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ABSTRACT

The purpose of this thesis is to present the tests of frequency response of
filter networks by using the network analyzer. The tests simulate logmagnitude of
output frequency by input frequency versus frequency. This thesis shows Aﬁ'equen_cy
response of the first order and second order active filter network. The graphs show
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ET - DIGITAL_INPUT / QUTPUT CARD (ET - DIO CARD)
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ar

~ ¢ oo y.i () A - (4 A
ET-DIO CARD  judnyazvoimianid]lHiyouasnuinioinouniinoinovey
= 4 9 y a J A a - ot o
sruuduymuazieniyn 1 1Fu1Anndavuds ET-DIO CARD mnsanessvagyyiuou
o : =3 aa ° VY 1 o
wnuaz Wdygraemymeesnin 1dalugdvesenidenuazatasa mldlianudoudalu
° 1 a J P <t Cal -4
muih szgadldaulududn q 14undau 1 ET-DIO CARD gUnsaisuiaziyg
i 4
@ 9 Yo niuIDeAaiing
-11lod 8255 ( Programmable Pheripheral Interface ) U L A ?’mmmsnﬁ
» »
a2 18T sunsu Iy I8 dumuaziomiymaiuaudosnsvesd1fiod ldnanua 3
noia nin 24 ia 1o luglvesdyanuAasatiuieg
. v e b 4
- 11e% 8253 ( Programmable Interval Timer ) ¥IWIU 1 am ¥ ET-DIO
CARD annsofinztlszgadldiufienduszuugunmdn 9 Winmne 31 1c s2s3 il
Taneadumolulildoude 3 uyuiua  sasudasuuui@huIuANAAUDINDsE
-#le% ADC ( Analog to Digital Converter ) a1 @ Sensodiee
— - A o b4
@onl#14% 2 wod Ao ADCOS04 (8 Um) w3 ADCIOOI (10 iia) W ET-
DIO CARD wnsofivzdszgadldamlunisasiedy niemsladyganiofudyg ud
1Y o P [ Ao b
wynlugdvosdygnaoudenld 1 uyuiua  AVINAUBIAYY Y Analog  MIUIYMN
4 LY ' a ] a o
amnsaferiuldlavasigais svae wiemnaniilaufunsswniniadilunianley
val¥ ET-DIO cARD, amnsodszgnalsiilunieiedadygiasi 9 Tdnnne dwa
veamsiauuu @ annsafissiwiuiuiihdayanfouaawalugluuudu q léaw
aoan1s Taed 19130u Tusunsunluquies
-t P .. ° o~ P - b 4
-1le% DAC ( Digital to Analog Converter ) VI1WIU 1 @7 Feemnsaaonly
¢ a a a a s o
1881 2 wef fie DACOSI2 (8 Tm) wie DACI232 (12 ia) udenldlasms
Set Jumper JP1 ¥h1¥ ET-DIO CARD munsofieziszgndlflununiunuan q  lao
U s J I d
dedfyanuluglues  Analog senlumIuquglniainiouen FRvavesdygu Analog
1997 OP - AMP ifevnonnavesdygaegudiFadlFannsolivnnaveadaonuld
»
AWA 0V - 10.66 Vdc
. Thasosariadumiiveneiafiz 1w mifazainlumsnideuutla

Aunvsvonedanioslifnu1diwlasns SET DIP-SWITCH wilviianwussudilums



hathe ]

¥unazannsofiesit ET-DIO CARD aesaufuiaied PC ldunndt | CARD

3 L4 1 ' u
Taofmuanasaldanunuanad iy

v .
Yt A4 A

a . < ° ' ¥ ad a
-1l Working Arear ¥ SCM x 9 CM RN BT T S RN CARITIVR U TNRVAT NN 1

] ' A a Lo a
Naunsofeslszgndldnudenesniamiuduginsadn 9 Mnnnouazazaingd

e

1

2 3

<21,

U

013_DECODE PORT
Autiveanaiauy ET-DIO CARD wl¥ IC TTL 74LS688 ( U3 ), T4LS139

(Udy.74LS32 (UT). SWITCH DIP-8 ( SW1) siesaufuilu14es DECODE PORT
Taold switcHr  dlusadmuaesnesanmwaiudeinisvesdls  Tavlu  ET-DIO

CARD 9 19¥duimisvoanaiaianug 12 wesa fo

XX0H = Port PA 483 8255
XX1H = Port PB Y903 8255
XX2H = Port PC 4903 8255
XX3H = Port Control YB3 8255
XX4H = Port Counter0 Y83 8253
XXSH = Port Counter] ¥83 8253
XX6H = Port Counter2 Y93 3253
XX7H = Port Control Y93 8253
XX8H = Port Control 83 DAC .
XX9H = Port Control Y83 DAC
MH = Port Control Y0¥ ADC

XXBH = Port Contfol 484 ADC

rrunsefesimuaeineialdlaonafmuasedy  Logic WA

v . ]
ADDRESS 11U 9 AWAMABIMST ¥9Uu ET-DIO CARD @sofesfnmuaszauves
Logic 1Wfudwmis ADDRESs la q Tasl¥ SWITCHI #%min ON SWITCH 14

119

*@U Logic “0-° ¥n OFF SWITCH v:ld5edy Logic * |
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oty usdein1sfmuadinia Port ADRESS 1ty 300H aunsoane

L 3

)
[ s . P Y] (] Y v o - -]
L f1MUATIAL Logic 1AU ADDRESS @n q hWiminu 300H Ao

poed
Sh

All AI0 A9 Ar AT A6 AS |A4 A3 A2 Al A0

0 0 1 I 0 0 0 0 X X X X

3 0 0
sriiu 1&fia e Port 300H 1393041 Logic “ 1" Audwmiy ADDRESS

AS.A0 tasdoald Logic “ 0" iU ADDRESS ALLAIOAT.A6.ASA4 (%1 Ad- Al

qnee1¥AL Dip-Switch” SW1 ) @ A0 - A3 gn DECODE #wle§ 74LS139 Bnh
. £ 4 . 1 4

Wik @uiu swi Sadimiififen ADDRESS ifusdrasmanmniu

» SET SWITCH ifiofmua Logic Wumia ADDRESS awde 1.

kel I hols

Ad AS A6 A7 A8 A9~ Al0  All

n]ﬂf’[;]“ 8255 (P ble_ Pherip} 1 Interf: )
0% 8255 ( Programmable Pheripheral Interface ) Usznoufiowaialdomda 3

WwosauazweiAnIUgY ( CONTROL PORT) 8n 1 weim samilu 4 wein F1l0%

8255 'cmmn‘?iv:Tﬂsunsu‘m'xﬁu'lﬁ'wfqﬁuv!nuamé’ﬁun‘lﬁ”ﬁa 3 weiauie 24 1A IO

Taumsfimuafinesaaiugy ( CONTROL PORT ) Fams Tdsunsuivauadan1 Control

word Code lI¥mafaniuguitodmuanismauves 8255 SefiswazBeadadl Ao
po ¥4 miudmuanisiauvenein C aw (PCO-PC3) fo

duilu 1wty Tnput

futhe o munedaldidiu output
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D1 1% mSudmuamsiauvednesa B ( PBO - PB7) D
udu 1 ety nput

duilu o mnedalfidy Output

o ar ° L3 ) 4 -3
D2 1¥dmiudmua Tnuamsnuvaaneia C anuazweia B A
Fudu 1 wwesliiesa ¢ dunaswesa B wamluluua o

Zuiu o0 wuedilinesa ¢ anuasneia B hawmtulwua o

D3 IdmMIuAMuUAMIRIINYBIMNDTA C UM ( PC4-PCT) AD
dutlu 1 muefaliiiu Inpu

dudu o wuwdaiidu Ourput

D4 ¥ miudinuanIsiuYsINeda A ( PAO - PAT) fio
dudu 1 et iy tnpu

dudy o mwtaliidu output

D6.D5 I¥dmiudmualnuamsihauvesnoia C duazwesa A fio
&udlu 00 wuwsilinesa C uunasweia A awmlulvua o
iy o1 mnedildweda © vuuaswesa A hawululnua |

-

dudu 1x wwediliwesa ¢ vutazneid A wawmlulnua 2

D7 ¥&wmsufMua MODE SET FLAG A9

. v
Sudly 1 wuete ACTIVE Sdoadmualdiniitiu 1 v

by -
dudu 0 nuwdy NON - ACTIVE

#1818 Control Word Code u@1nslusunsuld 8255 viwiuay Control Word

Code fiflusuddafl Conrol Word Code lUdaweianiugy ( Conwol Port) M3

o o : <t ¥ n‘:
Tdsunsyaziunsaasauisaniu
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\ o~ A <A :
JP7 8253 SET-UP ludiuves Jp7 idendyapauld 8253 dibianua 2

9

1 o 1 -~ A -~ Y
nqudyy i OUTPUT uacngudyygyial GATE #aiisiwaziBuadail fio

A s 1 ar J :
aquyesdyau oUTPUT 1fidendie:idygie OUTPUT wea 8253 &l

A
wua 3 OUTPUT (OUTO, OUTI waz ouT2) eenlulfnumiuguglnsaiou q mo

. 1 d
vonuTodsdaanaly Inemupt 10509 PC M3 SET Wlddaiine

Channal
Qutput
Channal 0 SHORT
(OouTo ) 1-2
Channal | SHORT
(OUT!) 4-5
Channal 2 SHORT
(OUT2) 7-8

OUT = IRQ. Signal
Jumper JP7 SET

OPEN
2-3
OPEN
5-6
OPEN
8-9

OUT = EXT. Signal

Jumper JP7 SET

SHORT

2

SHORT
5-6
SHORT
8§-9

OPEN

™~

I-
OPEN
4-5
OPEN
7-8

[ L4
nquvoadyynu GATE IdidendiesIidynne GATE wed 8253 Flinanua

3 Channal ( GATEO, GATEI iog GATEZ ) Ynuiuaasanawudgyanennimntiewdh

wifistet@mer ( e 1FiunsaiTlsunsuld 8253 vhawadadyyi Interrupt

NN

wioTuuaduq fAlidoamsmamugueinniouen ) wiesslidyan GATE. gaANY

1 4
auendygrumousn 13 SET wlddeiine

Channal

Output
Channal 0  SHORT
( GATEO ) 10 - L1
Channal 1 SHORT
( GATE1) 13 - 14
Channal 2 SHORT
( GATE2) 16 - 17

GATE = VCC. Signal
Jumper JP7 SET

OPEN
11 - 12
OPEN
14 - 15
OPEN
17 - 18

GATE = EXT. Signal
Jumper JP7 SET

SHORT
11 -12
SHORT
14 - 15
SHORT
17 - 18

OPEN
10 - 11
OPEN
13-14
OPEN
16 - 17
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JP4 VI- Select Wifon vi- W apc lamdensznindd vi- ve: ADC=

0V (GROUND) 38 VI- uinnousniiaedini CN2

VI - Select A159ANITAN 9 Moy
Source Jumper JP4
0 V Reference SHORT OPEN
( Ground ) -2 2-3
External OPEN SHORT
Reference 1-2 2-3

JP5 Vref / 2 Select 1Wdmiuidonusadudnbs ( vt /2) Wiy aDC
senhausdudieB AT 250 Vde UM ET-DIO CARD (03 H3ioussdudadinn

i
NMUUBAFIFOIT NN CN2

Vref / 2 Select MIdANITAN 9 Moy
Source Jumper JPS
2.50 V Reference SHORT OPEN
( Internal ) 1-2 2-3
External OPEN SHORT
Reference 1-2 2-3

JP6 Interrupt Number Select 1¥dmiudonivoivesdyann Ioterrupt 9

) b 4
doanisozaslfinies PC Tswaziduadsilne

wef Interrupt  JP6  Short ey Interrupt  JP6 Short
IRQ 2 11-12 IRQ S 5-6
IRQ 3 1-2 IRQ 6 7-8
IRQ 4 3-4 IRQ 7 9-10



Y o~ . 1 L4
JP2 ADC Select Mode l¥amiudonTnuamninuveslesd apc hesld

wamluTnuadn@ ( Free Run) nielnuadumesind ( Interrupt) Taeilii®ais SET

aa
JUnd

Mode A139ANITAN 9 (AN Jumper JP2

FREE RUN OPEN  OPEN OPEN OPEN SHORT SHORT SHORT

SHORT

Mode 1-2 3-4 5-6 7-8 9-10 1r-12 13 - 14

15 - 16

INTERRUPT SHORT SHORT SHORT SHORT  OPEN

OPEN

OPEN OPEN

Mode 1-2 3-4 5-6 7-8 9-10 11 -12 13-14

15-16

JP3 Interrupt Select Hidoaunasnutiadygyu

»
dyain Interrupt 910 ADC 30 8253 lauliiomisAsiine

Interrupt nssanIsAe 9 Redy
Source Jumper JP1

Interrupt SHORT OPEN

9101 ADC 1-2 2-3
Interrupt OPEN SHORT

910 8253 1-2 2-3

Interrupt Iatidon gy 1d
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81 Fvmaveswudnsidmualdiving = 2.50v Taoldiluamsedaudndvesls
4 - [ ] -~ a ’. Ja <. |
¥ pac uazled ADC FamsUiuudanusiaudadeiiidlasnis iyl aniiiaei Tamou
¢ @ o [ - - P}
se¥IN GND nasgaduilausidududs 250V (¥1 8 ¥ey DACOS32 Hiowl | vod

JPs) udnimsdiu vrr suldusedu 2.50vde wed

] [ a dy v - [ o o ¢ o
ok HUEINeg *k ﬂmmsmu6’14aqu'lumuqmmwﬂmamwmmmowm q nnyl

fuled pac wazled ADC owiilinanisiani q ldmiAananawlddre

s .

Jyiet Analog 7ldnmn IC DAC a9 OP-AMP iovintsvesliiving
ﬁ'tymmqafmﬁa'lﬁtﬁﬂmma:mdums'h’fuuﬁmvhq q Watu %wmmmﬁ’ty,npmf
asofmuanazliuineidmnd 0 - 106v Taodssna aslfuisinnavesdyau
Analog Y83 DAC Wldlau

1. Mmusfvesdyanuggaiinesntsld

2. @31 DATA = FFH I Port Control %89 DAC (xx8 OR xx9)

3. U5y vr2 WlAvinavesdygnaauanins

= maeng <*msdfuvinavesduana  Analog  A8aMIMANINUTUNANTIAN
v g

31989 Vref 2.50vde Soudomiditin: 1dnanuiusu

JP1 DAC Select I¥dusuidoniuesvedled pac (Ul0) 119:14le® DAC

. = Yy vl ud’d
VA 8 Bits ( DAC0832) 139 12 Bits ( DACI232) 1asli5n1s SET AdilnNg

wofves ‘ A1IIANITAN 9 foaty
0% DAC Jumper IP1
DACO0832 OPEN ' OPEN SHORT SHORT
8 bits 1-2 3-4 5-6 7-8
DACI123 SHORT  SHORT OPEN OPEN

12 bits 1-2 3-4 5-6 7-8
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fis DACO832 ( 8 Bits) M58 DAC1232 ( 12. Bits) FladmitaTasmsidonst Jumper
Pl

FinsaunuNAYeIdyYn  Analog  Output fuiildTaomsdi  DATA
oonlulfaneianmunuuesled DAC (Port Control DAC) Fadandnveannadygd
Analog Output AdriuezdnumlasediuFudu ( Linear) ufle

drdarit DATA M1 FFH 9z lRvuiadyniae Output qugA

[

1 J | 2 A
$rdtarl DATA i 7FH ez lRvinadygu Ouput ATININ

[

grdfamn DATA 1 00H e:ldvuadyiyie Oupur Mg

L
| 4

A ar “ -4 1 1
WYUIARYOITUY YU Analog  Output uuﬁmwazmuﬂ'ﬁq 256  M19INYIUANTY

nvesdyaaianua ( Range ) wiasnaldoingas
ATMNAIBUAYAITNAYYIU = ( Vmax - Vmin ) / 256

fetay  deamsvinagugavesdaia 10 Vv Taglinnadiqavesdyiu

du o v sxldanwazdoavesdyananiiu 00390625 v

CN1 iy Connector ¥HA 34 Pin wiassw ETT iiluyadiouveadygne

dumm /$awn seudn 8255 uar gunsaineuen

CN2 iy Connector ¥R 20 Pin lfillusaivourovosdyniusznin 8253 ,

ADC waz. DAC fuginsaimouen

ntfuudausaiudiedy (250 uu ET-DIO CARD)
o - & L] o " 3
ET-DIO CARD iwusmiuquussdudndisnlsznousgludifoueoudiaclsTo

3 LM336 iuginsaindnlasiidadummnluald (vr1) dfudnlfuudeiusdudw
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e orme s meniom ey wemmw on

[ 3 AU 1 !
Srdyane Anatog AFudnndldwihdy Vi 914 DATA = 00H
2 o 4 % J [y =y *
aedannsnidounlaves DATA  filldovinavesdygaezdududunass (
2 a ‘ b 4
Linear ) #avwavesdygu Vref2 l¥amnsadonlflas Jps adnfefdl¥  Short

fiduiy 12 18 Veef? =250 v §1 Short Midwmus 23 dwravesdiygnu

! o - o ) &
Vref2 vzdiusgiuvinaidlfnimuaeininniuenfinen1sin Comect CN2 GRUUIAYDI

vretr #dtoudnndaddidnnnndy o v uazhininifiu 250 v doudu

detwy Jimden VI iy 0V (JP4 Short fidumis 12) uaziden
Vref/2 IMAY 250 V. ( JPS Short Femnue 12y uderldimvesdynna Analog
Input 9ZABIBYITNIN OV - 50 V ez Buaveuidaztdyanuiiiuiin
fnwazBeads 256 sxdy tiudo

$1dfyane. Analog Input Ty o v 92'ld DATA oihviu 0oH

$idyaa Analog Inpur Tawify 250 v 9z1d DATA niviu 7FH

$dyana Analog Inpur TAwhAy 50V 9x14 DATA nhu FFH

ﬁ"qguﬂz'lﬁmma:fa'umaqﬁ’tynunm = (5V-0V)/ 256

= 00195 V

wioonndnlan ;ﬂ%’mmsn%’uﬁ'ngmgm'lé’vfaud ov - 50v Tagllanmuanan
YBUWAALEN ( Step ) 1HU 0.0195V :

wiednnstiniisfe madldiden VI uhdu 050 v smawuendderium
Connector CN2 ( JP4 Short fumia 2.3) wauiden Vief2 nhfu 150V ( IP
Short Tiuma 23 ) udhez1di193avesdeyeial Analog Input 9z@BIBGIZNIN 0.50

V- 3.0V Wulog

dwmivled ADC uu ET-DIO CARD awnsadenluuamisianuTdnmua 2

Tnuamsmanu Taomsidonit Jumper JP2 fio

- Tvuamsmauysn@ ( Free Run Mode )

- Thuadumos s ( Interrupt Mode )

v 3 .
msl¥au DAC (Digital To Analog Converter )
0% Dac Tdnwmzmmhawiassiudwinled ADC adnfeduszimii
4 e . v 4 . a
aaoudyan Digital MWiiludyane Analog Filoulfiuludmmsaiuguan 9 A

Uu ET-DIO CARD 163 pac Wl¥nu 1 w1 Tasewnsefiendenidld 2 wed



fin D3,D2,D1 (M2ZMIMO) : Mode Wdmimdsnluuamainiuves 8253 o

M2 ML MO Tvuamismau

0 0 0 Tvua 0 : Interrupt On Terminal
0 0 1 Tnua 1 : Progrannable One-Shot
X l 0 1A 2 : Rate Generator

X l l Tnua 3 : Square Wave Generator
1 0 0 T1ua 4 : Software Trigger Stobe

1 0 1 T1tu@ 5 : Hareware Trigger Stobe

BCD : Wimuanisaamideyaluisamesidniimes nane
futlu 1 mvesdeyaluismaaiidnineiszgnasauy BCD

dutlu 0 Avesdeyaluismmssidniinesevgnanadiuy Binary

ﬂ]ﬂ]v[!]]! ADC ( Anal To Digital C ter )

105 apcosos Hulodivmihisudygadmlugiues Anlog ndamliou
fu Digital todtld cPU 1szunana Srernsofieztszgndlfoulumsidouds ¢
Interface ) ﬁ'uqﬂninfmuuanﬁ'lﬁ'ﬁq;fmmtﬂu Analog #1 ET-DIO. CARD w1303y
fyanal Analog 1Alaoasad 5 Vde -_w?aninni1'[naé’1§xﬁualﬁmﬁmmiﬁmwdm’iﬂ
wuiRgafuniesiam q T Fwnavesdue e Analog Frudunfuamnsadmua
uouANUN3N ( Range ) voadgyuinldTasmsaiunuuuiaves VI uar Vref/2 i
VI- ﬂ:zﬂuﬁdﬁmuﬂqm‘i"uv’fim?afiﬁ1qmmf‘f'ngqnmﬁ§'un’fmﬂﬂuuu ET-DIO CARD
Al¥aunsadonldlas P4 fed Shom P4 FawMds 12 ( Ground ) weild
FyanaSuduon oV sult Maximum ( himsAu sv ) uaf§ld Shor IP4 it
AWMU 2-3 qas?uﬁuuaaﬁfym,wm9:i‘ruazjﬁ'mlmmmﬁ’qwm VI sinmeusaiidemn
90 Connector CN2 &} 19Rasmuamsdlassnfudadadisnnni ov uadn
Vref2 1ame  dwudyain Veef2 v:nﬂué’aﬁmummﬂqaqmaqﬁmummﬁs"uu’hm (
Maximum ) d’uﬁi} -

.~

ddfynas Analog RwdwliAudu 2 ohwes Vref2 9214 DATA = FFH

«

fdyone Analog Rfuduntiduilu 1 whves Vref2 9218 DATA = 7FH



mal¥au_ 8253 ( Programmable Interval Timer)
- ad
165 8253 ( Programmable Interval Timer) (ihloFdnlsznaudoneialdan

L4 L4 . o8 4 ﬂ L4
3 WeiA UATNBiANILUAUMINIIU ( Control Port) BA | WBiR TIMUU 4 WoTd
A L) d 1 A - -y P
#8253 mnzdwiunsFouludugunadn q &ilidun 2 duwn (CLK uas

P P ] & a1;¢1v -
GATE ) uaziemyn 1 1emyn (OUT) @ 1 uwuuwa alu 8253 Ulvlynune 3
UYULUR  uasuaasuruiuaduenmIIiINAueddaIs 8253 uAasurULUATINTE
} 4

donmsiam1d 6 Tnua nsTdsunsul? 8253 mnuluTnualaiinldTaoniseanm
Control Word Wnu Register Mode Control ( Port Control 8253 ) Failswaziduan1s

i d
Tdsunsudail fo

in D7 D6 D5 D4 D3 D2 DI DO
miwm  scl SCO  RLIL RLO M2 Mi MO BCD

iin D7,D6 (SC1,SCO) : Select Counter l¥dmiu@onirunuaiAbInIs AD

scl SCO irunuafigniden
0 0 HFUUUQ 0
0 1 tyMuua 1
1 0 UyULUA 2
1 1 .

im D504 ( RLLRLO) : Read/Load ¥dwmiudmualuilumsew / doudoua

RLI  RLO it

0 0 mmsuandmhuismaed - dniiaed

0 1 g /Wou mwizdoyalu 8 dinan (LSB)
1 0 o1 / Wou wwizdoyalu 8 fimuu (MSB)
L | 91 / i{ou ﬁagaﬁ’i 16 1 Tasdumn s fin

| 4
duneu nimiulse 7 Weudoyaly 8 inuu



#include<graphics.h>
#include<stdlib.h>
#include<stdio.h>
#include<conio.h>
#include<dos.h>

#include<math.h>

#define port1 0x300
#define port2 0x301
#rdefine port3 0x302
#define portC 0x303

#define control 0x80

void graph({void)
{
int A = DETECT,B;

initgraph(&A, &B, c:\bcpp\\bgi*);
line(30,50,30,500);
line(30,250,480,250);
line(30,50,25,55);
line(30,50,35,55);
line(480,250,475,245);
line{480,250,475,255);
line(25,150,35,150);
line(25,350,35,350);
line(25,450,35,450);
line(60,249,60,251);
line(78,249,78,251);
line(80,249,90,251);
line(100,249,100,251);



line(108,249,108,251);
line(115,249,115,251);
line(121,249,121,251);
line(126,249,126,251);
line(130,245,130,255);
line(160,249,160,251);
line(178,249,178,251);
line(190,249,190,251);
line{200,249,200,251);
line{208,249,208,251);
line{215,249,215,251);
line(221,249,221,251);
line(226,249,226,251);
line{230,245,230,255);
line(260,249,260,251);
line{278,249,278,251);
line{290,249,290,251);
line(300,249,300,251);
line(308,249,308,251);
line(315,249,315,251);
line{321,249,321,251);
line(326,249,326,251);
line(330,245,330,255);
outtextxy(29,270,"10";
outtextxy(128,270,"100°);
outtextxy(228,270,"1000%);
outtextxy(328,270,"10000%;
outtextxy(490,250,'f(Hz)");
outtextxy(1,350,"-20%;
outtextxy(10,250,'0);
outtextxy(10,150,'20%);



outtextxy(1,450,"-40%);
outtextxy(10,30,"20log{Vo/Vin}{(db)*);

float senddatalint count)
{
float VO,V1,W0,W1;
unsigned char x;

int N,a,c;

outport(port1,count); |
for(N=0;N<2;N++)
{
outportb(port3,N});
if (N<1)
{
V0=0;
for(a=0;a<1000;a++)
{
x=inportb(0x30A);
‘ VO+=((float)x * 5./255);
}
V1=(V0/1000);

else

WO0=0;

for(c=0;c<1000;c++)

{
x=inportb(0x30A);
WO+=({float)x * 5./255);



}
W1=(W0/1000);

}
if (W11=0)
{
return '(20 * logV1/W1));
}
return -1;
}
void main()

{

int count,i,b,p;

float data(350;

clrser();
graph();
count = 0Q;
outportb(portC,control);
outport(port1,count);
i=0;
for(b=0;b<3;b++)
{
for(count=(12287-(4096 * b));count>(11851-{4096 * b));count-=15)
{
datal(il=senddata(count);
i++;
}
for{count=(11836-(4096 * b)};count>({11410-{4096 * b));count-=25)
{



datalil=senddata(count);
i++
}
for(count=(11385-(4096 * b)};count>(10966-(4096 * b));count-=38)
{
data(i]=senddata(count);
i++
}
for{count=(10928-(4096 * b));count>(10522-(4096 * b));count-=45)
{
datalil=senddatalcount);
i++; .
}
for{count=(10477-(4036 * b));count>(10084-(4096 * b));count-=56)
{
datali}=senddatalcount);
i++;
}
for(count=({10028-(4096 * b));count>(9637-(4096 * b));count-=65)
{
datalil=senddata(count);.
I++;
}
for(count=(9572-(4096 * b));count>(9186-(4096 * b));count-=77)
{
data(i]=senddata(count);
++;
b
for(count=(9109-40396 * b)};count>(8740-(4096 * b));count-=92)
{

data(i]=senddatal{count);

i



i++;
}
for(count=(8648-(4096 * b));count>(8305-(4096 * b)):count-=114)
{

datali]=senddata{count);

i++;

for{p=0;p<99;p++)
line({30+(p+(100*b))),(250-(5 * (datallp+(100*b))),(31+(p+({100*b))),(250-(5 * (data
[(p+1+(100*b)));
}
getch();
closegraph();
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FUNCTICNAL 3LOCK JIAGRAM

"5.2205 is 2 menolithic funaticn gena:alor inte.

i c2oadle ol creducing niga cually s:n2,

ang uise wavelorms ¢l ugn. S —
22y, Tnz culogl wavelgrms 2an D9 vt 11 i E i
amortigod znd Uetuency moaiaiad Ty 30 exiar. I i SrwagTay
shage Fregueancy of cosraton can D2 3aleciad My, E_<F1 _{ = 20:
~aily over a rarge 0f 0 01 H2 19 mor2 than 1 MMz, Syl 3 __[
MULTIFLIER
Sutd 1S ide gy suited lor communicaliang, insiiu- et Ut E ;I';‘: -E
atior, 2nd lunciion genaralor scoiications raquir- W eQam
nuagidal 1one, AN, FI, or FSK gzneration !t has a — A
at 2ot Sgaciication of 20 sasv*C. The oscllator *Vas E "'1 13 __J
enZy Can G2 'nearly swmot over 3 20001 Hreayen.
Inge, wall an 2xlernal cantret woltage, Maving 2 E E GAOUHO
sait zilect on Cislariion, TG
CAPACITOR [: vC':’>—\
| (6] 1] S
-’ { L_—‘ ik )
URES ?M.LG E_'] = 101 svrass
2£51510nS cunmRgNT
a0 Wave Oistortion 2.5%, Tvpical [ E SWIICYES 9
et Temperatiore Stalslily % oy, Leo:fat ¥y [ A
' Swees Rang2 23CC 1, Tvoical

Suroiy S2nsitmty

3¢ 2rroktuce Moauizhon
Corra3ibie 73K Controls
' SuSOlY Range

stagle Cuty Cycle

ICATIONS

ricm Generitien

g Zanergtion

M Ganeraton
Jarvression
Ganmegnuon

2-Lacved Lacos (VCO;

IUTE MAXIMUM QLTINGS

2 Sucoly

re Cissiation
3ie Above 2S°C
ung Current
72 Temg2ratuce

P

<Q
TI0 mw
2 e
3 mA
~-53*C o - i5G"C

OROEARING {MFORMATION

23t Numder ?3ckiqe Go~edling Tzemgerstura
XR-2205M Cerarmc -33"Clo - 125°C
XR.2206N Caramuc 9°Clo =70°C
X8.2208° Sltashic 9*Clo - 70°C
£R-2205CM . Caramic 3*C g < 7C°C
XR-220sC7 Mastic 3*Cic +72°C

SYSTeM CESCAIPTION

The XA-22C5 s comerisea of lcur lunchionat blocks: a
souiage-satrollag oscilator (VCO), an anzing mcinclier
2ng sine-sn3cer: 3 undy S auttar amaiiliee, 3ng a sal
i cutient gwilcnes

=2 VCO acivally greduces in cuigul lieguency aro-
SAdieN3t 12 an :ngul cuerenr, wiic 1S CroGuc e Sy & re-
sisisr lrom ine iming (ermmais (9 ground. The cursent
TMICE2S (nule Sne of tNe timing gins cucrernt (C (Re
VT3 ceatreiled by an FS¥ incut oin, {0 arocuce 30 cut-
sul fraguency WIlh bwe lirning cins, two CisSiate cutoul
‘reguencies can Be indeosncently oracuced or FSK
T21eraton Applications.




XR-2206

ZLECTRICAL CHARACTERISTICS .
Test Caaditloas: Test Circuit of Figura 1, Y " = 12V, T2 = 25°,C = 0.01 47 Ry ~ 100l fig = 10%Q. A3 =
unless clnerwise sp=cihed. Sy opn lof inangle, closea lo¢ sine wave.

XR 22086

Neota 1> Qutoul amglituce is cirectty progacilcnal 10 (ne rasistance, R4, on Pin 1. Sae Figure 2,
Neta 22 For maximum amplituce stadility, Ag shaud Te 2 positive lemperature coelficient resistoc.

XR-2205M4 I XR-2206C
PARAMETZARS MIN l TYP | MAX | M| TYP | MAX | UNITS CONDITIONS
GEINEAAL CHARACTEAISTICS
Singte Supgly Yoltage 10 28 10 25 Y
Soti-Suspty Voltags =3 =13} =3 =13 v 1
Suogty Current 12 17 14 200 ] mA |Ry z0kQ
| 9SCILLATOR SECTION :
| Max. Ogeranng Frequzacy | 2.3 1 0.5 i MHZ 1C = 100057 Ay » 1% 2 ©
t ewest Praciical Fraquency 0.0 4.01 Hz |C e 20,5 R «2MQ !
Fizeuency ACCuraty =1 z2 =2 Y ol lg|tg = YA:C !
Tamgaralure Stasiny =8| =34 =20 o€ | GC = T4 5 7C°C. :
. Ap « 3 - 20% 0
Sucply Sensiwity 2.5v 1 G 3.01 wWiv Vigw = 1SV IwiGa < |
20V, . {
Ry =« Az =« 272 Q i
Sweep Range 10Q0:1§ 2CCA: 2000:1 el g Ay =tal H
L&A =2M0 i
Swezp Linearity i
10:1 Sweeo 2 2 e fL = i xHz Iy = 10 %H2
10GC:1 Swezp 3 3 ¥ = 100Kz, Iy = 10
xHZ
M Clstoction a.1 3.1 e = 10% Devialica
Recsmmendag Timing
Camooanents
Tirming Capacitcr: C 0.001 160 | 0.00% 150 af Sse Figure 4,
Timing Rasisiors: 1 2G00 1 2000 x 0
Ay & RAg
Triangte Sine Yave Oulout ‘| See Nots 1, Figwie 27
Triangte Amcltiuce 183 160 mVix Q | Fiqure 1, S; Open
Sine Wave Amplitlude 40 &0 €0 &0 mVix Q | Figure 1, S Closag
Max. Outout Swing 3 g v oo
Cutout impegance 5G0 00 Q
Triangle Lineant | t Y
Arnpiituca Staoility 0.5 Q.5 <8 For 1000:1 Sweep
Sine Y/ave Amotituae 1500 o1 80 porvC | See Note 2,
S:aollity 2 -
Sine Wave Olstoction . ¥
Witnout Agjusiment 2.3 2.5 Y {A; =30x0
win Aclusiment 2.4 1.2 A.5 1.8 % Sae Figures 3 ana 7.
Arnpiltec 2 Modutation . -
tnpat impedance 30 160 <0 100 xQ
Mocutation Range Hos) . 100 Ya
Cascier Supprassion EX) 33 c8
Uinearity 2 2 e For ¢5% modulation
Square-Wave Qutput .
Amgilituga 12 12 Y po | Measured at Pin 11,
Rize Tlme 258 253 nseCc | C = 1WGgF
Fal Time- 50 3¢ aszc |Cy = 10 pF
Saturation Voltage 0.2 | 04 0.2 | 08 v I =~ 2mA
Leaxage Cucrent Q. 29 0.1 00 A |V = 28Y R
FSX Xaying Levet (Pin 9) a.8 1.4 24 | 08 1.4 | 2.4 v Sas section oa 'circuit
| controis
Aelerence Sypass Voltage 29 3.1 az 23 3 3.5 v Measuced at Pin 10,
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Ve XH.2206 can be coerated with wo separale timing
7’ 5:2r5, ¢ and Ry, connecied to e timlng Pla 7 and
' -s:m:l.vety as sncwn In Figure 12, Cecancing on
\, oot aruy of the icgic sicnal 3t Pln 9, sithar cne e mq
1~er of thesa Uming resisicrs Is ssivatad. It Pla 8§
Tencirculted or conneciad 1o 8 Digs vollige w2V, onlv
} '3 acilvated. Similarty, If the voltags ievel 3t Fln S s
J¥. caly Rp Is aclivatad. Thus, e sutput lrequency
S 33 keysg balween (wo levals, (y and 1, as:

¥

:; Iy = UR(C and Iz = 1A

Fr soil-suaely ocerstion, the kaying voitage sf Pla 9 1s
&---nc-d lov—.

L-;-.'l 0C Laval Cantral:

s de tevel 8t the sutout {Pin 2) Is zzorcximatety In ;
i~ 25 {Re dc.Bias at Fla 3. In Figures 1G, ! and 2
}+ 3 15 diasad mucway batween V+ 1ad ground, 19
‘n 12 culout ¢ lavel of =V */2,

JPLICATIONS INFORMATION

]
1 Waes Ganerstian

!
et Ectacmal Adlustaments

#1212 10 shows the circull scnnection loc generating o
l"':o-f‘al cutput frem the XA:2204. The cotenticmetar,
B Pin 7, prcvides the cesirad fraq usacy tunlng. The
STWMUM outout swing IS greatar nan V=72, and ne
, 23! cisiortlon (THC) is <2.5%. It iower sine wave
jiartien 1S gesteed, agotticas! scjusiments cza Se gro-
l 222 as dascrined In ha foiswing saciion,
]
1
|
.
b=
|
]
I

*s cireyit of Figure 15 can Be convenad to sciit-succiy
Sr3tien, simply By reoiscleq all Qround cernaciicns
YV T, Fer saiit-sucaly cceraticn, A can be directy

teclad fo grounc.

™ Exteensl Adjustients

't ryemonic content ol sinusaidal culout ;" :e =

1213 =0.5% by cditens adjusimen:
ure 11, The scotenilomelar, Ag, ac}v..s
"oy resiqise, and Rg grovides (Pe fine
T INe wgvelarm synm-(-v “he ac|us'-'-"
* g Siees:

it midooimt, ird acjust fp 'sr mintmue

i Mt A4 set 35 aoGve: aciust Ag s luriner reguce

* sisrnen,
“1agts ‘Wave Seneralica

1 zirevils of Figures 1C 2a3 §1 can Be ':G--W"-‘-" 8
“1m73 wave ';:--r-.--im Sy simaty cosn-circy

1~z 12 e Sy ozen). Amoiituze of the t."an"" -s
T ~aaly vhce e sine wave qutout.

1.187

XR-2206

Fligure 12 shews the clreult connectlon lor sinuscidal
FSX signat oparaticn, Mack and space lrecuencles cam
Se Indapendently adjustec, By the chelca of timing ra-
sistors, Ry and Ay, the outsut Is phese-cantinucus dur-
Ing transiticns, The keying si¢nalls sooiled o Pla 9, The
circull can de c3averied o solll-suocly sSoerallen by
simgly reclaciag ground win vV =,

FSX Generatien

Pulss and Ramp Generaticn

Flguee 13 shows the clecuil fo pulse and ramo wave-
lorm genargtion. In thts moge of coeration, the FSK key-
Ing tarmingl (Pin 9) Is snartad to the squara-wavs output
(P!n 11), and the circull astomatically frequency-sitlt
ceys ilsall Selween !we saoerale [recuencias during
iRe ccsitlve.going ang negatlvegeing sutdul wave-

!orims. The ouise wici and duly cycls can de 2c¢jusled

from 1% 1o €94 .2y the cholce ot By and Ry, The val- :

.vas ol Ay ang Az snould B4 in the range ol t X0 t0 2

M. s

PHIHC!PLES 0F OPCSAATION
Dascriction of Cantrefs
Fraguacey al Ogeratiea:

Tre lrecuency of oscillaticn, lg, ls Cotermined Dy he ex-
teenal liming cacacitor, C, across Fia § 3ng 6, sngd Sy

g Uring resistor, A, conneciad lo eitner Pln 7 or 3.
The lrequency ls glven as:

e m Mz
G ac

Ind can b# sciusied Ty varylng elther A ¢r C. The rec-
smmandac values ol R, lor e glvea lrecuency range, as
sncwn in Figure & Tamcerziure siabltity Is cotimum lee
4 vQ < A < 20Q «a. ’-'e:::mmenCed wglues ol C are

teesn 1000 oF e 1CQ zA
Srazuancy Sweag-tad Medulttlea:

Fraziancy of oscilaticn s cregartienal g na lotat e
~g cyecant, 1T, stawn bam Fin 7 o 3

329 Iy lma)
P e I
S lufl

Timng lerminals (Pin 7 ¢r ) ate loweimzedanse samnls,
¢ 3em interngily Diagec at - 3V, with resgect (6 Fin 12,
Freauency variag linezrty with Iy, sver 3 wide range of
cuerent values, o ) ,,'\ i3 3 mA. The lreguency can
Te cantrollsg 2y 2cclying 3 cealet veilage, Yo, 12 the-
2cilvajed TG cin 2S shgwmmia Figure-S, The lracuen.
2y of oscillatien is relited 18 Vo as:

1 Ve
f=—~p—-—|1--—‘¢),"2

3C ~c. 3
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XR-2206 .

wirci® Y IS 0 VOUS. The voitage-lo-lrequenCy Caavel-

sion gain, X isgiveaas L e
T 01
K = MRYC = = === HzV
FcC

CAUTION: Foe salety opareticn of the ciccuit, I "~

snoula De limied to <1 MA
1 . . PRI
Jutput Amginude:

Maximum oulput amplitude is inversaly peogarticnal 1o,
ihe external resistor, Az, cconecied to Pin 3 (sae Figure
2). For sine wave output, amclituda Is 2opceximately &0
mY peax pac X2 ol A3; lot triangle, ihe saak amplitude
is aoorcximataly 150 mV paax per (1 of Rq. Thus, lot
exramele, A7 = 30 k0 woula produce apgeaximalaly
= 3V sinusodal oulout amgtitude.

Fra

o

Ampltuds Hedvlatal
. ‘.'V’E.-hl K - _'. S ..

~ Outoul ampilivca can be magdatecty 2optying a =,
as snd 2 moaulating sigral 1o Pin 1. The internat wress
ance at Pin 1 is acpreximatety 100 k€. Cutput &t
UG varics ineatly with (he wopiied vollage 3t Pin 1. ©
values of a¢ hias 2t Liis pm, witiia =4 volisol Y2 »
SAQwN in Figure S, AS 1 bas Wvel appcachies Y= I
tha phase ol the outout sigaal bs reversad, and (he =
olitude goas thcough zero. This picoeny is suitazta ©
phass-snllt kaying and sucoressegcarnes AM 3cacn
uea. jotal ¢ynamic range ot ampiltuce modstatea v

preximatsly €5 ¢8.

CAUTION: AM controt must 52 vsed In conjuncis

with 2 weil-ragutated supgly, sinca [ne outpul ampiies
nGw bacsmas a luncitca ol Y.

E EQUIVALENT SCHEMATIC DLAGRAM

2.

1-1€8

Lo



ANALOG
DE\!iCES

- CMOS 12-Bit
Monalithic Multiplying DAC

AD7541A |

H

URES

Ved Version of AD7541

our Quadrant Muitiplication
 Linearity {End-Point)

g Gain Erroc

rts Guaranteed Monotonic
MOS Compatible

205t

ction Schottky not Required
-ogic Input Leakage-

AL DESCRIFTION

iog Devices’ AD7541A is 1 fow cost, Righ serformance

onohuuc muicplving digial to analog converwer. ftis

i using advaaced, low zoise, thin dlm oq CMOS

57 1nd packaged in 3 stacdard 13-pin D(P.

lVS-H.*. is functiocally 1ad pin ccmpadidle ita the
scandacd AD7521 device and offers impeoved spetifica-
rertormaace. The improsed design ecsures that the
laczh-up free so a0 output Schoctky peotection diodes

red.

' device uses laser wafer trimming 10 provide {ull 12-bit
 lineacicy %ieh several nes high perfocmance zmades.

ING INFORMATION

Temeeroars Rangy 1ed Prezige’

! Gus T

| Eeree P Mawne Certeg’ ' Cmac

| rie-3¢ | ra-ire <3°Crm =451 - 35710 = 125°C
14053 ADTSIAN ADTINAAQ { AD7HIASD
s1Ls3 AOTRIAKY | ADPRIASQ | ADIHATD

@ 4 dlorveg 2 NOTHIA 8 €3 M. For saiarmuiam Comm vout,

£ et wtfice.

-m--nwm -u-.(cm‘v‘x\n--m-lc«:u.a.}x‘hm

3E [DENTIFICATION!
{": -~ Plasdc DIP (N138)
"~ Carcip® (QL3A)

> = Cemamic DIP D188}

a 19 foe package oudine infocmacan.

vices rescves e dighe o ship cenamic Fases in lew of Cexdip Packages,

ADT7341A FUNCTIONAL BLOCE DIAGRAM

TEE
£ &5 ¢
i |
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P
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O
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O ouT2

v O ouTt
megpead l ‘O
“a r | Rresneacx

2
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1
t
t
o] Q9

HT 1S3 T 27T 12(L83)

CIGITAL tMPUTS LOTUTTL/CVCS COMPATIAL S}
LR A rwiten o Sowd 8 gyt lor
i GigerM inoutn ¢ "HIGH™ (na.

PRODUCT RIGHLIGHTS

Compatabiiity: The AD7541A can e used 35 a disect feplacezieat
foc any AD7541~ype device. As with the Analog Devices
AD75+1, the digital inputs are TTL/CMOS compativle 1nd

fave been destgaed to have 3

= 1A maximum input cursent

requicement o as nec o load the driving circuitry.

[mprovements: The AD7541A offers the following improved
specificatons over the ADT7541:

L.

I+

Gain Ezvor {oc all grades has besn reduced with peemium
grade versioas having 1 maximum gain erroc of = 1L$B
which eliminates the aeed for gain timeming.

Gain Ervor temperactuce coetficieas has besa ceduced 10
20pav®C cypical and Sop/*C maximum.

- Digical to analog charge injection eaergy foc this new davice

is tvpically 20% less thaa the sandacd AD7S41 part.

. Latckr-up peoof.

- Impcovemeacs in laser wafer trimming provides 72L.58 max.

diffecencal nonlinezricy foc top grade devicss over tie
operadiag temparacure age (3. LLSB oa aider 7521 mrpes).

. All grades are guarancesd @oaotoaic o 12 bits over the

opefadag temperature range.

PIN CONFIGURATION
(NOTTO SCALE}
e view
Sut1 lj "-nuucx
ourz G @ Vags N
ano (] (ia] Vo 1
ur ot esn L] 51 ur 1z asa

nreis] D mrn
nral3] T v
wrel ] i mry
uTs 3 O wirs
ursiel {98 are s
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SPECIFICATIONS .

1V, Yog = £ 10V Yy = Ypmz = OY unless atharwise specified)

. Ty= Ta=
Phrameter Yersioa - 15°C Tans Tews'  Units TestCoodidons Commecats
r
ACCURACY
. Resoludon Al 2 i, 3is
Relative Aosuracy §, A3 =t =1 L83 max =1L33 = 20.02%%of Full Scale
H %.3,T =1 212 LS3max = Y233 = =0.012%of Fuil Scale
Oiffereatial Nochinaaricy 1LAS =1 L58 max All grwiss sulrantond monatonic
X, 3.7 =40l = L3538 max wi2bits, Taaa Tal,
Gain Ervoc N JLAS =3 =3 LS8 cux Measurnd uswag iacermal Ry and includes
X.3,7% =t L35 max effzctof eakage currzacand 32ia 7.C.
' Cnin ertoccan be trimezed o 2ero.
Giin Temperacure Coeflicient”
AGaivA Temperatuce Al H 3 spaCoax  Typical vaiueis 2ppav*C.

£ Quueput Leakage Cumreac

QUTi P} X = =0 2A max Addigalaputs = 3V,
. 4.3 B =0 1A ax
35,7 =3 B ] aA zax
QUT 1 Pia 2} LXK =3 =10 24 smag Aldigalupas = Yoo,
¥ 4,3 =% =10 3A max
5,7 ool =100 A max
REFERENCEINDCY
lapuc Raosistancet Pin 17:0GND) Al =13 ’-i8 %l misimax  Typicalinput resistance = 11O,
b Typwal tapuc retistance cemperacure coefiicient =
] -~ 0ppav*C.
DIGITALINPUTS
Vi {lapuc KIGH Volaage) Al 2.3 par Vaia . -
I ¥ (apuc LOW Volage) Al 9.3 9.3 Y max
liv {I2put Current) Al =) =t BA 2K Logetaputsare MOS gates. {in sy (25°C) = 12A.
Cw{lnput Capacitance)” A, H H ?F max Vg = OV
POWER SUPPLY REJECTION
¢ AGaimaVoe Al =0.01 =0.02 Yaperfomar  AVpo = 5%
POWERSUPPLY ¢
§} Vpolaage A ~Sco>l6 =Sco+16 V mio'¥ max  Actunacy is ot gracanieed avee this rznge.
loo Al Y ¥ =A max. Alldigieal izpues ¥y or Yy
d .00 500 2A max AltdigializputsdYor Voo.

:AC PERFORMANCE CHARACTERISTICS

These Characteristics are Included far O2sign Suidance Only and ars act Subiect to Test.
Yy = =15V, Ty = +10Y 2xcept where stated, Yoy = Tpg = OV, Gtoit Amp is ABS44 excegt wherz siated.

;

5 Ta= Tas=
Parametzr Yersion' «15°C Temm Toaa'  Uoits Test Coadidony Comments
.

;’ROP.\G.\T!ON QELAY (From Digical Iaput OUT 1l Laad = W01 Cexr = 13p7F

Chunge 0 30% of Fiaal Analog Cucpuc) All 100 - 2 vp Digul lzputs = 8V 1o Vpooc Voo dV.
DIGITAL TO ANALOGGLITCH Yapr = OV, Mldigial tnpus OV 13 Vo ue Vag 00V,

(MPULSE Al Hevod - aV-secryp Measuced using Modet SOK a3 oucpuc amplifies.
MULTIPLYTNG FEEDTHROUGH ERROR? . .

Maara QUTH A4 .o - aV p-pap Vare = = 16V, |0kHz sine wave,
QUTPUT CURRENT SETTLINGTIME An 3.6 - necyp T00.0(% of fuil scale ragge.

QUT!load = 1001, Cecr = 130F.
Cigialicpus = IVio Voour Voo to OV

QUTYUT CAPACITANCE

Counr(Pinl) . Al 00 00 & max Digicd lapua

Coymy(Pind) Al e ) PE=ax = Yy

CouniPind Y ] bl pFmax Digieu lzoues

Cogrefin) Al 200 90 2 qux Vi, .
NCTES
iy Seiloresz JN. XN g = 'U°C

AQ,3Qvcmcan: - 19T =577
30, TD vertiom: - §§"Ca - 125C.

*Cusraacmnd by domgn ul 0X Sroccoa e,
. we i o & e Sutfie 31 the eser 13t pround e cemu 6.

3 PRSI OGS S0 CRAME ITNL BUCE.,
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[tY

LUTE MAXIMUMRATINGS®
+ 25"C usicss otherwise 20ted)

Operating Temperature Raage
Coramercial Plastic (JN, KN versions) . . . . . 9w +70C
{adustial Cerdip (AQ, 8Q versions) . . . =25Cio »35°C
Zxtended Ceramic {SD, TD versions} .. -35°C o +125°C

Stocage Temperature . . . . ..o a .. +65°C 0 +150°C
L2ad Temperature (Soldertag, t0secs) . ... .. .. +300°C

*Seresses tbove thase lisced under “Absoiute Maxicum Radags” may
f2use permancac damage © tie device. This is a steess radag cely 2ad
functional operadon of the device 2t Sese oc aay other csaditioa above
those tadicated in (ae operacional sectoas of this specificacion is no¢
implied. Sxpasure ta absolute maximum adag coadivoas foc extzadad
pzricds may alfect device eliapilicy.

pin 18w GND . ... = |7y
e i OGOND L. L =125V
pa 1 wGND . L. =15V
i [nput Yoltage o GND .

sH1S) Lo =33V, Voo
) y,sf,\j eGND ... . o -2.3Y, Vgo
 Oissipeioa (Any Package)

B S O +50mW
1{:: wove +75°C . . L. o e 6 rC
TION

i':li:c';o-S(ztic-Dischzsg:)v seasidve device. - The digital coatrol inputs are zener protect-
Qwever, sermanent damags may cocur oo naepasdisd devices subiect 0 high 2aergy
-Asaac icids. Uansed devices must be stoeed ia coaductive foam ac shunes. -Tae procective
saould be discharged 1o the destination socker befors devices e cemoved.

3

[

HINOLOGY

¢

ATTVE ACCURACY . |
ye accurady oc eadpoiac zondinearity is 3 measurs of the
pum deri2tica fTom a suwzight line passiag through the
ines of the DAC wraasfer fucedoa. [tis measured 1fter
?'ng foe zzro and bt scale and is expeessed in % of fudl
rage oc (sub)nuldples of 1LSB. .
ERENTIAL NONLINEARITY

f:nd:.l noalineacicy is the difference becwesn the measured
e and the ideat 1L.S8 change becReen 1ay cwo adjucent

. A specifidd differendal aozlinezricy of = 1058 max over
perating Leamperatuce faage insuces moaatonicicy.

N ERROR

erroc oc {ull-scale srroc is 2 measuce of the oucpue esvoc
en an idexd DAC aad the actual device outpus. Toc the

. - . 3095 I
414, ideal full-scale outprt is -( 056 - Veer b Gain
is idiustadie 9 z=o using cxiernal Glms is thowa
gucss +, 5 aod 5.

OUT?UT LEAKAGE CURRENT
Cucrent which appears ac QUT! with the DAC loaded to ail Us
or 1¢ OUT2 wich the DAC loaded to all s,

MULTIPLYING FEEDTHROUGH ERROR
AC erToc due to czpacitive feedthrough from Vasre terminal
OUT! with DAC loaded to all ds.

OUTPUT CURRENT SETTLING TIME

Time requiced for tze output {uncdoa of the DAC o s=tde to
withia 1/2LSB for a given digial input stimulus, i.¢., 0 0 Fuli
Sale.

PROPAGATION DELAY

This is 3 measure of the tnteraal delay of the circuic 20d &
measused from the tme a digital faput changes to the poiat 2¢
which the analog oarput 2¢ OUT! ceaches 50% of its tral vaive.

DIGITAL TO ANALOG GLITCH IMPULSE
This is 2 ceasurs of e amount of charge injected from the

- digizal icoucs (o the analog ouspues when dhe inputs change
. 'sace. (t.is usuaily soevified as che rea of the glicch & 2V sess

2ad is measured #ith YVaer = GND and 2 Model 30K as the
output 9p amp, Ci (phase compeasadoa) = Jpf.

DIGITAL-TO-ANALOG CONVEATERS VOL. I 9211



w

GENERAL CIRCUTT INFORMATION
The simpiified D/A circuic is shown in Siguce 1. An inverced
R-2R ladder structuce is used—that is, the binarily weighced

, curveats are switched between the OUT1 ind OUT2 bus lies,

! thus maiatiaing 2 coastant custeat ia cach tadder leg independent
of the switch sace.

Vagr

b O AAA A AA,——f
g o] 20 f’m Lk %:m
7

-
10 dio dFo &
1 L [ Vi i |T
i t $ W - | - -Q OUT2
t [} t
: : — T ——OQouTt
I | | PP | 0%
' | 4 ! Regeoacx
k o] (o] Q
UT 1 mMS3E T2 ;T3 31T 12 (LS2)

DIGITAL 1NPUTS (DTUTTL/CMOS COMPATIALE)
I Logeer A fwiten it 50md 20 layry for
E g digraal inout v a HIGH" 1y,

Figure 1. AD7S241A Funciicnal Dizgram (inputs “"High™;

The input resistance 3¢ Vags (Figuce 1) is always equal to Repr
{Reor is the R/2R fadder characeedistc cesistance aad is equal
to value “R"). Sines Rpv 2t the ¥zer pia is coasane, the
reference terminal caa be driven by a cefezeace voltage oc a
refereace current, ac or de, of positive or negative polacicy, (If 2
current source is used, 2 low temperztuce coesficient external
Reg is cecommended (o define scale faceoe.) .

EQUIYALENT CIRCUTT ANALYSIS
The equivalenc circuies foc it digical inputs LOW and all digieal
inputs HIGH ace shem in Figuees 2 2ad 3. Iz Figure 2 wich all
digial inputs LOW, the rzfereacs current is switched o0 QUT2.
The curvent source [ gaxacz is composed of surface aand
juncdoa leakages to the suostrate, ¥hile the L4096 currenc
source repeesents 2 coasant {-bic cucveac draia through the
tesmination resistoc oa the R-2R laddec. The “ON'" capacitaace
of the ourpuc- N-chacael switch is 200pF, 13 saown oa the
OUTZ terminal. The “OFF™ seritch capacitance is 70pF, as
showa oa the QUT! :emminal. Analysis of the circuit foc ail
digial inpues HIGH, s shown ia Figuce 3 is similac to Figure
2; however, the “ON™ switches ace now oa tecrainal ouT!,
hence the 200pF a¢ that Zerminal.

RFS
R
F——-Y—"_O Qum™
i @kuu".l T-
P v/ <
Vages %4 —O QUT?
l.., ’é laows- l@ hearaces 5
\va '\7

Figure 2. AD7541A OAC Equivalent Circuit All Oigical Inputs
Low

——) ARG

$n

Awise
Vags O - 2 QUTT
:: 1@’»:» !@'tuu&:t-—»‘w
v 7
, : —————+————aqurz
; ) l @lu“‘c( ._‘:TUDO"
v v

Figure'3. AD7541A DAC Equivalent Circuir All Digfal Inputs:
HIGH

voL |, ..?-212‘ OIGITAL-TO-ANALOG CONVERTERS

Applications

UNIPOLAR BINARY OPERATION

(2-QUADRANT MULTTRLICATION

Figuce 4 shows the analog circuit connections required for
unipolar binary (2-quadranc multplication) operationa. Wich 2 de
sefesence voliags oc curvent (positive or negative poiacicy)
1pplied ¢ pin 17, the ciccuic is 1 unipolar D/A coaverter, Wita
1n 3¢ sefecance voltage oc curvent the circuit peovides 2-quadraat
muldplicadion {digitally coatrolled sttenuation). The inpuddurpuc
relatioasaip is snown in Table (.

R1 provides full scale wrim cpabilicy {i.c.~load the DAC
cegister to 1111 L1LE LILL, adjuse RU foe Vour = —Vger
(5095/4096)]. Alternadively, Full Scale can be adjusced by
ormitiing X1 2nd R2 icd trimming the refereace voltage
magnitude.

C1 phase compensacion (10 to 25pF) may be requiced {oc
stabilicy when using high speed ampiifiers. {Cl is used o cancet
the poie focmed vy the DAC internal fesaback resisiazce 204
output cagaciance 3¢ QUTL).

Amplifier Al should be selected oc wrimmed 0 provide Vs =
10% of the voltage resoludion at Voyp. Additoaally, the
amnotifier should exhibit a bias curreac which is low oves the
temperature roge of incerest (bizs curveat causes outpuc offset
1t Vour equal to [g times the DAC fesdback resiscance,
acminally t1k0). The ADS44L is 2 high-speed umplaated FET-
input op amp with low J2ctocy-timmed Vos.

VouT
—O

ADSLAL .
iSEE TEX(T)

ANALOG
COMMOMN.

'YEAER TO Tad L 1,

LIGITAL

30T 180T 2 GAOUND.

Figdred. Unipolar8inary Ooerztica

T :
Resistor | JN/AQ/SD|KNBQTD
21 1000 {0on
2 0 30

Tablel. Recammendead Trim Resistor Values vs. Grades

.

Binary Numberin
DaAC Analog Qutput, Your
MSB LsB
PLUL LD 1ty ‘\'°32)
7
1000 0000 0000 | -Vl 222 )m _1r2vy
()
0000-0000 0001 | -Vl oz .
0000 0000 0000 | 0Vois .

Tsbleil. UnipolarBinary CodeTzble for Circuit of FigureL
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k. N

'OLAR OPERATION

QVADR.-\-.\’T MULTIPLICATION)

ure § 2nd Table 1T itlustrace che circuitry and cods reladoaship
bipoiar operauoa. With a de reference (positive oc aegative
adity) the ciccuit provides offset binary operadion. With an ac
:r3ace, Ghe sieven LSBs povide digically coatrolled actearacoa
“¢ 1c cefereace while the MSB zrovides poiacity coatrol.

Hf the DAC loaded to 1000 0000 0000, adjust R1 foc Vour
)V (alternadively, oae can omit Ri aad R2 and 1diust the
o'of R3 to R4 foc Vour = OV). Full scate trimming can be
oamplished by adiusting the amplitude of Vaer oc by varying
value of RS.

i unipoias operation, Al must be chosen for low Vs 2nd
I3, R3, R4 aad R must be seiested foc matching ind
seing. Mismatch af 2R3 to R4 causes both ofiset ind Fuil
ie erzoc. Mismatch of RS o R or 2R3 causes Full Scaie
o¢. Cl phase cumpensation (1007 20 $0pE) may e requiced
stabilicy, Sepending on amplilier used.

l [ ]
i L 7 warevred gy
J GA=0
MT=MT 2
Figure 5. 8ipalar Operation (4-Quadrant Multiplication)

Biaary Numberin
DAC
MSB LSB

terl

Analog Qutpue, Your

v

¢ 2047 3
=Vl o5

[ O T AR

(1200 0000 9001 "'Wiz‘olTs?
frooo 0900 nooo | av

3 , . .
ottt ~Vol g |

11023
-Vl o

tirte tied

0000 9000 Q9000

f—

Table lll. 3ipoler Code Table for Cfiset Sinary Circuitof
Figure 5

guce 6 stows aa zitermadve meziod of achieving bipolas

tpuc. T e circuit operates widh sign plus magrucude code 2nd
8 the advanage thac it gives i2-5it cesoludon in cach quadraat
npaced =i |1-oit r=solution per quadrzac foe the circuic of
fure 5. The AD7592 is 2 fully protected CMOS change-over
tech with daca lacchet. R+ 1nd RS should macch each other to
)% 0 maiacin e sccuracy of the D/A coaverter. Mismacch
cween R4 wnd RS incoduces a gaia ervor.

1L 120001 40 YALUE1 34 O) smd 9T,

Figure 8. 12-8itPlus Sign Magritude Operation

Sign Binary Nurmaberin
Bit DAC Analog Output, Yoot
MS8. 1S3

. . L1093
0 trrti ottt oret Vv - | 555
0 {0000 0000 0000 9 Vols
1 |0000 0000 0000 0 Volts

! ;3

STOJLLUL LUttt Voo o | s |

Note: Sign bicof 0" coaneces R3I@ GND.

Table IV, 12-Plus Sign Magnitude Code Table for
Circuitof Figuraé

APPLICATIONS HINTS

Output Offset: CMOS D/A coavesters exhibic 2 code dependent
outpu resistaace whicl in (uca can cause a code dependeat
sroe voltage ac the oucpat of the amptfier. The maximum
amplicude of chis offset, which adds to the D/A coaverter
noalinearicy, is 0.67 Vgg where Vs i3 the smplifier input odisse
voltage. To maincain mocotonic ceeradoa it is recommended
that Yos e no greacer chaa {25 x 07 (Vaee) over the termperacure
raage of operadon. Suitable op amps ace ADSI7L and ADIL.
The ADSITL is Sesc suited foé rixed refereace 1pplicatioas with
low baadwidth requiremeacs: it has exuemely low offser {SOuVY
2ed in most applicadions will aot requice 2n offsee trim. The
AD34+L has 2 much wider bandwidth and higher slew cace 2nd
is recomemended for multipiving aad other applicadons requiring
fas¢ secding. An odfset trim oa the ADS4+L may be gecsssary ia
some clecuits.

Digital Glitches: Oce czuse of digital glitches is capacidve
coupling from the digital Enes to the OUT1 and QUTZ
tecmiaals. Tais should be minimized by scresning the analoy
pins of the ADT541A {pins i, 2, 17, 13) from the digiaal pins by
1 ground track cua between pias 2 and 3 iad becweza pins. 16
and 17 of the AD7341A, Note how the zoalog pias 1c= 3¢ oge
2ad of the package and sepacated from the digital pins oy Voo
and GND to 2id screzning a¢ the boacd level. Ou-chip capacitive
coupling can ziso give rise (o coosstaik {rom the digiei <o anzlog
sections of the AD7S541A, particulaciy in circuits with high
cucveacs and fast cise and fall times.

DIGITAL-TO-ANALOG CONVERTEAS VOL_ I, 3213



Temperature CoetTicients: The gain tempecature coeilicient of
thed AD7S41A has a madmum value of Sppamv®C and 2 crpical

ue of 2ppav”C. Thais cocrespoads (0 worst ¢dse saia shaits of
2L.58s and 0.8 LSBs raspectively over 3 160°C tempenicure
raage. \Whea wrim resistocs R and RZ are used o adjust full
e rangz, the (emperature coerficieac of K1 and R2 shoedd
1o be tksn inte 1ccount. The seader is cefarred 0 22aioy
Devices .Apolicadon Note “Gain Ervoc ind Gain Temperature
Caethicient of CMOS Muldplying DACs”, Publication Numboer
Eng)-lO—éc'SE. .

SINGLE SUPPLY OPERATION

ngur: 7 shows the ADTS41A cornected in a voltage switchiag
mode. QUT is coanected (o the seference voltags 2nd OUT2 is
conaected 1o GND. The D/A coaverter output voliags is
available a¢ the Vagr pin (pin 17) 3ad has 3 coastanc outpuc
mpedance equal 1o Rega. The izedback resistor Rug is aot
used in dhis circuic,

—— Yoy =13V

| T T2 "‘]

Vot 8V asedd? = ATRIF WHERE 310
La. 038 A FRACTIONMAL ALPIESINTANOM OF THE (=UIT Ay (NFUT

Figure 7. Single Supply Operation Using Voltage Sw:(c'ung
Moce

The reference woltage must 2lways be posidve. [£ OUT! goes
noce than 0.3V less thaa GND an internal diode will e curned
a and 2 heavy curenc may dlow causing devics daxage (the
LD7541A i is, however, protected from the SCR lacch-up
nenomenve peevaient in many CMOS devices). Suicable
i'cmnc::s include the ADI80 aad ADSSS.

The loading va the ceference voltage saurce is cods dependest
md the cespoase dme of the Hrenit is often determiaed by the
Schaviae of the reference voitage with changing load coadidioas.
o mainwin linacity, the voltage 20 OUT! shouid remaes
ichin 2.5V of GND, foc 1 Vg of 15V, I Vpo is seduced (rom
15V or the refersacs voltage 2¢ QUT! increased 10 moes thaa
2.5V the differendal aoalireadity of the DAC will increase 2ad
he lineacicy of the DAC wiil be degriced.

|

1
', N

Rt
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SUPPLEMENTAL APPLICATION MATERIAL

Foc further tnformacdion on CMOS cluplying D/A coaverters

the reader is referred to the following texts:
Applicatioa Guide to CHOS Muldplyviag D/A Coaverters,
Publicadon Numoer G479-15-3/78 avuitable from Acalog
Devices.

-

Gain Ervor and Gain Temperacure Coefficieat of CMOS
Multplyiag DAC Applicadoa Note, Pubiicadoa Number
ES§30-10-6/81 available from Aaslog Devices.

Analog-Digicaal Coaversion Notes — available {rom Analog
Devices, pcice 55.93. ’
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