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; Abstract
) Today, almost industrial instruments used in control system that have been

—~ — —— -

} designed to be controlled, recorded and processed by computer. By the way, computer is
! processing in digital system but industrial instrument is working in analog system. They can

work together by using A/D and D/A circuit.
This Thesis has been made to deménstrate how A/D and D/A can convert Analog to

£

|

{

i Digital and convert Digital to Analog. We have designed and made Interface Card with
E inside have A/D and D/A circuit. This Interface Card will be connected to computer and use

: C language to control and show how A/D and D/A can convert Analog to Digital and convert

| Digital to Analog
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D,-Dy ——ti

CONTROL WORD =10
D,-D, D, D, D, D, D, D

CLLLLELE] ~

8
Al PA,-PA,

B a255A
PC,-PC,

LA
D, et
D,-D, c .
e PC.-PC

4 3 (]

[
B 4—;L-——- PB,-PB,

-

CONTROL WORD s
D, D, Dy D, D, D, D, Dy

Ll [[-]]

8
A .___71———» PA,-PAO

8255A A
4—7/-—— PC,-PC,

¢ 4
__ﬁi——> PC,-PC,

L]
|—pf—— PB,-PB,

CONTROL WORD ¢¢
D; D, b, b, D, o, D, Dq

nopnnonn

8255A .
4——fl——— PC,-PC,
c

<D "1
D'I DD

CONTROL WORD »2
D7 DB DS D‘ DB DZ D| DO

CLl-TTe]elo]e]

Al PAL-PA,

8255A

/
Y% ¢ S a
"ﬁL—’ PC:'PCQ

w
f‘
]
©

-

'
]
®

P

CONTROL WORD ¢11
b, b, b, D, D, D, D, D,

CLLLLLL]

[
A <+—— l‘A,-l’A°
B8255A .
e e,
c

D,-Do o=

CONTROL WORD #12
D, D, D, D, D, D, D, Dy

Ll el

Ala—rtt—— pa,-PA,
8233A .
—f—— PC,-PC,
C {
L3
7 = PCy-PCy
8 |——~"— PB,-PB,

- e =
D'I DO
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CONTROL WORD 13

TROL WORD 13 CONTROL WORD #14
Dy Dy Dy Dy D, D, Dy p, b, by, D, D, D, D, D, D, b, b, b, b, D, D, D,
el Lo ]| CLLLL L] Clelel-[ofef-0]
t .
4
<—7L— PA,-PA L) A ..._7L‘__ PA_-PA
A T A <+— PA1.pA° PA,-PA,
82354 8255A
‘ 8255A )
! 7 PC,-PC, <+ PC,-PC, -—r—— PC,-PC,
-D, e~}
Y < . s C{ . D, D, < A
l e PC,-PC, f—tt— oc,rc, ]
8 s
B PB,-PB, B L2 78,-PB, Blw—ypf———— PB,-PD,

J ] o & 1
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22 msutasaurfanitluAdmaa (Analog to Digital Conversion)
| 22.1 uuzth

——— e re—

T et b e & e —

Ll L o IS —

1.

2
3.
4

o -
TumaaslilulnsnaufiameFufdynyraeundenld avdedinaunudygan

o [ ' 4 1 o J -l t - - - (%
aundanzzAuAnile q FapArresdaiatiuu? mGendinmaassunseniludanes lusa
wilas AD vnalimaziinnsldsautlaniiuAdnea (D/A Conversion) agjantlusiautlasdan

J » o« :
Aaniflunnsuas AD fivanedd Al luilaqiiverauen'd 4 B

wuUBuRingy (Integrating)
wuuauu (Flash)
" .
wuyluuidusus (Binary Ramp)
LuuYszannAnetnsaiiies (Successive Approximation)

2.2.2 AID Converter WuLTIEMsBuiingn

- dasy o a
awsulanudygyros AD AlfinaRanstufiinendy o 3 wuy As

2211 puuslahdgasdeunnusad ( Single Ramp ¥ Single Slope AD

Converter)

e et ——

R .

" rr——

- E———— i

L I S

: o =
qeas AD upuiluamiilugl 2.9 dsenaugatasasiniiadoygyrnausin ssasufFuy

Wiy, seasiiy BCD vide wulaagiuses

. Fpgraunl
1

MHz
R sIuIaaN
JCTY A duna Ij:) o
s v, —~r et
. SiTa ’ s, . ] -
o o . S 398 I fuavgmaaswis BCD .
N foami P [T 111 URZAIUA T |H “HJ'—
4 : PRGN “Satamn e S HIBITIN ..
e - usend b
Cen ST T
(), - - & [ neatvmuazfudey - | o

4
T T T

,
N,
<l

".'{i,."_' L

"J";:’i"“':-
-~

g&J‘/": 2.9 seanuaeudiyoyes AD uvuslauiden

(n) ugmufenlaazunsy (nandusesdyoyniusil

d . 4 .
Fadinaddsudygan fygrnusiuarawniuargriiealiily 0 usdy

sudengniiewlidusanBrufieumenBumuunlingy Weuseduduyniiantiiuuan
v ol a o o . n &
unndafiandurpnuuundy ssasaBrufisufasifienfynesdudy “High” sinliueudinn

ddesftynyrnanfnirinuluiaasaniyls unsvnWEuAadty e
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Sy merr— e —

o (4 -3 1 4 ‘s" s o -l o
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Aufiadtycynonssid
Ha v el d o
i faidnrnsntasuuriAelinasldiusuidasnisaanugniasge asanmalaew
13 4 -~ 3’ [ 4 -~ t -~ (3 [}
ulasluunsennfiafygrnusnfiuiugumgfiuasnanausuessiadoyoradurmin il
4 o ‘t" [ 4 lldx 4
fiannuaad Aniudadimatfulplinnuiluwuuaiade (dual-slope)

2.2.1.2 wuusisle (Dual-Siope A/D Converter)
g 2.10 usmwdenlaazunsarasisas AD uuuslaulg Farsardaulngjadne

——

[ - tod ﬁd. A 1’ d o -y ) o~ - [ v v
Muuuusiathdee usAliadn 'nauvmmummammmanexmwuﬂnuammnuuﬂmumq

- e —————

- ] -~ [ | A A J
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(n) ugmufanimazunsu (1) iennressasiuiinanefiliafiguiuion
- ° - P -~ al 1 °o
y dovutlsrneveetasasil asamufiadygrnuniifessasdufiinaned Teazniiiia

i oyeyrnsusaiiduBadu usidslaiduay FenasBeuiFeufariFfuusssutuaudaun
¢ ugalienmiduuaninisdaueudinnl¥fyganmnfndnudngaaniy ssaniuaiy
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2.2.1.3 wugrfauraud (Charge Balance A/D Converter)
[ & U ' J L ~ ]
asanuuufnaudirdretusuuataly udunsialiBurm ddndliunszming

[ J ] J [ & [ & - o o o - J
usafulifArfunsadudneds AianisunsnindraanszuadreBennnse Nqasan

. . - | oo P
(Summing Point) 1849as8ufiinanaflutasaniach laenidnauiadasiiudndoulnenss

L A o o J 1 J
uuseBunnalafan

2.2.2 AID Converter uuuflEaeasiuuazaeas D/A tsznauiy
gl 2.11 ussufenlmesunsuyesntas Iasfillndnnintudeafiuiuuuialsa

J ] : LA : L
e Wewdalalrensasiignafalanasasiuuaraas DAC TnausuTiasiidnwoily

v ]
Fuulain q Awaunmiues

Analog Analog

input, v; | ‘ reference, V,

-t DAC

Digita!
output

ntrol
Contro 1 Counter

Clock -

logic
[}
{a)
F _
°T Analog input Fs Analog input
/ ' 4
r
DAC output DAC output
0 . 0 S
Time Time
(b} (e}

31.!’/1' 2.11 UgMI A/D WL29sTiLLAZaaT DIA tsznavriu

« 4 - 4 :
(a) uameufeninezunsu (b) wamzLladuuLLRdaniy (c) uameplnfuuLY tracking

2.2.3 AID converter uutlfa3asiFauifisururunsauuy "unNae” (Parallel

Comparator Simultaneous “Flash® A/D converter)
& d w & o
2187 AD uuyiildasasuReufieunisesunudy sl 2.12 dseneudasenuandh

] -l (9 ] o ] » - -~ [ 37 ad ]
AaifussanBouidiey uazsiadunusie lifeutiussdunuymuuundulviinnnsiie
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' 2.9.4 AID Converter Wuyldn1sUseutAn (Successive Approximation A/D Converter)
Ustnaudanneas D/A Feazuilas Votlage wisuiiey wwFauisuiudoymin

i 4 1 ‘o” | - 1 - -~ -
Input Ioe ArfBFeufieuusdazaiaaniy wiynees Addnsausaciin adn dngelin

A1 Tanasiivadann Clock metfeliilFeuiaufiaziin &1 A/D §l 8 Iin Navsaanisiad 8

o rae e -

) -l J ‘o”
gn LWﬂYl']ﬂ']ﬂLr‘WUW\fJUH'\uu']

Analog Analog

input, v, reference, V,
[ ‘ |

-t DAC
|
Digital
, output
{SAR) Successive
b spproximation
' Clock 1 register and control
£
{2}
3
FS .
i Analog input - 11
} e
—————————————— 110
: Jl-_‘_ 1 1o _» 101
} | i \ / N 01
[ i T 100
; i 1 DAC output — 100 o1
. i I | N o
| I ! YY)
; 1 | : SAR output 010 001
i mse | I oiss ,'/ N o1
L I S oo
b 0
3 Time (e

o
f 1% 2.13 uam Successive Approximation A/D Converter

o o . .
(@) uﬂmuaan‘lnazumu (b) uamgﬂnawnqus (c) ugme logic 1RAINITNNU

anguil 2.13 uamesaaenanisinautes AD wum 3 In Tnefivadgnusn Anann
D/A azfiAiviniuANANTeY Voltage Reference (Ra 100) %1 taend Input ALFRsimes
meludadu “1” eiiadgnd 2 D/A anfiuAidudu 110 datiatnda Input agiin Andind
2 dudu 17 Hefifadqn® 3 D/A azfiusndu 111 wnnd Input pndindt 3 Fufly “0”
“ Funmdn pansaRadryoynnd input azdlAannnnda 110 usidetndn 111 34 D/A 1w 3 Tin &

1 a‘ ® A' - -‘
¢ pauandealinefazBaudiouls Fawianaafunnaiinees D/A Rsadl4 Output Afldd

. X
i In&iRneiy Input U
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{ o X - - X oA vy v p -
DATDINATULUY AD ANUKTIDUATBINITIUNULN fl'lﬂﬂ\ln'l?lﬂ lﬂ'ﬁ'ﬁ]ﬂﬁ:kﬂﬁlﬂ

o o d
mnfifinguages AD uaziaafiflunsutlasasiiynagen

2.3 m?uﬂmﬁamamﬂuamgﬂn (Digital to Analog Conversion)

2.3.1 wuzth
nsulssdaneaiuaunien qzli’oaam?ﬂqﬂn?mwﬂuﬁwuﬂmd’rutuﬂmmmaﬂa

aaifluusAuviTansus Iﬁtﬂu&’mtmmamé'mnﬁﬂu&’mdouﬁuﬁ’mmﬂmﬁﬁnaaﬁﬁami’q
Iiliuuymasaias ingnnsnidauaunineniynssimudadaneaiiiueuiden iieid
X=KxAxB
Toed X = Jusussduvdanszusmednuwaniyn (unden)
A = fndnadeewndien (Huussduvzanszuails)
B = 9143 (A1) 193512181 Binary

1] J 1
K = fnmaniaciiAnilu 1 igue

ANALOG DIGITAL TO ANALOG
REFERENCE CONVERTER SN
SOURCE RESISTOR NETWORK | OUTPUT

B0 BY B2 B3 B4 BS B6 BY
BINARY INPUT

J 4’ - -
710 2.14 uamagoulsznavitugutamsuasdanesiuaunden
J L] - - - « J
Azl 2.14 uamedaulsvnausing ) TessruumMslnaddneaidueunden Taef

(PR - -3 -t J $ 0 J 1 o ol pu g
wmmué’qmumﬂmaanqwmnmaqn'mm m%zu’]uuummu.emuusﬂnezua'nu

o d woa A d " d
Aafitannegs qaussasdifelfifoudfisududungn eflasaireuseduvanszusiient

m
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-~ - o J o
nsutlasdaneadluaungen azuthmunasdiasiauniu Tasiinngldiadiuniy
Tnenta « luey 2 dnworde wuuldiagiauniuutiadnmin (Binary weighted Resistor

Ladder) wazuuuldsafunnuiuiule (R-2R Ladder)

232 msutlasddneailunnfenuuldfasruniuutishwin (Binary weighted

Resistor Ladder)
- maidEagumuunll anflumsuasdeysddnealfifluaudeninens axfid

Frumuseeynsuagiuussdugnde (v,) apacifioalnslinddndlilums da - Un
Aty muamuzmaﬁ’rutmmﬁﬁmaﬂaﬁ'lﬁ 2 sufu Ap aeAn “0” MU “1" nMssiadnmY
Snassaumuesiiinluuasininiinaudon 2 nasade azifusi R, 2R, 4R.... auile
AR hedewduaunsidin 2R Ined n Aedmaulinanaas Binary flazinisutlag
dlefaFrunugnsians Ground aglifinszugInarnuiadunyiineay usidas
Frumuiatusieagiuussdiugnee unidae svfuasanfinssdnatunissieffiumus
Ground) axdinszusivathusaiumuiaiy Anfufmandafumud R uas 2R gnaiedy
usedugreBanfenry fasiinszualvasiufafiunu R Jwiny VR ussnszusine
b 2R HAwviafu v /2R Anszua 2 qz'lmmsouﬁuﬂqmau (Summing Point) m"ap.li"‘u

2.15

4-bit - : AAAA -
register
MSB bitd Lo - 25
b—— e
bit2 Lolo—y 4R + .
O AAAN—4
bit 1 _._ N &R Rv;
LSB bit 0 N 16R
—eo" O—AMWW—
Eau%
v

21If 2.15 usmareas D/A Converter wwru Binary Weighted Resistor Ladder

o o &
angiiil 2.15 ansnridauaanaslddel

Vy &b
=R 270w

i=}
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Wefl 1, = nezuseivn (§yqyroueunden) dmismilu Ampere (A)

b,

|

§ [ o J 1 .' J U -~ o @ [ Y
R = Awasuniusiausnifidranfige (flusa R 199 dndadrAtygeqm (MSB -

= AnF2I6Y Binary Burn (0" vi7a *17)
Most Significant Bit))

At 2.15 azdiuliindafunuiinlinsuslualégegm Ao R Aufusad
vu R auilusiafiquntusesdindudAtygegm (MSB - Most Significant Bit) uavazdauiuld
dnArrsafadmuRisduiazann 1 vt dhuandimsudasdtygrnAadneatunm 8 In uda
&1ldAn R = 10k oudaiadnuntusdad 8 azdldwindu 2R = 128R = 128 x 10kQ =
1280kQ2 ¥ida 1.28MQ azsinlfinszus Inachuiadnunufaitiasannuazainsssaiiin
Fafumuuanazairdldenuasiiinansynuandeuanfenneventn Aesanufeuss
SalFnmrnasumulAedly Gaeenziadumauiiisaun o ) salinussdenuay
ualugnraanisuas D/A wuuianas Fofuandedadaitindesidmauingsduasinlikes
Wsaumuiiianann 9 famlFenuazablfanmadediiuansenusannausiudily
QRERIER mﬂza:&utﬂﬂﬁfiﬂmui‘mq\a‘{uﬁdd’ﬁﬂmaﬂ&'uu'lﬂ'l-ﬁuuuvT'Jﬁwmu%uﬁu’ln
(R-2R Ladder) Feasiinnsiadnunmuiten 2 Anintiu Fufunsedatioymfingaandas

Fuld saaznansluiadadaly

233 meutdssdanoadluandenuuudasumutuiula (R2R Ladder D/A

Converter)
azdiglasasdauansluguil 2.16 Tanfinasldinsutlas D/A uwu R-2R Ladder b

tiynresanuuusn (Binary weighted Resistor Ladder) AxecldmuAunumaeAgeena
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FudusumaAeatutiuuuy Binary weighted Resistor Ladder
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2.3.4 auandRuazdarinnuataidauilas D/A (D/A Characteristics and Specification)
équ?uﬁouﬂaed’mmqmﬁﬁnam{luamﬁanﬂ qzﬁqmauﬁ#éﬁﬁmﬁ'mﬂ‘lﬂﬁ
2.3.4.1. pauazifem (Resolution)

ArusntiFLlsznisusn 189 D/A fBemnussBuatatmmansnsalumafeulag

Rarznniinargrusasitiewdriduymaasioulas D/A Sdumiduaggiuass 8 fa 4y

v-’l’d

¢ [ -‘ ¢t W [ 5 3 .
usmaindezAusssenipmiihiluifinindy 2° = 256 Hulusn Resolution 184 D/A Fiaiife
-

1 T 256 luuneafaanaaznanalugtlaesilefidus i Resolution 189 D/A 1w 8 Tin A

dsyunnd 0.39%

2.3.4.2. pdufinayeiuzaduienyinn (Full Scale Output Voltage)

o -‘ .0 - [ 3 [ -‘
AusiRtsznsfiaeres D/A Agsdnitnrasundueniyn Aedusdugegad

J - - * -~ -~
D/A snzalfeananifilieduymadneaiirnaednidu “1” uuannin
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2.3.4.3. mmm‘JmmN (Accuracy)

Sofmuaaruifiensdiniy DA AsmauBrudisusswdne onmilifsdusds
fuafyrfiaaudeld Grnannnnzfnuany) nefaciinetmumenFifulefidusd u D/A
flusedrusinfinrasaniyn 10V wazArianss 0.2% fadusnRsnatngegaracient
sl q i 10V x 0.002 = 20 mV §mfu D/A 1uqnunﬁ1‘fmzﬁmmmﬁmmnqaqn’lﬂ
wnndn V2 1aaﬁwﬁuéﬁﬁmﬁhqm (LSB - Least Significant Bit)

2.3.4.4. pauilwdadu (Linearity)

Fuﬂmﬂ"nn'ﬁm'mu'jmmwnmmﬁvwﬁtﬂuﬁﬁ’m'mLﬁumﬁﬁquﬂmﬁ’mmmwﬁ

* -~ U 4 -
naienastladininuanyndn feiudsauilugmuafsaneniynainidunss s

fluinanndn +v% 109A1 LSB

2.3.4.5. gavaanlunisuilag (Setting Time)

J - o J N o - ] -
Aawllaiianisfsuulassn Binary #iametlawdudunmdnanluusiaziinees
- < e A4
D/A iz /Reuulaaiudtygrneunfensluiidgnies azfiacldiaanAimii Fe7u
o ® [ ' J J
fudarnunrasaanlunisuiasensia D/A Aaanfieniynidllnielu V2 LSB 1esrge
) ] . . » o~ 1 J g -\ e u-:
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* v [ 4 o o o 1l ‘o" PR p A
dndtynmetriuasdygnminnuiiannigs q dusnaadlifiloaasitsriauiiduas

R p
aandlg8nannuenily

2.4 masnuamassdmiunain 1o Tu IBMIPC
udatiaznanateianisinuasfenluneniasasing q 1eenain 10 fildaag

14 IBM/PC

241 n'le'a"'nwammamma%ﬂ /O
1 4
° & ' l"J
'lum?muquuazmmwwamozmmﬂmu s'mmmm’mi'ﬂqm'mqﬂn:mmﬂu

Indwnefmitanfasing q Audluszuy 1IBMPC fu aznsvinlagrinunnanei 10 189
sPUY vTa&ﬂumrfmz‘l‘h’mw?ﬂmuqumtm’nmmmqﬂnmﬁm\'qﬁ Fdufusiasfnmii
ABnnsAuANNai 1/0 Fine 4 Taesvuuda uaziilesannmanausuvieRnsseriunafnven
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ninnsdnauamnsaans 8088 1u IBM/PC dat

fmfuueminzazainain /0 #ine 4 u qztﬂuuammn"n'qna‘m‘%uhﬂ 8088 Fauen
insansniduusmasaienlidmiuned 10 wdriulatiennz Asusnanuesinssaes
wiagaNd A n dqumsdﬁaqa‘lﬁﬁuwafnmmﬁ azilAlaemsldinds ouT
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184 8088 dq{aqaﬁu‘lﬂffquammmmwa?wﬁﬁmme uazdmiunisasanauvTanieEn
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Faanng iduriu
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(74L5139) uammsadn 4 uemnss Jeutiadly 2 gn Aegaflidlu WRITE REG Jeazusaiiv
(a2an “0" ) iile CPU Hesnsazdedayaliifuasasneuen (fyqyans IOW usafin) uazqm
il READ REG Faazueniividle CPU Aeimsazanudiayaainasasmauen (fygyin
IOR ueaiiv) &tycynns WRITE REG uay READ REG # teiallazin I udyeyrouatas

. d o .
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: o X .
nealauemmsaraanefnlusendnasuauntg DMA twee (lusendnstinemmsauuiauen
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wiaaan (Delay) anifiuly mqazw"ﬂﬁﬁ'rytmmﬁ‘iﬁnﬁtﬁn‘fum\"«ﬂnﬁﬁtutmm IOR
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2. WreesnanlnAslunisduudeyaamei 10 W Srdyyios IOW 3
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anmaed 3.1 SuasdiulFaamesn 1024 nefngnuriailu 2 dow duRe

@ daufl 1 uammzaiiFn 000H — 1FFH Lﬁumwmwﬂfwﬁmjuu Main Board

@ dufl 2 uamasaiiFn 200H - 3FFH udousnnafnitazldeeguy Card g
\&eulu Slot e 789 1BM PC

Foika 2 davilazgniamuanisutiskondayalulin A9 Aath A9 ey *0" e
nnsdnsetuneflugoud 1 @ueminsa 000H - 1FFH) winfu @msiaify Main Board win
) usith A9 Hayauily 17 fazinshnsetunenludoudl 2 @uammse 200H - 3FFH)
it (Reieriu Card ﬁtﬁﬂuafﬂu Slot tvinti)

davfululasasnuiiazianadaniduamasanafdss 300H - 31FH Feanamsed
3.1 \fluda9109 Prototype Card aniuusmmsadminiiazldlunasdnede Interface Card

) J ° [ AR ) :'l [ & o
#ely uazdauves Slot MazlddmFusaiy Card sine 4 dusmnsouanldfsnlh 3.1

Rear of PC
GND Bt At VO CH CK
RESET DRV o7
+5VDC ——of I—,
IRQ2 ——— D5
SVDC —o L D4
DRQ2 D3
12VDC ——— o2
Reerved D1
+12VDC ——— L po
GND 810 A10 VO CH RDY
MEMW —— AEN
MEMR A19
IOW ——— A18 ©
OR A7 §
DECK3 A16 5
DRQ3 A15 2
DECK1 Al4 §
ORQA1 A13
DECKO A12
cLock 820 A20 | A1
IRQ7 A10
IRQE L A9
IRQS L As
IRQ4 AT
IRQ3 L A8
DECK2 L As
™" — I VY
ALE ———— A3
+5VDC — L A2
osc Al
GND B31 A3l |—— A0

2119 3.1 1BM PC System Bus ( Slot 84 [BM PC)
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q'mplﬁ 3.1 avyeeBinedautlssnauteadenidiu (Expansion slots) lawnzdaud
sl amuvind dusiaranfintifadndlstihg fraceduaeldse

¢ RESET DRV (11 B2)
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gimusriueamsaLuaLamATae (uszwineil 8088 azgnimesnansyun)

@ DO — D7 (Data Bus; 11 A8 - A2)

1qé’tutuﬂmﬁqztﬂuuuu Bi-Directional ﬂaﬁaﬁuﬁﬂi’aqmmszuu ety
nuadarinudayassudtanedn (/0 fiu IBM/PC Tmeiin DO aiilndrAnysingm (LSB) uasii
D7 aziiludnAtygaga (MSB)

# [OR (I/O Read; 11 B14)

1ﬂﬁ'tutmmﬁ|.ﬁumﬂmuanﬁﬂﬁ‘aa?m «0* fia¥197ulan 8288 Bus Controller (ite
Wlunmsuansdriefiiaduil dulalaferesnisswdayasnnedn 10 lelénei 10 7
Huemmsansstuuammsauuissannsatusedaynaanuuuiadays Inedaynacsecgn

o L x J & 3
deeenuuisfaynariaussumiutesdygons I0R sz 30 ns (Haliiulaléidn

8088 anunsniudayalfgnsies

© IOW (/0 Write; 11 B13)
1’1d’tuty'1mﬂtﬂutmvfunuﬂnﬁﬂﬁaa’qn 0" 4aqna¥ﬂa‘§u'inﬂ 8288 Bus Controller

o PR 7 - ol - X X o - -

walfusavinialadanfanuiiduialadsssnndaudeyaacuunein 110 elinafn
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/0 Afusmasansiuuamassuwiauemasaii fudeyafeguuiadeyaliivly

& AEN (Address Enable; 11 A11)
ﬁ'tutmmﬁtﬂmmv\'nnﬁlﬂummamd'n.‘fa'l-nﬁa‘n‘;ﬁnguludommﬁﬁ'tytmm

AEN uaadin (aedn 1) vy huialunfnsessuaunis DMA
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P

¢ tarasunssneinyassuy
undesneinyasrsuvaslssnatdanungsangin DC +5V,+12V,-5V,-12V

dsznavlilfanen B3, B29, B9, BS uay B7 daudtyeyans GND avtlsenayluBanyn B1,

4 H - S
B10uay B31 mmmmumzmnunwﬁ(Ground) TBTTUU

3.1.2 mallansAlARLaARsAgInTuNasN 1O
-J :'0 1 - ° o~
annnqufluuni 2 duldndranelisnsdifauasasaduiunein 10 Mnaauwuy

faatulFurinsdi¥auuy Fixed, uwuuldadndidan uazuuuld PROM avasndtnfaanay
m\"nmrﬁmm‘lﬂum?aanuuu'lmﬁcutmuméﬁannﬂmaua JAiRmaanandnlanntuiu
Aen1sAAauuy i sindifen

aiamsalialdaindidon auflumsAliauuy Fixed Feenaasinlilduemnss
2ty Card Fuiiani@euBlustunazarunsoudlalFianntedy DIP SW. Watuusmnse
Wi lusumisiidneg Folutassemaifumiemnssasmeiiazidanidazagi 300H -
31FH matmsAmuuniifuasidleduRnudiouszwing 2 Suyn 2 pafignsadnaniaeld
109 7415688 (8 bit comparator) 3uflu Exclusive-OR FTATANNTOLAABNUNTD9T
A o WiiagR 3.2

+Vec P=Q Q7 P7 Q68 P6 Q5 P5 Q4 P4

L]

20 19 18 17 16 15 14 13 12 11

7415688

3 4 5 6 7 8 9 10
BN

2
PIO QIO P1 Q1 P2 Q2 P3 Q3 GND

1
G
21 3.2 usmedumisanaadled 7415688

fwdnmninaudell Ransangui 3.3 164 7415688 azviniaFeuiiaustdunm 2
yafignsadime PO - P7 uazan QO - Q7 $rdunm 2 -qnﬁwhﬁuué’mmﬂunﬁm P=Q
LAty logic 0" AIN29a391 PO - P6 Aauuaminsaiin A3 - A9 Tusniziian Q0 - Q5
siefu R Pull up uassiaagiu DIP SW. dawtlareBndramilesns DIP SW. Aess GND (logic
“0") Rariudin ON SW. Falnaniufiaziy logic 0" lunansetfudangy OFF SW Falmantut
azfu logic “1” uazﬁimmn‘ﬁum‘flm PO - P5 (A3 - A9) ﬁmﬁﬁmﬁﬁﬁuﬁuvmﬁm Q0-Q5
FefutnAeuuacin@ Set 13 DIP SW. flazinlfuamase A3 - A5 azdan/dnuulas
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pllulfaeRelianfymaas 7415688 inanl dawfunn Q6 azsier logic “1" uaza P6
svsiaagiuuamnsaiin A9 Feaudunasiednils A9 iy 17 windu uazm P7 azeayiy
AEN Taeiflzn Q7 sieegiiu logic "0" iiteflaziflunistiasiulilfifansanlussndneauon
n1g DMA mmf’mzﬁwmqﬁumm 7415688 (11 P=Q) WAaidriudtyeyrns Chip Select

. d & dood v o
aasgunsafifasnistiinauiiuesasail ganlunsfiasfeuruanmsaiusnasonly

ine ennasustuneressiad (DIP SW.)

® +Vce
+Veco L
< s S

< & & : <

@
3
-y

A\
AAN
v
AAN
A\
AAA
A
V

PO Qo0 3 1 12
P1 a1l 2 1

[+ o] 14 3 10
: 0 232 » B 9
P4 8 o4 12 [] []
ps o=d ol ¢ 1
S ;

e d

7 07-1—77 DIP SW.
Y L R e )
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217l 3.3 2asAlkolnalinindiden

3.1.3 INTERFACE CARD
mefiazre 8255 |.1‘|"1ﬁ’uﬁauﬁqmraﬁiuﬁ'aq‘l-h'wﬁﬂnﬁ‘tﬁm%duﬁﬁﬁﬂnuuu‘l-i’aﬁn'i

@en Inefidausznatie DIP SW. uarled 7415688 Tneimdnmmineumniiéngrann
ukaluiade 3.1.2 Mfieniynaes 7419688 azgnaiadriua CS 1eq 8255 uanaanil
7415688 fagnaauAunsinulasneufianef anasindgyins AEN wnsiefiTn 1 189
7415688 Heaz active low 4\1§ﬂqqqmmm INTERFACE CARD qzqnuam'mugﬂﬁ 34
Ientlunsasaciilefifnduan 1 fathite 74LS245 ( Buffer 2 fiAmne ) Trazrsnsausme

nilaes 7415245 kgl 3.5

Vec G B1 B2 B3 B4 BS BS B7 B3

I Y O O O I

20 19 18 17 16 15 14 13 12 11

74L.S245

DIR AT A2 A3 A4 AS A8 A7 AB GND
21il 3.5 usmesiuwmisanaealed 7415245
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3.1.4 9485N15YINUARY Interface card
melunfrastisenaudanasas 2 dau s

L 1. 99a39lAn
| 2. dau89 CHIP SUPPORT

]IAAR
a\109 (wef 7415688 azvimsalAadtycyrcuusmazaann Slot Tesmaufiaimef

b yftedidenuemmssliiy 8255 dynndiasianiflunisaiknd A0-A9 us 8255

W T W e e, o W -

r—— o

D RS eyt

s

i

_— .

ol o [ 4 AR [ :" -
Faaniedtyqyane an A0 uar A1 lasumiERamefmeluiaiu duludygyindananm
T 18RaTlun A2 - A9 vinilu dou AO - A1 duagneiaidiniugn AO uax A1 189 8255

ELLEN
annsvaslupuiil 3.4 azdainminazsinusiftyoyios A - A9, AEN, iOR, IOW, RESET

snMivindu daudeyqyindulainmld
MaNIes 7415688 AeRldngnanudatu ledtasimnufrudeudygnn

Sunm 2 dau Ae PO - P7 uax QO - Q7 arlisviymeanuuilu logic “0” e P=Q dyqyns
Q avgneisegiu DIP SW. lunsdenuemmssrainfndeniressind delulassnuiles
Wusmazsdas 300H - 31FH Hlafiuemmsnrn 300H anidrRBunnens 7415688 Tynant
ymazlfianivymidly “0* %nl% CS 184 8255 fineu 8255 avsia Data Bus 1aesasiuad
s Data Bus 189 pesfanef danfuusmasai4s 4 Anumls Ae

300H AUANNIINNUTBINESR A

301H AuANMAINNUTRINedn B

302H AUANMITINNUTRINESA C

303H &4 Control Word 1%iYu 8255
naeldfanu 8255 Interface card avdeauguiifuenasnaes Card revulaeflazi

n2ReT DIP SW. Santssauammeniii Aassaiin A8 uay A9 flu “1* Aol sl 300H
amF A0, A1 axinlu14luns Set Control Word 1¥ifu 8255 e fas ¥l sunsndlusaste

] L] [ A ] 14 ‘s’o [ ) :
A1 ATNTUALBAINTE A2 —AD "\Sﬂﬁﬂﬁi‘ﬂlﬁn\lﬂﬂ‘lﬂﬂ

A9 A8 A7 A6 A5 Ad A3 A2 Al A0
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3.2 naidenle® AD wldnyluaess (an ADC0805) uazaeasldau
ADC0805 1iuledaeas A/D 8 fin wuy Successive Approximation fi23asuasdnae

]
t

. Wdamsnzdviusadaty Data Bus 18lulastisasieed § Conversion Time = 110 ps
)

I w

H - i
i ——ac‘ 1 Voo L
g il
G Y b A lj., TRANSOUCEA
{ *—'—“'tc mm fLew e | | ewraesoremon
+ 087 < OVER ARY CESIRED
any Sle 2 lom ] | > VoLIACE RavGE
a Vi - U/
LPROCESSOR @ ole :: as 0 vlll A QIFF NPUTS SLEBCTIONZ 4 s~ 20— Vee (OR Vagr)
[l Lad a—
) « - :: ol 1 ]0—2 19}—CLKR
bl " [ oanans WR = |—
E )i 0! :“ YREs2 -'—0:::.:!.:\"10- '-_5 '-‘L w3 18 {—0BO(LSE)
< T w 4 CLKIN—{ 4 171081
y + .11) o GND —;7 ﬁ- 5
] W TUH/SE71-1 16082
' Vp(+) =6 15}—083
H n(=)7 14}—~0B4
' 8080 Interface Error Speciticatlon (Includes Full-Scale,
AGND~48 133085
E Zero Error, and Non-Linearity)
P Veer/2=19 124086
e ) N
| Part ::a':e VRer/2=2.500 Vpc | VRep/2=No Connection OGND =110 11]—087 (WsB)
g MO ———— Number f (No Adjustments) (No Adjustments)
ascoon Adjusted
E A [0 . ADC0801] =V, LSB
we! e nm ADC0802 £1,188
' CE ADC0803 | =14 LS8
E ADCO0804 +11LSB
ADC0805 +1LSB
T IHIRATI A0

! 2117 3.6 uamednmnuzn1esia ADC0805 WriullasTunsinef

; AMHUNAEBRINIAN ) B3 ADCO805
@ CS Chip Select (Active Low) lulashsiasisafasiedlvisn “0" funil e

#nanshnsiaiu ADCO805
WR WRITE (Active Low) findrycynnailu “0" ADC0805 azinnns Sampling AN

L
=
s

wwiuly
RD READ (Active Low) Sinftycyrndiilu “0" ADCO805 azganTinntzutlag

\lu Digital udaliululastusngaisef
®V,. Digital Supply Voltage Duanfisetuundesneinlfity AD Failaunn sv

®
X
O

- .

oV, ABALAT Vo, d1 AD ax Mol BeuFeudy input usidawiu 1ed
ADC0805 Taldniflusnsienn Vo, i
oDB0-DB7  iwieniymeimancdeya siedniu DATA BUS weclilasiinaa
wwef Tae DBO 1flu LSB (Least Significant Bit) ues DB7 1ilu MSB

(Most Significant Bit)
@A GND uay D GND iy Ground 18423472

. L e TR N e =
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oV, (+)uarV, ()  lu Input
®CLK Ruay CLK IN siafiussasivinadindcyoyrnd Clock 129 AD

Timing Diagram 183 ADC0805

Tlmmg Diag rams (Ai' timing is measured from the 50% voltage points)

START
CONVERSION

e

!
—] Wit l-— “susy -
BATAIS VALID IN
“NOT BUSY" '\ QUTPUT LATCHES
!""—‘—

ACTUAL INTERNAL
STATUS OF THE
CONVERTER

|

- INTEANAL ': s
3
i

{LAST DATA WAS AEAD}
‘ ™\

{ : Xt assearen
- "

TTH. |LAST OATA WAS 90T REAO)
— l"_ 11 Ter g

1T00a Wi 0

— . - —— — — > =

Output Enable and Reset INTR

m—\i YR RESET
& | \ —w 4/'_—_—_
n—_——}R {
nururr: -------- ——t jE_ —_— meant L
—=i tact L—

] 1 g
Note: Read sobe must occur 8 clock periods (8/1cx) after assertion of mismet 10 3 sries ‘wat ¢ LT TUH/seT1-4

21/% 3.7 u8ma Timing Diagram 189 ADC0805

M3AR9715ULe ADC0805
anguf 3.6 14iien ADC080S lihinnnssieifeulnafasinnasiencun interface

-~ ) [ A -~ ] 3 o J :
Card Seazdmserunenfiamefiatrtunncled 8255 lanazsiansasiegii 3.8 uavaasii

{lusauvilires Interface Card é«zﬁdau‘lﬂﬁndaﬁuzﬂﬁ 3.4 (daudtyyanumuny uay

doudeynidnanfiomed)
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8255 ifte set MrivTes nafn AB
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#include <stdio.h>
#include <conio.h>
#include <graphics.h>
#include <dos.h>
#include<stdlib.h>

#include<math.h>

unsigned fstime,stime,ftime;
int gdriver = DETECT,gmode;

int count,store[5010),hcount,rcount,page;

unsigned getnum(int xxint yy.int page)

vold del(int xx1,int xx2,int yy,int col);

void escmenu();

vold menu();

void choosea(),

void chooseb();

void about();

void range();

void tinputa():

void tinputb();

void wgraph();

void wgraph1();

void discretea(int count,int hcount,int reount,unsigned stime,int store{5010));
vold discreteb(int count,int hcount,int rcount,unsigned stime,int store[5010]);
vold holda(int count,int hcount,int reount,unsigned stime,int store[5010]);
void holdb(int count,int hcount,int reountunsigned stime,int élore[SO‘lO]);
void table():

vold dataa(int count,int store[5010},int hcount,int stime);

void datab(int count,int store{5010},int hcount,int stime);

void signala(int count,int hcount,int reount,unsigned stime,int store{5010));
void signalb(int count,int hcount.int reount,unsigned stime, int store[5010]);
void pageone();

void pagetwo();

void pagethreea();

void pagethreeb().

void pagefoura();

void pagefourb();

void main()

{

n3
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clrser()
initgraph(&gdriver,&gmods,"c:\Mc\\bgi);
textbackground(BLACK);

pageone();

unsigned getnum(int xx,int yy,int page)
{
char ch;
char* cc;
int nub=0;
do
{
ch=getch();
If {{chl="r")&&(chl="b")&&(ch|=27))
{
cenubl=ch; cc[nub+1}="0"; nub++;
}
If ((ch=="b")&&(nub>0))
{
nub=nub-1; ccinub]="0";
}
if{(ch==27)&&(page==2))
{
cleardevice();
pageone().
}
if{(ch==27)&&(page==3))
{
cleardevice();
pagetwo();
}
if((ch==27)8&(page==4))
{
cleardevice();
pagetwo(),
}
If{(ch==27)8&(page==5))
{
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cleardevice();

pagethreea();

}
if((ch==27)&&(page==6))

{

cleardevice():

pagethreeb();

}
del(xx,xx+480,yy.BLACK):
outtextxy(xyy.cc);

}
while(chl="r");
if((nub==0)&&(page==2))

{

cleardevice():
pagetwo();

}

if((nub==0)&&(page==3))
{
cleardevice(),
pagethreea(),
}
if((nub==0)&&(page==4))
{
cleardevice();
pagethreeb();
}
if((nub==0)&&(page==5))
{
cleardevice():
pagefoura();
}
if((nub==0)&8&(page==6))
{
cleardevice();
pagefourb();
}
nub=atol(cc);

retum(nub),

ns



it 1

® wm e wwmen e mm wim ——

v ——m"

T T ot—

A Y e

void del(int xx1,int xx2,int yy.int col)

{

void escmenu()

{

void menu()

{

seffillstyle(1,col);
bar{xx1,yy-8,02,yy+8);

cleardevice();

setcolor{14);

line(50,50,590,50);

line(50,300,590,300);

line(50,50,50,300);

line(590,50,590,300);

setcolor(WHITE);

settextstyle(7,0,4):

outtextxy(80,100,"ADC & DAC DEMONSTRATION®);
settextstyle(1,0,1);

outtextxy(305,140,'by");
outtextxy(175,180,"Mr.Phankom Patanaperade;j®);
outtextxy(175,220,"Mr.Pattarachai Ouppariputtikul");
settextstyle(0,0,1);

setcolor(12);

outtextxy(450,15,"ESC - Exit Program"),;
setcolor(WHITE);

cleardevice();

setcolor{14);

line(50,50,590,50);

line(50,300,590,300);

line(50,50,50,300);

line(590,50,590,300);

setcolor(WHITE);

settextstyle(7,0,4);

outtextxy(80,100,’ADC & DAC DEMONSTRATION®);
settextstyle(1,0,1);

outtextxy(305,140,"by");
outtextxy(175,180,"Mr.Phankom Patanaperadej);

neé
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void about()

{

vold range()

{

outtextxy(175,220,"Mr.Pattarachai Cuppariputtikul®);
settextstyle(0,0,1);

setcolor(12);

outtextxy(400,15,"ESC - Back To Previous Page®);
setcolor(WHITE); '

setcolor(14);
line(50,305,590,305);
ine(50,305,50,405);
line(590,305,5890,405);
line(50,405,580,405);
setcolor(WHITE);
settextstyle(0,0,1);

outtextxy(80,325, This Program is a Part of ADC & DAC Demonstration Project’);
outlextxy(185,345,"Department of Control Engineering®);

outtextxy(215,365,"Date Release 23 March 1999");
outtextxy(245,385,"Version 1.00 Beta");
outtextxy(50,425,"Press Enter To Continued”);

int select1;
menu();
outtextxy(50,320,Please Select Range(Press 1-2)°);
outtextey(50,370,"1. Range (-5 - +5)°),
outtextxy(50,420,"2. Range (0 - +5));
select1 = getnum(300,320,2);
cleardevice();
switch(select1)
{
case 1:{
pagethreea();
break;
}
case 2:{
pagethreeb();
break; N

n7
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void tinputa()
{

}
default:range();

char ststime(2],stfstime[10].r;
outtextxy(50,400,"Input Sampling Time(1ms-10ms)");
stime = getnum(310,400,3);
if ((stime>=1)&&(stime<=10))
{
outtextxy(50,430,"input Total Time(");
sprintf(ststime,"%u", stime);
outtextxy( 185,430, ststime);
if(stime <10)
{
outtextxy(195,430,"ms-");
fstime = stime*5000;
sprintf(stfstime,"%u" fstime);
outtextxy(220,430,stfstime);
if(fstime<10000)
outtextxy(255,430,"ms)");
olse
outtextxy(265,430,"'ms)");
}

else
{
outtextxy(205,430,"ms-");
fstime =stime*5000;
sprntf(stfstime,*%u" fstime);
outtextxy(230,430,stfstime);
outtextxy(275,430,"ms)");
}
fime = getnum(310,430,3);
if ((fRime>=stime)&&(fime<=fstime))
{
outtextxy(50,460,"Press Enter To Begin Sampling®);
while((r1=27)8&(rl="\"))  r=getch();
ifr==27)
{

ng
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void tinputb()
{

pagetwo();
}
}

else pagethreea();

}

else pagethreea();

char ststime[2],stfstime[10],r
outtextxy(50,400,"Input Sampling Time(1ms-10ms)®);
stime = getnum(310,400,4);
if ((stime>=1)&&(stime<=10))
{
outtextxy(50,430,"Input Total Time(’);
sprintf(ststime,"%u",stime);
outtextxy(185,430,ststime);
if(stime <10)
{
outtextxy(195,430,"ms-");
fstime = stime*5000;
sprintf(stfstime,"%u" fstime);
outtextxy(220,430,stfstime);
if(fstime<10000)
outtextxy(255,430,'ms)"):
eise
outtextxy(265,430,"ms)");
}
else
{
outtextxy(205,430,"ms-"),
fstime =stime*5000;
sprintf(stfstime,"%u’" fstime);
outtextxy(230,430,stfstime);
outtextxy(275,430,"ms)");
}
fime = getnum(310,430,4);
it (Rime>=stime)&&(ftime<=fstime))
{

ng
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void choosea()

{

outtextxy(50,460,"Press Enter To Begin Sampling’);
while((rl="r")&8&(r{=27)) r=getch();
if(r==27)
{
pagetwo();
}
}
else pagethreeb();

}
else pagethreeb();

int select;
menu();
outtextxy(50,320,"Please Select Which Graph You Want(Press 1-5)°);
outtextxy(50,350,"1. Sampling Graph®);
outtextxy(50,380,"2. Sampling & Hold Graph®);
outtextxy(50,410,"3. Hex Data Table"),
outtexbxy(50,440,"4. Continuous Graph®);
outtextxy(50,470,"5. New Sampling");
select = getnum(415,320,5);
cleardevice();
switch(select)
{
case 1:{
discretea(count,hcount,rcount,stime, store);
getch():
pagefoura();
break;
}
case 2:{
holda(count,hcount,rcount,stime,store);
getch();
pagefoura();
break;
}
case 3;{
dataa(count,store,hcount,stime);

getch();

n10
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void chooseb()

{

pagefoura();
break;
}

case 4:{
signala(count,hcount,rcount,stime, store);
getch();
pagefoura();
break;
}

case 5:pagethreea();
break;

default :choosea();

int select;
menu();
outtextxy(50,320,"Please Select Which Graph You Want(Press 1-5)°);
outtextxy(50,350,"1. Sampling Graph);
outtextxy(50,380,"2. Sampling & Hold Greph”);
outtextxy(50,410,"3. Hex Data Table");
outtextxy(50,440,"4. Continuous Graph");
outtextxy(50,470,'5. New Sampling”);
select = getnum(415,320,6);
cleardevice():
switch(select)
{
case 1
discreteb(count,hcount,reount,stime, store);
getch();
pagefourb();
break;
}
case 2:{
holdb(count,hcount,rcount,stime,store);
getch();
pagefourb();
break;
}

n11
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void wgraph()
{

case 3

datab(count,store,hcount,stime);

getch()

pagefourb();

break;

}

case 4:{

signalb(count,hcount,rcount,stime, store);

getch():

pagefourb();

break;

}

case 5:pagethreeb();

break;

default :chooseb();

setcolor(WHITE);
line(20,15,20,475);
line(20,245,620,245);
line(15,15,20,15);
line(15,61,20,61);
line(15,107,20,107);
line(15,153,20,153);
line(15,199,20,169);
line(15,245,20,245);
line(15,291,20,291);
line(15,337,20,337);
line(15,383,20,383);
line(15,429,20,420);
line(15,475,20,475);
settextstyle(0,0,1);
outtextxy(5,13,"5";
outtextxy(5,58,"4%);
outtextxy(5,105,"3");
-outtextxy(5,151,"2%;
outtextxy(5,197,"1%);
outtextxy(5,243,°0%);

n12
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outtextxy(0,289,™1");
outtextxy(0,335,"-2");
outtextxy(0,381,%3";
outtextxy(0,427,"-4");
outtextxy(0,472,-5";
outtextxy(0,0,"Volt(V)*);
outtextxy(625,245,"T");
setcolor(7);
outtextxy(22,12," %
outtextxy(22,58," )
outtextxy(22,104," )
outtextxy(22,150," )
outtextxy(22,196," )
outtextxy(22,288," "
)
)

outtextxy(22,334,"
outtextxy(22,380,"
outtextxy(22.426," %
outtextxy(22,472," : %
settextstyle(0,1,1);
outtextxy(125,14," )
outtextxy(225,14," o
outtextxy(325,14," )
outtextxy(425,14," ),
outtextxy(525,14," ™ -
outtextxy(625,14," )
setcolor(WHITE);

setlextstyle(0,0,1);

void wgraph1()

setcolor(WHITE);
line(20,15,20,475);
line(20,475,620,475);,
line(15,15,20,15);
line(15,61,20,61);
line(15,107,20,107);
line(15,153,20,153);
line(15,199,20,198);
line(15,245,20,245);
iine(15,281,20,201);
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line(15,337,20,337);
line(15,383,20,383);
line(15,420,20,429);
line(15,475,20,475);
outtextxy(5,13,"5");

outtextxy(5,105,"4");
outtextxy(5,197,°3");
outtextxy(0,289,"2");
outtextxy(0,381,"1");
outtextxy(0,472,°0%);

outtextxy(0,0,"Voit(V)");
outtexixy(625,472,"T");

setcolor(7);

outtextxy(22,12,"

outtextxy(22,58,"

outtextxy(22,104,"

outtextxy(22,150,"

outtextxy(22,196,"

outtextxy(22,243,"

outtextxy(22,288,"

outtextxy(22,334,"

outtextxy(22,380,"

outtextxy(22,426,"

settextstyle(0,1,1);

")

outlextxy(125,14,"

*);

outtextxy(225,14,"

outtextxy(325,14,"

"%

outlextxy(425,14,"

l):
-):

outtextxy({525,14,"

I):

outlextxy(825,14,"
setcolor(WHITE);

ni4
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setiextstyle(0,0,1);

void discretea(int count,int hcount,int rcount,unsigned stime,int store{5010])
( .

int x[5010),y{5010},tcount;

float hexo,grapho;

for(hcount = O;hcount<count;hcount++)
{
hexo = ((0.039215686)"stors[hcount]) - 5;
grapho =((-46)*hexo)+245 ;
rcount=rcount+(2*stime);
if(rcount>600) rcount=rcount-600;
yfhcount] = int(grapho);
x[hcounf] = (rcount+20);
}

wgraph();

setcolor(14);

tcount = 0;

for(hcount = O;hcount<count;hcount++)

{
If(x(hcount])<tcount)

{

setcolor(WHITE);

outtextxy(400,0,"Press Any Key To Continued®);

getch();

cleardevice():

wgraph();

setcolor(14);

}
line(x[hcount],yfhcount),x[hcount),245);
tcount=x[hcoun(;

}

vold discreteb(int count,int hcount,int rcount,unsigned stime,int store{5010))
{
int x[5010),y{5010),tcount;
float hexo,grapho;

for(hcount = O;hcount<count;hcount++)

{
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if{(x[hcount+1])>xfhcount])&&(x[hcount+1)1=620))

{

}

setcolor(14);
line(x[hcount),y{hcount).x[hcount],245);
setcolor(4):

line(x(hcount],y[hcount),x[hcount+ 1],yfhcount));
setcolon(2);

line(x{hcount+1],ylhcount) x[hcount+1),245);
setcolor(14);
line(x[hcount+1),y[hcount+1].x[hcount+1),245);

else if{(x[hcount+1]>x[hcount])&&(x[hcount+1])==620))

else

{

setcolor(14);
line(x(hcount],y{hcount],xthcount),245);
setcolor(4);
ling(x[hcount),y{hcount),x[hcount+1),y[hcount)):
setcolor(2);
line(x[hcount+1],yfhcount),x(hcount+1),245);
setcolor(14);
line(x[hcount+1),yfhcount+1],x[hcount+1),245);

setcolor(4);
tine(x[hcount),yfhcount),620,yfhcount]):
setcolor(WHITE);

outlextxy(400,0,"Press Any Key To Continue™);
getch();

cleardevice();

wgraph();

sefcolor(4);

line(20,yfhcount), x(hcount+1],y[hcount]);
setcolor(2);
line(x[hcount+1],y[hcount],xfhcount+1),245);
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hexo = ((0.01953125)*store[hcount]) :
grapho =((-92)*hex0)+475 ;
rcount=rcount+(2*stime);
if(rcount>600) rcount=rcount-600;
ylhcount] = int{grapho);
x[hcount] = (rcount+20);
}

wgraph1();

setcolor(14),

tcount = 0;

for(hcount = 0;hcount<count;hcount++)

{

if(x[hcount]<tcount)
{
setcolor(WHITE);
outtextxy(400,0,"Press Any Key To Continued®);
getch();
cleardsvice();
wgraph1();
setcolor(14);
}
line(x{hcount),y{hcount],x[hcount],475);

tcount=x[hcount];

}

void holda(int count,int hcount,int reount,unsigned stime,int store[5010])
{

int x[5010].y{5010);

float hexo,grapho;

for(hcount = 0;hcount<count;hcount++)
{
hexo = ((0.0392156886)*store[hcounf]) - 5;
grapho =((-46)*hex0)+245 ;
rcount=rcount+(2*stime);
if(rcount>600) rcount=rcount-600;
ylhcount] = int(grapho);
x[hcount] = (rcount+20);
}

wgraph();

for(hcount = 0;hcount<count-1;hcount++)
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void holdb(int count,int hcount,int rcount,unsigned stime,int store(5010])

{

int x{5010),y{5010);

float hexo,grapho;

for(hcount = 0;hcount<count;hcount++)

{

hexo = ((0.01953125)*store[hcount]);
grapho =((-92)*hexo)+475 ;

rcount=rcount+(2*stime);

if(rcount>600) rcount=rcount-600;

yihcount] =

x(hcount] =

}
wgraph1().

forthcount =

{

int(grapho);

(rcount+20);

0:hcount<count-1;hcount++)

if{(xthcount+1)>x[hcount])&&(x[hcount+1]1=620))

{

}

setcolor(14);
line(xfhcount]),yfhcount)x[hcount),475);
sefcolor(4);
line{x[hcount],yfhcount},x[hcount+1},yfhcount});
setcolor(2);

line(xfhcount+1],y[hcount] x(hcount+1),475);
setcolor(14):
line(x[hcount+1],y[hcount+1),x[hcount+1],475);

else if{(xthcount+ 1)>x[hcount])&&(x[hcount+1]==620))

{

setcolor(14);
line(x[hcount),yfhcount),x[hcount],475);
setcolor(4);
line(x[hcount],y{hcount],x[hcount+1],y[hcount]);
setcolor(2);

line(x[hcount+1],y[hcount). xfhcount+1),475);
setcolor(14);
line(x(hcount+1),yfhcount+1).x[hcount+1),475);

n18
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void table(void)
{

else

setcolor(4),
line(x[hcount],y[hcount],620,yfhcount]);
setcolor(WHITE);

oultextxy(400,0,"Press Any Key To Continue®);
getch();

cleardevice();

wgraph1{);

setcolor(4);
line(20,yfhcount],x[hcount+1),yfhcount]);
setcolor(2);
line(x[hcount+1),y{hcount].x{hcount+1),475);

line(20,10,20,455);
line(120,10,120,455);
line{220,10,220,455);
1ine(320,10,320,455),
line(20,10,320,10);
line(20,35,320,35);
line{20,55,320,55);
line(20,75,320,75);
line(20,95,320,95);
line(20,115,320,115);
line(20,135,320,135);
line(20,155,320,155);
line(20,175,320,175);
line{20,195,320,185);
line{20,215,320,215); .
line(20,235,320,235);
line(20,255,320,255);
line(20,276,320,275);
line(20,205,320,205);
line(20,315,320,315);
fine(20,335,320,335);
line(20,355,320,355);
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line(20,375,320,375);
line(20,395,320,395);
line(20,415,320,415);
line(20,435,320,435);
line(20,455,320,455);
outtextxy(42,23, Time(ms)");
outtextxy(140,23,"Hex Code"),
outtextxy(2456,23,"Volt(v)"):

void dataa (int count,int store[5010},int hcount,int stime)

{

char word[10],number{10),atime[10);
unsigned j,btime;
float num;
table():
j=0;
btime=0;
for(hcount=0;hcount<count;hcount++)
{
If(j>20)
{
=0
outtextxy(400,0,"Press Any Key To Continue®),
geteh();
cleardevice ()
table();

}
num= ({(0.039215688)*store[hcount]}-5);

sprintf(word,*%x",storefhcount]);
sprintf(number,*%5.3f",num);

btime = (hcount*stime);
sprintf(atime,*%u",btime);
outtextxy(45,((20%))+45),atime);
outtextxy(145,((20"])+45),word);
outtaxtxy(245,((20%)+45),number);
j=1

}

void datab (int count,int store[5010},int hcount,int stime)

n20
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char word[10),number{10),atime[10];
unsigned j,btime;
fioat num;
table();
|=0;
btime=0;
for(hcount=0;hcount<count;hcount++)
{
if(j>20)
{
j=0;
outtextxy(400,0,"Press Any Key To Continue®);
getch();
cleardevice ();
table();
}
num= ((0.01953125)*store[hcount]);
sprintf(word,"%x",storelhcount]);
sprintf(number,*%5.3f,num);
btime = (hcount*stime);
sprintf(atime,"%u’,btime);
outtextxy(45,((20*)+45),atime);
outtextxy(145,((20*)+45),word);
outtextxy(245,((20*)+45).number);
|=1+1
}
}
void signala(int count,int hcount,int rcount,unsigned stime,int store[5010))
{
int x{5010),y{5010],delx,dely,xmax,xmin,ymax,ymin;
float hexo,grapho,divx,yeqx,yean;
for(hcount = 0;hcount<count;hcount++)
{
hexo = ((0.039215686)*store[hcount]) - 5;
grapho =((-46)"hex0)+245 ;
rcount=rcount+(2*stime);
if(rcount>600) rcount=rcount-600;
ylhcount] = int(grapho);
x[hcount] = (rcount+20);
}

n21
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void signalb(int count,int hcount,int rcount,unsigned stime,int store[5010])

{

wgraph();
setcolor(14);

forthcount = 0;hcount<count-1;hcount++)

{

if (x[hcount+1}>x[hcount])

{

line(x[hcount),yfhcount),xfhcount+1]),yfhcount+1]);

}

else
{
delx=stime;
dely=abs(ylhcount+1]-y[hcount]);
divx=(dely/delx);
yoqx=((620-x{hcount])*divx);
if(yfhcount+1]<=yfhcount])
{
ymax=int(y[hcoun{j+yeqx);

ymax=int(yfhcount]-yeqx);

}
line(xfthcount],y[hcount),620,ymax);
setcolor(WHITE);
outtextxy(400,0,"Press Any Key To Continue®);
getch();
cleardevice();
wgraph();
setcolor(14);
line(20,ymax.x[hcount+1],y[hcount+1});

line(x[hcount+1],yfhcount+1),xthcount+2),yfhcount+2]);

}
}

int x[5010),y{5010),delx,dely,xmax,xmin,ymax,ymin;
float hexo,grapho,divx,yeqx,yeqn;
for(hcount = O;hcount<count;hcount++)

{

n22
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hexo = ((0.01853125)"store[hcount]);
grapho =({(-92)*hexo)+475 ;
rcount=rcount+(2*stime);
if(rcount>600) rcount=rcount-600;
y[hcount] = int(grapho);
x[hcount] = (rcount+20);
}

wgraph1();

setcolor{14);

for{hcount = O;hcount<count-1;hcount++)

{.

if (x[hcount+1)>x{hcount])
{
line(x[hcount],yfhcount].x[hcount+1],yfhcount+1]);

}

else

{
delx=stime;
dely=abs(yfhcount+1}-yfhcount]);
divx=(dely/delx);
yoqx=({620-x[hcount])*divx);
iftyfhcount+1}<=yfhcount})

{
ymax=int(y[hcount]+yeqgx);

ymax=int(yfhcount]-yeax);

}
line(x[hcount],yfhcount},620,ymax);
setcolor(WHITE);
outtextxy(400,0,"Press Any Key To Continue®);
getch();
cleardevice():
wgraph1();

setcolor(14);
line(20,ymax,x[hcount+1],ylhcount+1]);

line(x[hcount+1),ylhcount+1].x[hcount+2],yThcount+2]);

}
}

‘8
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void pageone()

{

void pagetwo()
{

void pagethreea()
{

chara;
escmenu();
about();
while((al="\r')&&(al=27)) a=getch();
ifta =="\")
{
pagetwo();
}
else if(a == 27)
{
closegraph().
exit(0);
}

range();

menu();

tinputa();

I*calculate count*/
count =int((ftime/stime));

count =count +1;

I*sampling store and convert to graph to array*/

rcount=-(2*stime);

outport(0x303,0x82);

for(hcount = 0;hcount<count;hcount++)

{
delay(stime);
outport{(0x302,0x00);
outportb(0x302,0x08);
storefhcount]=inp(0x301);
outport(0x300,storefhcount]);
}

pagefoura();

n24
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void pagethresb()
{
menu();
tinputb();
Icalculate count'/
count =int((Rime/stime));
count =count +1;
I'sampling store and convert to graph to array*/
rcount=-(2"stime);
outport(0x303,0x82);
for{hcount = 0;hcount<count;hcount++)
{
delay(stime);
outport(0x302,0x00);
outportb(0x302,0x08);
store[hcount]=inp(0x301);
outport(0x300,storefhcount));

}
pagefourb();

void pagefoura()
{

choosea();

void pagefourb()
{

chooseb();

n25
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General Description

The ADCOB01, ADC0802, ADC0803, ADC0804 and
ADCO0805 are CMOS 8-bit successive approximation A/D
converters that use a ditferential potentiometric ladder—
! similar to the 256R products. These converters are de-
" signed to allow operation with the NSC800 and INS8080A
cerivative control bus with TRI-STATE® output latches di-
-ectly driving the data bus. These A/Ds appear like memory
“>cations or 1/0 ports to the microprocessor and no inter-
‘acing logic is needed.

Cifferential analog voltage inputs allow increasing the com-
mon-mode rejection and offsetting the analog zero input
voitage value. In addition, the voltage reference input can
te adjusted to allow encoding any smaller analog voltage
span to the full 8 bits of resolution.

NNational Semicondu’cto.r

ADC0801/ADC0802/ADC0803/ADC0804/ADC0805
8-Bit uP Compatible A/D Converters

w Differential analog voltage inputs

R Logic inputs and outputs meet both MOS and TTL volt-
age level specifications

® Works with 2.5V (LM336) voltage reference

m On-chip clock generator

= OV to 5V analog input voltage range with single 5V
supply

m No zero adjust required

m 0.3" standard width 20-pin DIP package

® 20-pin molded chip carrier or small outline package

u Operates ratiometrically or with 5§ Vpg, 2.5 Vpg, or ana-
log span adjusted voltage reference

; Key Specifications
i Features m Resolution 8 bits
| @ Compatible with 8080 pP derivatives—no interfacing ™ Total emor +% 158, £ LSBand £11SB
logic needed - access time - 135 ns m Conversion time 100 us
® Zasy interface to all microprocessors, or operates
“stand alone”
- Typical Applications
v
r 4; 4 Yee —
, >l K3 1
' s N P4 | ! '37 TRANSDUCER
’ le——— S e fals/ SUT ALSOLUTION
i Ulon & | overany orsiaee
1 12 »< ANALOG INPUT
i any Bre o8 vars | € | rouTase nance
i * « e Bl M ™ p——— SEE SECTION 24,8
{ e L3 PO Vi
+ LE P acnold ;
I <+ L] 082 SPAX ADJ
, « L1 Vaer1 —omucm- =
1 L on [ X1;]
' TUH/S871-1
! 8080 Interface Error Specification (Includes Full-Scale,
Zero Error, and Non-Linearity)
— 0
Part SF::-O VrEr/2=2.500 Vpe | VRer/2=No Connection
n
- e ot Number Adjusted (No Adjustments) (No Adjustments)
ey ——>C ~ ADC0801| 1,198
.,
fic O WX ADC0802 +14LSB
ADC0803 | +14188B .
DATA B .
b. ADCO804 |-- -- - £11S8 - ..
’ ADCD805 +11S8
TL/H/E871-31
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Absolute Maximum Ratings Notes 1&2) . . l,
It Milltary/Aerospace specified devices are required, Storage Temperature Range —65'Cto +150°C !
please contact the National Semiconductor Sales Package Dissipation at To=25'C 875 mwW % i
Office/Distributors for availability and specifications. E£SD Susceptibility (Note 10) 800V ‘
Supply Voltage (Vcg) (Note 3) 8.5V
Voltage Operating Ratings (Notes 142
Logic Control Inputs -0.3Vto +18V Ter;:perature Rgnge gst T)Mm <TAS Tiax
- + R
At Other input and Qutpu's 0.3V1o NVgo+0.3Y) ADC0801/02LJ, ADCOB02LY/883 —S5'CSTAS +125°C
Lead Temp. (Soldering, 10 seconds) ADC0801/02/03/04LCJ —40°'CSTAS +85°C
DualIn-Line Package (plastic) 260°C ADC0801/02/03/05LCN Z4QC<TAS +85°C
Dual-In-Line Package (ceramic) 300°C ADGOBO4LCN p TA <170
A
Surface Mount Package . ADC0802/03/04LCV 0'CSTAS +70°C
Vapor Phase (60 seconds) 215°C ADC0802/03/04LCWM 0"C<TAS +70°C
Infrared (15 seconds) 220°C Range of Veo 4.5Vpc 063 Voo

Electrical Characteristics
The following specifications apply fer Vcc= 5 Vpe. TMINS TAS Tmax and foLx =640 kHz unless otherwise specified.

ADC0801/ADC0802/ADC0803/ADC0804/ADCO0805

[ .

Parameter Conditions Min Typ Max Units !
ADCO0801: Total Adjusted Error (Note 8) With Full-Scale Adj. ny LSB i
(See Section 2.5.2) 4 '
ADC0802: Tota! Unadjusted Error (Note 8) VRregr/2>=2.500 Vpc E VA LSB
ADCO08B03: Total Adjusted Error (Note 8) With Full-Scale Adj. Y LSB
(See Section 2.5.2) 2 :
ADCO0804: Total Unadjusted Error (Ncte 8) VRregp/2=2.500 Vpc +1 LSB !
ADCOB05: Total Unadjusted Error (Ncte 8) Vger/2-No Connection £1 LSB
VRer/2 Input Resistance (Pin 9) ADC0801/02/03/05 25 8.0 kN
ADC0804 (Note 9) 0.75 1.1 k!
Analog Input Voltage Range {Note 4) V(+) or V(—-) Gnd-0.05 Ve +0.05 Voe
DC Common-Mode Error Over Analog Input Voltage +Vie % LSB
. Range
Power Supply Sensitivity Vee=5 Vpg +10% Over +Yie R LSB
Allowed Vin(+) and Vin(—)
Voltage Range (Note 4)

AC Electrical Characteristics
The foliowing specifications apply for Vcc="5 Vpe and Ta4=25'C unless otherwise specified.

Symbol Parameter | Conditions Min Typ Max Units
Te Conversion Time feri = 640 kHz (Note 6) 103 114 pns
Te Conversion Time (Note 5, 6) 66 73 1/fcix
fox Clock Frequency i Vee=5V, (Note 5) 100 640 1460 KHz |
Clock Duty Cycle i (Note5) 40 60 %
CR Conversion Rate in Free-Running i TNTR tied to WR with 8770 9708 conv/s
Mode | T8=0Vpg. fork =640 kHz .
twwEL Width of WR Input (Start Pulse Width) T5=0Vpc (Note 7) 100 ns
tace ‘Access Time (Delay from Falling CL=100pF 135 200 s
Edge of RD to Output Data Valid) . H
tyH. toH TRISTATE Control (Delay - CL=10pF, A =10k 125 200 ns
from Rising Edge of RD to (See TRI-STATE Test
~ Hi-Z State) Circuits)
twh R Delay from Falling Edge 300 450 ns 3
of WH or FID to Reset of INTH ) N :
Cin Input Capacitance of Logic 5. 75 pF
Control Inputs . . | i
Cout TRI-STATE Output . 5 7.5 pF !
Cepacitancé (Data Buffers)” B . - - - !
CONTROL INPUTS [Note: CLX IN (Pin 4) is the input of & Schmitt trigger circuit and Is therefore specified separately] 4
Vin (1) Logical “1” Input Voltage— - - - Vec=5.25Vpe 20 15 Voc |
(Except Pin 4 CLKIN) !
&
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TRI-STATE Test Circuits and Waveforms

tH tyy, CL= 10 pF ton
Vee Vee
Vee
DATA 108
ouTPUT onp 2 |'%*
L34 DATA
v [4] ovTPUT
oaa " % o
ouTPuTs
onp l

=20 ns

Timing Diagrams (ai timing is measured from the 50% voitage points)

t=20 ns

ton, CL=10pF

Ve
oata O /'
JUEE——

ouTIUTS

You

TL/H/5671-3

. e

—

w
_—”——]
Wi —
—=] WHERL [ ~BUSY"
: ohe RTEANAL N DATA IS VALID N
B Azt - - A
o et ot susY Naurror uatents
CONVERTER
S LY } INTERRAL Tg
{LAST DATA WAS READ)
TR LASTOATAWASNOTAEAD) _7 INT ASSERTED
—nd 12 TeLx
Output Enable and Reset INTR
TNTR RESET
8 \ —{ w |~ /
o N
nOTE
¥ TAHSTATE®
DATA
ou‘mm""""""""""] —_— A e — -
— WCE [—
et 31 M W [
Note: Read strobe must occur 8 clock perkods (8/1c x) afer assertion of interrupt 10 quarantoe reset of INTR. TLH/seT1-4
S ——
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single point analog ground that is separate from the logic

nd points should be used. The power supply bypass
acitor and the self-clocking capacitor (if used) should
~th be returned to digital ground. Any Vaeg/2 bypass ca-
acitors, analog input filter capacitors, or input signal shield-
should be returned to the analog ground point. A test for
aper grounding is to measure the zero error of the A/D
averter. Zero errors in excess of % LSB can usually be
aced to improper board layout and wiring (see section
5.1 for measuring the zero error).

3.0 TESTING THE A/D CONVERTER

+nere are many degrees of complexity associated with test-
g an A/D converter. One of the simplest tests is to apply a
\~own analog input voltage to the converter and use LEDs

d to the datzﬂ +s #isplay the resuiting digital output code as shown in Fig-

even in TRL
bussing alse
ata bus.
- designer t¢
pading of the
n though DC
rating with a
3 is available
thé bus ang
| (see typica

axtended for
es (8080) or

“high, exter-
TRI-STATE
S$240 series
nt products
 bipolar bus

conversion
oise. A low
ed close to
greater are
lable in the
Hage regu-
will greatly

tactory for
PC boards
should be
the analog

RS

=-¢ 2ase of testing, the VRer/2 (pin 8) should be supplied
~n 2.560 Vpc and a Vge supply voltage of 5.12 Vpg
s~auld be used. This provides an LSB value of 20 mV.

+ a full-scale adjustment is to be made, an analog input
«citage of 5.090 Vpg (5.120-1%; LSB) should be applied to
=2 Vin(+) pin with the Vin(—) pin grounded. The value of
«~a VRer/2 input voltage should then be adjusted until the
= aital output code is just changing from 1111 1110 to 1111
-211. This value of VRgg/2 should then be used for all the
‘2518,

-~2 digital output LED display can be decoded by dividing
-~ § bits into 2 hex characters, the 4 most significant (MS)
1+d the 4 least significant (LS). Table ! shows the fractional
zinary equivalent of these two 4-bit groups. By adding the
.3ltages obtained from the “VMS" and “VLS" columns in
-aple |, the nominal value of the digital display (when

can cause
8 shieided

H

% ot D40 e 1,

0
W
! l ! NS N 08120V
e 10uF
2 " ;‘T’Punuw
3 " 151
ol
‘“ 17 6 B
START
5 s Q 9
A
VIIMT—L EM—@—‘
v =08 Ve
7 " 6 B
s 13 q B
AGND 1 v
Lsvge o o ’ 1
Vaw‘lc 1
"""—-[- ) u
[E bl
= IJ; LI W msusar?
®
TUH/5671-18

FIGURE 7. Basic A/D Tester

VRee/2 = 2.560V) can be determined. For example, for an
output LED display of 1011 0110 or B6 (in hex), the voltage
values from the table are 3.520 + 0.120 or 3.640 Vpc.
These voltage values represent the center-values of a per-
fect A/D converter. The effects of quantization error have to
be accounted for in the interpretation of the test results.

For a higher speed test system, or to obtain plotted data, a
digital-to-analog converter is needed for the test set-up. An
accurate 10-bit DAC can serve as the precision voltage
source for the A/D. Errors of the A/D under test can be
expressed as either analog voltages or differences in 2 digi-
tal words.

A basic A/D tester that uses a DAC and provides the error
as an analog output voitage is shown in Figure 8. The 2 op
amps can be eliminated if a lab DVM with a numerical sub-
traction feature is available to read the difference voltage,
“A-C", directly. The analog input voltage can be supplied
by a low frequency ramp generator and an X-Y plotter can
be used to provide analog error (Y axis) versus analog input
(X axis).

For operation with a microprocessor or a computer-based
test system, it is more convenient to present the errors digi-
tally. This can be done with the circuit of Figure 9, where the
output code transitions can be detected as the 10-bit DAC is
incremented. This provides ¥, LSB steps for the 8-bit A/D
under test. If the results of this test are automatically plotted
with the analog input on the X axis and the error (in LSB's)
as the Y axis, a useful transfer function of the A/D under
test resuits. For acceptance testing, the plot is not neces-
sary and the testing speed can be increased by establishing
interna! limits on the allowed error for each code.

4.0 MICROPROCESSOR INTERFACING

To dicuss the interface with 8080A and 6800 microproces-
sors, a common sample subroutine structure is used. The
microprocessor starts the A/D, reads and stores the resuits
of 16 successive conversions, then returns to the user’s
program. The 16 data bytes are stored in 16 successive
memory locations. All Data and Addresses will be given in
hexadecima! form. Software and hardware details are pro-
vided separately for each type of microprocessor.

4.1 Interfacing 8080 Microprocessor Derivatives (8048,
8085)

This converter has been designed to directly interface with
derivatives of the B080 microprocessor. The A/D can be
mapped into memory space (using standard memory ad-
dress decoding for TS and the MEMR and MEMW strobes)
or it can be controlled as an 1/0 device by using the [70R
and 7O W strobes and decoding the address bits A0 —

A7 (or address bits AB — A15 as they will contain the
same B-bit address information) to obtain the TS input. Us-
ing the 1/0 space provides 256 additional addresses and
may allow a simpler 8-bit address decoder but the data can
only be input to the accumulator. To make use of the addi-
tional memory reference instructions, the A/D should be
mapped into memory space. An example of an A/Dinl/O
space is shown in Figure 10.

237
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

Ordering Information

TEMP RANGE 0*CTO70°C 0°CTO70°C 0*CTO70°C ~40°C TO +85°C
+ 1/, Bit ADCO801LCN
Adjusted
+1, Bit ADC0802LCWM ADC0802LCY ADCO0802LCN
ERROR .
Unadjusted .
+ 14 Bit ADC0803LCWM ADCO0803LCV ADCO0803LCN
Adjusted
+1Bit ADCO0B04LCWM ADC0804LCY ADCOB04LCN ADCOB05LCN
Unadjusted
PACKAGE OUTLINE M20B—Small Qutiine V20A-—Chip Carrier N20A-—Molded DIP
TEMP RANGE —40°CTO +85°C ~55°CTO +125°C
+ 1/, Bit Adjusted ADCO0801LCY ADCO0801LJ
ERROR + 1/, Bit Unadjusted ADC0802LCJ ADCO0802LJ,
+ 1, Bit Adjusted ADCO0803LCY ADC08021.J/883
+ 1Bit Unadjusted ADC0804LCY
PACKAGE OUTLINE J20A—Cavity DIP J20A—Cavity DIP
Connection Diagrams
ADCO080X ADC080X
Dual-In-Line and Small Outline (SO) Packages Molided Chip Carrier (PCC) Package
S 201~Voc (OR Veer)
RO—{2 19}—CLKR
WR—{3 18—D80(LSB) b~ DBS
CLKIN—14 17081 |- D86
INTR—{5 164082 |~ D87 (MS5)
Vo) —16 15}—D083 |- 0 GND
v.‘(') -7 14—D84 - VRE/I
AGND 48 13}~-DB5
Vagr/2=19 12§66
DGND—{10 114=D87 (MS8)
TL/H/5671-30 TL/M 887120
See Ordering Information
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National Semiconductor

DAC0830/DAC0831/DAC0832 8-Bit uP
Compatible, Double-Buffered D to A Converters

General Description

The DAC0830 is an advanced CMOS/Si-Cr 8-bit multiplying
DAC designed to interface directly with the 8080, 8048,
8085, 280°, and other popular microprocessors. A deposit-
ed silicon-chromium R-2R resistor ladder network divides
the reference current and provides the circuit with excellent
tamperature tracking characteristics (0.05% of Full Scale
Range maximum linearity error over temperature). The cir-
cuit uses CMOS current switches and control logic 1o
achieve low power consumption and low output leakage
current errors. Special circuitry provides TTL logic input volt-
age level compatibility.

Double buffering allows these DACs to output a voltage cor-
responding to one digital word while holding the next digital
word. This permits the simultaneous updating of any num-
ber of DACs.

The DAC0830 series are the 8-bit members of a family of
microprocessor-compatible DACs (MICRO-DACT). For ap-
plications demanding higher resolution, the DAC1000 series
(10-bits) and the DAC1208 and DAC1230 (1 2-bits) are avail-

; able alternatives.

Features

= Double-butfered, single-butfered or flow-through digital
data inputs

u Easy interchange and pin-compatible with  12-bit
DAC1230 series

n Direct interface to all popular microprocessors

u Linearity specified with zero and full scale adjust only—
NOT BEST STRAIGHT LINE FiT.

® Works with + 10V reference-full 4-quadrant
multiplication

® Can be used in the voitage switching mode

m Logic inputs which meet TTL voltage level specs (1.4v
logic threshold)

m Operates "STAND ALONE" (without pP) if desired

u Available in 20-pin smail-cutiine or molded chip carrier
package

Key Specifications

» Current settling time 1ps
® Resolution 8 bits
u Linearity 8, 9, or 10 bits

(guaranteed over temp.)

= Gain Tempco 0.0002% FS/°C

8 Low powaer dissipation 20 mW
= Single power supply 510 15 Vpo
Typical Application
.-.ﬂ tumg. ws *Altows easy upgrade to 12-bit DAC1230,
e See application hints
. —%‘-——ﬁ ~¥g0 (= 15VIC)
¢ !
Pe?
(o | ot
]
900 bUs
TU/H/5608-1
Connection Diagrams (top views)
Dualk-in-Line and Molded Chip Carrier Package

Small-Outline Packages

g —r® 5 1Tha is necessary for e

e —d2 39— kg STVATERL 12-bit DAC1230 series 10

oo 4y np— ‘ permit interchanging from
T i T T l— T .7 ansbMos120RDAC

:'_'_: I with No PC-board changes
wrm —{1 = and no software changes,

LR () 13} by (N3N See appiications secion.

W —{r 12—

- -y n o

TUH/5608-21
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DAC0830/DAC0831/DAC0832

please contact the

Supply Voltage (Vcc)
Voltage at Any Digital Input
Voltage at Vger Input
Storage Temperature Range
Package Dissipation
at To=25°C(Note 3)
DC Voltage Applied to

louT1 of louTa {Note 4)
ESD Susceptability (Note 14)

Absolute Maximum Ratings (Notes142)

If Military/Aerospace specitied devices are required,
Natlonal Semiconductor Sales

Office/Distributors for availability and specifications.

17Vpe

Vocto GND
+25V

—65'Cto +150°C

500 mW

—100mVto Vco
800v

Electrical Char acteristiCs Vrgr = 10.000 Vpc unless otherwise noted. Boldtace limit

Lead Temperature (soldering, 10 sec.)
Dual-In-Line Package (plastic)
Dual-In-Line Package {ceramic)
Surface Mount Package

Vapor Phase (60 sec.)
Infrared (15 sec.)

Operating Conditions
Temperature Range
Part numbers with ‘LCN’ suffix
Part numbers with ‘LCWM® suffix
Part numbers with ‘LCV" suffix
Part numbers with ‘LCJ’ suffix
Part numbers with ‘LJ’ suffix
Voltage at Any Digital Input

260°C
300°C

215°C
220°C

TMNSTASTmA |
0°'Cto +70°C |
0'Cto +70°C
0*Cto +70°C

-40°Cto +85'C
~55'Cto +125°C
Vee 1o GND

s apply over tempera-

ture, Tuin < TaS Tmax. For all other limits To=25°C.
Ve = 475 Ve Vee = 5Vpe £5%
Ver = 1675V Vee = 12Vpg 5%
See| YEC T 1%SYDC | 19 15Vpc £5% | Limit
Parameter Conditions
Note Units
Tested
Typ Limit Deglgn Limit
(Note 12) (Note 5) {Note 6)
CONVERTER CHARACTERISTICS
Resolution 8 8 8 bits
Linearity Error Max Zero and full scale adjusted 4,8
—10V<VRersS +10V
DAC0830LJ & LCJ 0.05 0.08 % FSR
DAC0832LJ & LCJ 0.2 0.2 % FSR
DACO830LCN, LCWM & LCV 0.05 0.08 % FSR
DAC0831LCN 0.1 0.1 R % FSF
DACO0832LCN, LCWM & LCV 0.2 0.2 % FSF
Ditferential Nonlinearity Zero and full scale adjusted 4,8
Max —10V<VReps +10V
DAC0830LJ & LCJ 0.1 0.1 % FSF
DAC0832LJ & LCJ 0.4 0.4 % FSF
DACO830LCN, LCWM & LCV 0.1 0.1 % FSr
DACO831LCN 0.2 0.2 % FSF
DAC0832LCN, LCWM & LCV 0.4 0.4 % FSF
Monotonicity ~10V<VRer LI&LC) 4 8 8 .{ bits
<+10V LCN, LCWM & LCV 8 8 bits
Gain Error Max Using Internal Ry 7 I
S
—10V<VRer< +10V 02 | 1 i? - *F
Gain Error Tempco Max Using internal R 0.0002 - 0.0006 FS’;'C
Power Supply Rejection Al digital inputs latched high Sl T )
. |veg=145Vio 155V . | 00002 {00025 T i %
11.5Vto 12.5v : 0.0006 e — FSR/
- 4.5V 10 5.5V - 0.013 | 0.015- e )
Reference Input Max o - 13 20" 20 K
Min - 15 10-. 10 - kf}
Output Feedthrough Error ™ | Ve =20 Vp-p, =100 kHz ; 3 - s Vo
" All data inputs latched low -, - :
— = .
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Definition of Package Pinouts

Control Signals (All control signals level actuated)

3

Z|
X
0

XFER:

Chip Select (active tow). The TS in combina-
tion with ILE will enable WH1.

input Latch Enable (active high). The ILE in
combination with TS enables WRy.

Write 1. The active low WRj is used to load the
digital input data bits (DI) into the input latch.
The data in the input latch is latched when WR;
is high. To update the input tatch—CS and WR,y
must be low while ILE is high.

Write 2 (active low). This signal, in combination
with XFER, causes the 8-bit data which is avail-
able in the input latch to transfer to the DAC
register.

Transfer control signal (active low). The
XFER will enable WR,.

Other Pin Functions
Dig-Dly: Digital Inputs. Diy is the least significant bit

louTs:

louTt2:

R [

—

(LSB) and DIz is the most significant bit (MSB).
DAC Current Output 1. loyTs is @ maximum
for a digital code of all 1's in the DAC register,
and is zero for all 0's in DAC register.

DAC Current Output 2. lgyr2 is & constant
minus loyr1. of louTs +lour2=constant (1 full
scale for a fixed reference voltage).
Feedback Resistor. The feedback resistor is
provided on the IC chip for use as the shunt

%, -

VREeF:

Vee:

GND:

SETILED TO
=%L38

TL/H/5608-2

feedback resistor for the external op amp which is
used to provide an output voitage for the DAC.
This on-chip resistor should always be used (not
an external resistor) since it matches the resistors
which are used in the on-chip R-2R ladder and
tracks these resistors over temperature.
Reterence Voltage Input. This input connects an
external precision voltage source to the internal R-
2R ladder. VReF can be selacted over the range of
+10 to —10V. This is also the analog voltage in-
put for a 4-quadrant multiplying DAC application.
Digital Supply Voitage. This Is the power supply
pin for the part. Vg can be from +5 to +15Vpe.
Operation is optimum for +15Vpc.

The pin 10 voltage must be &t the same ground
potential as loyT1 and loyrz for current switching
applications. Any difference of potential (Vos pin
10) will result in a linearity change of

Yospin 10
3VRer
For example, if VRgr = 10V and pin 10 is 8mV
oftset from loyTi and loyrz the linearity change
will be 0.03%.

Pin 3 can be offset £100mV with no linearity
change, but the logic input threshold will shift

Z£800Va/1£800VA/0E800VA
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Typical Performance Characteristics

Gain and Linearity Error

Digital Input Threshold Digital Input Threshold
vs. Temperature vs.Vee Variation vs. Temperature
e 2t
_ 0.1 ] ]
_ 20 e Ta=z =8$3°C1 o o7 i T == LINEARITY ERROR
s - s | 7 005 |}—1 »+ GAIN ERROA
a 18— ! S s =25t = |1
] - I~ Vec = 15Vo¢ 2 T S 0.028 — +
&, sty 8 | . H i I L
H — ,7\ = ? s T‘A- 125°C4 = 0 :—:l___“t‘__li
= Veg = ¥, . - ]
2 o co=$Voc | S Z o L) g ~0.028 — i "
3 ' i 2 5 -o0s -~ -
0.4 T 04 i v
1 ! I -0.07% Voo = 15 Voo —
. ’ ! 0 on i P
—58-35-13 § 2% 45 §5 33 103128 0 15 ~35-35-18 8 25 45 65 BS 105128
Ta. AMBIENT TEMPERATURE (*C) Vcc. SUPPLY YOLTAGE (V) Ta. AMBIENT TEMPERATURE {°C)
Galin and Linearity Error
Variation vs. Supply Voitage Write Pulse Width Data Hold Time
~0028
Jaumeanty ennon | - I l o = [ ! | i
0000 — _ L1 £ ! | '
7 T : E 40 [—ritca3y g
£ -oazs SGAIN EAROR & W= =
s i = P // // s 20
& -008 + 5 W A > TVee =8 2
-+ = L~ C o " vegsSY. Yoo =12V,
= = | ViN=3¥ £ 10 Npeoay T Tvm=dv
3 -80S 2w L~ = . VeemSY,
- 1| YeemtsV, 12v.1
= _pa00 - 2 Vee=12V /// g™ km-:v \ v”.s:v'
o H £ YiRuSY Lot | E “ Y n
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DAC0830 Series Application Hints

These DAC's are the industry's first microprocessor com-
patible, double-butfered 8-bit multiplying D to A converters.
Double-buffering allows the utmost application flexibility
from a digital control point of view. This 20-pin device is also
pin for pin compatible (with one exception) with the
DAC1230, a 12-bit MICRO-DAC. in the event that a sys-
tem's analog output resolution and accuracy must be up-
graded, substituting the DAC1230 can be easily accom-
plished. By tying address bit Ag to the ILE pin, a two-byte uP
write instruction (double precision) which automatically in-
crements the address for the second byte write (starting
with Ag= *1"") can be used. This allows either an 8-bit or the
12-bit part to be used with no hardware or software chang-
es. For the simplest 8-bit apptication, this pin should be tied
to Vg (also see other uses in section 1.1).

Analog signa! control versatility is provided by a precision R-
2R ladder network which aliows full 4-quadrant multiplica-
tion of a wide range bipolar reference voltage by an applied
digital word.

1.0 DIGITAL CONSIDERATIONS

A most unique characteristic of these DAC's is that the 8-bit
digital input byte is double-buffered. This means that the
data must transfer through two independently controlied 8-
bit fatching registers before being applied to the R-2R tad-
der network to change the analog output. The addition of a
second register allows two useful control features. First, any
DAC in a system can simuitaneously hold the current DAC
data in one register (DAC register) and the next data word in
the second register (input register) to afiow fast updating of
the DAC output on demand. Second, and probably more
important, double-buffering allows any number of DAC's in &

Ta. AMBIENT TEMPERATURE {°C)

Ta. AMBIENT TEMPERATUAE {°C)
TL/H/5608-5

system to be updated to their new analog output levels
simultaneously via a8 common strobe signal.

The timing requirements and logic level convention of the
register control signals have been designed to minimize or
eliminate external interfacing logic when applied to most
popular microprocessors and development systems. It is
easy to think of these converters as 8.bit “'write-only"” mem-
ory locations that provide an analog output quantity. All in-
puts to these DAC's meet TTL voltage level specs and can
also be driven directly with high voltage CMOS logic in non-
microprocessor based systems. To prevent damage to the
chip from static discharge, all unused digital inputs should
be tied to Ve or ground. !f any of the digital inputs are
inadvertantly left floating, the DAC interprets the pin as a
logic “1".

1.1 Double-Buffered Operation

Updating the analog output of these DAC’s in a double-buff-
ered manner is basically a two step or double write opera-
tion. In a microprocessor system two unique system ad-
dresses must be decoded, one for the input latch controtied
by the TS pin and a second for the DAC latch which is
controlled by the XFER line. if more than one DAC is being
driven, Figure 2, the TS line of each DAC would typically be
decoded individually, but all of the converters could share a
common XFER address to allow simultaneous updating of
any number .of DAC's. The timing for this operation is
shown, Figure 3. . :

It is important to note that the analog outputs that will
change after a simultaneous transfer are those from the
DAC's whose input register had been modified prior to the
XFER command.
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FIGURE 2. Controlling Mutiple DACs
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FIGURE 3

The ILE pin is an active high chip select which can be de-
coded from the address bus as a qualifier for the normal TS
signal generated during a write operation. This can be used
to provide a higher degree of decoding unique control sig-
nals for a particular DAC, and thereby create a more effi-
cient addressing scheme. K

Another usetul application of the ILE pin of each DACin a
multiple DAC system is to tie these inputs together and use
this as a control line that can effectively “freeze” the out-
puts of alt the DAC's at their present value. Pulling this Ene
low latches the input register and prevents new data from
being written to the DAC. This can be particularly ussful in
multiprocessing systems 1o atlow a processor other then the

_/

one controlling the DAC's to take aver control of the data |
bus and control lines. If this second system were to use the
same addresses as those decoded for DAC control (but for
a different purposs) the ILE function would prevent the
DAC's from being efroneously altered. . -
In a “Stand-Alone” system the contfol signals are generat: L
ed by discrete logic. In this case-double-butfering can b8 [
controlled by simply taking TS and XFER to a logic “0", LE §
1o a logic 1" and pulling WRy low to load data to the input §
latch. Pulling W3 low will then update the analog output. K
logic “1" on either of these lines will prevent the changing
of the analog output.” - DR
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FIGURE 4

1.2 Single-Butfered Operation

In a microprocessor controlied system where maximum
data throughput to the DAC is of primary concern, or when
only one DAC of several needs to be updated at a time, a
single-butfered configuration can be used. One of the two
internal registers allows the data to flow through and the
other register will serve as the data latch.

Digital signal feedthrough (see Section 1.5) is minimized if
the input register is used as the data latch. Timing for this
mode is shown in Figure 4.

Single-butfering in a “stand-alone” system is achieved by
strobing WRy low to update the DAC with T3, Wh; and
XFER grounded and ILE tied high.

1.3 Flow-Through Operation

Though primarily designed to provide microprocessor inter-
tace compatibility, the MICRO-DAC's can easily be config-
wred to allow the analog output to continuously reflect the
state of an applied digital input. This is most useful in appli-
cations where the DAC is used in a continuous feadback
control loop and is driven by a binary up-down counter, or in
function generation circuits where a ROM is continuously
providing DAC data.

Simply grounding TB, WH;, WRz, and XFER and tying ILE
nigh aliows both internal registers to toliow the applied digi-
tal inputs (flow-through) and directly affect the DAC analog
output.

1.4 Control Signal Timing

When interfacing these MICRO-DAC to any microprocessor,

there are two important time relationships that must be con-

sidered 1o insure proper operation. The first is the minimum

WK strobe puise width which is specified as 800 ns for all
i valid operating conditions of supply voltage and ambient
{ temperature, but typically a pulss width of only 180ns is
| adequate if Voc™= 15Vpc. A second consideration is that
** the guaranteed minimum data hoid time of 50ns should

be met or erroneous data can be latched. This hold time is
defined as the length of time data must be held valid on the
digital inputs affer a qualified (via CS) WR strobe makes a
Jow to high transition to latch the applied data.

If the ccntrolling device or system does not inherently meet
these timing specs the DAC can be treated as a slow mem-
ory or peripheral and utilize a technique to extend the write
strobe. A simple extension of the write time, by adding a
wait state, can simultaneously hold the write strobe active
and data valid on the bus to satisty the minimum WR pulse-
width. If this does not provide a sufficient data hold time at
the end of the write cycle, a negative edge triggered one-
shot can be'included between the system write strobe and
the WH pin of the DAC. This is illustrated in Figure 5 for an
exemplary system which provides a 250ns WR strobe time
with a data hold time of less than 10ns.

The proper data set-up time prior to the latching edge (LO to
Hi transition) of the WA strobe, is insured if the WR puise-
width is within spec and the data is valid on the bus for the
duration of the DAC WH strobe.

1.5 Digital Signal Feedthrough

When data is latched in the interna registers, but the digital
inputs are changing state, a narrow spike of current may
flow out of the current output terminals. This spike is caused
by the rapid switching of internal logic gates that are re-
sponding to the input changes.

There are several recommendations to minimize this effect.
When latching data in the DAC, always use the input regis-
ter as the latch. Second, reducing the Vcc supply for the
DAC from + 15V to + 5V offers a factor of 5 improvement in
the magnitude of the feedthrough, but at the expernise of
internal logic switching speed. Finally, increasing Cg (Figwre
8) to a value consistent with the actual circuit bandwidth
requirements can provide a substantial damping effect on
any output spikes. ¢
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