temp=100 ; temp>0 ; ) {
for ( i=0,y=10 ; <2 ; i++,y++ ) {
locate(x,y);
if ( i==active )



color = 3;
else
color = 14;

gprintf(color,”"%s”,item[il);

}
temp = bioskey(0);
switch (temp) {

case ENTR : temp = 0,
break;
case DOWN_ARROW : 1if ( active==1 ) active = 0;
else active++;
break;
case UP_ARROW : if ( active==0 ) active = 1;
else active-—;
break;
}
} .
boxerase(60*8-8,10*16-8,(60+13)*8+8,(10+2)*16+8);
switch (active) {
case 0 : view_graph();
break;
case 1 : view_ text();
‘break;
}
' }
{ /% getint() get 4 characters and convert to decimal */
? getint(int x1, int y1)
i {
int x,Jj,templ,temp2;
int i;
| char input[5];
j = 100; ,
templ = temp2 = O;
for ( ; ; J=100) {
x = x1;
locate(x,y1);
for ( i=0 ; 1<4 ; i++ ) {
input[i] = getch();
X++;
locate(x,yl);
gprintf(14,"%c",input{il);
if ( input[i]=="\x1B") { /% if ESC character
X = X1;
locate(x,y1);
gprintf(1s,” "),
i= -1;
}

}
input[i]l = ’\0’;
for ( temp1=0,i=0 ; i<4 ; i++ ) {
switch (input{il) {
case '0’ : tempi
case '1’ : tempi
case '2’ : tempi
case '3’ :  tempi

0x00; break;
0x01; break;
0x02; break;
0x03; break;

Mmoo H



}
else {
beep(1000,400);
beep(4000,300);
beep(8000,200):
return(temp2);
}
}
}
void Tloadfile()
{
FILE xfp;

case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case

’4’:

15’

a

78)
,C’

‘e

default

}

if (it1=0)
temp2 += tempit;

}
if (j==0) {

beep(1000,400);
wrt_str_erase(60,20," Error! Type Again

int i,tmp1,tmp2;

getfilename(" File Name :

767 :
!71 :
18’ .
79) ;
LIPS B
YAI ;
lb, .

1C’ :
Ydi :
'D’
’E’ ;
’f’ :
’F’ :

tempi
temp1
tempi
temp1
temp1
temp1
temp1
tempi
temp1
tempi
tempi

tempi
Jj=0;

temp2

0x04;
0x05;
0x06;
0x07;
0x08;
0x09;

0x0a;

= 0x0b;
= 0x0c;
= 0x0d;
= 0x0e;

= 0x0f;

*= 0x10;

fp = fopen(logic_data.fname,"rb"):

if ( fp==NULL )

{

beep(1000,500);

wrt_str_erase(20,15," File name not found.

}

else {

break;
break;
break;
break;
break;
break;
break;
break;
break;
break;
break;

break;

fread(data_in, sizeof(int), 4096, fp);

fclose(fp):

beep(1000,400);
beep(4000,300);
beep(8000,200);
wrt_str_erase(30,15," Successful Loading. ",14);

1)

", logic_data.fname, 14);

Cannot Toading file. ",12);
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void savefile()
{

FILE *fp;

int i;

getfilename(" File Name : ",logic_data.fname,14);

fp = fopen(logic_data.fname,"wb");

if ( fp==NULL ) {
beep(1000,500);

wrt_str_erase(20,15," Cannot open file. Data not save.

}
else {
fwrite(data_in, sizeof(int), 4096, fp);
fclose(fp);
beep (1000, 400);
beep(4000,300);
beep(8000,200);

wrt_str_erase(20,15," Successful Data Saving. '

void file()
{

switch (menus([0].active) {
case 0 : loadfile();

break;

case 1 : savefile();
break;

case 2 : view();
break;

case 3 : graphics_close();

system("c:\command.com");
graphics_open();
header();
footer();
break;

case 4 : graphics_close();
gotoxy(1,25);

printf("THANK YOU TO SEE ME");

textcolor(15);
exit(0);

freq()

{
int x,y,i,active,color,temp;
char item[16][10];

strepy(item[0]," 20 MHz ")
strepy(item[1]," 10 MHz ")
strepy(item[2]1,” 4 MHz ")
strepy(item[3],” 200 KHz ")
strecpy(item[4],” 100 KHz ")
strepy(item[5]," 50 KHz ")

" 12);



strepy(item(6],”
strepy(item[7],”
strcpy(item[8],"
strepy(item{9],"

20 KHz ");
10 KHz ");
2 KHz ");
1 KHz ");

x=40; y=9; active = O; f
boxup(x*8-8,y*16-8, (x+10)*8, (y+10)*16+8,0,15,7);
for ( cond=100 ; cond>0 ; ) {
for ( i=0,y=9 ; 1<10 ; i++,y++ ) {
locate(x,y);
if ( i==active )
color = 3;
else
color = 14;
gprintf(color,"%s”,item[i]);
}
temp = bioskey(0);
switch (temp) {

case DOWN_ARROW : if ( active==9 ) active = 0;
else activet+;
break;
case UP_ARROW : if ( active==0 ) active = 9;
else active--—; :
break;
case ENTR :  cond=0;
break;
}
}
switch(active) {
case O : logic_data.timebase = 50;
strcpy(logic_data.charbase, "nS");
break;
case 1 : logic_data.timebase = 100;
strcpy(logic_data.charbase, "nS");
break;
case 2 : logic_data.timebase = 250; .
strcpy(logic_data.charbase, "nS");
break;
case 3 : logic_data.timebase = 5;
strepy(logic_data.charbase, "us”);
break;
case 4 : Tlogic_data.timebase = 10;
: strcpy(logic_data.charbase, "us");
break;
case 5 : logic_data.timebase = 20;
strcpy(logic_data.charbase, “uS");
break;
case 6 : logic_data.timebase = 50;
strepy(logic_data.charbase, "us");
break;
case T : Jogic_data.timebase = 100;
strcpy(logic_data.charbase, “"uS™");
break;
case 8 : Jogic_data.timebase = 500;
strcpy(logic_data,charbase,"us");
break;
case 9 : logic_data.timebase = 1;
strcpy(logic_data.charbase, "mS");
break;
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boxerase(40%8-8,9%16-8, (40+10)*8, (
locate(x_text+75,40);

aprintf (11, "FREQUENCY 1 %s",1
}
void trigger_word()
{
int x,y;
x=60; y=15; .
wrt_str(x,y,"” Enter Trigger Word :
x4=23;

parameter.wordtrig = getint(x,y);
boxerase(448,232,760,264);
locate(x_text,40);
gprintf(i11,"TRIGGER WORD  : %X

void trigger_enable()

{
int temp,j,x,y,i,color,count;
char inputi4];

x=60; y=15;
wrt_str(x,y,
xX+=25;
parameter.wordenable = getint(x,y)
boxerase(448,232,800,264);
locate(x_text,42);
gprintf (11, "TRIGGER ENABLE : %X

trigger_delay()

int x,y;

x=60; y=15;

wrt_str(x,y,” Enter Trigger Delay :

x+=25;

parameter.wordelay = getint(x,y);
boxerase(448,232,800,264);
Tocate(x_text,44);

gprintf(11, "TRIGGER DELAY : %X

void trigger start()
{
int x,y;

x=60; y=15;

wrt_str(x,y,"” Enter Start Word :
x+=23;

parameter.startword = getint(x,y);
boxerase(448,232,760,264);
locate(42,44);

gprintf(11, "START WORD T %X

9+17)*16+8);

tem[active]);

/% locate position for text %/
",12);

" ,parameter.vordtrig);

Enter Trigger Enable -: ",12);

" ,parameter.wordenable);

",12);

",parameter.wordelay);

",12);

" ,parameter.startword);



void glitch()
{

char item[2][12];
int temp,x,active,y,i,color;

strepy(item[0]," Latch ");
strepy(item[1],"” Non Latch "):

x=60; active = 0;

boxup(60*8-8,10*16-8,(60+13)*8+8,(10+2)*16+8.0,15,7);
for ( temp=100 ; temp>0 ; ) {
for ( i=0,y=10 ; <2 ; i++,y++ ) {
locate(x,y);
if ( i==zactive )

color = 3;
else
color = 14;

gprintf(color, "%s”,item{i]);
}
temp = bioskey(0);
switch (temp) {
case ENTR : temp = 0;
break;
case DOWN_ARROW : if ( active==1 ) active
else active++;
break;
case UP_ARROW : if ( active==0 ) active
else active--;
break;

1
o

"
—
-

}
}
boxerase(60*8—8,10*16—8,(60+13)*8+8,(10+2)*16+8);
Tocate(x_text+35,40);
if ( active== 0 )

gprintf(11,“TRIGGER TYPE : LATCH ")

else
gprintf(11,"TRIGGER TYPE : NON LATCH"):

void threshold()

{

int 1,3;

parameter.threshold_level = 1.5;
boxup(450,150,900,300,11,15,7):
hline(452,250,900,7);

hline(450,251,898,15);

locate(74,11);

gprintf(14," Threshold Voltage ");

locate(67,17);

gprintf(14," + to increment . - to decrement ");

for ( 3=100 ; j>0 ; ) {
locate(81,13);
gprintf(14,” %3.1fV ",parameter.threshold_level);
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J = bioskey(0);
switch (j) {
case 18989 : if (parameter.threshold_level==-10.0)
beep(1000,500);
else
parameter.threshold_level-=0.5;
break:
case 20011 : 1if (parameter,threshold_level==10,0)
beep(1000,500);
else
parameter.threshold_level+=0.5;
break;
case ENTR : j=0 ;
break;
}
}
boxerase(450, 150,900,300):
locate(42,44);
gprintf (11, "THRESHOLD LEVEL : %3.1fV",parameter.threshold_level);

}
parameter_var()
{
switch (menus[2].active) {
case 0 : trigger_word();
breaik;
case 1 : trigger _enable();
break;
case 2 : trigger_delay();
break;
case 3 : glitch();
break;
case 4 : trigger_start();
break;
case 5 : threshold();
break;
}
}

data_filter()

{
int check;
register int i;

for ( 1=0 ; 1<4096 ; i++ )
dummy[i1] = 0;

for ( i=0 ; 1<4096 ; i++ ) {
data_in[i] = data_in[1] & parameter.wordenable;
}

for ( i=0,check=100 ; 1<4096 && check>0 ; i++ ) {
if (_data_in[{i]==parameter.wordtrig )
check = 0;
}
==
parameter.wordstop = 1;
i += parameter.wordelay;



for ( ; 1¢4096 ; i++ ) {
data_in[1] = 0;
}

}

run()

{
unsigned int stop;
register int index;

for ( index=0 ; index<4096 ; index++ )
dummy[ index] = 0;

outport(0x306, (char) 0x20);

for ( stop=100 ; stop>0 ; ) {
stop = (int) 1nport(0x30D);

}

for ( index=0 ; index<4096 ; index++ ) {
data_in[index] = (int) inport(0x300);:
}

data_filter();
beep(8000,200);
beep(4000,300);
beep(1000,400);
wrt_str_erase(60,15,"Data Sampling Is Complete”,11);

selection(int order)

switch (order) {

case 0 : file(); break;
case 1 : freq(); break;
case 2 : parameter_var(); break;
case 3 : run(); break;

void cdecl main(void)
{
unsigned int i,temp;
char name[10];
initiai();
graphics_open();
header();
footer();
for ( i=0 ; ;) {
temp = bioskey(0);
logic_data.prev = i;
switch (temp) {
case LEFT_ARROW : dif ( i==0 ) i = 3;
‘else i--;
pulldown_update(i);
break;
case RIGHT_ARROW : if ( i==3 ) i = 0;



case UP_ARROW

case DOWN_ARROW

case ENTR

else i++;
pultdown_update(i);

" break;

if ( menus[1].active==0 )

menus[i].active
else

menus[i].active
draw_text(i);
break;

if ( menus[i].active==menus{i].item_num-1 )

menus[i}.active
else

menus[i]}.active
draw_text({);
brealk;
selection(i);
break;

menus{1i].1tem_num-1;

menus[1].active-1;

0;

menus[i].active+];
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#include <bios.h>
#include <ctype.h>
#include <conio.h>
#include <stdio.h>
#include <dos.h>
#include <alloc.h>
#include <stdlib.h>
#include <string.h>

#define READ_MODE 0
#define WRITE_MODE 1
#define FALSE 0
#define TRUE 1
unsigned char dit[8]1[81={{ 19, 25, 23, 17, 14,
{ 21, 31, 29, 271, 12,
{ 28, 30, 32, 22, =5,
{ 18, 24, 26, 20, 15,
-{ 14, 8, 10, 16, 19,
{
{
{

2
5, 3, 1, 11, 28,
9, 7, 13, 18,
/%
unsigned char dit[8][8]={{ 22, 6, 18, 2, 21,
{ 14, 30, 10, 26, 13,
{ 20, 4, 24, 38, 19,
N 1En \ 28+ 1 GEHR2 .~ 41/
120NN 1. 19 77,
{ 13,29, 9, 25, 14,
osl0 NI 28v%9%7, \RoS
{ 11, 27, 15, 31, 12,
*/
unsigned char (huge *bwimage)[256];
unsigned char Tut[256],dither[8][33];
int i,3,k,1,m,t;
unsigned char d;

void waiting(void)
{
" puts(”"ON LINE LASER PRINTER HP I1");
puts(“press anykey");
getch();
}

int fexist(char *filename) !
{
FILE *ftest;
if ((ftest = fopen(filename,"rb")) == NULL)
return(FALSE);
else
{
fclose(ftest);
return(TRUE);
}
}

16},
6},
11},
13},
17},
27},
22},
20}};

1},
25},
71,
31},
2},
26},
8},
32}};

void getfname(char *message, char *st, char ¥ext, int mode)

xst = '\0’;
while (!strlen(st))



printf(message,ext);

gets(st);

if (strchr(st,’.’) == NULL)
strcat(st,ext);

switch (mode)

case (READ_MODE): if (!fexist(st))
{
st = '\0’;
puts("ERROR: Can’t open file ! | 1");
}
break;
default: if (fexist(st))
{

printf("Overwrite %s (Y/N)? “,st);
if (toupper(getchar()) != 'Y')
xst = '\0’;

}
}
}

void showtime(void)
{

struct time t1;

gettime(&tt);

printf("%2u:%2u:%2u.%2u \n",t1.ti_hour,ti.ti_min,t1.ti_sec,t1.ti_hund):
}

void init(unsigned char (huge *(huge *image))[256])
/*unsigned char (huge *(huge *image))[256];%/
{

if ((ximage=farcalloc(256,256)) == NULL)

{

puts("ERROR: Memory not enough [ ! 1"):
exit(’M');
}
}

void initlut(unsigned char Tut[256])
{

int i;

for (i=0;1¢256;i++) lut[i]=1%10/78;
}

void initdither(void)

{
int i,m,1,d:

for (1=0;1<33;i++)
for (m=0;m<8;m++)
{
dither{ml][i]=0;
d=0;
for (1=0;1<8;1++) /* dither column # x/
{
d<<=1;
if (1 < ditim]l[1]) di+;
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}
dither[m][i]=d;
} .

/xfor (1=0;1¢33;i++) .
for (m=0;m<8;:m++) printf("%5x",dither(m}[1]);%/
}

void writelineMGD(unsigned char huge *image, int y)

{
while ((inportb(0x300) & 2)==0) ;
outportb(0x300,0x01);
movedata(FP_SEG(1image),FP_OFF(image),0xd000,y*256,256);
outportb(0x300,0x08);

}

void writeMGD(unsigned char (huge *image)[256])

{
int y;

for (y=0;y<256;y++)
writelineMGD(imagel[yl,y);

}
void readimg(unsigned char (huge *image)([256])
{ .
char fname[30];
FILE xfp;
getfname("Enter IMAGE data file name (read)[%s]: ",fname,”.IMG",READ_MODE);
if ( (fp=fopen(fname,"rb")) == NULL)
{ .
puts("ERROR: Can’t open file ! ! 1");
exit('F');
}
else
fread((void *) 1image,256%128,2,fp); ;
puts("Open 0.K.");
fclose(fp);
}
},,
void print(void)
{

puts("BW IMAGE LASER PRINT Versioni.0");
puts("by IMAGE CRSC KMITL\n");

init(&bwimage);
initlut(lut);
initdither();
readimg(bwimage);
waiting();
printf(“success 0%\r");

/% print bw image %/
fprintf(stdprn, "%c*xt300R",27); /% set 300 dpi %/



fprintf(stdprn, "%c*roA",27); /* Start graphic %/

for (i=0;1¢256;1++) /¥ 1ine & x/
for (m=0;m<8;m++) /% dither Tine # %/
fprintf(stdprn, "%c*b256W",27); /* transfer %/
for (j=20;j<256;Jj++) /% colume # %/

biosprint(0, dither(m][lut[bwimagelilf{3j111, 0);
/xfprintf(stdprn, "%c”,dither[m][Tut[bwimage[i][j]1]]);*/

}
printf("success %d%%\r",100—(256—1)*10¢/256);
o

}
fprintf(stdprn, "%cxrB%c”,27,12);



#include <ctype.h>

#include
#include
#include
#inciude
#include
#include
#include

#define
#define
#define
f#define

unsigned

unsigned

unsigned

unsigned

unsigned

unsigned

<string.h»
<conio.h>
<stdio.ho
<dos.h>

<alloc.h>
¢stdTib.hy
<mem. h>

READ_MODE ©
WRITE_MODE 1
FALSE 0
TRUE 1

char dit1[4][4]={{ 50,100,150,200},
{ 50,100,150,200},
{ 50,100, 150,200},
{ 50,100,150,200}};

char dit2{4][4]={( 15,135, 45,165},
{195, 75,225,105},
{ 60,180, 30,150},
{240,120,210, 90}};

char dit3[4][4]={{ 15, 30, 60,105},
{ 45, 75,120,165},
{ 90,135,180,210},
{150,195,225,240}};

char dit4[4][4]1={{ 15, 30, 45, 60},
{ 75, 90,105,120},
{135,150, 165,180},
{195,210,225,240}};

char (huge *bwimage)[256];
char Tut[256];

int i,j,k,1,m,t;

unsigned
unsigned

char d;

char dit[4][4]={{ 15,135, 45,165},
{195, 75,225,105},
{ 60,180, 30,150},
(240,120,210, 90}}:

void wait(void)

{

puts("ON LINE PRINTER");

puts(’

"then press any key");

getch();

int fexist(char *filename)

{

FILE *ftest,*fopen();
if ((ftest = fopen(filename,"rb")) == NULL)
return(FALSE);

else



{
fclose(ftest);

return(TRUE);
}
} .

void getfname(char *message, char *st, char *ext, int mode)
{
xst = "\0’;
while (!strien(st))
{
printf(message,ext);
gets(st);
if (strchr(st,’.’) == NULL)
strcat(st,ext);
switch (mode)

{
case (READ_MODE): if (!fexist(st))
{
xst = '\0’;
puts("ERROR: Can’t open file ! | 1");
} 4 .
break;
default: if (fexist(st))
printf("Overwrite %s (Y/N)? ",st);
if (toupper(getchar()) != 'Y’)
xst = '\0’;
}
}
}
} I
void showtime(void)
{
struct time t1;
gettime(&tt);
printf("%2u:%2u:%2u.%2u \n",t1.ti_hour,t1.ti _min,t1.ti_sec,t1.ti_hund);
}
void init(unsigned char (huge *(huge *image))[256])
if ((*image=farcalloc(256,256)) == NULL)
{
puts("ERRCR: Memory not enough ! | I");
exit(’M");
}
}
void initlut(unsigned char 1ut{256])
{
int i;
for (i=0;1<256;i++) Tutfil=1;
}
void initdither(unsigned char dit[4]1[4])
{

int i,j,opt;
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}

puts("Dither Pattern");
puts(“1:0ne dimension”):
puts(“2:Jarvis %");
puts(“3:Triangle”);
puts(”4:PANDA");
printf("Use:");scanf("%d",&opt);getchar();
switch(opt)
{
case 1: for (i=0;i<4:i++)
for (j=0;3<4;j++)
dit[il[3]l=dit1[i1[]];
break;
case 2: for (i=0;1<4;i++)
for (3=0;j<4;j++)
dit[11[j]=dit2(11(]j);
break;

for (i=0;i<4;i++)

for (j=073¢4;jt++)
dit[i1[3)=dit3[1]1[j];

break;

case 3:

case 4: for (i=0;i<4;i++)

for (j=0;j<4;3++)
dit[i1[jl=dit4[il[j];

break;

}

void readimg(unsigned char (huge *image)[256])

{

char

fname{30];

FILE =*fp;

}

getfname("Enter IMAGE data file name (read)[%s]:

if ( (fp=fopen(fname,"rb")) == NULL)
{
puts("ERROR: Can’t open file | | 1");
exit('F’);
}
else
{
fread((void *) image, 256%128, 2, fp):
puts(“"Open 0.K.");
fclose(fp):
} ;

void main(void)

{

puts(“BW IMAGE PRINT Version1.0");
puts("by IMAGE CRSC KMITL\n"):
init(&bwimage);

inittut(lut):

initdither(dit);

",fname, " .IMG",READ_MODE);



readimg(bwimage);

wait();

printf(“success 0%\r");

for (i=0;1<32;i++) /%
{

/X
fprintf(stdprn, "%c%cxc”,27,7A7,8); /*
fprintf(stdprn, "%c%c%c¥cxc",27,’%,0,0,1); /%
for (j=0;7J<266;j++) /¥
{ d=0;

for (k=0;k<8;k++) /¥
{

d<¢=1;

line # %/

print bw image x/

set 8/72 line space %/
set graphic 256 dots %/
column # x/

dot in line x/

if (lut{bwimage(i*2+kI[j]1] < dit[(i*2+k)%4]1[I%4]) d++;

fprintf(stdprn, "%c”,d);

}
fprintf(stdprn,”\n");

printf(“success %dx%\r",100-(32-1)*100/32+100/32):

}
fprintf(stdprn,"%c%c",27,64);

}
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™ SEMICONDUCTOR
TECHNICAL DATA

MCM6264

8K x 8 Bit Fast Static RAM

The MCM6264 is fabricated using Motorola‘s high-performance silicon -gato
CMOS technology. Static design efiminates the need for external clocks or tim-
ing strobes, while CMOS circuilry reducos power cansumption and providos for

greater raliability 30: :;:\'.C;(I.AAGS%C
This duvice maots JEDEC standards for functionality and pinout, and s avail- CA.SE 7108.01
able in plastic dual-in-line and plastic small-outiine J-leaded packages.

¢ Single 5 V £10% Power Supply

® Fully Static — No Clock or Timing Sirobes Necessary
Fast Access Times: 15, 20, 25 and 35 ns NJ PACKAGE
Equal Address and Chip Enable Access Times 300-MIL SOJ
Output Enable (G) Feature for Increased System Flexibitity and to Eliminate CASE §108-03
Bus Contention Problems

Low Power Ogperation: 110 —140 mA Maximum ac
Fully TTL-Compatible — Three-Stale Output

PIN ASSIGNMENT

' NC{]1e 28 [Fvee
BLOCK DIAGRAM a2 ]2 27} w
A7 f]3 26 () e2
A2 ——{ o] | ] /\;{[ 4 250 ag?
A3 ——3— 5 b 2o
[+~ Vss M 23] an
1] w7 =zl
A5~ ol MEMORY MATRIX ,\f”[ 8 21[] ato
256 ROWS x .
A7 ——{3— PECODER 32 x 8 COLUMNS Arlls 20 [} Ei
Ab [ 10 191] par
Ag———{ >
oao [} # 18] bos
A9 ——{3— oor [j 12 171] pos
Al paoz2 [} 13 16 (] pos
l l vgs [] 14 151) pas
000 ~—{3 wpur - COLUMN 10
. DATA
bo7 CONTROL| COLUMN DECODER PIN NAMES
AO—-A12 .- ..., ..Address Input
, DQO--DQ7 .. DatainpuvData Output
By w. .. e, Write Enable
€2 A0_A1_AB A10 A12 G. .. Output Enable
’ Eiga, ... .. Chip Enable
W . [:] . NC .... ....... .NoConnection"
G Veg oeeees . Power Supply (+ §V)
Vsg Ceeree i, . Ground

MOIOROLA MEMORY DATA
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MCMe6264

T - ’
TRUTH TABLE (X  don't care) This device contains clrcuitry lo pro-

Y NPT

§ E1 |E2 | G W Mode Vg Curtent Output Cycle toct the inputs against damage due
n to high static vollages or electric
) H | X | X [ X} NotSelected 'sB1. 1582 High-Z - fields; however, it Is advised that
j X{L|X|{X Not Selected Isp1. lsB2 High-Z - normal precautions be taken to
4 Hiwn H | Output Disabt | High-Z - avold application of any voltage
t utput Disabled CCA o higher than maximum rated volt-
‘) LIHILI|H Read lccA Dout Read Cycle ages to this high-impedanca circult.
! L{H|X]|L Write Icca High-Z | Write Cycle
This CMOS memory circult has
been designed to meet the de and
ABSOLUTE MAXIMUM RATINGS ac specifications shown in 4he
, tables, after thermal equitibrium has
| Rating Symbol Vatue Unit baen established, The circuitIs in a
" Power Supply Voltage Relalive o Vgg Vee ~-05%+70V \ test socket or mounted on a printed
" circult board and transverse alr flow
Voltage Relative to Vgg For Any Pin Vin. V, ~051t0V A
Excegl vee s ForAny in-<Sou, ), 3 S of atleast 500 linear feet per minute
is maintained.
Output Current {per 1O) lout +30 mA
Power Dissipation Pp 1.0 w
Temperature Under Bias Toias ~10to + 85 "C
{ Operating Temperature TA 0to+70 ‘C
Storage Temperaturo—Plastic Tstg ~55l04 125 “C

NOTE: Permanentdavica damage may occur if ABSOLUTE MAXIMUM RATINGS aro ex-
caeded. Functional operation should be restricted to RECOMMENDED OPERAT-
ING CONDITIONS. Exposure to higher than recommended voltages for extended
periods of tima could affect device reliability ¢

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Voo = 5.0V 10%, T =010 70°C, Unless Otherwise Noted)

AECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit
Supply Voltage (Operating Vollage Range) veo 4.5 5.0 55 v
fnput High Voltage ViH 22 — Veo + 0.3 v
input Low Voltago ViL ~0.5" - 0.8 v

*Vii (max) = Vg + 0.3 V de; Vi (max) = Vo + 2.0 V ac (pulse width < 20 ns)
“VL (min) = - 0.5 V dc; V) (min) - - 2.0 V an {pulsa widih < 20 ns)

DC CHARACTERISTICS

Parameler Symbol Min Max Unit
Input Laakage Currant (All Inpuls, Vin = 0 to Vi) Yka(l) — i1 uA
Output Leakage Current (E = Vi or G = Vi, Voyi = 0 1o V) likq(O) — +1 )
Qutput Low Voltage (Igy_ = 8.0 mA) VoL — 0.4 v
Qutput High Voltage (I = ~ 4.0 mA} VoH 24 — \
POWER SUPPLY CURRENTS
Parnmeter Symbol -15 -20 -25 .35 Unit
AC Artiva Supply Curtent (1o, = 0mA, Ve - Mnx.-l = tmax) lcca 140 130 120 10 mA
"G Sty Gt (T < Vigyar £7 2 V. Vo - Moe U=t | T 0 a5 n o | mA
?‘,mndhy Cueam (F14 - Voo 02Vori2-Van 02V, Inng "0 20 0 0 mA
Vin4Vgg 1+ 0.2 V.ot~V 07? V) .




MCM6264

CAPACITANCE (f = 1 MHz,dV = 3 V, Ta = 25°C, Periodically samplad rather than 100% tested)

Characteristic Symbol Max Unit
Addross and Data Input Capncitance Cin [ pF
Controt Pin Input Capacitance (€, E2 8, W) Cin 8 pF
Output Capacitance ’ Cout 7 pF

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vec =5V £10%, TA = 010 + 70°C, Unless Otherwise Notad)

Input Timing Measurement Relerence Lavel .. ...... 15V Output Timing Measurement Reference Level ....... 1.5V
Input Pulse Levels ........... e Oto3V Outputload .......... Figure 1A Unless Otherwise Notad
Input Rise/Fall Time ................ e 5ns

READ CYCLE (See Notes 1 and 2)

Symbol -15 -20 -25 -35
Psrametor Sid Alt Min | Max | Min | Max | Min | Max | Min | Max | Unit | Notes
Raad Cycle Time fAVAV 1] 15| —~120{—~ 257~ 135 = [ns 3
Addiess Accoss Time lavav A — |5} —~]2a}~ 25 | — |35 ns
Enably Accuss Timo ELQv Iacs — |15 ) — 20|~ [25] ~ |35 | ns 4
Qulput Enable Access Time GLav 08 - |.8 — 10 | — 1" — |12 | rs
Outpul Hold tfrom Address Change taxax oy 4 — 4 —_ 4 - 4 — | ns
Enable Low to Output Active teLax torz 4 1 — 4 - 4 — | 4 |~ | ns |587
Qutput Enabls Low to Qutput Active GLax oz 0 —_ 0 - 0 —_— 0 — | ns | 587
Enable High to Output High-Z EHQz lcHz 1] 8 0 9 (1] 10 0 11 ns | 567
Output Enable High to Output High-Z GHQZ 01z 0 2 [} 8 [} 9 0 10 | ns | 5867
' Powar Up Time Eucen | pu o l—Jof—=lo] =0 =T1r
Powar Oown Time EHICCL Pp — (185 i —~]2 [—}25]—71T35] ns
NOTES:
1 Wis high for read cycle. i

2 £ and £2 are ropresented by E in this datn shool. E2 Is of opposile polarity to E.

3. All tunings are retarenced tram tha last valid nddioss fo the first ransitioning address.

4 Addrussus vald prior 10 o colncidunt with B going low.

5. Atany given voltage and tompurature, EHQZ Max <1g gx min, and Igaz max < GLQX mMin, both for a gliven dovice and from device o
dovice.

6. Transition Is measured + 500 mV from stoady-state voltage with load of Figure 1B,

7. This parameter is sampled and not 100% testod.

8. Davica is continuously seloctod {ET = V), E2 - Vi, G - V),

MOTOROLA MEMORY DATA
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READ CYCLE 1 (See Note 8)

L AVAV

A(ADDRESS) }(

Q (DATAQUT) PREVIOUS DATAVALID -,

DATAVALID

tavov, .

i
READCYCLE2  (See Note 4)

tavav
A(ADDRESS) \(
7
SERE TELQv
E (CHIP ENABLE) *
___________\" ELOX™>
{
G (OUTPUT ENADLE) A ( GLOX

tetav -

LAVOV. e

tELICCH e 1ELICEL —o X
L o e e O ’
cunnecncr
UPPLY
) Isa T
AC TEST LOADS
W5V
outrur ©>—§) we
A asoa
oyl 0 2
R =500
255 0 _l_ 5pF
V=15V Lo
SCOPE AND JIG)
Figure 1A Figure 18 =
TIMING PARAMETER ABBREVIATIONS
tx xxx TIMING LIMITS

signal name to which Intarval Is dollned
transition diraction lor sacond signal

H « transition to high

1. = transition to low

V « transition to valid

X = transition to invalid or don't care
Z « transition to off (high impedance)

signat name Irom which Intorval is dofinad J— l
tranaltion diracilon for fieat signal

Tha transition definitions used In this data shest are:

The tnbla of timing vatuns shows olthar & minimum or & maximum
limit for nnch paramater, input requiremants aro spacified rom the ex.
tarnnl system polnt of view. Thus, addroas setup time s gshown as &°
minimum since the system must supply at least that much time {sven
though mos! davices do not require 1). On thoe other hand, responses
trom tha memory are specified from the dovice poin! of view, Thus, the
access time Is shown as a maximum since the device output wilt be'
valld no later than thal time.

B

MOTOROLA MEMORY DATA
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MCM6264

WRITE CYCLE 1 (W Controlled) (See Notes 1, 2, and 3)

Symbol -15 -20 ~25 -3

Parameter Std Alt Min | Max | Min { Mex | Min | Max | Min | Max | Unit | Notes
Write Cycle Time TAVAV we' 15| — (20— {2 |~ ]3| ~—1]ns 4
Address Setup Time tAVWL tAS 0 — 0 — 0 - 0 — | ns
Address Valid 1o End of Wrile 1AVWH Taw 2] — 15 [ ~— 17— 2 | — ns
Wite Pulse Width IWLWH. wp 12 — 15 | — 77— 120~ | ns

'WLEH
Wiite Puise Width,  High WLWH twp 10| —[t12]|—~1{15]—117]—1{ns §
(Output Enable devices) WLEH
Data Valid to End of Wrile 'DVYWH tow 7 — 8 - 0| —112—|mns
Data Hold Time WHDX (Y] 0 —_ 0 - 0 - 0 — | ns
Wiis Low to Output High-Z twioz wz 0 7 0 8 0 101 0 12 | ns | 678
Wirita High to Output Active wHax tow 4 — 4 - 4 - 4 ~— | ns | 678
Wiite Recovary Time IWHAX wa (1] — 0 = 0 —_ 0 — | ns
WRITE CYCLE 2 (E Controlled) (See Notes 1 and 2) i
Symbol -15 -20 -25 -35

Parameter Std Al Min | Max | Min | Max | Min | Max | Min | Max | Unit | Notes
Wirite Cycle Time TAvAY we 15| —~]l2 | —|25]—]3]—]ns 4
Addrass Setup Time 1AVEL 'S 1] — 0 —_ 0 —_ 0 —_— ns
Addrass Valid 10 End of Write AVEH aw 12— |15} — |2}~ ]2 ]| — ] ns
Enable to End of Write {ELEH. tcw Wl ~—t112|—} 151 —1]125|—1]ns {910

'ELWH )

Data Valid to End of Write DVEH tow 71— —~ (W0t —=J]15]—=1ns
Data Hold Time {EHDX IDH 0| - ~ 10 |l—~t1t0{—1|ns
Write Recovery Time 1EHAX twR 0 — 0 — 0 - 0 — | ns

NOTES:

1. A write occurs during the overtap of E low and W low.

.

. E7 and E2 aro represented by E In this data sheat. E2 is of opposite polarity to E.
. It G goes low colncident with or after W goes low, the output will remain in a high-impoedance state.
. Al imings aro relerenced lrom the last valld oddross to the first transitioning address.
. 118 > Vi, the output will remain in a high-impedance state.

Transttion 1s measured & S00 mV from steady-state voltage with load of Figure 18,
This parameter Is sampled and not 100% lestod.
1t E gous low colncident with or atter W goos low, tho output will ramaln in a high-impedanca state.

2
3
4
s
6 Alany given voltage and temporature, ty) (37 Max < twax Min, both for a given device and from device to device.
7
8
9.
1

0.1 I goes high coincident with or before W gous high, the output will remain in a high-impedance state.

e Wt gcsd L 4w A

Rpledore om

MOTOROLA MEMORY DATA

A PRI 10 AT R N (AR (s PRI S
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MCM6264
WRITE CYCLE 1 (See Notes 1, 2, and 3)
L AvAY |
A{ADDRESS) }( \
1 AVWH e->]— 1whax
£ (CHIP ENABLE] _\ 7/
‘lWLWH
WLEH
W (WRITE ENABLE) \\ ]/
- AW —> | L pVWH = tWHDX
D {DATAIN) ><><><><>O< )<>< DATAVAUID ><><
- twioz -
HIGHZ HIGH Z m‘
Q{DATAOUT)
[+~ twhox -+
WRITE CYCLE 2 (See Notes 1 and 2)
- AVAY
A(ADORESS) ><

Ny
N

E (CHIP ENABLE)

W (WRITE ENABLE)

e - — VAVEH ————— s =
X 4
e, \\/F b
g e, VELEH o L EHAX
\ LELWH /
/
1 DVEH ——e-t—— L EHDX
DATAVALID

AX

HIGH-Z

O (DATAOUT)

Motorola Mamory Prefix
Part Number

ORDERING INFORMATION (Order by Full Part Number)

MCM

T

6264 X XX

XX

Shlpp}ng Mothod (R2 = Tape & Reel, Blank = Ralls)
Speed (15 = 15 ns, 20 = 20 ns, 25 = 25 ns, 35 = 35 ns)

Package (P or BP = 300-mil Plastic DIP, NJ or BNJ =.300-mil SOJ)

Full Part Numbers—MCM6264P15

MCM6264P20
MCM6264BP25
MCM6264BP35

MCM6264NJ15  MCM6264NJ15R2
MCMB6264NJ20  MCM6264NJ20R2
MCMG264BNJ25 MCMG264BNJ25N2
MCMB264BNJ3S MCM6264BNJISR2

MOTOROLA

MEMORY DATA
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MOTOROLA
{ = SEMICONDUCTOCR DAC-08
i TECHNICAL DATA
4
1
i
i - HIGH SPEED
' HIGH SPEED 8-BIT MULTIFLYING D-TO-A CONVERTER 8-BIT MULTIPLYING D-TO-A
I The DAC-08 series is a monolithic B-bit high speed muitiplying digitai-to- CONVERTER .
! analog converter, capable of setiling to within 1/2 LSB {0.19%] in 85 ns.
i Moncionic multiplying performance is retained over a wide 40-to-1 reference SILICON MONCUITHIC
¢ current range. Full scale and reference currents are matched to within 1 LSB, INTEGRATED CIRCUIT -
! therefore eliminating the need for full scale trim in most applications.
| Dual complementry current outputs with high voltage compliaqce provide - —
added versatility and allow ditferential mode of operation to effectively dou-
ble the peak-to-peak output swing. In many applications,wm; £
; voltage conversuon_cin be accomplished without requiring an external op - {‘ I . ..
2mp. Noise-immune inpuls permit direct interface with TTL and DTL tevels E !
L . “WhEn the logic threshalc contrel, Vi C, {Pin 1) is groundec. All other logic 16 i :
; e Tly thrégholds are afiainable by adjusting tNe v8ltage level of Pin 1. Pers = [f= wwbl = emae e
i formance characteristics are virtually unchanged over the entire =4.5 V to Q SUFFIX P SUFFIX
' =18 V power supply range. Power consumption is typically 33 mW with CERAMIC PACKAGE PLASTIC PACKAGE
| =50 V supphes. CASE 620 CASE 648

The DAC-08 is available in severs! versions, with nonlinearity as tight as
i +0.1% { = 1/4 LSB) over temperature. All versions are guaranteed monotonic
l over 8 bits, For an extra margin of performance, Motorola utilizes thin-film Thresnold Comrol [j'_\f_—" c
H resistors permitting very accurate resistive values which are extremely stable Vi ompensanon
. over temperature. Tou [ 1) VREF(- | =
‘ High performance characteristics along with low cost, make the DAC-08 v- 2 14 VREFL+ )
an excellent selection for applications such as CRT displays, waveform gen- touy (2 Sive
: eration, high speed modems, and high speed analog-to-digital converters: 81 [:i 5 8 ILSB!
® Fast Settling Time — 85 ns = - = B -
® Full Scale Current Prematched to =1 LS8 - B2 [ p’ &7 -
& Nonlinearity Over Temperature to = 0.1% Max g ' €8
e Differential Current Qutputs Ba f"' y—J' B Lo .
| e High Volizze Compliance Outputs - 10V to -+ 18V
l e Wide Range Multiplying Capability =
’ @ Inputs Compatable With TTL, DTL, CMOS, PMOS, ECL. HTL
o Low Full Scale Current Drift v. 1 7 v]ul 85158}
& Wide Power Supply Range =45V 1to =18V VRert-) [= < 87
® Low Power Consumption VRer(- ) [71 E 66
& Thin-Film Resistors Compen T¢] ’ B
e tow Cost vie E. i oBe
6 é io ﬁ F:_. 82
V- I os2
Ej +] 81 (MSB)
D SUFFIX
EQUIVALENT CIRCUIT PLASTIC PACKAGE (Tap Viewt
IMSB) {LSB) CASE 7518
V- Vic Bl B2 B3 B4 BS B6 B7 BB (S0-16)
T3 11 9576 Pr 78 s fiofi a2 *
1 PR NN I AN B A | ORDERING INFORMATION
Ei‘iﬁmj [ Logtc Buffers and Level Shiters ] . F—
T J,I T T ] ? == lout Device Nonlinesrity Rangs Package
Current l g - nd P DAC-08AQ 20 1% -85'C 10 Ceramic
SW“CTS 2 iz z :3 ’ ‘l-éé H‘I Li_lé H‘l iil T DAC-08Q £ 0.19% -125C | Ceramic
14 DAC-08HO 20.1% Ceramic
VREF() > ,i/ }) DAC-08EQ =0.19% Ceramic
VREF I Trer DAC08CQ | =0.39% Ceramic
Amp RS 2RS 2R3 2R 2R 2RQ 2RS 2RZ 2R DAC-08C0 2 0.39% 0°C 1o = 70°C 50-16
DAC-08ED =0.19% S0-1€
- DAC-08HP =0.1% Plastic
L 'Iﬁi 3 - DAC-08EP =0.19% Plastic
Compensauon V- DAC-08CP | =0.39% Plastic

MOTOROLA LINEAR/ANTERFACE DEVICES
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DAC-08

MAXIMUM RATINGS (Tp = 25°C unless otherwise noted)

[ Rating E Symbol Value | Unit
v+ Sugpply to V- Supply | - 36 1 v '
Logic Inputs { = V- to V- Plus 36 1 v
Logic Threshotd Control ' Ve V- 10V s v
¢ Anglog Current Qutpuls ! lout See Figure 7 mA
"rﬁference Inputs (V14, V15) t VRef V-10 V- v
| Reference Input Difterential Voliage (V14 10 Vi5) T VREFID) =18 v
"Reference Input Current (i14) IREE 50 N mA
Operating Temperature Range Ta y C |
DAC-08AQ. Q i -5510-125 | i
DAC-08HQ, EQ, CQ, HP, EP. CP. ED, CD ! 010 -70 ' !
Siorage Temperature Ta -65 to =150 ! cc
Power Dissipation Pp 500 H mw ]
i Derate above 100°C RgJa . 10 , mwsec

ELECTRICAL CHARACTERISTICS

(Vg = =15 V. IRgF = 20mA, Ta = -55°C to <125 C.

unless otherwise noted )

[ & DAC-08A ! DAC-08 Rl e — -
Characteristic Symbol { Min Typ Max Min Typ Max ' Unit
Resolution s 8 8 8 , 8 8 & 1+ Bus
o tiomenms] AOPIGLOMICHY Sormioss s ot ams aonm e = = ];_8 L a 8 i 8 8 8 | Bus
Nontinearity, Ta = 0°C to +70°C’ NL =) — 01 | — . TGI8 ofS .
Settling Time to = 172 LSB, Figure 24 ts -, 8 — — 85 — s |
(Al Bits Switched On or Off, Tp = 25°C)(Note 1) 1 ' J
Propagation Delay, To = 25°C (Note 1) i . ns
Each Bit PLH | = 35 = =l s =
All Bits Switched wag |~ |38 = 1=t 3 i = |
Full Scale Tempco [ TClgg § — ¢ =10 ' — =, =z, - Tppom C .\
Output Voltage Comphance T voc .20 - ] g L -101 ~ ¢ 18 , V
Full Scale Current Change < 1 "2 LSB. i 4 i H I i 1
Rgut ¥ 20 megohm tvp : ¢ | [ ' i :
Full Range Current \fme 1i98a| 1992 | 2000 | 194 199 { 20: , mA
{VRer® 10.000V; R14,R15= 5 000k{1. Ta= 25°C | 2D ! i !
Full Range Symmetry tigRa - IFR2) { RS ! — =06 | =40 | — =10 =80 Ay -
Zeto Scate Current 1 1z | w01 10 V- 02 ; 2C | WA I
Output Current Range ] I i T Ty
V-=-50V Clomtr | O L 2.1 0 - 2
V-2 -80Vtc-18V lorR2 . 0 2 42 o] j i &2
Logic Input Levels (Vi c = 0V} ' v
Logic "0” ViL i = — o8 | = - [«X:}
togic 1" vin |2 - - | 20 - -_
Logic tnput Current (Vg c = O VI® i & i A
Logic tnput 07 [V;n 7 ~1C V10 -0.8 W} W= b o-20 -0 j O -20 a0 |
Logie tnput "1~ (Vyn 2 *20V 10 =18 V) g - | 0002 ] 0  — | oooz 0
Logrc Input Swing. V- = -15V vis ' -10 - | 18 -10 — g ' v
Logic Threshold Range, Vg = 215V ViR | -10 — | -3¢ -10 — . 138 , Vv
Reference Bias Current s — -1 0 -30 | — 10 | -30 | wuA
Reference Input Slew Rate Figure 19 (Note 1) di-dt - 80 - [ 80 — T mA us
Power Supply Sensitwity liggr = 1.0 mA} % %
Vez45Vip18V PSSieg. — {=00003 oo — 1=00003 001 |
V-:-45Vi0-18V PSSlgg. | — | =0.002 | =001 — | o002 | o0t |
Power Supply Current - ) vy
V5=:5.OV.IREF=1OmA 1 — 23 38 - 23 38
- — .43 .58 - -3 .58 9
Vs=‘5.DV,-15V. IRee = 2.0 mA |+ — 24 k¥:] — 24 38
I- - 64 -78 - -64 .78 |
Vg = =15V, Ipgr = 20 mA t - 25 38 - 25 38 |
. - - -65 -7.8 — -65 -78 1
~ | Power Dissipation Po i mw
Vg =250V, Iggr = 1.0mA - 33 48 - 33 48
VS='50V.-15V.IRE;=2.O mA — 103 136 — 108 136 ‘
Vg = =15 V. IRgr = 20 mA - 135 174 - 135 174 ]

Note 1. Parametes is not 100% tesled; guaranteed by design.

MOTOROLA LINEARANTERFACE DEVICES
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DAC-08

ELECTRICAL CHARACTERISTICS (Vs = =15 V. IRgF = 2.0 mA, Ta = 0°C to 70°C, unless otherwise noted.)
DAC-08H DAC-08E DAC-08C
Characteristic Symbol ! Min | Typ Max | Min | Typ Max | Min Typ Max Unit
Resolution —_ 8 8 8 8 8 8 8 8 8 Bits
Monotonicity _— 8 8 g |.8 8 8 8 Bits
Nonlinearity, Ta = 0°Cto - 70°C NL - —_ =01 _ — =019} — —_ +0.39| %FS
Settling Time to = 1/2 LSB tg - 85 - - 85 - - 85 - ns
{All Bits Switched On or off,
(Ta = 25°C) Figure 24 {Note 1} -
Propagation Detey. Ta = 25°C INote V) . ns
Each Bit PLH - 35 — — 35 _— 37— T
All Bits Switched PHL — 35 — —_ 35 - — 35 -
Full Scale Tempco TCirs - =10 —_ — =10 -_ - =16 —_ ppm/°C
Output Voltage Compliance Voc -10 —_ +18 | -10 —_ +18 | -10 - +18 '
Full Scale Cutrent Change A B
< 1/2 LS8, -
Royy > 20 megohm tvp.
Ful! Range Current IFRq [ 1.984 +.992 -| 2.000 | 1.94 | 1.99 2.04 1194 | 199 2.04 mA -
{(VRer = 10.000 V; - T 1T
R14, R15 = 5.000 kil} 3= 5 ey
e fotrsins = Q5C e eimtres e .
Full Range Symmetry WeRa - 1ER2) FRS | =05 | =40 | —'| =10 ["EBO[™=
Zero Scale Current izs — 0.1 1.0 - 0.2 2.0 —
Output Current Range
V- = =50V I0R1 ] - 2.1 0 - 21 0
V- = —80Vto -18V lor2 0 —_ 4.2 0 — 42 [+} — 42
Logic Input Leveis {(VL.C = oVl v
Logic""0" ViL - — 0.8 —_ — 0.8 — - 0.8
Logic “1” VIH 2.0 - — 2.0 - - 2.0 - —_
Logic Input Current (ViC = ov) 2 pA
Logic Input “0” Ny = T
Vin = —10V10 +0.8V) W —_— -20 | -0 | — ~20 | -0} — -20 | -10
Logic Input - -
{Vin = +20 Vto +18V) hys — | 0.002 10 — 0.002 10 —_ 0.002 10
Logic input Swing, V- = -5V Vis -10] — [.+18 |-10] -— +18 | -10 — +18 \4
Logic Threshoid Range. Vg = =15V VTR | —10 - +135) -10 — +135( -10 — +135 \4
' Reference Bias Current 115 — T 30 <30 — | 10 [-30| — =10}~ 30| wA
Refarence Input Slew Rate didt " 8.0 _ K 8.0 -— - 8.0. [ — | mApus
Figure 19 (Note 1} : e
power Supply Sensitvity . I
({REF = 1.0 mA)
V+ = 45V1018V PSSIES +| — =0.0003] =0.01| — =0.,0003] =001 — =0.0003| =0.01
V- = —45Vto =18V PSSlgg -] — | =0.002 ~001| — }=0002]=001f — |= 0.002| =0.01
Power Supply Current {- —_ 23 38| — 2.3 38| — 23 38 mA
Vg = =50V, IReF = 1.0 mA 1= - -43 | ~-58 1} - -4.3 | ~-258] — -43 | ~58
I+ - 24 38 | — 24 38 — 24 38
Vg = +50V, - 15V, Iggp = 20 mA|  1— —_ -64 | 78 | — -64 | -78 | — -64 | -78
1+ - 25 8| — 25 38§ — 25 3.8
vg = =15V, InEF = 2.0 mA 1- — -65 | -78 | — -65 | -78 | — -65 | -18
power Dissipation D . m
vg « =50 V. IREF = 1.0 mA 33 438 - 33 48 - 33 48 |«
Vg = +5.0V, ~15 V. IRgf = 2.0 mA — 108 136 - 108 136 - 108 136
Vg = =15 V. IREF = 2.0 mA — 135 174 — 1 135 174 — 135 174

= g

Note 1, Parameter is not 100% tesied: guaranteed by design.
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DAC-08

TYPICAL PERFORMANCE CURVES

FIGURE 1 — FULL SCALE CURRENT versus
REFERENCE CURRENT

FIGURE 2 — REFERENCE AMP
COMMON MODE RANGE

50 T T 32 '
|[ ) 2g p b e ;
- T4 Toin 10 Tmax X
40 f——iTa 7 Tmun 10 Tmax . H
H | AN Buts "0n” —X, z ¥
- 1 i y M £ V-z -18 ¥ V-z.5gv! Ve = -8V
z 10 1 1 Lt vtor = 20 -
g ] J Vo= sy H ] [ . Ipgs =20 ma
=] —r- = s 18 v
= R S . . '
g 20 — 512 > 1 )
2 Lmu for = .
A v-=2-50V © o8 { x ]] ‘L ! IR“=10mA....—f' !
= H 1 ' E
' =~ i P L
Rep =02 mA“—:
0 o L 1. T 1 B
0 10 20 30 40 50 14 .10 -60 -20 20 60 10 12 18
tngs. REFERENCE CURRENT (mA) V15, REFERENCE COMMON MODE VOLTAGE (V)
NOTE Positive Commor! Mode Ra_r_\ge 15 Always (Vo) -1 5 V
FIGURE 3 — REFERENCE INPUT FREQUENCY RESPONSE= FIGURE 4 — LSE PROPAGATION DELAY versus If§. —~- -~ wr =~ o
Ly pU— . T T S
80 T T 11 (T T T 10 FE LA
40 —4R14=RI5 =14 L {
A< 500 11 RN
0 A1l Bas “On" N p_\100 & T |
s 0 ! i1 g i H RN i "
= VA5 =0V ; N\ = | ; e 1 - -
5 20 R1S = sy N = 00 ' i i i
g AN g ! BT 1rH I+
S o INF N2 i 2 i HEY :
- IENTRY e i |
Z -60 = 50 YIRS \ i |
= T I e : '_11SBr 6 nA i ' S i |
= a0 ! Z i il BT & H [ |
g | N . 2 : SNTTTH T, T Tl 78, 1‘
e REINAvI T SO
= ] e
e 1! ik L B it TT 10 1
01 B2 05 10 20 50 10] 0005001 002 005 ¢1 02 05 10 20 50 10
1, FREQUENCY (MH2} e o Igs. GUTPUT FULL SCALE CURRENT (mA) _
Curve 1 — Cc = 15 pF, V,n = 2.0 V p-p Centered at +1 0 V (Large-Signal)- -~
Curve 2 — C¢ = 15 pF, Vjn = 50 mV p-p Centered at +200 mV {Small-Signal) R
FIGURE § — LOGIC INPUT CURRENT versus
INPUT VOLTAGE e FIGURE 6 — V1Y - V| ¢ versus TEMPERATURE .
80 T T T — - 20
i ] ! 18
T | ; j 16 =
QY = ~~{_
H G ~—_
g . i 8 12 -
3 | 2 ]
- 40 o Lo =
= i =
= z 08
g =
15 06
ST L ot -
l 02
4 0
-12 -80 40 0 490 B0 12 16 20 -50 -25 0 25 S0 75 100 125
LOGIC INPUT VOLTAGE (V} TEMPERATURE {°C)
4
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DAC-08

TYPICAL PERFORMANCE CURVES

FIGURE 7 — OUTPUT CURRENT versus

FIGURE 8 — OUTPUT VOLTAGE COMPLIANCE

OUTPUT VOLTAGE
{Output Voltage Compliance}

versus TEMPERATURE

1 —T - i 20 T T i
28 Al Bus 00 | 16 ) !
, Ta = Toun 19 Tmas i |
,
g ¢ T ! [ 20 mé 1 ; ]
= m -
E y-=-15 VI v- =50V i REF R = 5 Shaded Area indicates Permissable
z 20 T : " g 80 s Output Voltage Range for V-= =18 V. 7
g 1.6 ! ! : 2 40 lpgr <20 mA N e
3" \ ; ) > . For Other V- ot IpgE. See Figure 7.
EN - . . Ingr = 1 0 mA —1 2 0 ) LI B
= ? H : S 1 T
S 4 . : i : ; S 40 | S
] ! | | . e e ————
oe : - (Rge = 02 mA —— -80 . = -
f i I IS 12 : : i ! i . .
14 -0 -60 -20 20 60 0 1w TR 50 ~25 0 25 so 15 W0 Vs, .
QUTPLT VOLTAGE (V) TEMPERATURE (°C)
N rl

[

FIGURE 9 — 8IT TRANSFER CHARACTERISTICS

FIGURE 10 — POWER SUPPLY CURRENT Versux

Vs o

14 £0
T4 — i
1 [
b iner = A i o B inbvi g 10 A1 Bits “High” or “lew’
12 Rep = 20 m T I ; : & i TR - N
= | gl | : Z 60 —-L'—‘W‘ : T E -t
e ! 6 [ eapL z A NTER SR -
z : W g s0 e ——
Il O T A = T 1 3 YA i U R -
8 i 1 ' 1 ] i £*0 i [ v -
5 06 v o= | . |
"0 ] ==t i S IR L S
5 ! : : : g | | : .
04 R .
° L ! gy § i g ; "
V-z-15V j — i ! - - -
02 B ey ys N A S WK U NN C_ e et e
T T 1 v
‘—_T_I’_-rﬁl hﬁ NS Y- 17 S S N 0 ! ! 1 | - . T N -
_12-10-80-60-40-200 2040 5080 10 12 14 16 18 o 20 40 60 80 10 17 14 1§ 18 20 — '
LOGIC INPUT VOLTAGE (V) v- POSITIVE POWER SUPPLY {Vdc) -
NOTE B1-BB have \dentical transter charactenstcs Bits are fully switched e
with legstran 122 LSB error, stless than <100 mV from actual
threshold These swatching poinis are guaraniesd 10 lie between
08V and 20V over operating rermperature range (Vi ¢ ® owvy
FIGURE 12 — POWER SUPPLY CURRENT
FIGURE 11 — POWER SUPPLY CURRENT versus V- versus TEMPERATURE
80 T - = — T o 80 ; - T
Buts May Be “High” or “Low” : ‘ t L A1 Batg “High or “Low’” ! !l
10 L 70 i )
= | V- weth Ipgf = 20 mA 3 ep=20mA | y_s-15V -
e
£ 5o - y £ 50 —
2 I L g
E «©
S 50 | i t- with Iggp = 1 0 mA g 50
o l_-—— w B
> 40 ——‘—f_—'—::f:.—# z 40
I | ) -
5 10 b—— b L g zozma 2 1 |
g et T g Ve C
Z 20 == g 10 " —
bl . Ri N . -
10 10
0 : . [}
o -20 -40 -60 -80 -10 12 <14 -6 -ig -20 -50 -25 2% 15 100 12%

V-, NEGATIVE POWER SUPPLY (Vdc)

[ 50
TEMPERATURE {°C}
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DAC-08 .-

BASIC CIRCUIT CONFIGURATIONS

FIGURE 13 — RECOMMENDED FULL SCALE

FIGURE 14 — POSITIVE LOW IMPEDANCE

ADJUSTMENT CIRCUIT OUTPUT OPERATION
Rt
W—y
. '
;_o,,ch e} MC 7215}
A5k A v
<10V O0—@——A—{14 ! o
]
IREF = DAC-08 r Oto-igr Ry
3¥xg20 15 haant ‘—l
mA N §R IR - 255 IREF
10k l | FR™ J5g RE
Pot €+ Qv = = 'é'
= " complemen:ry culpul INegative Logic DACI operation s
desireg connecs: mverhing ingu! of vp amp 16 To—l"ﬂ 23 ana
greund g iPn &

FIGURE 15 — NEGATIVE LOW IMPEDANCE

FIGURE 16 — BASIC POSITIVE REFERéNéE

Th Ot ancwr

OUTPUT OPERATION g OPERATION -
B - Ms8 158
82 B4 B6 B8
v,
,__g - VREF
. REF—se-(-)[56 7 8 2101112
| Oto-lgr R *VREF O——AM—O—1, o
o]
pAC 08 3 X DAC-08 o
/= 3R P 3 6 13 1 ‘o -
101 Ipp = — IREF .~ R15 VRgp
— 256 ¢ X t=) T
= b3 L - e Vs
It 1 v output (Neg, Logic DAC! is desired, con- |~ =~ C(_ . - = -
nect nonmverting mput of op amp 1o Ig (Pin 2} and ground Ig < 1
{Pin 4} ol 01uF & 01 .uF
Nl I v V- T

FIGURE 17 — BASIC NEGATIVE REFERENCE
OPERATION

Ms8 LSe

B2 B4 B6 88

RREF
_l vVVv 1
-VREF
R1S
-V
tpr~| PEF |, 255
Rger 256 .

NOTE Rggr sets full scale current Igg. R15 is for bias current
canceltation.

10 * 1Q = 1gR for *VREF
all logic states gz -

FR~ > e
Rper 256

For tixed relerence TTL operation, typical values are

VRer 2 <1000V Ce:001,F
RAggp: S000 K VLG * O ViGrounas
RIS = Rpgp

MOTORGLA LINEARANTERFACE DEVICES
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DAC-08

BASIC CIRCUIT CONFIGURATIONS

FIGURE 18 — ACCOMMODATING BIPOLAR REFERENCES

*VREF
“VREF 7\
!
nsw RReF o {14
REF
Vin L 14 Via £ . y

Rin DAC-08 e - ]

18 (Qotiondlt

= Rpgr = R15 *VREF Must be above peak positive swing of V-
IRgF > Peak Negative Swing of K h .

FIGURE 18 — PULSED REFERENCE OPERATION

| *VREF
¢

§ RREF

Optronal Resistor
for Ofiset Inputs

Tupicat Values Rin 508 -Vin 10V N L
FIGURE 20 ~'BASIC UNIPOLAR NEGATIVE OPERATION
E0 5000k : )
IREF
—-
| 2000 mA
|
‘ —
| =
I B1°52 B3 B4 B B6 B7 Be.igmA IgmA| g o |
| Full Range 31 1 1 1 1 1 1[1992 0000 | -8.860 ~0000 |
Vot Scate - €S8 |1 0 0 0 0 0 0 1]1008 0984 | -5040 -4.920
Hall Scale 10000000 1000 0992 | 8000 ~4.960
Waif Scate LSB 0 1 1 1 1 3 1o 0892 1000 | -4.960 -5.000 .
ZeroScate LSB 10 0 0 0 0 0 O 110008 198 0040 -9920
Zero Scale 0 0000 0 0 0!000C 10821 0000 -2960;
.

MOTOROLA LINEARANTERFACE DEVICES
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DAC-08

BASIC CIRCUIT CONFIGURATIONS

FIGURE 21 BASIC BIPOLAR QUTPUT OPERATION

——\ fo
IREF O————med 14 0 4 —C—rAr—
—- 10020 !
2000 mA 0AC-08 —
— Eo
10 24— O—Ariv—e
10088,
C
L S10 000V
8¢ B2 83 B& BS E6 B7 BE En Ery
Pos tull Range [ T L T B §923 -16000
Pos Fult Range LS8 LU S T R S T A epB40 -9 ©20
Zero Scaie +LS8 i 000 0 0 0 Q08 -0 80
Zero Scase 1.0 ¢ 0 0 0 0O C J200C -0 08O
Zero Scate LSB ONSN\LIL [NV SN A T 1 -0N80 0 00GC
Neg Full Scate -1SB & 0 ¢ 9 0 0 0 -920 ¢ B4O
Neq Ful Scale c 0 6.0 0 6 0 © ICO0 g €20 R
FIGURE 22 OFFSET BINARY OPERATION

bV

{2

10V
MC1403U10

I

Pros. BY BI ED Re PToBS ko
Towe €1, Fur 1 T ol n [ T ERTN
Zere Seam LI oo O L s AR oo
Neg Fult Seate Y LEB 1O 6 O 2 0 0 <4 867
Soew Fep St ¢ ¢ 0o 9 0 9 C O € 002
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