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OZET

Bu tez galismasinda elektronik sistemlerin test ve
kalibrasyonunda kullanilabilecek bir programlanabilir giig
kaynafgi tasarlanmis ve gergeklegtirilmistir., Cihaz, O V ile
24 V arasi 100 mV araliklarla *100 mV hassasiyetle prog-
ramlanabilmektedir. Cihaz c¢ikisindan maksimum 5 A akim
verebilecek gictedir. Gercgeklestirilen cihazda gikisin prog-
ramlanan degerlerde kalip kalmad191 galismasi1 sirasinda
kontrol altinda tutulmaktadir. Kullaniciyla sistem af351n*
daki iletigim 16 tugtan olusan bir tug takimi ve herbir
satirina 16 karakter yazilabilen 2 satirlik bir LCD gosterge

ile sagqlanmaktadir.

Anahtar Sozcukler:

Programlanabilir gug kayn591
Gug kaynag:

Regilator



SUMMARY

In this thesis, a programmable power supply which
may be wused to test and calibraté electronic systems is
designed and realized. It can be programmed between O V and
24 V with 100 mV steps and thO:mV tolerance. It has a
maximum output current of 5 A. Tﬁe output 1is controlled
during operation to check whether it is in between the
desired limits or not. Communicétion between the power
supply and user 1is done by a keyboérd with 16 keys and a LCD

with 2 lines, 16 characters per line.

Key Words :

Programmable power supply
Power supply

Regulator
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TANIMLAR DIZIN1

RAM (Random Access Memory) : Rastgele erisimli bellek.

EPROM (Erasable Programmable Read Only Memory) : Sili-
nebilir, programlanabilir salt okunabilir bellek.

DAC (Digital Analog Converter) : Sayisal veriyi analog
voltaja gevirici. | |

ADC (Analog Digital Converter): Analog voltaj:r sayisal
veriye gevirici.

LCD (Liquid Crystal Display) : Sivi kristal gdsterge.

P10 (Paralel! Input/Qutput) : Paralel giris/gikis.

S10 (Serial Input/output) : Séri giris/gikis.



1. GIR1S

Gunuamizin modern elektronik donanimlari, sabit iyi
regile edilmis dog9ru akim gug kaynaklarina gereksinim
duyarlar. Bu gereksinim ya kimyasal enerjiyi elektrik ener-
jisine geviren piller ya da dalgali akim dreteglerinin dret-
tigi enerjinin dogQru akima gevrilmesiyle karsilanar. Ikinci
tilr kaynaklardan yiiksek giic elde edilebilir ancak akim ve
gerilim karakteristikleri,'regulésyoﬁ yuzdeleri ve gdrdalta

istenen seviyelerde olmalidir.

Kompleks kartlarin test edilmesinde farkli anlarda
farkl: gerilimlere gereksinim duyulmakta ve test iglemi bir
bilgisayar kontrolu altinda gergeklesmektedir. Bunun igin
fikisa istenen degerlere programlanabilir gug kaynaklarina

ihtiyag vardir.

Programlanabilir glug kaynagi, mantik devreleri ve
elektronik devrelerden olusur. Gug kaynag:r gikisinin bir
degere programlanmasi ve bunun kontrol altinda tutulmasi
mantik devreleriyle gergeklestirilir. Gug kaynagindan elde
edilebilecek gug, elektronik gikis katinin teknik ﬁzellik—

lerine baglidair.

Programlanabilir glug¢ kaynaklari bilgisayar destekli
test sistemlerinde ve gesitli kalibrasyon islerinde kulla-

nilmaktadar.



2. LINEER DOGRU AKIM GUC KAYNAKLARI j;

Genelde butin elektronik donanimlar glglerini bir

dogru akim kaynagindan éflrlar.

Lineer dogQru akim gig kaynaklari en az Ug kisimdan
olusurlar; transformatdr, dogrultucu ve filtre. Gig kaynaga
cikisinin daha hassas olmasi istenen durumlarda cikisa bir

reglilatdr eklenir.

2.1. Transformator

Transformator, kaynag9i1 gug hattindan izole ederek
giris wvoltajini (220 V AC) istenen algak seviyeye dusirir.
Transformator segimi, dusurmesi istenén geriliﬁ seviyesiﬁe,
kullanilacak dogrultucu t}pine ve elde edilmek istenen glce

gore yapilir.

2.2. Dogjrultucu

Alternatif akimi dofru éklma gevirir wve filtre
kapasitorin dolma akim: gereksin;mini karsilar. Bir veya
daha fazla diyoddan olusur. Devre yapisina gore gilkisinda
tam dalga veya yarim dalga elde edilir ve bu dalga

sekillerine gore isim alirlar (Sekil 2.1.).

Di

* Vout
Vout

; mgjj,%ﬁ

TRANSFORMATOR
}ll Vot

TRANSF TOR Kopru
Divod

C)
Sekil 2.1. Dogrultucu tipleri; aj)Yarim dalga, b)Tam
dalga, cl)Tam daiga kopriu dogrultucu.

Yarim dalga dogrultucular genelde dlaguk akim veya

yiikksek frekans wygulamalarinda kullanilir., Diger uygulama-



larda genelde tam dalga dofjrultucular tercih edilir. Cldnki
ayni1 galigma frekansi1 ve ripple veltaji igin yarim dalga

dogrul tucuda iki kat daha biayuk filtre kapasitor gereklidir.

Dogrul tma islemi sxrasxnda'diyodlar tzerinde 0,06 Vv
ile 1,1 V arasai gerilim dusiumi meydana gelir. Buna gore dev-
renin yapisina baflir olarak bir veya iki diyod uUzerinde

dusecek gerilim tasarimda gz Ontne alinmalidir. Tam dalg

W

kopri dogrultucuda her zaman iki diyod seri durumdadir. 2,:

o

t

Vv luk kayip meydana gelir. Bu deger, hesaplamalarda ihmal

edilemeyecek kadar buyuktur.

2.3. Filtre

Kapasitansi gekilecek akima gore belirlenmig bir
kapasitidrden olugur. Godrevi, dolma-bosalma periyodlarinda
gikisindaki gerilimi yeterli seviyede tutmaktir. Diyodlar
iletimde oldugunda kapasitdr, bir dahaki dolma periyoduna
kadar g¢ikisi ayni seviyede tutacak yeterli enerjiyi depolar.
Tam dalga dogrultucu kullanildiginda 50 Hz lik bir hat sin-
yvaliyle dogrultucu gikigsinda 100 Hz elde edilir. Bu durumda
kapasitor 10 ms de dolmalidir ve gikisi 10 ms yeterli sevi-

yede tutmalidir.

Kapasitorin dolmasi-bosalmasi sirasinda olugan dal-
ganin tepeden tepeye degerine ripple voltajir denir (Sekil
.2.). Gug kaynaginda kullanilacak filtre kapasitor degeri

Egitlik 2.1'e gore hesaplanir:
C = (Tg 7/ Vyipple) X | ‘ (2.1)

Burada C farad biriminde kapasitans, T, kapasitorin
dolma sitresi (10 mS)’\Vrippleb izin verilen ripple voltaji-

dir.

——-

2.4. Voltaj Regiulatoria

Voltaj regllatdrinun gorevi gikig voltajini Onceden
belirlenmis deQerde sabit tutmaktar. Cikig voltajinin degdi-

simine neden olan faktdrler, yuk akimi degigimleri, girig



/] /|
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0 volt

Sekil 2.2. Tepe voltaji ve bilesenleri

gerilimi degisimleri ve sicaklik degigimleridir. Regtulator,
bu ug¢ faktdrden dolayl meydana gelebilecek gikis voltaji de-

gisimlerini engellemeye galisir.

Cikis voltajinin yiik akimiyla degisimi yiik regiilas-
yonu olarak adlandirilir ve gikis vpltajinin yizdesi olarak

ifade edilir. Yik regilasyonu genel formili
(%) yuk regdlasyonu = o x 100 (2.2

seklindedir. Burada
Vpl ¢ minimum yikte gikigs gerilimi,
Vgy ¢ maksimum yilkte gikig gerilimi,

Vg : nominal gikig gerilimidir,

Giris regllasyonu ise giris voltaji1 degisimlerinin

cikis wvoltaji lGzerine etkisidir. Bu regidlasyon g¢oqu Zzaman

hat regiilasyonu diye adlandairiluir.

Girisg régulasyonu genel forhﬂlﬁ

- N DVo
(%/Vip) giris regulasyonu = . x 100 (2.3)
; Avln X VO

seklindedir. Burada
AVy : gikis voltaji degisgimi,
[kvin : giris voltajir degisimi,

Vo ¢ nominal gikis gerilimidir.

Cikis voltaji sicaklik sabiti ise sicaklik degigim-

leriyle gi1ki1s voltajinda meydana gelecek degigim ylzdesidir.



+(V -V ; ) x 100
(%/ C)TCyq = o(max) o(min) (2. 4)

Voc(ref) X (Tpax =~ Taind

seklindedir. Burada
Vo(max) ¢ maksimum sicaklik (Tgy,,)’de gikis voltaja,
Vo(min) ¢ minimum sicaklik (Tpijp)’de gikis voltaja,
Vo(ref) : nominal gikig voltaji (genelde 25 C'de),
Thax ¢ maksimum galisma sicakligl,

Thin ¢ minimum galigma sicakligidar.

Temelde iki gesit regidlatdr vardir: seri ve paralel.
Seri wvoltaj regiilatirleri degisken yiike sabit voltaj sag-
lamak igin kullanilir. Paralel! regilatdbrler ise sabit yidke

sabit voltaj saglamak igin kullanilir.

Bir voltaj regilatord grkistaki degigimleri duzelt-
mek igcin bir hata veya fark sinyali uretir. Referans ile
regule edilmis girkis voltajinain bir kismi arasindaki fark
vyiukselteg tarafindan yidkseltilir. Kontrol devresi yviksel -

tilen farkil ve fazini sezerek gikis voltajini dazeltir.

Tipik seri reglilator timlegsik devresi Sekil 2,3'deki
gibidir. Tumlesik devre iginde referans voltaji bir zener
diyod tarafindan dretilir. Timlesik devre disina yerles-
tirilecek bir gerilim bdlldcuyle (Rgy, Ro direngleri) g¢ikisg
voltajinin bir b&liimii hata yikseltecine wuygulanir. Hata
yiukselteci giris 1ile gikis arasina seri bagQli transistar

iizerindeki gerilim didsdminii kontrol! eder.

.'"5 """"""""" M

+ H & H -
i i R1

Vin : - : ;N- vVout
i Hata H 5
; Yukeael teci : SRz
: ef :

“» ; - ; - I | . =

Sekil 2.3. Tipik seri voltaj regulatdra



3. DONANIM

Sistem dort ana kisimdan olusur. Bunlar iki ana gig

kaynagi, kontrol dnitesi ve regiilatérdir (Sekil 3.1.).

“
[ S ..
280 v GUC ‘ Voeslcme N o B Vc,h‘:f(\/xmnr“)
- ac Iy »-
KAYNAGL REGULATOR ._____?
| g o
—t g Y2 KONTROL
220Vae }7 7 -12 : v
N . . kKontral
o—g f » #1839 UniTESI
¢ -8 - >
I Geri Dongi
Sekil 3.1. Sistem blok semas1
Kontrol tnitesi, bir mikroigslemci kart: ve
mikroiglemci ile diger analog kisimlar arasinda bilgi

aligverigini sagQlayacak Dygunlaﬁtlr;c1 devrelerinden olusur.
Bu tinite tarafindan dretilen Vkontrol sinyali Girkig
gerilimini istenen degere ayarlar. Ayrica bir geri donglyle
sistem gikisi kontrol altinda tu{ulur.RegUlatbp Qnitesi,

Vkontrol Sinyaline gire Voyy,g gerilimini dretir.

3.1. Gug Kaynag:

Sistemin gig kaynag: kismi biitiln sistem igin gerekli
olan gucii uretir. Bu sistem iki5 ayrir kaisimdan olusgur.
Bunlardan biri, asil prograﬁlanabilir gerilim kaynaglna gl
saglayan yilksek akim gekilebilen klslm, digeri de kontrol

sistemlerine gii¢ saglayan kisimdir.

Yiksek akim g¢ekilebilen, programlanabilir gug
kaynaginin ¢ikigina besleyenvk1s1mda hat gerilimini algak
seviyelere dusiren g¢ok uglu bir transformatir, tam dalga

dogrultucu ve filtre kapasitdr vardir.
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Sekil 3.2. 30 V gig kaynag:

Programlanabilir giig kaynagi gikisindan elde edilmek
istenen gerilim seviyesine gdore ;ransformatdr cikigslarindan
12 Vgg, 18 Vgg veya 24 Vg ten birﬁ segilir. Bu durum gdz
tnine alinarak gig kayhaglhdg gqgmggju ve yilksek giglii bir

transformator kullanilmistair.

Transformatidrden sonra gelen tam dalga dogrultucu
girigindeki sindscidal igareti dogrulpgﬁék filtre képasi—
torlerine gerekli akimi saglaf. Tam daiga dogrul tucudan
sonra yer alan filtre kapasitdr, . diyodlarin iletimde ve
kesimde oldufu anlarda gikigindaki gerilimi sabit duzeyde
tutar. Kaynaktan gekilecek akima gore dolma ve bosalma
sirelerinin hesaplanarak kapasitor degerlerinin buna gdre

bulunmasi gerekir (Bakiniz Baldm 2).
Ve = 30 Vi (Kaynak gikisinda istenen gerilim)

Vripple = 2,5 V (Tepeden tepeye periyodik dolma-
bosalma gerilimi)

Vtepe‘= Ve + Vripple = 30 + 2,5 = 32,5 V

3

= 5 A (Maksimum ¢ikis akim1)

lout

Veect 2,2 V (Doqrultucu diyodlar iizerindeki gerilim
disumii)
' 0,01
[ — = 2 s
©  2x50 Hz pd
10x10™3 sn &
c = - x I = x 5 A = 20 mF

2,5V




20 mF degerini elde etmek igin 4 adet 4700 pF 40 V luk e-

lektrolitik kapasitdr kullanilmistair.

Kontrol sistemlerine giig saglayan diger kisim ise
gene ayni sekilde transformator, tam dalga dogrultucu,
filtre kapasitdr ve regiilatidrleri igerir. Sistem c¢ikisindan
+5 Vv, £12 V, *18 V gerilimler verecek gekilde tasarlanmig-

tir (Sekil 3.3.).

3.2. Regiilatdr (LM338)

Sistemin bu bolldminde gﬁg kaynagi tarafindan
dretilen sabit Vpggleme gerilimi, kontrol sistemi tarafindan

aretilen kontrol gerilimi ile istenilen degere ayarlanir.

Programlanabilir giig kaynaginin gikisinda hem iyi
bir regilasyon saglamak, hem de dreteg gikizsini programlanan
degere ayarlayabilmek igin LM338, d4g bacakla, ayarlanabilir
gerilim regalatoric kullanilmigtir. LM338 entegresinin
secilmig olmasinin baslica nedenleri ayarlanabilir olmasi ve
galisma araliginin (gerilim ve akim) amaca uygun olmasidir.
LM338 1,2 V_— 32 V aras1 5 A gi1kis verebilen bir wvoltaj
regialatoraddar. Normal olarak iki direng ile girkis gerilimi
istenilen degere ayarlanabilmektedir. Cok'iyi yitk wve hat
regilasyonu saglar (sirasiyla %O.l‘ve %0.05/V). Entegrede
vyer alan akim sinirlama devresiyle kisa sure igin 12 A'e
kadar akim gekilebilir. Bu tam yiuk altinda sistemin ilk
agilisina ve gegici yik dégiﬁimlerinde sistemin
kullanilabilmesini saglar. Ayrica entegrede fazla sicaklik
yikiine karsi koruma (Thermal overload protection) vardir.
LM338 entegresi ile ilgili daha genis bilgi EK.1' de

sunulmustur.

Calismasi: sirasinda LM338 "V ,t" ¢ikig:r ile "Adj™
cikis1 arasinda 1,25 V luk nominal gerilim dretir. Bu sabit
gerilim R4y direnci ldzerinde gozlenir (Vyg¢) ve bu direng

tizer inden 11 sabit akimi akar.
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Vin:>________ Vin

Sekil 3.4. LM 338 tipik uygulama devresi

LM338 de gikis geriliminin ifadesi:

Vout = Vpef + (I3 + lg43) x Rp

\
burada Il = miif ........ - dir.
Ry
Vrief
Vout Vref +(TN. ........ — Iadj X Rz
Ry
Ro

VOUt = Vref X( 1 + R .......... ) + ladj X R2 (3'1)

1 .

LM338 entegresi Iadj aklmlni minimize edecek ve yuk
defjigimleriyle bu akimi sabit tutacak sekilde tasarlanmis-

tir.

3.3. Regiilator Cikis Geriliminin Numerik Olarak Ayarlanmas:

Sekil 3.4 ' deki tipik uygulama devresinde Ry di-
renci sabit tutulup Rp direnci degigtirilerek gikis gerilimi
1,2 V ile 32 V arasinda ayarlanabilir. Eer Rg direncini de
sabit tutar, Sekil 3.5' deki gibi bu dirence seri bir
gerilim kaynaq:i baglanirsa gikig ifadesi direk olarak bu

kaynak gerilimine bagl:i kalir.

VOUt = VrEf X (L 4 o )+ Iadj X Rz + Vadj (3.2)
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Vin > Vin

Sekil 3.5. Cikig geriliminin Vgzgqy gerilimi ile
degigtirilmesi

Vadj gerilimi Sekil 3.6° daki gibi bir iglemsel kuv-
vetlendirici dzerinden Ry direncine wuygulandiginda Vggj
gerilimi ile Vg, ¢1kig gerilimi arasinda Sekil 3.7’ de

gorildiaga gibi lineer bir iliski gozlenir.

Voaslane > Vim Vout
ARJ
R

120 oklhm
AN

845 Ohm =

Virm
I

Sekil 3.6. C1k1? geriliminin Vi, gerilimi ile degigs-
tirilmesi ‘

Vadj ile Vgyt arasindaki bagintiyar su sekilde

gikartabiliriz:

120 @, Rp = 845 Q, lzgj = 40 pA igin

i

Vref = 1,25 V, Rl
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Ve 1,25
1y = —228 o ‘ = 10,42 mA
.Rl 120

Io [y + ladj = 10,42 mA + 40 pA = 10,46 mA

Vout = Vyref + I2 x Rp + Vig

1,25 + 10,46x10 > x 845 + V;,

It

Vout

Vout = Vin * 10,089 (3.3)

Sekil 3.6’ daki devre dzerinden 45 adet Vi, gerilim
seviyesine kargilik oOlgiilen Vg,,¢ degerleri (gizelge 3.1) ile
Vout - Vin grafigi gizilmigtir (Sekil 3.7.). Lineer reg-
resyon yontemiyle grafikte elde edilen dogrunun matematik-

sel ifadesi gikartilmistar.

Vout = 2 x Vijn + b
Ex. XLy
| o T S —
nix-(Ix)
Ly b.Ix
a = -
n n
a = 0,99829
b = 10,1374
Vout = 0,99828 x Vi, + 10,1374 . (3.4)

Elde edilen (3.4) egitligi V,yyty gi1kis geriliminin
islemsel kuvvetlendiricinin "+" girisine uygulanacak Vin
gerilimiyle hassas bir sekilde ayarlanabileceqini
gostermigtir. Bu sonugtan hareketle Vi, geriliminin nudmerik
olarak degigimini saglayarak Vg ,¢ g#kxﬁ geriliminin numerik
degerlerle bir mikroiglemci taraflndan kontrolu yoluna
gidilmigtir. Mikroislemci sistemi ve ayarlama geriliminin
(Vin? uygulandifa islemsel kuvvetlendirici arasina
Digital/Analog Converter (DAC) verlestirilmistir. DAC,
girigine uygulanan numerik bilgiyle dogru orantili akim
uretmektedir. tretilen akim gerilime gevrilerek Vin

gerilimi olarak devreye uygulanmaktadir.
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No Vin Vout
Volt Volt

1 -9,93 0,235
2 -9,09 1,06
3 -8,70 1,45
4 ~-8,14 2,00
5 -7,72 2,41
6 -7,12 3,01
7 -6, 45 3,68
8 -5,71 4,42
9 -5,13 5, 00
10 -4,31 5,82
11 -3,79 6, 34
12 -3,45 6,68
13 | -3,00 7,14
14 -2,14 7,99
15 -1,64 8,50
16 § -1,14 9,00
17 -0,85 9,20
18 -0,75 9, 40
19 | -0,54 9,60
20 | -0,35 9, 80
21 -0,16 10, 00
22 0,26 10,40
23 0,65 10,80
24 0,85 11,00

Cizelge 3.1, $ekil 3.6 daki devreden elde edilen

degerleri

No Vin Vout
Volt Volt
25 1,261 11,40
26 1,856 12, 00
27 2,38 12,52
28 2,85 13,00
29 3,25 13, 40
30 3,65 13,80
31 4,086 14,20
32 4,64 14,80
33 5,16 15,30
34 5,87 16,00
35 6,26 16, 40
36 6,67 16, 80
37 7,07 17,20
38 7,27 17, 40
39 7,87 18,00
40 8,07 18, 20
41 8,50 18,60
j42 8,87 19,00
43 3,38 19,50
44 9,87 20, 00
45 10, 45 20,50
46 10,95 21,00
47 11,87 22,00
Vin = Vout
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25.00

L T O A

20.00

L I O O |

o
o
S

| SN O I

10.00

IS NENEE

CIKIS GERILIMI (volt)

5.00

(I N N I B

0.00 TITITT T T T T R Ty Ty T e IrrvrTrT T ioTTraT T yT I rITITI T T ald

~15.00 -10.00 -5.00 0.00 500  10.00 15.00
GIRIS GERILIMI (volt)

Sekil 3.7. C17e16e 3.1 deki degerlerle elde edilen
Vout=Vin grafigi

Sistemde B8-bit'lik CMDS Digital/Analog Converter
DACB30 kullanilmistir. DACB830 referans girisine wuygulanan
+10 V luk referans gerilimine ve kufulan devre yapisina bag-
l1 olarak simetrik veya tek yonll aklm uretir. DAC830 hak-
kinda genis biigi Ek.2'de verilmistir. Sistemde uygulanan
Sekil 3.8'deki devre yapilsi ile DACB30 g¢ikis: OV - 10 V

aras1 degismektedir,.

Turetilen (3.4) egitlifgine gore regulator gikisinda
25 V elde etmek igin Vi geriliminin 15 V olmasi, O V elde
etmek igin ise -10 V olmasi gerekir. Bunun igin GSekil 3.8
deki devrede elde edilen -10 V luk gerilimin -10 VvV
ile +15V aras1 degigmesi saflanarak regiilator ayar bacagina

uygulanmasi gerekir. Toplayici ve yukselteg gorevini yerine
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getiren Sekil 3.9 ’'daki devre bu amagla tasarlanmistir.
Devrede gerilime cevrilmig DACB30 gikisi +5 V ile

toplanmakta ve 3 ile garpilmaktadair.

1. > Vdac
CONTROL. | . , =3 |+ ‘ .
‘J\ :l; ! ) 1458
Vref=10

Sekil 3.8. DAC830

3.4. Mikroiglemci Kart:

Mikroigiemci karti Sekil 3.10'da gordldagi gibi mik-

roislemci ve gevre birimlerinden olusgur.

3.4.1. Mikroislemci

Mikrdi$lemci olarak Intel firmasinin 8-bitlik 8085A
mikroislemcisi kullanilmigtir. Bu mikroiglemci coqullanmis
veri hatti kullanir. 16-bit’lik adres hattinin 8-biti ve 8-
bit veri hatti ayni hatti kullanirlar. B8085A'da ilave olarak
SIM ve RIM komutlafl vardir. Mikroislemci kendi iginde saat
liretecine sahip olup maksimum 3 MHz saat frekans: ile

caligabilmektedir.

B0B5A mikroislemcisinde tig tir kesici (interrupt)
vardir. Birincisi kurma (reset) kesicisidir. Bu kesici ilk
anda adres sayicinin O00O0OH adresinden baslatilmas: icin
kullanilir. 1lkinci kesici tidrinde, biri maskelenemeyen dort
tane kesici wvardir. Bu kesicilerden biri geldiginde
mikroislemci daha Onceden  belirlenmis adresten itibaren
calismaya ba$far. RST 7.5, RST 6.5, RST 5.5 kesicileri
yazilim ile eﬁgellenebilen, TRAP kesicisi ise yazilim ile
engellenemeyen kesici girisidir. Uglnecd kesici turid ise [INR
kesicisidir. Bu kesici genel amaglyi olup vyazilim ile

engellenebilir,
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Sekil 3.8. DACB30 Likig: toplayici ve regiilatdr ile baglantisi
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8085A mikroigslemcisi ayrica seri veri girigine ve
cikigsina olanak saflayan SID (Serial Input Data) wve S0OD
(Serial Output Data) bacaklarina sahiptir. Bu mikroiglemci,
kendi ailesinden gevre elemanlariyla yazilim ve donanim ds-

tinlidklieriyle birgok sistemde yaygin olarak kullanilmaktadir.

3.4.2. Giris/gikis birimi

Giris/gcikis birimi olarak bir adet 8155 PIO
(Parallel Input/Output) timdevresi kullanilmigtir. 8155 PIQ
iki yonlu (giri$/g1k1$) veri transferi igin programlanabilen

2 adet 8-bitlik, 1 adet 6-bitlik giris/gikis portuna

sahiptir. Ayrica 815%5 PIO, 256fbyte'l1k bir RAM ve
programlanabilir 14-bitlik sayici/zamanlayici (counter /
timer) igcerir. Port wve sayici/zamanlayicinin kontrolu
kumanda yazacina yazilan belirli sekildeki kontrol

kelimeleri ile saglanar.

3.4.3. Bellek

Sistemde yazilan programlarin, sabitlerin ve tablo-
larin saklanmas: igin EPROM kullanilmistir. EPROM 16 KB 11k
olup O0000H - 3FFFH adresleri arasinda kullanilmaktadir.

Sistemin gegici degigkenierini ve kullanicinin
girdigi anlik bilgileri saklamak igin 8 KB 11k RAM kul-
laniimistir. RAM, 4000H - 4FFFH adreslerini kullanmaktadair.

3.4.4. Seri giris/cikis (SI0) birimi

Sistemin seri giris/gikis birimi  bulunan herhangi
bir bilgisayar‘ile haberlesebilmesi igin 8251 girigs/gi1ki1s
birimi kullanilmistir. 8251 igin gerekli olan saat, 8155 PIO
zamanlayicisindan saflanir. 8251 timdevresi 8085 mikro-
islemcisi ile dbgrudan uyumlu senkron/asenkron alici/verici
kombinasyonundan olusmaktadir. Asenkron galigmada bu eleman
bilgi aligverigini 19200 baud-rate'e kadar yapabilmektedir.
Senkron calismada 8251, otomatik olarak bir veya iki senkron

karakterini veri aralarina yverlestivir, Bu caligma nodunda
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bilgi aligverigi 64000 baud-rate hiza kadar yapilabilir.

3.4.5. Yard1mc1‘tUmdevreler

Mikroiglemci kartinda bir adet 74139 adres cdziici
kullanilmistir. Adres gozicil, belirli bir bellek haritasina
uygun olarak EPROM, RAM, 8155 PI0, 8251 SI0 cevre birimleri-

nin segilmesini saglar (Sekil 3.11.).

0000h
EPROM
3FFFh
4000h
RAM
5FFFh
6000h
S10
6FFFh
8000h
PIO
BFFFh

Sekil 3.11. Bellek Haritas:

3.5. Geri Dongu Kontrol Sistemi

Ureteg gikisi istenen bir gérilim degerine mikrois-
lemci araciligiyla ayarlandiktan sonra ¢gikista olmasi gere-
ken gerilim degeri ve izin verilen ﬁaksimum akim degeri gene
mikroislemeci tarafindan dretecin galismasi suresince kontrol

edilir.

3.5.1. Ci1kis gerilimi kontrolu

reteg gi1kis gerilimi mikroislemci tarafindan sa-
rekli olarak kontrol edilerek girig gerilimi ve yik degisim-
lerine kargi istenen sinirlar igerisinde kalmasi saglanar.

Bdylelikle 1ikinci bir regidllasyon éaglanmlg olur.

Gerilim kontrol geri dongiGsl bir gerilim bolied,
islemsel kuvvetlendiricilerden olusan uygunlagstirici ve a-

nalog/digital gevirici (ADC)'den olugur (Sekil 3.12.).
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— 187k
K - R
¢ b

J
Sekil 3.12. Cikig gerilimi &lglmil

Devrede, @nce gikig gerilimi Ry ve Ro direngleriyle 2,4'e
bolunmekte; boylelikle O - 24 V aras:i degisen gikis gerilimi
0 - 10 V a digiriilmektedir. Ry ve R direngleri gikisi et-
kilememek igih‘ yuksek defgerli direnglerden segilmigtir.
Gerilim bdlﬂcﬁ cikisinda elde edilen O - 10 V luk gerilim -5
V ile toplanarak ADC girisine uygun (-5 V) - (+5 V) ara-
liginda bir gerilime gevrilir (Vpapg). Vape gerilimi 6B-
bit’lik analog/digital gevirici ADCB0O i(in analog girigine
uygulanir. 8-bit’lik numerik bilgiye gevirilen Vapc gerilim
seviyesi mikroislemci tarafindan okunarak kullanilar. 24
V luk gerilim seviyesi FFH numerik degerine O V luk gerilim

seviyesi de OOH niumerik degerine karsilik gelir.

ADC800,, 50 KHz 1ile 800 KHz frekans araliginda
cevirme yapabilir. ADCB00O igin gerekli saat sinyali 8155 P10
zamanlayicisi . tarafindan saglanir. Cevirici "Start
Conversion” gfrigine uygulanan baslama komutuyla g¢evirme
islemine baslar ve gevirme islemi bitiminde "EOC" (End Of
Conversion) ¢ikig1 "logik 1" 'e cekilir. Boylelikle EOC
cikis1 gozlenerek gevirme islemi sonunda B-bit’lik nUmerik
bilgi "OE" (Output Enable) girisine "logik 1" uygulandiktan
sonra okunabilir. ADC8B00 hakkinda genis bilgi Ek.3’te

verilmistir.

3.5.2. Cikisg akim:i kontrolu

Kullanici tarafindan verilen maksimum g¢ikig akim:

(bu deger 5 A den kiigiik almalidir), hafizada maklanarak Gre-
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teg gikisindaki akim deferi ile sirekli olarak karsilastiri-
lir. Eger g1k1$ﬁa Olgulen akim degerinin hafizadaki degerden
buyiik oldugu gozlenirse mikroiglemci ireteci yidkten ayirar

ve yiiksek akim cekildigini belirten mesaj verir.

Akim kontrol geri donglsi, uUreteg gikigina seri
bagli bir direng ve bu direng uglarl arasindaki gerilim far-
kini yidkselten bir instrumantasyon yiikseltecinden olusur.

(Sekil 3.13.).

R s oAk

H Rs i 4
1. - A

: i 26. 7
URETEC ;| Vout =
3 = —

Sekil 3.13. Cikis akimi Olgimi

|

ureteg gikigina seri bagli Rg direnci akimi gerilime
cevirir. Uzerihdeki gerilim dugﬁmﬁnﬁ azaltmak igin bu
direncin degerinin gok kuguk segilmesi wve yeterli gugte
olmas1 gerekir. Sistemde kullanilan Rg direnci 0,15 Ohm 5

W liktir. Direngten maksimum 5,77 A akim gegebilir.

R; direncinden sonra yer alan instrumantasyon yiik-
selteci yUksek;girig empedansina sahip bir fark ytukselte-
cidir. lnstrumahtasyon yiikselteci, uUg adet yiiksek gerilimde
(32 V) galisabilen islemsel kuvvetlendiriciden olusur.
Yikselteg gok yﬁksek giris empedansina sahip oldugundan Rg
direnci uglarxhdan akim gekmez fakat direng uglar: arasin-
daki gerilim farkini yiikseltir. Yidkselteg¢ kazanci olarak 13,3
segilmigtir. Rg direnci dzerindeki en ylksek gerilim disimi

ureteg wuglarindan en yilksek akim gegtiginde olugur., Bu da
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0,75 V tur. BQ gerilim 13,3 kazangl:i instrumantasyon yik-
selteci 1ile 10 V a yﬂkseltilmektedir. 0-10 V arasi degigen
Vinst gerilimi analog/digital geviriciye wverilmeden #&nce
Sekil 3.14’teki devre ile (-5 V) - (+5 V) arasi gerilime

gevrilmektedir. Bu devre 1 kazangli bir toplayicidir.

N 1.3 1.3
-ev 7 AN -

o Vadc

Gekil 3.14. Toplayici devresi

Cikigs akimi ve gerilimi bir tek ADC duzerinden
okunmaktadir. Bunun igin ADCBOO girisine 4051 multiplexer
vyerlegstirilmigtir. Biylelikle mikroislemci multiplexer seg-

me girigslerini degistirerek akim veya gerilimi ADC'den okur.

3.6. Tus Takim1 ve Gidsterge

Programlanabilir gerilim 'lretecinde 16 adet tus
vardir. Kullanici her tdrlid veri girisini ve programlamay:
bu 16 tus ile yapar. Tus takiminda O’'dan 8'a kadar rakamlar,
RUN, RESET, Vguts lout: Vtol ve nokta tuglari vardar. Tus
takimi 8055 Pl0’nun 8-bitlik B portuna ve C portunun 2~
bitine baglidir. Mikroislemci, tus takimindan bilgi bek-
lerken siurekli olarak tuslari tarar. Herhangi bir tusa ba-
si1ldigini tesbit ederse bu tusla ilgili gerekli islemleri

yapar.

Sistemde kullanici ile ilétiﬁim safglamak amaciyla
LCD gosterge (LM16255) kullan11m1$t1r. LM16255 godstergesi

iki satirliktir ve herbir satira 16 karakter yazilabilir.
Gdstergenin kendi belleqgi ve tarama devreleri oldugundan
mikroiglemci sadece veri gonderirken gdsterge ile baglanty

kurar. LCD gdstergenin veri hatta 8155 P10 A portuna; kont-
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rol sinyalleri 1ise C portunun 3-bit'ine baglidir (Sekil
3.15.).
e -
ui —~2] pBe?
~421 ape Pao &L | —21pee VoD 4.7
AD1 PAL M
—1a1 a0z Prz (£ (—i DBS  VCC [—2—0+sv
—+81 Apa PA4 ~41pB4 GO —“——J =
ADB PRG 421 B3 >
AD? PR? 12! pen RH ._a_\
PB1 /J-L DB4 _
—H PB3 42 pB4
TO0.M % |
— resET PB6 ‘ ‘
— :
—&] rour PCR . 0:'3"
e N AANA
10K
PCE B \
PCS 3 S 10K
8155 \ To
S 10K
10K
A AAA
N\ v
\ 10K
NAA

Sekil 3.15. Gﬁster%e ve tus takiminin 8155 PIO ile
baglantis:
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A.YAZILIM

Sistemde mikroiglemci olarak 8085 mikroislemcisi
kullanildigindan sistemi isleten programlar da 8085

assembler dilinde yazilmigstar.

Sistem programlari modiiler yapida yazilmis olup her
programa diger bir programdan wulasmak mimkindir. Sistem,
agilis program; tarafindan ydnetilir. Yerine getirilecek
fonksiyona gdre bu program ilgili alt programlar: g¢agirir.

Alt programlar gene kiguk alt programlardan meydana gelir.

4.1 Akis Semalar:

Sisteme gig verildiginde "agilis™ programi galismaya
baslar (Sekil 4.1.). Bu program once sistem degiskenlerini
baslangic durumuna getirir ve 8155 PIO portlari giris veya
ti1kisa programlar. Bu islemlerden sonra "Self Test"™
programi1 (Sekil 4.2.) galigtirilarak giug kaynag: ¢1k1$1n1n
istenen sekilde programlanip programlanamadig: kontrol
edilir. Eger test bagariyla sonuglanirsa kullanicinin bir

fonksiyon tusuna basmasi beklenir.

Eger kullanici Vgy¢ tusuna basarsa gig kaynag:
¢ikisinin olmasi istenen volta]j dégeri volt <cinsinden tus
takimi araciligiyla girilir ve agillg programina geri do-
ndlir. Bu iglemler "Get Vg,t" (Sekil 4.3.), "Get" (Gekil

4.6.) programlérl tarafindan yapiluir.

Ayni ‘sekilde kullanici ilgili tuslara basarak
Viols&lkis voltaji toleransi, Ipsy, izin verilen maksimum
cikis akimi deéerlerini sisteme verir. Bu iglemler "Get Vi, "
(Sekil 4.4.), "Get Imax" (Sekil 4.5.), "Get" (Sekil 4.6.)

programlari tarafindan yapilir.

Kullanici gug kaynagi gikig: itle ilgili butin
degerleri girdikten sonra "Go" tusuna basarak glg kaynag:
cikiginin girilen degerlere programlanmasini saflar, Bundan
sonra ¢ilkis, mikroiglemci tarafindan izlenerek kaynagin

istenen limitlerde kalaip kalmadi91 kontrol edilir. Bu
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iglemler "Start" program: tarafindan (Gekil 4.9.) gergekleg-

tirilir.

Sistem programlari Ek 4. 'te verilmistir.
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Sekil 4.1. Agilig programi akis semasl
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"Get uTOL"
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"Get IHAX”

| Programina git.
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"Start”
programina git.

Seki! 4.1. Agirlig programl akis semasi

(devam)
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Sekil 4.2. Self test programi akis semasi (devam)
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4.3. Get Vg, ¢ programi akig
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b

Get Vigy programi akis semasi
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Sekil 4.5. Get Imax Programi akis semasl
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100 ile carp.

|

Birler basamagin-
da girilen sayiyi
10 ile carp ve
bir onceki basa-
makta bulunan sa-
yi ile topla.

Onda bir basama-

ginda girilen sa-

yi ile onceki ha-
samakta bulunan
sayiyi topla.

|

Bulunan sayiyi

hafizada sakla.

GERI
DON

Sekil 4.7. DecBin programi akls semasi
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BaASLA

i

 |Hatal=0, Hata2=0

A
|

‘ Y
JCikisi Vout

| Jdegerine ayapla.
| "set Uout”

g

Gecikme ver
Delay

4
Cikis Voltajini
oku. 4
"Read VYout”

Hayir Hatal-Hatal+l

{=¢

QuT T0L

Hatal=0

y

Cikis akimini Oku
Hataz2=0@ | "Read Uour"

V... <V

READ " 0QUT

v

Evet |
: {1

READ " " MAX

VourVousrtl Your¥our

Sekil 4.8. Start programi: aklg semasl

(:E;};r



Hata2-Hata2+1

Hayir

36

Hata2)3

O Evet
F 1 »

Cikisi yukten

ayir.

DUR

Sekil 4.8. Start programi akig semasi (devam)



BaASLA

Y
Cikista ¥V, .

tajini_elde etmek
icin 4DC'den okun
masi g:reken de-
geri bul (0nzan)

vol-

y
Cikisi @ volta

getir,

@DC' den
okunan deger
ile ¥

Cikis voltajini

egit

READ
ni?

100nl arttir.

Sekil 4.9. Set Vgyt programil akis semasit



38

5. SONUCLAR

Bu gaL1$mada bir programlénabilir gug kaynagi ger-
ceklegtirilmigtir. Cihaz bu haliyle gesitli galismalarda gig
kaynagi olarak kullanilabilecegqi gibi elektronik kartlarain
test iglemlerﬂnde de kullanilabilir. Programlanabilir gag
kaynaggs O V - 24 V arasi 100 mV araliklarla *100 mV hassa-
siyette programlanabilmektedir. Cikis katinda yer alan LM338
regdlatdridnin feknik dzelliklerinden dolay1r cihaz gikigindan
maksimum 5 A akim gekilebilir. Cikigtan elde edilebilecek
akim miktar: hegulatbr giris ve gikisir arasindaki gerilim
farkina baglldlr (bakiniz Ek 1). Bu yilzden disik gerilim-
lerde 5 A e kadar akim gekebilmek igin LM338 regillatdria gi-
rigsine uygulaﬁan gerilim seviyesi bir role ile degistiril-
mektedir. Bu ?ez galismasinda gikig voltajr O V - 24 V
arasinda olach sekilde tesarlanmigtar. Tasarimda ayni
mantik ve LM338 regiilatdrid kullanilarak girkis voltajir daha
yuksek seviyeiere gikartilabilir. Bu islem LM338B 'in yizen
tipte (yani jaln1zca giris ve g¢i1kis arasindaki gerilim
farkina gore ¢a115an) bir regiilatdr olmasindan yararla-

nilarak gergeklegtirilebilir.

Ayni anda birden fazla farkli gerilimlere gereksinim
duyulan durumlarda cikis kat: ve kontrol devreleri sayis:
artirxlip tek ﬁikroislemci sistemi ile ¢ok gikisli _program-

lanabilir gug *aynag1 elde edilebilir.

100 mV tan daha hassas programlama istenen durumlar-
da ise gikigs voltaji: araligi disiiritlmeli veya daha hassas
digital/analog; gevirici kullanilmalaidir. Ayrica geri ddngi
kontrol sisteﬁinde kullanilan analog/digital gevirici ve

onun referans girigleri gok daha hassas olmalidir.
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LM138/LM238/LMi338

EK 1 :

LM338 TUﬁLESIK DEVRES1 TEKN1K OZELLI1KLER1

/M M& e::muﬁ
il Sermiconductor
LM138/LM238/LI#338

5 Amp Adjustable Power Regulators

General Description

The LM138/LM238/LM33B are adjustable 3-terminal
positive voltage regulators czpable of supplying in excess
of BA over a 1.2V to 32V output range. They are
exceptionally easy to usefand require only 2 resistors
10 set the output voltage. Careful circuit design has
resulted in outstanding load and line regulation —
comparable 10 many commercidl power supplies. The
LM138 family is supphad nn a standard 3-lead transistor
package.

A unigue feature of the LM 138 family is time-dependent
current limiting. The current limit circuitry allows
peak currents of up to 12A to be drawn from the
regulator for short periods of time. This allows the
LM138 to be used with heavy twransient loads and
speeds start-up under full-load conditions. Under sus-
tained loading conditions, the current limit decreases
1o a safe value protectind the regulator. Also included
on the chip are thermal loverlosd protection and safe
area protection for thej power transistor. Overload
protection remains functional even if the adjustment
pin is accidentally disconnected.

Normally, no capacitors are needed unless the device is
situated far from the input filter capacitors in which
case an input bypass is! needed. An optional output
capacitor can be added t;o improve transient response.
The adjustment terminali can be bypassed to achieve

very high ripple rejections ratios which are ditficult
10 achieve with standard 3-terminal regulators.

Besides replacing fixed regulators or discrete designs,
the LM138 is useful in & wide variety of other applica-
tions..Since the regulator is “floating’” and sees only the
input-to-output differential voltage, supplies of severa!
hundred volts can be regutated as long as the maximum
input to output ditferential is not exceeded.

The LM138/LM238/LM338 are packaged in standard
steel TO-3 transistior packages. The LM138 is rated for
operation from —55°C to +150°C, the LM238 from
~25°C 10 +150°C and the LM338 from 0°C 10 +125°C.

Features

Guaranteed 7A peak output current
Guaranteed 5A output current
Adjustable output down to 1.2V

Line regulation typically 0.005%/V
Load regulation typicatly 0.1%
Guaranteed thermal regulation

Current limit constant with temperature
100% electrical burn-in in thermal limit

Standard 3-lead transistor package

Typical Applications
1.2vV-25V Adjustabl'e R%:gulator

10A Regulator

Regutator and Voltage

TOptional—improves trans»ent response.
Output capacitors in the ranqe of 1ufF o 1%

provide improved output] impedance

Reference
LM33g LM338
Amv"”' Vin Vi Vour Vour © 18V
AlJ
120
RS 1.4k
LM338 .
595V
s ouTPUT* VAgF * B85V
aps oY 12V 70 207 i
> LM329
R1
120
)
2
o

and rejection of wransients.
*Needed if device is far ! from filter
capacitors.

10 1000 pF of aluminum or tantalurmn 1.
electrolytic  are commonly used 1o

: TTVOUT =125V

"’FH = 24061 for LM138 and Lm238
! K1, R2 as an assembly
can be ordered from
Bourns:
MIL part no. 7105A-AT2-502
COMM part no, 7105A- AT'I 502

R2\.
fy+ B2
R1

*Minimum load—100 mA
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Absolute MaX|mum Ratmgs

‘Preconditioning . - ¢

.Power Dissipation
Input - Qutput Voltage anferenual
Operating Junction Temperature Hange

tnternally limited
. 35V

LM138 —55°C to +150°C .
131238 -25°C 10 +150°C ‘
1’4338 0°Cro+125°C

Stordge Temperature

-85°C to v150°C

", Burn-Inin Thermal Limit

. All Devices 100%

Note 2:

Current Limit

are appl:cable for power dissipations up xo 50w,

Regulation is measured at constant
arateiy by thermal regutation.
Noate 3: Selected devices with nghtened tolcram,: reference voltage available.

Typical Performance Characteristics

Current Limit

1n

TG Qi)

Tk b

ENTIAL VY

DT

[N

Current Limit

Lead Temperature (Soidering, 10 seconds) 300°C
Electrical Characteristics ot 1)
LM138{ M238 LM338
PARAMETER CONDITIONS UNITS
MiIN TYP MAX MIN TYP MAX -
Line Regulation Ta=25"C 3V VIN~VOUT %3V, 0.005 | 0.01 0.005 | 0.03 %/
{Note 2)
Luad Regulation - Ta = 25°C. 10mA-<IplT< 5A -
VGUT LBV, (Note 2) 5 15 5 25 mv
VOUT 2 8V, (Note 2) 0.1 03 0.1 05 °,
Thermal Rugulation Puise = 20 ms G022 | o.n 0002 | 0.02 %o/ V.
Adjustment Pin Current 45 100 45 100 HA
Ag,ustment Pin Current Change W mA LI <5A 0.2 5 0.2 5 up
3v< (V|N VouT) £ 35V
Referance Voitdge 3: (Vin~VouT) €35V, (Note 3} 119 | 1.24 1.29 1.19 | 1.24 1.29 \
10 mA < 1gyT < 5A, P < 50W
Lirne Reguistion v <VIN T VouT < 35V, (Nute 2) 0.02 0.04 0.02 0.06 %/V
L s Regulation 10 mA < touT < 5A, (Note 2)
vouT <5V 20 30 20 50 mv
VouT > 5V 03 |os 03 10 ’
Ternperature Stalnlity Tann < 7)< Tmax 1 1 ¢
Mtimum Load Current VIN T VOUT = 35v 3.5 5 3.5 10 ms
Current Limit VN - VOUT 3 10V
oC 50 8 50 =
' 05 ms Prak 7 12 12 -
Vi - VOUT = 30V | ! 1 ;
1008 Quipat MNose, ot VyT Ta < 25"C V0 Hz <t 10 kHy [VEIDX, 0.003
Hipple Rejection Rate VipyT = 10V, f = 120 Hz “ 60 60 dt
Capy = 10 uF S0 75 60 75 dB
Lang Term Stability Ta=125°C ‘ 03 1 03 1 %
Tnermal Kesistance, Junction K Pack age 1.0 1.0 °Civ
t Case :
Note 1: Unless cmr:rvwse specified, the‘se specifications apply ~-55°C < Tj +150°C for the LM138, -25°C < T < +150°C for the LM238 a.
0°c<T & +126°C for the LM338, ViIN - VouT = 5V and IgyT = 2. 5 Although gower dissipation is mternally limited, these specificatio

junction temperature. Changes in output voltage duz 1o heating effects are taken into account se

ot i
TiMir o)

\1]

1 16 T - y W T T
PRELOAD CURRENT =0 o« we PEAK CURRENT LiMIT 1 PHELMD 0 i
12 | Tease =25°C || oo D CURRENT LIMIY 12 L L } LL
- ““m ‘ _ Toase *35°C . »_-.r:m“"“@ PH.ELDAD : m
sy { = ~\}mnuu BT S s - t TT
=z Win-Vour =10V = i o ; ™ .
& b Mgt wabich LY bt B \“ PqELOu\ﬂ CA T us . __E,“_kLUAO 5..5._ 11 ik
e 8 I i g J 4 N IR I R )
s NN vouT =15V ER N o -'-“r h‘LdA[) 5A°7] 3 [PRELOAD A"
- b e ! : ot e [ [REI!
2 ! i & 2 [TH
5 4 < YIN-VouT = 20V & 54 peptbrim
e i ; | s 4 e Vi = 10V | :
? Vin-vour =30V 2 FVoure sy : -
[T Faamdall -
[l 4 : ] 0 Lt .
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I 8 Typical Performance Characteristics (Continueq) S et
i E = ‘Load Regulation - : : T Dropout Voltage Adjustment Current
\; ~ u, — o ‘ Wogr T ’ 55 T l
S 2
m z 01 = J : < [ ¢
o < ! 1 2 88 T =
N £ ; £, I | x i »
bl 0 i =34 T = 3 - H w ; '
> L i T [
2 = - ‘ — & \ Wesa | § a5 ' - :
I w9y ___%IL=5.'.’ : \§i \EI- -l\l : T : a I /1 :
E = | | \l\ = T =3y E . AR
g -2 fi— £ 2 : = /
> t ' = { v . [
5’2 E -43 .v,,1=1§v . ; : ‘ g 35 -
= Iy ] S P ? = / l
° PRELC2D = 50 mA ! . b | i | |
] -0.4 ‘ ) 30 :
. ~75-50 ~25 0 25 50 75 100 125 150 -7: -56-25 § 25 5C 75 100 125 150 -75-56-2§ & 25 50 75 100
- e g TEMPERATURELLL . .. ee ..t .s. TEMPERATURECC) e e ... TEMPERATURE(ID)

: : ; ) . Minimum Operating
o Temperature Stability Output Impedance Current

1.260 —— 10! - ]
Pl ! | L L]
b 0 : ; -
3 1250 - = 1 ‘ : i ’ <
z I P |_— 2 i [Caps= 07 E 3 | _
& i i W : : ; £ T=-55C
1220 ' g’ i : i i = 7
= H ; | H i -~z
2 § w2 : - CADJi""-‘FT 2 2 L T
2123 ot NG ; | 3 z :
b = p? i : g
o< i 10 H v 14 L
< i % = \/ Vit 18V g |z |
g1 —— ‘ S 4 L lvogretev ] FCaa AP IS
R 1L N c . i
Prood j ; ' I Teasg=28°C : ,' ‘ !
1210 — : 1678 : ‘ : 0 —
-75 50 -2% D 25 50 75 10C 125 180 BT 100 1% W 100K 1Y 0 10 2% 30
TEMPERATURE (T FRECUENCY (Ha) INPUT-QUTPUT BIFFERENTIAL
Ripple Rejection Ripple Rejection Ripple Rejection
100 o ; 1o ; 80
i .
= 8 —tCap;10:F i v —
= AQJ Ao ! =z
= e g g n
z i ; H ; 2 60 =
= i ; 5 =
e : : S : S
5 Cany=?0 T ———— 4 ac > * = 60
= 1 [ B ' >
- 40 y . 3 f : =
£ e ; g w Vi = 15V 5 [ ; g
[ . t =
< Vin - Vopr =5V i = iN . a 8§
- S 2l =24 - £ | oy = 19V H
= 120 He v O Ty=2n ) ez 12126 He
Tease=25¢ | 1 | Teasg=25°C i Tease =25 €
[} ‘ - -20 - - a0 T
g 5 10 5 20 25 30 35 1w 10k 100k M 01 1
B | )
QUTPYT VQLIAGE v} FRE! CUTPUT CURRENT (A}
Line Trznsient Response Load Transient Response
o BT ! . 3 R T
Sz - R : w —t——C = = -
R e e . SEg z‘ Ry N
- i . - F_— . \, : - v T
SE QSWCL’_D"CMJ 0! 55 . T L&i
ES ST £s = =T SC = 1sF Capy e 16 0F
22 -0 o = fvgetsv
= T A [T Sl I =< .2 . —i VIN - -
ol soma I e i Tyt = 18V
725 | ! ! = -3 ] ; > - PRELOAD = 100 mA —
A Il N A = > ~ =25° 3
g7l : 1 B e A
et ; R i r——————-—.-—u‘ H
=i : R -
= N S g J . : -
= P = { P i
g S = .
= o 10 2 3 4 - e 1 28 3t &z

TOAL o5 T TIME {29)
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Application Hints . b

In operatlon the LM138 develops & nomina! 1.25V
reference voltage, VREE. between the outut and
adjustment terminal. The reference vo‘ tage is impressed
across program resistor R1 and, since the volisge is con-
stant, a constant current I then fiows through the
output set resisior R2, giving an output voitage of

R2 J
VOUT = VREF (]+E1—) +‘}IADJR2.

FIGURE 1

Since the 50 uA current from the adjustmen: termina!
represents an error term, the LM138 was cssigned to

minimize 1ADy and make it very constant with line
and load changes. To do this, gll guiescert operating
current is returned tc the outp‘ut establisking & mini-

=g
mum losd current regquirement. 1§ there is insufficient
load on the output, the output w.jH rise.

External Capacitors

An input bypass capacitor is recommended. A 0.1 uF
disc or 1 uF solid tantalum on Lhe input is suizzble input
bypassing for almost all appl-catlms The device is more
sensitive to the absence of mput] bypassing when adjust-
ment or output capacitors are used but the above values
will eliminate the pessibility of pfrob;ems.

The adjustment terminal can be bygzssed tz ground on
the LM138 to improve ripple rejection. Tn.
capacitor prevents rippie from being amp’
output voltage is incressed. With a 10 pF byzass cep

itor 75 dB ripple rejection is obtzingbie a1 zny output
level. Increases over 20 uF do not appreciebly improve
the ripple rejection at frequencies above 123 Hz, Ii.the

bypass capacitor is ussd, it is scmetimes rzcessary 10
include protection diodes to!prevent ths capacitor
ths

from discharging through interna!l low corrent pe
and dzmeaging the davice.

, the best type of €zp
Qol d tentsium caoec

Although the LM 138 is st ab!e with no outout capacitors,
like any feedback circuit, certain velues of external
czpacitance can czuse excessive ringing. This occurs
with values betwesn 500 pF and 5000 pF. A 1 pF
solid tanitalum (or 25 uF aluminurh electrolytic) on the
output swamps this effect and insures stability.

Load Regulation

The LM138 is capabie of providing extremety good lozd
regulation but a few precautions are needed to obtain
maximum performance. The current set resistor con-

nected between the adjust.‘n.egu terminal and the output
terminal (usually 24001) should be tied directly to the
output of the regulator rather than near the lozd. This
eliminates line drops from appearing effectively in series’
with the reference anc degrading regulation. For exam-
ple, a 15V regulator with 0.050 resistance between the
regulator and load will have a load regulation due to
line resistance of 0.08£2 x 1. If the set resistor is con-
nected near the load the effective line resistance wili be
0.058 (1 + R2/R1) or in this case, 11.5 times worse.

Figure 2 shows the effect of resistance between the regu-
lator and 24022 set resistor.

LM33E
Bs
Vin~—4Vin  VouT Vout
A8
®1v
120

5/
R2

FIGURE 2. Regulator with Line Resistance
in Output Lead

With the TO-3 package, it is easy to minimize the resis-
tance from the case 1o the set resistor, by using 2 sep-
rate leads to the cese. The ground of R2can be returned
near the ground of the load to provide remote ground
sensing and improve loed regulation.

Protection Diodes

When external capacitors are used with any 1C regulator
it is sometimes necessary to add protection diodes to
prevent the capacitors from discharging through low
current points into the regulator. Most 20 uF capacitors
have low enough internal series resistance to deliver
20A spikes when shoried. Although the surge is short,
there is enough energy to damage parts of the iC.

When an ouiout capacitor is connected to a reguletor
snd the input s shoried, the output capacit
'sc'r‘arce into tHe output of : ne reguy

oetpuk veliage of the regulaeo.,
of ¥ ”\ in the LWMI3E this ¢

S N YR L]




LM138/LM238/LM338

Application Hints (continued) - : ' o '
L. : - . . 1
reguletors. For output capacitors of 100 uF or less L3t

at output of 15V cr less, there is no need to use diodes. vin

The bypass cacecitor ion the adjustment termina! can
lows current junction. Discharge
the input or output is shorted.
LMI38 is 2 5002 resistor which limits
k discharge carrent. No protection is needed
iput volizges of 25V or less end 10 pF czpac-
Figure 3 sholvs an LM138 with prozection

F2Y
—) + B2

A
. R1
dicdes inciuded for _use with outputs greater than *R1=24%0 for LM138 ang LM23¢
25V and high vaiuves of joutput capacitance. FIGURE 3. Regulator with Protection Diodes
< — . PP v e . [ R - e [ o . e = ae R

Schematic Diagram
%ﬂi R2 R3
S 3 :H

—

r;AE

Frecision Fower Regulator with

“t - O PP o, SL
{emperaturz Controller Light Coniroller Low Temperature Coefficient

M3 [LHH LM

Yout
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. | Adjustable Regulator with lmprow;ed i
Slow Turn-ON 15V Regutator | Ripple Rejection - High Stability 10V Regulator
Lm338
’ iy v > o— VouT
\rm-I- N 204 ouY 15v
S e
€2 120

1.F
l ¢ NA0E2

[
R3 |
S0 |
| S i T L
; 2% Y 2 1 L el b R . MRS S,
- L : —— ‘ .

*R1 = 2409 for LM138 and LM238, *Solid tantalum
: : ’Discharges C1if output is shorted to ground

| “*F1 = 2400 for LM138 and LM238

Digitally Selected Outputs | 15A Regulator’
Lh338 i w334 At
i
Vin Vin  Vout p— Vo 7 v Vo
L D v W, Vot L__«' AA—
: i
¢ 120
i .
i R w2 RE
: 8.1
i AAA——e
i
!
!
]
[ns
- Lwz3e
INPUTS H
; e AA e ' v Vour — Vour ™
*Szts manimum VouT M ™ gy ° {
' Ry
**R1 = 2400 for LM138 anc/LM238 j |
c: - - 2
10F AT ¢ 2uF
]  RE
x
: *Minimum lcad—100 mA 1—
H -
' 5V Logic Regulator with
‘i E)ectroni¢ Shutdown** 0 1o 22V Regulator
|
; LMI38
; i )
! V-3¢ Vi VouT| vour
i Vi TV-25V ! ADJ? 5V
|
H cr j3
! s $7 ——01F
i > 22
| % —AAA—— TTL
! : AR
1 i

<

*R1 =240 for LMI3E or LM23E
1.2

T Minimuem output =

e g A S FE ek e
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LM138/LM238/LM338.

Typical Applications (continued)
. o D A 12V Battery Chargef

; 500 )
A
v
R5
02 N
Viy 218V LM338 ! < 2 A0
+
R?
LED 1
_ S I e e
S
2 A1
. <o
- 8i.F
Adjustable Current Regulator Precision Current Limiter
338 1 ’ A
Vin ed Vi Voot Y iagT ‘ ) 2
fis LR ‘ 53z iy — Vi vo.?_m/\,_‘,_mm: ’_‘.
! a0y Ri R
L 3= [
i 158
P Vin .
s L7 *0.2 £ 813200
L NouT = =
! 1%xm
- Tracking Preregulator
L 7
= .
5% TO =10V RZ
: 726
S5A Current Regulator : .
f 220 (M3
; 202 N
1338 ¥in Vi Vour sin Voot Yout
: 20: [
Vix VIN BT LM33§ A3
! a 120
. I ] i R . * .
m_c;' tze: g, ; '5 4
i < v - -
L L Ny
= R auTRYT
" ApHST
o loas hs L &

: Adjusting Multiple On-Carc Regulators
. with Single Control*

vut'
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Simple 12V Battery Cﬁarger

L3328 Rg"

¥ Rig—sets output impedance of chargjer ZouT = Rs

Use of Rg alows fow charging rates
charged battery. : !

wiith fuity

**The 1000 uF is recommended to filter out

input transients ;

Connection Diagram

b
' >

Ay =1,Rz =10k, Cr =100 pF (R 0e

Ay =10, Rg = 100k, Cg =10 pF

Eandwicth 2 100 kHz

Distorticn £ 0.1%

Current Limited 6V Charger

w¥338

Vix
9y 7C 30V

1008.F =

R21
14 —)
( ]1

*Sats max charge current o 3A

**The 1000 .F is recommended to filter out
input transients

Metal Can Package

ADJUSTMENT Vin

E0TTIV VIEV

Typical Apphcatgonsy {Continued)
Adjustable 15A Regulajtor .
- TR
Vix mne ; i
. __J i :E 190K
. o < - [ MUL552
LM338 L——W\,—-{T
LM338 : 10 4F l [
R
) vin  Vpur p——— ¢ 5v 10 257 lN-l I'-Wr
3
- e § e - S . . 10507
. R I L LT e
; LME ]< AASE I
2N2905 =
Ll
l < INFUT
] __L_— 203 LM338 :
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General Description |

The DAC0830 is an advancad CMOS/SI-Cr 8-5it muliiply-
ing DAC designed to interface directly with the 8080,
8048, 8085, Z-80, and other popular microprocessors. A

with exceilent temperature tf{::king characteristics
(0.05% of Full Scale Range maxir;‘num linearity errorover
temperzture). The circuit uses CMOS current switches
and control logic to achieve lov' power consumption
and low output leakage current errors. Syevnal cnrwury

provides TTL logic input volt age tevel compatitiii

Double buffering aliows these DACs to ouviput 2 voltage
corresponding to one digital word while ho'ding the next
digital word. This permits the simuitaneous upZating of
any number of DACs. !

The DACO830 series are the 8- b!t members ¢f a family of
microprocessor-compatible DACs (MICRO-DAC's™;,
For applicztions demanding hlc‘lcr resciution, the
DAC1000 series {10-bits) and the DAC1208 end DAC1230
(12-bits) are availzble alternatives.

Micre-Dac is a trademark of Nations! Semitconduster Core.

deposited silicon-chromium R-2R \res;sw' laddsr netwdrk
divides the reference current ans provides the circuit ~

[MICRO-DAC™ DAC0830/0831/0832
8-Bit uP Compa’tlble, Double-Buffered D to A Converters

Features
B Double-buffered, single-bufferec
digital data inputs

B Ezsy |nt=rchange and pxn
DAC1230 series > = F e

N

compat

K Direct interface to all popu!ar microprocessors

B | inearity specified with zero and

only—NOT BEST STRAIGHT LINE FIT.
® Works with +10V reference-full 4-quadrant multipli-

cation
® Can be used in the voltage swit

B Logic inputs which meet TTL voliags leve! speés

(1.4V logic threshold)

B Operates “STAND ALONE’ (without nP) if desired

Key Specifications
® Current settling time
& Resciution
E Linearity

{guarantesd over temp.)
B CzinTempco
B Low power dissipation

B Single power supply

-“-"A 'to‘ D, D toA

5

= fiow-through

:ble wnth 12 bxt

fuli-scale adjust

ching mode

1us
8-bits

§.8, or 10 bits

" 0.0002% FSI°C
26 mv.
Sto 15 VDC

Typical Application

~c CONTROL BUS
L

CALLOWS EASY UPGRADE T0 12-BIT DAC1230,
§Z2 APELICATION HINTS

~Voe (=-15Vpg

[

PEHO DO~

LOVC'L'T

to 8080 BUS |

Pin Configuration Top view

e BVTEV/BVTER) Y -

TOONNY A CONAYA INCANAYA

oy gy



DACO0830/DAC0831/DAC0832

Supply Voltage (Vci;)

Veltage at Vrer input

(Note 4)

Volitage at any digit‘al input
Storage temperature range
Package dlssrpahon atTo=25°C(Note 3)
DC voltage apphed tolouts or louTz

Lead temperature (§oldering, 1C seconds)

~ Absolute Maximum Ratings (otes 1and 2)

: R VAT

Vcc toGND

+25V

-865°Cto +150°C
500 mW
-100mVto Ve

300°C

Operatin Ratngs -+~
Temperature Rangev ST

Part numbers with ‘LCN’ suffix
Part numbers with 'LCD' suffix
Part numbers with ‘LD’ Suffix

Voltage at any digita! input

~4(
-55¢

"General Electrical Characteristics 7,=25°C, Vaz#=10.000Vpc unless otherwise noted-w==————

: Veo=12Vpc 2 5% )
i Vee=5Vpe £ 5%
Parameter Cecditions :::e to 15Vpc = 5% ce->voe °
| Min. | Typ. | Max. | Min. | Typ. | Max.
Resolution 8 8 8 g 8 8
Linearity Error Zero and full scale adjusted | 4,7
Tvin < Ta < Tmax 6
—10V € Vagr € +10V 5
DACO0E30 0.05 0.05
DAC0831 0.1 0.1
DACO0832 N 0.2 0.2
Ditferential Zero end full scele adjusted a7
.Nonlinearity Tin < Ta < Twax 6
—10V € Vape € 410V 5 .
DAC0830 0.1 0.1
D&CO831 0.2 0.2
C= 0832 0.4 0.4
Monotonicity Tien 2 Ta < Tvax 4.6
— 10V € Vger € +1CV 5 8 g 8 8 8 8
Gain Error Using internal Ry, o
| - 10V € Vggr € +10V 5 1-10] 02| 10 -1.0 | 20>} 10
Gain Error Tempco Trin < Ta < Tmax 6
Using internal Ry 10 0.0002; 0.0006 0.00C2 ; 0.000€
Power Supply All digital inputs
Rejection latched high
Voo = 14.5V to 15.5V 0.0002
1.5V to 12,5V 0.0006
4.5V to 5.5V 0.013%
Reference Input
Resistance 10 15 20 10 15 20
Output Feedth'ough Vgar = 20Vp.p, f = 100kHz
Error All data inputs
latched fow
D Package 9 3 3
: N Package 3 3
Output loutt | All deta inputs 70 70
Capacitance lgyr2 latched low 200 200
lout: | All data inputs 200 200
lourz! laiched high 70 70
‘Supply Current
Drain Tiin € Ta € Tpax 6 1.2 2.0 1.2 2.0




' general Electrical Characteristics 7.=25'C, Vaer = 10.000Vpc unless otherwise noted |- i

i -1 Vec=12Vpc25% : B S
. Vee =5Vpe 2 5%
parameter : Conditions NS:; to 15Vpc 2 5% ce pe . 1 Units
L | Min. | Typ. | Max. | Min. | Typ. | Max.
s &;tput Leazkage - TMQN <ATA <; Tmax 6v » A
current lout: | Al data inputs S
= : : fatched low 11 100 . 100 nA
loutz | All data inputs . . .
lztched high B ~1 100 ’ 100 nA
fo&gita:' Input Twvin € Ta Q Tmax 6 ’
iyottages .- : tow Level 1 R . )
—_ LD suitix. .~ "0 T S B 3 T Ity e mt o Xl e 757
Parts with LCDor | s 1 Co )
Lo LCN suffix 0.8 0.8 Vo
#'- . High LevelAll Parts 20 2.0 - "Vpe
¥ pigtat Input Tain € Ta § Tmek . 6
Currents Digital inputs < C.8V ~ -50 | —200 -50 | -200 pAoc
Digital inputs > 2.0V . 0.1 +10 0.1 +10 wApe
Current Settling  ts { Vi =0V, Viy=5V 1.0 1.0 us
Time |
vwrite and XFER  tw  {Vii=0V, Vix=5V, :
Pulse Width Ta= 25"(; 8 320 60 320 250 . ns
TN € TA £ Tpeax 10 320 100 500 350 ns
Dztz Set Up Time tps | Vi =0V, Vi =5V, :
Ta=25°C 10 | 320 60 320 250 ns
Tn < Ta § Tmax 320 100 500 350 ns
Dztz Ho'd Time  tow | ViL=0V, Vig=5V '
Ta=25°C 10 0 50 : 300 200 | - ns
- Thin € Ta € Tuax 80 60 350 | 260 ns
Contro! Set Up tcs Vi =0V, Vi‘\_= 5V,
Time Ta=25 °iC 10 | 320 60 320 250 ns
’ - Tmin € Ta € Tmax. 320 | 100 .1 500 | 350 ns
Controi Hold Time tcn | ViL=0V, Vg =5V,
TA=25'iC 10 10 10 | ns
. Tuin € Ta < Tmax 10 10 ) ns

“AOAAWA N CONAY lnc_o'n_r“-,n" "

- Note 1: “Absolute Maximurm Retings” are those values beyond which the safety of the device cannot be guaranteed. These specifica-
tizans are not meant to imply that the devices should be operated at these “Absolute Maximum' limils.
Note 2: All volteges are measursc with réspect to GND, uniess otherwise specified.
Note 3: This 500 mW specification applies for ali packages. The low intrinsic power dissipation of this part {and the fact that thereis no
%2y to significantly modify the power dis;sfpation) removes concern for heat sinking.
Note 4: For current switching app?icationg. both Iyt 2hd louTs Must go to ground or the “Virtuz! Ground” of an operations! ampiifier.
The linearity error is degraded by approximately Vog ~ Vrer. For example, if Vegp= 10V thenad my ofiset. Vos. on lguty or louTe will
ntroduce an additional 0.01% lizearity efrror.
Note 5: Guaranteed at Vpgr = = 10Vpg and Vezr= =1 Vpe. . Coe
Note 6; Ty =0°C and Tyeax=70°C for 'LCN" suffix parts.
Tmin = —40°C and Tpaax = 85°C for “LCD™ suffix parts.
. Tmin= -55°C and Tpax = 125'Q for “LD" suffix parts.
Nete 7: The unit “FSR” stands for “Full Scale Range.” “Linearity Error” and “Power Supply Rejection” Specs are baszd on this unitto
eliminate dependence on & perticular VRer value and to indicate the true performance of the part. The “Linearity Error specitication of
the DACOS30 is0.05% of FSE (MAX).” This cuarantess that after performing a zero and full scale adjustment (See Sections 2.5 and
26;.the plot of the 256 anaiog voitage outpuls will each be within 0.05% x VRer of 2 straight line which passes through zere ang fuli
Stale. ' ;
Note 8: This specilication imptiss that ali parts are guzrenized to operate with & write pulse of transfer puise width {fyy) ot 320ns. A
typicel part will oparate with ty, of only 100 ns. The entirs wiite puise must occur within the valic cata interval for the specified tyy. ips.
oy ang tg to apply. |
3 _Nc,ie 8: To achieve this iow feedthrough inthe D pacrage. the user must ground the met
S ypically BmV. 1
Kote 10 Guarentee
NUqur A 000s iz

ERGRESH

atlid. 1f the lid is left flozting. the fzedthrough

S by Cesign but not tested.
< B ., L
coresnonds lo 8 zarg error ¢f (100 % 10 93 20 x 10%) % 100:10 which is
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DAC08320/DAC0831/DAC0832

[

Switching Waveforms:

\[0 l

ILE, 5, Se%
L/

Viy !
WA . 50% SK 7(50x
viL

bﬁ - IIA.. ISP L gl Sauand

DATA BITS

YALID DAC DATA

ji' 50% '
1

i l

lourr loure

fjﬁfi

‘Definition of ‘P%ackagé Pinouts

: Wl : .
Control Signals (All control signals level actuated)

cs:
ILE:

WR-l:

WRQ:

XFER:

Chip Select (2ctive low). The TS in combination
with ILE will enable WR,.

Input Latck Eneble (active high). The ILE in
combination wnh TS enablas WR;.

Write 1. The acuve low WR, is used to load the
digital input data bits (D) into the input latch.
The data in the input fatch is latchied when WR1
Is high. To updale the input latch — CS and
W&, 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 mput latch to transfer to the DAC
register. |

Transfer contrm signal (active low).The XFER
wiil enable WR~

Other Pin Functioné

mo-m,

Iou-n-

Digital lnputs Di; is the least significant bit
(LSB) and Dly\ is the most significant bit (MSB).

DAC Current Output 1. Igy7s is @ maximum for
& digital code of gl 1's in th2 DAC regisier, and
is zero for all 0's in DAC register.

loutz:

Veer:

——

SZTTLED TC
="7L58

DAC Current Output 2. loyr; is ¢
minus loyty ©f loyti + lgyra =cons
scale for a fixed reference voltage!.

: Feedback Resistor. The fesdback res

vided on the IC chip for use as the ¢
beck resistor for the external op am
used to provide an output voltage fc
This on-chip resistor should alwayst
zn externai resistor) since it matche.
tors which are used in the on-chip F
and tracks these resistors over tem:

Reference Voltage Inputl. This inpu
an external precision voltage source
ternal R-2R ladder. Vpgr can be sei

. the range of +10 to ~10V. This is aic

AGND:

DGND:

log voitage input for a 4-quadrani r
DAC application.

: Digital Supply Voltage This is the pc

pin for the part. Ve can be from +5:
Operstion is optimum for +18Vpe.

Anaiog Ground. This is the grour
analog circuitry. This pin must alwe
nzcted to the digital ground potent:.

Digital Ground. This is the ground fc
tal logic.




ACTUAL

ANALDG DUTPUTY
B3
1
w
' im o
E
a
=
ANALDG OUTPUY

IDEAL RESPONSE

1DEAL RESPONSE ‘)

4 =% LSE ERRCA BAND

ACTUAL

|

1LSE ERROR N

ANALOR QUTPUT

IGZAL

i zero and fs adj.

DIGITAL INPUT i : DIGITAL INPUT . . DIGITAL INPUT
" g) End point tes? after ; b) Best straight line c) Skitting fs adj. to pass

best straight line test

ﬁéfinitiori of Terms L _
“pesoluticn: Resolution is directly related to the number
ot switchss or bits within the DAC. For example, the
1400830 has 28 or 256 steps and therefore has 8-bit

e:o':tlon

Unearity Error: Linearity Error is the maximum deviation
irom @ Straight line passing through the pndpoints of the
DAC transfer characteristic. 1t is measured after adjust-
ing for zero and full-sczle. Linearity eerr is a parameter

inirinsic to the device and cannot be exﬁerna!ly adjusted.

Netional's linearity “end point test” (a) and the “best
strzight line” test (b,c) used by other suppliers are
Mustrated above. The ‘“end poxnt‘ test” greatly
mplifies the adjustment procedure by eliminating the
rezd for multipls iterations of checking the linearity and
djusting full scale until the hr-=ar|ty is met. The
cint tes:"” guarantees that linearity is met after a
full scale adjust. (One adjustment vs. mump!e
#zretions of the adjustment.) The “end ‘pom't test” uses
<slangsrd zero and F.S. adjustment pro’edure andisa
much more stringent test for DAC linearity.

(h.o n,

Fower Supply Sensitivity: Power supply sensitivity is a
mszsure of the effect of power supply: ‘chianges on the
LAC full-scale output.

Settling Time: Settling time is tr¢ time required from a
code transition until the DAC cutput reaches within
+¥:LSB of the final output vaive. Full-scale seitling
time requires 2 zero to full-scalé or fuli-scale to zero
output change.

Full-Scale Error: Full scale erroris 2 measure of the out-
put error between an idea! DAC and the actual device out-
put. Ideally, for the DACOB30 series, full-scale is Vaer — 1

LSB. For Vger = 10V and unipolar operation, Veyi scate -
=10:0000V - 38 mV =8.961V. Full-sczle error is adjust-
able to zero.

Differential Nonlinearity: The difference bstwsen any
two consecutive ccdes in ths chntf curve from the
theoretical 1LSB is differentiz! nonlinzarity.

Monotonic: If the output of a DAC increases for increas-
ing digita! input code, then the DAC is monotonic. An
8-bit DAC which is monotonic to 8 bits simply means that
increasing digital input codes wili produce an increasing
anzlog output.

r _‘ ___________________ |
| - i
13 j 8
{MS8; Dir O—=—p———10 () e— 0 > i O Vaz=
1y
Dig 0-—151'—— i} a ] l12
Dls O—— ] { ot [ F——0loun
16 i
Dis O———t b bar o 65? o nufﬁi;vms |”
0 O—— S REBISTER O CRegisTER conehres | feert
i ! ] 5:&'9
¢ Rt
(LS8} Dig [ > |
]
TE* !
I3
. a0 AGND
= I
|
|
i
; . b
_ I
i | i
. 15= i C i
) Iw
v | : WHE - QUTPUTS FOLLOW D INPUTS;  |——0 D580
; W ATA AT D IS LETCHED. |
¥ e e e e e s e s e e e S e e S B e s e e S
Figo-o 1. DRC tiona! Dizgrem
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DACC

'‘230/DAC0831/DAC0832

T e R s p——

Digita! InputThreshold .

ST

Dlgltal lnput Threshold

Gain and Linearity Error

I, Temperature R vs, .ch S § Variation vs. Temperature
e 224, T ST e " v
L : - 0.075 RN
20 20 41y = ~55°C : — LINEARITY ERROR
) I~ : X i F 08 === GAIN ERROR |
S 16 T~ J S 16 L 1Ta = 25 °C = !
=4 ! Voo =18V e b1 ) g oox T
@ e P [ % 1 g : et
g 12 T s £ 12 P Ta=125°C1 = ¢ - :
o, - e
= Voo =5Voe |~ S e & 0025 : '
= 08 = 08 z !
g £ Z 005 :
04 .
o4 -0.078 Voo = 15 Vpc—
"o s o1 {4
 -55.35-15 5 25 45 65 85 105125 5 10 15 -55-35-15 5 25 &5 65 BS WS 125 .
Ta. AMBIENT TEMPERATURE ('C] Vec. SUPPLY VOLTAGE (V) : Ta, AMBIENT TEMPERATURE (°C)
Gain and Linéarity Error e e - e -
Vanahon vs. Supply Voﬂ'age T Typleal Write Pulse Width. @+ - Typice! Data Hold Time
+0.025 — —_—
JAUNZARTY ERROR Vi~ o = Vig =3V OR v
0.080 st - % w £
vy i : ; £ = 1 1
£ _poxs Ll ssan erros || e % = A
g i T a2 =5V = 2 |
g 0 ] = v:;;y// = !
= ‘
o —C.075 g S oo f—ie ':’_l,“ '// a
g i > L~ o / 2
S -0 ‘ g | V=3 S K
5 | £ ool | £ e | 1L
—0.125 T =25°C—] = Voo —'TZVnr1xav — : 5¢ ===
t 1 | T o 3 = ||
o 5 10 5 » —55-35-15 5 25 45 €% 8% 105125 ~55-35-15 5 25 45 63 €5 105125
¥eo. SUPPLY VOLTASE (Voc) Ta. AMBIENT TEMPERATURE (°C) Ta. AMEBIENT TEMPERATLRE (°C)

DAC0830 Series Application Hints

These DAC's are the indusiry’s first mizroprocessor
compatible, double-buffered 8bit multiplyi~z D to A con-
veriers, Double-buffering allows the utmos: application
flexibility from a digital contrql point of view. This 20-pin
device is also pin for pin compatidie {(with one exception)
with the DAC1230, 2 12-bit MICRO DAC™. In the event
that a system’s ana!~g outpu; resolution and accuracy
must be upgreded, - bstituting the DAC1230 can be
easily accomplished. 2y tying|address bit Ag to the ILE
pin, a two-byte uP write instruction (double precision)
which automatically increments 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 changes. For the simplest
8-bit application, this pin should be tied to Vg¢ (also see
other uses In section 1.1). |

Analog signal control versatility is provided by a preci-
sion R-2R ladder network which allows full 4-quadrant
multiplication of a wide range bnpolar 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 doudle~buffered. This means
that the data must transfer thrbugh two independentiy
controlled 8-bit fatching registe"s before being applied
to the R-2R ladder network to change the analog output.
The addition of a second regaster allows two usefu! con-
trol features, First, any DAC in & system can simul-
tar.eous!y hoic the current DAC qafa in one register (DAC
recistery end the next data word in the second register (in-
puti register) to allow fast updating of the DAC output on
demand. Sgzond, end probab'y more important, double-

buffering a!lows any number of DAC's in & system
updated to their new anzlog output levels simuliane
via a commen strobe signal.

The timing requirements and logic leve! conventic
the register control signals have been designec to
mize or eliminate external interfacing legic when ap
to most popular microprocessors and development
tems. It is easy to think of these converters &s
“write only” memory locations that provide an an
output guantity. All inputs to these DAC’s meel
voltage level specs and can z2!so be driven directly
high voltage CMOS logic in non-microprocessor b
systems. Tc prevent damage to the chip from static
charge, a!l unused digital inputs shouid be tiedto V,
ground. If any of the digital inputs are inadvertant!,
fioating, the DAC interprets the pin as & logic “1".

1.1 Double-Buffered Operation

Updating the analog output of these DAC's in a go
buffered manner is basically a two step or-double . -
operation. In @ microprocessor system two unique
tem addresses must be decoced, one for the inputt
controlled by the CS pin and a second for the DACI
which is controlied by the XFER ling. If more than
DAC is being driven, Figure 2, the CS line of each i
would typically be decoded individually, but all of
ccverters couid share 2 common XFER eddressto g
".'Ji*aneous updating of any number of DAC's.
tirming for this operation is shown, Figure 3.

tis important to note that the anzalog outputs that

ch:nce aficr 2 simultaneous transferare those frorm
DAC's whose input register had besen mesified pric
ihe XFER commend.
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Figure 2. Conirolling Multiple DAC's
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*7¢ efficient addressing scheme

45
weryusefyl

,)EEQ

Thic cen b:

~ "-E pin is an active high chip select which can be de-
=2 from the address bus as a qualmer for the normial

s Sy signal generated during a write operation. This can
5 fé ‘:S“" tc provide a higher degree of decoding unique
_“UClsignals for g particular DAC, and thereby create

v
[ o

pplicetion of the ILE pm of each DAC in
ipie DAC system is to te thase inputs togather and
e ccnitrol line that can ef fechvely

ireeze" the

£ of &l the DAC's at their present value. Pulling
the I;.D.;t !chSuG""IG’ prevents new
p”

cessor other than the one controlling the DAC's to take
over conirol of the cata bus and cortrol lines. if this sec-
ond system were to use the same addresses as those
decoded for DAC control {but for a different purpcse)
the ILE function wouid prevent the DAC's from being
erroneously altered.

In & “Stand-Alone” system the control signals are gen-

erated by discrete logic. In this cese doubie-buffering
can be controlled by .,.'r.oiy taking T8 and XFER to a

logic “0”, ILE to a logic "1
cate

and pu(.u*g WR, low to load
: to .“c inputlatch, F’u‘l‘ c WR, 10.‘.’ will th::n L.pd;fa

y of the emlsg ouuput.

v
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DAC0830/DAC0831/DACO832

DATA BUS

T

/ /77 ////////
f;////éff///// //7/ ///?(

T ST T aNaLDs Y S A -
DUTPUT UPCATED _LATCHED
ILE = LOGIC ~1°": WRZ and XFER GROLNDED

1.2 Single-Buffered Operation

In & microprocessor controiled system where maximum
data throughput to the DAL is of primary concern, or

when only one DAC of savera!l nzads to be L.pd,tv ate
time, a single-bufferec configuration can be used. One
of the two internal registers aliows the cdatz 10 fiow
through and the other rsg { he data

l‘s_ er will serve as th

fatch.

Digital signa! feedth rouch( ez Sectior

if the input register is used as th h. for
this mode js shown in figure 4,
Singte-buffering in a “sta and-zlone” svstem is achieved

by strobing WR; low to upda‘e the DAC with CS, \'F!~
and XFER grounded and ILE ti=d high.

1.3 Flow-Through Operaltion

Though primarily designed to provide micrcprocessor
interface compatibility, the MiCRO-DAC's czn ezsily be
configured to aliow the cnano” output to continuous!y
refiect the state of an epplied digite! in;-ut. This is mest
useful in appiications where the DAC is used in a con-
tinuous feedback control Igop and is "r;ver‘ ty z birery
up-cown counter, orin function generat non circuits

neret s where
a ROM is continuosly provicing DAC &

Simply grounding CS. WR, WR; e

ad XFER znd tying
ILE high allows both internal registers to foliow the ap-
plied digital inputs (fiow- througﬁ) and dirsctly afisct the

DAC analog ouiput. :

1.4 Control Signa! Timing

\When interfacing these M

cessor, there are two |m:>ort‘.

must be considered tc msure— oro
s the minimum v R <Lmb= puzse wi

Glns is ade Laf.e
©fe thst ?‘.:'» :

Figure 4.

S uid be met or erroneous data .
s ‘*.cid time is cefined as the length ¢
held valid on the gigital inputs after :
robe makes a low to high trans

ir
c
If the controtiing de
rne-g .hesc timing
ju]
extend he write strobe. A sim
time, by adcing & wait state, can simu! a..eous!yh
write strobe active and data va!xu on the bus to.
the minimum WR pulsawidth, If this does not pre
sufficient date hold time at the end of the write ¢
negzative edge triggared one-shot can be incluc
tween the system write strobe and the WR pin
DAC. This is iliustrated in Figure B for an exemple
tem which provices a 250 ns VWR strobe time with
heid time of only 10ns.

1.5 Digital Sig
in the interne! registers, !
e current output

ed by the rapid switching of interne
ponding to the input changes.

spike is caus
gates that are res

1]
-
0

icns t 'rﬁsnimizez




{DATA BUS
|

DAC WR
{350 ns)

20 Analog Considerations;

The fundamental purpese of any D to IA convertsris to
provide an accurate enzlog output duantity which is
representative of the applied digital word. in the case of
1% DACO830, the output, loyrs, is a cutrent directly pro-
rortional to the product of the applied feference voltage
er:d the digital input word. For application versatility, a
second output, loyrs. is provided es a current directly

proportional to the complement of the digital input.
gesically: |

Toors = Vree _ Digital Input
O I5kg 2%
loury = Vree 255 - Digita! Input
. 15kQ 256

P where the digital input is the decimal (bé_se 10) equivalent
of the applied 8-bit binary word (0 t01255), Vrzs is the
voltage at pin 8 and 15kQ is the nominal vajus of the
- internal resistance, R, of the R-2R Iec‘a er rietwork (dis-
tussed in Section 2.1).

5=vera| factors external to the DAC itseif must be consi-
gered to maintzin analog accuracy a"ld are covered in
subszsquent sections.

21 The Current Switching R-2R Ladder

*he enalog circuitry, Figure 6, consists of a silicon-chro-

T"tum (SiCr or Si-chrome) thin film R- 2P. ladder which is
- Czposited on the surface oxide of ﬁn monolithic chip.
Asa result, there are no parasitic ciode problems with
“: lzdder (s there may b with o‘fmsed resistors) €0
‘ seference voitzge, Vazs. can renge - 16V to +10V
y €ven if VCC for the cevice is 5\:03. ‘

code to the DAC
POT current switc
wrrend to eithar |,

i S

3 The vigital input
b s
¢

J |
I" PULSE W DTH >

] DAC
—3'  DATA HOLD TIME
. {160 ns}

SYSTEM ONE T oop ANALOG
WRITE STROBE B DACOS30 L Ame —O gytpyt
: WR
- B x DATA VALID X
‘ . o —->! }<— SYSTEM DATA HOLD TIME (1 )
. SYSTEM o | LD TIME 0"5)
WRITE STROBE — ] | [
| NORMAL ONE w.alT
S WRITE STR2.T TS STATE >
" (250ns) {250 ns) -
Wh . i :
{OUTPUT OF =y |
ONE-SHOT) ‘

!

r(——

;Figure 5. Accommodating a High Speed System

shown in Figure 6. The MOS switches operate in the cur-
rent moce with a small veitage drop acress them and can
therefore switch currents of either polerity. This is the
5asis for the 4-quadrant muliplying feature of this DAC.

2.2 Basic Unipolar Output Voltage

To mzintain linearity of output current with changes in
the applied digital code, it is important that the voltages
at both of the current output pins be as near ground po-
teniial (OVpe) as possible. With Vger= +10V every
millivolt appearing at either lgyry or loyrz Will cause a
0.01% linearity error. In most applicaticns this output
current is converted to a voltage by using &n op amp &s
shown in Figure 7.

The inverting input of the op amp is a “virtual ground”
created by the feedback from its output through t~2 in-
ternal 15kQ resistor, R:,. All of the output current (deter-
mined by the digital input and the reference voitage;j will
flow through Ry, to the output of the amplifier. Two-
quadrant operation can be obtesined by reversing the
polarity of Vper thus causing loyty to flow into the DAC
and be sourced from the output of the amplifier. The cut-
put voltage, in either case, is always equal 10 loy71 X Ry
and is the opposite polarity of the refarence voltage.

The reference can be either a stable DC voltage souce
or an AC signal anywhere in the range from —10V to
+10V. The DAC can be thought of as & digitally controlied
aitenuator: the output voltage is always less than or
sque! to the applied reference voltage. The Vggr terminal
of the davice presents a nominal impedance of 15k& to
ground to externa!l circuitry.

fways use the internal Rsy resisfor to cieate an output
voliage since this resistor matches (and tracks with tem-
""'a‘U"e" the value of the resistors used to gencrale ihe
rent \lr, ‘)

outnul cu

- - -
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2.3 Op Amp Considerations

The op amp used in Figure 7 should have offset voitage
rivlling capzability (See Section 2.5).

——+—"The selected op amp <‘10uid have zs low a value of input

bias current as possible. The product of the bies current
times the feedback resistance creates an output voltage
eror which can be significant in low reference voltage

2:plications. BI-FET™" oparfnps are highly recommended -

for use with these DACs because of their very low input
current.

ransient response and settling time of the op amp are
important in fast data throughput applications. The larg-
est stability problem is the feedback pole created by the
feedback resistance, Ry, and the output capacitance of
the DAC. This appears from'the op amp output to the (~)
input and includes the stray capacitance &t this node.
Addition of a lead capacitance, C¢ in Figure 8, greatly
reduces overshoot and ringing &t the output for a step
chenge in DAC output curent

Finally, the output vo!tage swmg of the arnplmer must
be greater than Vzee to allow reaching the full scale out-
put voltage. Depending on mhn loading on the output of
the amplifier and the avziiable op amp supply voltages’
{only =12 volts in many deve!op’nen! systems), a refer-
ence voitage less than 10 volts may be necessary to ob-
tzin the full anzlog outputivoltage range.

*BI-FET is & trademark cf National Semiconductor Corporation.

2.4 Bipolar Output Vo!taﬁge with & Fixed Reference

ke addition of 2 sezond op amp to the previous circuitry
~2n be used to generate 2 blpo'ar output voltage from &
‘x':d referznce voltage. This, in efiect, gives sign signi-
wnce o the M wB of the uiD!t"f input word end allows

atetl)

feorcterencs voliage,

—O Vour= —{loury X Ryp)
= _Veer (TIGITAL INPUTY
= 256

Vos ADJUST

Vie

Figure 7.

The polarity of the reference can elsc be reverss
rezlize full 4-quadrant multiplication: zVzz=x =D
Code = +V0ur This circuit is shown in Figure 8.

This configuration feztures several m"prov,...ents
existing circuits for bipolar outputs with other mut:
ing DAC’s. Only the offset veltage of amplifier 1 h.
be nulied to preserve linearity of the DAC, The ¢
voltage error of the second op amp (aithcugh a cons
output voltage error) has no effect on lingarity. it sk
be nulled only if absolute output accuracy is requ
Finally, the values of the resistors around the se
ampilifier do not have to match thé internza! DACresis
they need only to match and temperature track

cther. A thin film 4-resistor network availzble from i
man Instruments, Inc. (part no. 634-3-R1C0K-Dj is ic
suited for this application. These resistors are ma’
to 0.1% =nd exhibit only Sppm/°C resistance tra

tempco. Two of the four aveilable 10kQ resistors ¢

parailleled to form Rin Figure 9 and the ctheriwoc
used independently as the resistances labeled 2F

25 Zero Adjustment

For accurate conversions, the input offsat voitage:
output amplifier must always be nulied. Amplifier ¢
errors create an overall degradation of DAC linez

The fundamenta! purpose of zeroing is to make the
zge appearing at the DAC outputs as near 0Vp¢ a¢
sible. This is accomplished for the typical DAC
amp connecticn (Figure 7) by shorting out P,W,
lifier feedback resistor, and adjusting the Vos 1
potentiometer of the op amp untii the outputre z2d:
voits. This is done, of course, with an applied ¢
code of ali zeros if layyy is Criving the op amp (&)
for louts). The short around Ry is then removed ar
canverisr is zero cdiusted.
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- OPAMP  Cc (5 1p FULL SCALE)
] - . LF356 22 pF 48
N LF351 22pF 58
fum LF357*  10pF 2.8
Vizz O DACOS30 :
) »2.4k2 RESISTOR ADDED FROX (=) INPUT
j 10 GEOUND T8 INSURE STABILITY
. 2R
' $IGITAL CODE — 126)
R* Yoyt = Vrer I—L{ZT—"“
Vasr .
. —L
1use= Ll
7
| INPUTCODE | - iDEAL Vous
|: MSB ... LSB " + VR B |
*THESE RESISTORS ARE AVALASLE FAOM 11117111711} Vrer—1LSB ~WResj + LS5 ¢
ESIKMAN INSTRUMENTS, INC, AS THER 31000000 Vaes/2 -Vassi/2
PART NO. 634-3-R10K-D 10000000 A Y ;
) ‘ b —1uss 1186

R ARREREA!
! [Vaes!
500111111;—-—’%1-—“88

?00000000
| SE—

or!
Wsedl L 158

~{Vazr] + [Vrgr! !

25 Full-Scale Adjustment

I the case where the matching of Ry, to the R value of
the B-2R ladder (typically =0.2%) is insufficient for full-

. - . [
§ Stele accuracy in a particular application, the Vggs volt-

23e can be acjusted or an external resistor and potenti-
Cmeter can be added as shown in Figure 10 to provide a

-3 Frilscalz agjustment.

The temperature coefficients of the resistors used for
is adjustment are an important concern. To prevent

*edetion of the gain error tempco by the external
tors, their temperature coefficients ideally would
to Tatch that of the internal DAC resistors, which

& Rigniy impractical constraint. For the values shown
= Figure 10, if the resistor and the potentiometer each
f_‘d & temperature coefficient of £100 ppmy °C maximum,
:-‘_‘e Cverall gain error tempco would be degraded & maxi-
L:"‘ of C.0025%/°C for &n adjustment pot setting of
38 than 3% of Ry,

_F &7 Using the DAC0820 in 2 Voltage Swiiching

coafiguration

‘5512?\' ladder can also be operated as & voitage
~5ing network. In this mode thelladderis used in an
S rmanner from the standard current ewiiching
TEGon The referonce voltzoe'is connectad 1o one

Figure 8.

of the current output terminais (iousy for true binary dig-
ital control, loyte Is for compiementary binary) ang the
output voltage is taken from the normal Veer pin. The
converler output is now a voitzge in the range frem ov
to 255/256 Vrer as a function of the applied digital code
as shown in Figure 11.

OIGITAL
INPUT

Vass

©AC0O830

Figure 10. Adding Pui-Scale Ad]
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' flars) 11
——Q +2.5 Vp¢ REFERENCE
{Yourzi 12 i
— e e mn - - - - Flgure 11, Voltage Mode Switching - - - B S

This configuration offers several usefu! application ad-
vantages. Since the output is a voltage, an external op
amp is not necessarily required but the output imped-
ance of the DAC is fairly high;(equal to the specified ref-
erence input resistance of 10kQ to 20kQ) so an op amp
-may be use? for buffering purposes. Some of the advan-
tages of this mode are illustrated in Figures 12, 13, 14

and 15. :

There are twe important thirigs to keep in mind when
using this DAC in the voltage switching mode. The ap-

plied reference volizge must be positive since there are

internal parasitic diodes from ground to the lpyt and
louta terminals which would turn on if the applied refer-
ence went negative. There is also a dependence of con-
version linearity and gain erro( on the voltage difference

{’} | 415V Ve
[0 I 9 i

Yaer = 2.5V

¥
P LW338
Vaer
Ry D
Ry Your = +2.5Voc<| +if/y\'2'53')
v—"
10k

*Voitage switching mode eliminates output signal inversion
znd therefore e need for a negative power supply.

*Zero code oulput voitage is limited by the low level output
saturation voitage of the op amp. The 2kQ pull-down resistor

o8 to redice this voltage.

*Vas of the op amp has no effect cn DAC linezrity.

between Vg and the v+itage applied to the normal ¢
rent output terminals. Tnis is a result of the voltage ¢

requirements of the ladder switches. To insure that ¢
switches turn on sufficiently (so as not to add signific
resistance to any leg of the ladder and thereby introd

edditicna! linearity and geain errors) it is recommen:
that the applisd reference voltage be kept less t:
+5Vpg and Ve be &t feast 9V more positive than Vg
These restrictions insure less than 0.1% linearity ¢
gain error change. Figures 16, 17 and 18 characterize-
effects of bringing Vrzr and Vg closer together as v
as typical temperature performance of this voit:
switching cenfiguration,

+2.5V REFERENCE

1

0 18V
2|9

—0 ~2.5Voc < Your < 2.8Vor! 222)

7
:nd settling time for 2 full scale output change

inglor Owip vt from & Fiued Rofers

Oy hoop
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0.< Voue < 228 255

(2 5v)

P
O +15Vpp Ay =4
+2.6Vpg 1.8k

b0 —10V < Vour € +1ov(—§-55;—)

Flgure 14. Blpolar Output with Increased Output Voltage Swing

1]

%UlM324

+15V

20k

'

Galn and Linearlty Error

Varlation vs. Supply Voltage

CODE (D)
0

e Only aisingle +15V supply required
* Non-interactive full-scale and zero code output adiustrﬁents
* Viax and Yy must be € +5VDC and > OV.

: 1
o tncremental Output Step = prey (VMmax — VYMin)-

'7

* Vour= ‘_—(VMAX VMmin) +,

=V
256 MIN

156

Figure 15. Single Supply DAC with Level Shift and Span-
Adjustable Output

t

Galn and Linearity Error
Variation vs. Temperature

Gain and Linearity Error
Varlatlon vs. Refarence Voitage

VOLTAGE MOGE OPERATION 1 | 04 r5iTAGE Mo 0100 GTTAGE MODE OPERATION |
S AU“E""'TII 5“!19:"- — OPE""‘""N [ / /] 0.075 ALINEARITY ERROR
g Yurz2sy ) i £ o2 {auneanty i/ ‘ % o0 Yeg = 15V, Vagr =5V ~ D>
\ A = ERRCR // Voo = 15V oy Voo = 12V, Vage = 2.5V ‘><..'./ 1
% L2 [Vec=12V g 00 ) =
) N \ [ L~ | = '
10 U \%hr = 0 sl Veg =15V 5 [ —— e
SV o = L = | ] .
3 |— Vags = 2.5V 4/ | - Voo = 12\7\* ™ 2 -0.025 -/"/f '\\
y, - oz :
£ Vagr =5V E | z - AGAIN ERROR
A L AGAIN ERROR P& -0.2 t 5 -0.050 Voo = 15V, Vagr = 5V DR
¥ | W=25%¢ AGAIN ERROR ors Vg = 12V, Vigp = 2.5V
o 2 4= -0.07 ‘ ‘
: %4 0.4 TATZS ¢ ~0.100 | l 1 I |
jy U 2 4 5 8 W0 12 4 16 ¢ 2 4 6 8 1 ~55-35-15 5 25 45 65 85 105 125
% Voo, SUPPLY VOLTAGE (Vo) Vage, REFERENCE VOLTAGE (Vo) Ta, AMBIENT TEMPERATURE (°C)
£ :
Flyure 16 Figure 17, Flgure 18,

I \1’ For these curves, Ve i85 the vollage apntad o pin
T (o) withe i 12 U(.Lu:" grounded.




2.8 Miscellaneous Application Hlnts '

catastrophic failures due to static discharge.

‘Conversion accuracy is only as good as the applied ref-
erence voltage so providing a stable source over time
and temperature changes is an important factor to con-
sider. |

A “good” ground is most desirable. A single point ground
distribution technique for analog isicnals and supply
returns keeps other devnces ina syste'n from affecting
the ot put of the DAC's.

Durirg power-up supply voitage sefquencing, the —15V
(or —12V) supply of the op amp may appear first. This
will typically céuse the output & the op amp to bias
near the negative supply potsntizl. No harm is done to
the DAC, however, as the on-chip 15kQ feedback resist-
tor sufficiently limits the current flow from 1551 when

this lead is internally clamped to cne diode drop below
ground.

Careful circuit construction with minimization of lead
lengths around the analog circuitry, is a primary concern.
Good high frequency supply decoupling will aid in pre-
venting inadverteht noise fror appeering on the analog
output.

DIGITAL ¢
INPUTS

— O] |
Vin ‘
o ‘

tx 20

O +15V
DAC0B30 8
. " VRes P

DAC Controtied Amplifier (Volume Control)

—Vy (256
* Vour= -————”b( )

v VWhen D=0, the amplifier wili go open loep and the
cutput will saturate.

* Feechbacr impsdence from ‘he ~inpui to the ovtput

fuli-scale tc zero

. Overall noise reduction and reference stability is of pa
“ticular concern when using the higher accuracy verslona‘
the DACO083D and DACO0831, or their advantages are ]

These converters are CMOS produ;cts and reasonable
care should be exercised in.handling them to prevent:

‘used depends on the overz!ll system provisidns and :e

wasted.

3.0 General Application Ideas ':_“ .

The connections for the control pins of the digital inpy
reg=tess are purposely omitted. Any of the control ¢z
mets discussed in Section 1 of the accompanying tex
will work with any of the circuits shown. The methog

qunrements

the decimal equivalent value of the 8-bit binary input, fcr‘
example:

Binary Input

Pin13 Pin7 D

MSB LSB Decimal Equivalent
11111111 : 255
10000000 128
00010000 16
000000C10 2
00000000 0

varies from 15k& to « 2s the mput code changss from

20

Yoo p—o0 +1R ¥

DACOB30 8

-
=]
)

Capacitance Multiplier
256
¢ Ceauv=C4 <1+ 5 )
e Mzximum voliage across the egu'velent capacitancs is
Vo max (op 2mp)
limited to T 288
g

* Cpisusec toimpro

" The dvgltal mput—cogé is féfL*'?&TG%§’D"a'ﬁﬂ"‘r"e5fé§ér§§"‘

ve sgttling time of op amp.
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DACOE30 LF3¢7
Voo lourz +
10[ I 3 =
L
i Eout
~ o e . ..l Varlatls fg, Verisble Qp, Constant BW Beadpass Filter s )
T - e e e eorrenid
A4 KD (2= +Ry) Ro(K+1)
¢ g = i QpaVem ¥ V. 3dbBW=——C 0T 1
0 ="2% :Qo=Vg5 R K1) T R;CZRa 1 Ry)
2rR4C ..
where Cy=Cy=C; K=—2ﬁ-ana Ry =R of DAC = 15k
i ]
A Ho;1 for Rin=Rs =Ry
* Range of fo and Qis = 16 to 1 for circuit shown. The
range can be extenced to 255 to 1 by repiacing Ry with 2
seconc DACOS30 driven by the same digita! input word.
* Maximum fo x Q product should be € 200kHz.
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INPUT

Y iwveen

) LM334
i N _ - s F
g 3ok N
% — 9 e
D t_———l 50% s
"|1 _JP'o 5009
21, SN v 3
E te loyry &
N e DACDE3D 92PEITE
LM328D ‘ louTs
B} o GNC BND 12
) 3] T
LM3280 Vg l
530k
L Hg
10Q
10k
A ‘4:\%(100?(25:’.\,& !
i
»
- ~r  a= i
H D 07 Rzl 3

oyt = Vaer i‘_i,’ + 255 Rn R=_§i3 * Ry Y

Two Termina! Floating 4 to 26 mA Curent Leop Controller

¢ DACDOE30 linearly controls the current fiow from the input
terminai to the output terminal to be 4mA (for D=0) to -
19.84 mA (for D= 255).

» :Circuit operates with a terminal voltage differential of
{18V to 53V.

» P, adjusts the magnitude of the output current and Py
‘adjusts the zero to full scale range of output current.

3 ;D:gital inputs can be supplied from a processor using
‘opto isolators on each input or the DAC fatches can flow-
through (connect control lines to pins 3 and 10 of the
DAC) and the input data can be set by SPST toggle
‘switches to ground (pins 3 and 10).




+15

c
]
ot A g
10k i WP
Vm 10 T
vy _f- VeinaL
! ‘ 10k - Vi \
TCDANDC
D 255 T
V=525 (VOUT - VIN) + 5z ViN

DAC Cortrolied Exponential Time Response
* Output responds exponentially to input changss anc auto-
. matically stecs when Voyr=ViN

* Output time constant is directly proportionai to the DAC
input code and capacitor C

¢ Input voltage must be positive (See section 2.7)
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Semiconductor - - . L
ADCO0800 8-Bit A/D Converter

L General Description Features

The ADCOS800 is an 8-bit monolithic A/D converter n
using~ P-channel ion-implanted MOS technstogy. It~ »
- contains a high input impedance comparetor, 256 »
series resistors and analog switches, control logic and -
output {atches. Conversion is performed using a succes-
sive approximation technique where the unknown »
arialog voltage “is' compared to the resistor tie points-<- - B =
using analog switches. When the appropriate tie point ... ~® Contains output laiches |
=
[ ]
=
| |
|
|

Low cost

+5V, 10V input ranges
No missing codes

£ ztiometric conversion
5-+i-STATE outputs

voltage matches the unknown voltage, conversion is TTL compatible

complete and the digital outputs contain an 8-hit com- - Supply voitages 5 Vpg and —12 vDC

plementary binary word corresponding to the un- X g

known. The binary output is: TRI-STATE® 1o permit Resoiution 8 bits
Linearity . *1LS8

bussing on common data lines. ) -
Conversion spsed 49 clock periods
The ADCO800PD is specified over —55°C to +125°C Clock range 50 to 800 kHz

and the ADCOBJIOPCD is specified over 0°C to 70°C.

Block Diagram

_v$S
R-NETWORK ‘ (P38
BCOY)
TOP
izs ?10
| | . I oetock
¥ s zsisTon
N-B0DY l
» I 450 - 1
I ‘ | } ] v v I
256R i
’ NETWORK I :
300 N
l — 6 START
— < l O convension
| ANALEG i SELECTION
| . . SWITCHES AND
| \_{_ N CONTROL |
‘ LOGIC
T
| I g ENDOF
l 306 i CONVERSION
| N |
' 150 I ! 3 4
F l [
: -0 -Vee
| I |
JV ¥ l R
7 TRISTATE®
G——=O DUTPLT
8-IT ENSBLE
LATCH 1BVDD
I | ] _—l DIGITAL GRGUND
"&5"*'—""—' gz"_—_—"——'a 3fz |1 [l :4!‘;’3
R-NETWOSK Vin Ms3 183
BOTTON ‘ ANALDG COMPLEMENTARY
INPYT DIGITAL CUTPUT

1OD0I0PD0 = 40!

FAST oo mer B rmtti D e e A ‘VIC::_SO iis';-' PR



ADconb

Absolute Maxlmum Ratmgs

Supply Voltage (VDD)
Supply Voltage (VGG)
Voltage at Any Input
Storage Temperature
Operating Temperature
ADCO0800PD
ADC0800PCD

Lead Te"wperature (Soldenng, 10 seconds)

Elzctrical Charactenstlcs

Vgs—22V :
Vgs +0.3V1o V5§22V 17
150°C

—55°C to +125°C
0°C t0 +70°C
- 300°C

nese specifications apply for Vgg = 5.0 Vpg, VGG = —-12.0 Vpe, VDD 0 Vpg, @ referesice voliege of 10.000 Vg acr
the on-chip R-network (VRINETWORK TOP = 5.000-VD( -and VR.NETWORK-BOTTOM =.=5.000 Vgl and 2 clock f

quency of 800 kHz. For ail tests, a 47582 resistor is used from pin 5 to ground. Unless otherwise noted, these sp
over an ambient temperaiure range of —55°C to +125°C for the ADCOBOOPD and 0°C to +70°C for the ADCOSI0PCD.

ecificetions ap-

PARAMETER CCNDITIONS MIN TYP MAX ur

Non-Linearity Ta = 25°C, (Note 1) £

Over Temperature, (Noze 1) =2
Differential Non-Linearity +1/2
Zero Error +2
Zero Error Temperature Coefficient {Note 2) 0.01
Fuli-Scale Error +2
Fuli-Scale Error Temperzature Coefficient | {Note 2) 0.01
Input Lezkage T
Logical “1" Input Voltage Ait Inputs Vss—1.0 Vss
Logical “0" Input Voltage All Inputs vVea Vgg—-4.2
Logica! Input Leskage Ta = 25°C, All Inputs, V= 1

Vgs — 10V
Logical *1” Output Voltage Al Outputs, IoH = 100 kA 2.4
Logical “0’ Output Voltage All Outputs, g = 1.6 mA 0.4
Disabled Output Leakage Ta = 25°C, All Outputs, Vo = - 2

Vgg @ 10V '
Clock Frequency 0°C< TA<+70°C 50 00

~55°C < TA < +125°C 100 500
Ciock Fulse Duty Cyc'e 40 60
TRI-STATE Eneble/Disshle Tim 1

1art Conversion Pulse {Note 3) 1 31/2 .
F

Power Supply Current Ta=25°C 20

Note 1: Non.linearity specifications are based on best straight line,

Note 2: Guaranteed by design only.

Note 3: Start conversion puise duratior greater then 3 1/2 clock periods wil! csuse conversion errors.
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Timing Diagram

CLOCK
INPUT

START
CONVERSION

N _—_l—__
ov : 1

S e o e CL . -

+5v
E0C . \\ X (s

ov 2
*5V — - o
ouTPUT [50,‘ . \ oo
ENABLE
S p— | . —
- . ‘ BT (LA _‘ - e e e e imeid il e e e R o r—— ' 90-./: - -
- - e G s s S pEs Sas G Sy o Y ~b.— - -
DATA \ {TRISTATE) - 0% - >-w
" :
ENASBLE DISKBLE
pELAY | BELAY ~

Data is complementary binary (full scale Is all “0's” output).

Application Hints
OPERATION

The ADCO8D0 contsins a network with 256-300Q
resistors in series. Analog switch taps are made at the
junction of each resistor and at each encd of the net-
work. In operation, a refererice (10.00V) is zppiied
across this network of 256 resistors. An enzlog input
(Vin) is first compared to the center peint of the
ladder via the appropriate switch. If V(N is larger than
VREF'2, the internal logic changes the switch points
and now compares VN and 3/4 VREsF. This process,
krown as successive approximation, continues until the
bast metch of VN and VREF/N is made. N now defines
a specivic tzp on the resistor network, When the conver-
sion is complete, the logic loads & binary word corres-
ponding to this tap into the output letch and an end of
conversion (EQC) logic leve! appears. The output latches
hoid this data valid until a new conversion is completed
end new data is loaded into the latches. The cata transfer
occurs in about 200 ns so thet velid cdata is present
virtually all the time. Conversion requires 40 clock
periods. The device may be opsrated in the free run-
ning mode by connecting the Start Conversion line to
the End of Conversion line. However, to ensure start-up
unger all possible conditions, an external Start Conver-
sion pulse is required during power up conditions.

REFERENCE

The reference applied across the 256 resistor network
determines the anezlog input range. VRgfp = 10.00V
with the top of the R-network connectec to 5V and the
bortom connected to -5V gives a =BV range. The
reference can be level shifted betwesn Vgg and VGG.
Howevar, the voltage, which is applied to the top of the
R-network (pin 15), must not exceed Vgg to prevent
forward biasing the on-chip parasitic silicon diode
which exists between the P-diffused resistors {pin 15)
snd ths N-type body (pin 10, Vgsi. Use cf & stancard
logic power supply for Vgg canicause probiems, both
gus to initial voitage tolerance and changes over tem-
perature. A solution is to power the Vgg line {156 mA
mex drain) from the output of the op amp which is
ussd 1o biss the top of the R-mztwork {pin 1B). The

Cntmr Tmeris unlesme asmA A T Ty T
ea. g npul \Dhcgr and the voitzge wihizh 1 8opiiss

1o e beriom of the Renstwerin (zin & muost

least 7V above the —VpD supply voltage to insure
adequate voltage drive to the analog switches .

Other referente voltages may be used {such as 10.24V).
If a 5V reference is used, the anzlog range will be BV
and esccuracy will be reduced by a factor of 2. Thus, for
maximum accuracy, it is desirable to operate with at
least a 10V reference. For TTL logiz levels, this requires
5V and —5V for the R-network. CMOS can operate &2
the 10 Vpg Vs fevel and z single 10 Vpg reference
can be used. Ali digita! voltage fevels for both inputs and
outputs will be from ground to Vgs.

ANALOG INPUT AND SOURCE RESISTANCE CON-
SIDERATIONS

The lead to the snalog input {zin 12) should be keptas
short as possible. Both noise and digital clock coupiing
to this input can cause conversion errors. To minimize
any input errors, the following source resistance consid-
erations should be noted:

No sanzlog input bypass capacitor
required, aithough a 0.1 pF input
bypass capacitor will prevent pick-
up due to unavoicable series lead
inductance.

For Rg < 5k

A 0.1 uF czpecitor from the input
{pin 12) to ground should be usad.

For 5k < Ry < 20k

For Rsg > 20k Input bufiering is necessary.

|1¥ the overall converter sysiem reguires lowpess filzering
of the analog input signal, use a 20 k2 or less series
resistor for a passive RC section or add an op amp RC
active lowpass filter {with it inherent low ouiput
resistance) to insure accuraie conversions.

CLOCK COUPLING

The clock lead should be kept away from the enzlog
input line to reduce coupling.

LOGIC INPUTS

o for the Clock, Sttt
i (Vg — 1OV

The logica! “1"" input voicage s
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',Apphcat:on Hmts (Continued) -

_CMOS will satisfy th:s requsrement but a pull-up reststor

" shoutd be used for TTL logic inputs. -

RE-START AND DATA VALID AFTER EOC

The EOC line {pin 9) wil! be in the low state

for @ maxi-

mum of 40 clock periods to indicate “busy””. A START
pulse which occurs while the A/D is BUSY will reset the
SAR and start a2 new conversion with the EOC signzl
remaining in the low state until the end of this new
convarsion. When the conversioh is complete, the EOC
line will go to the high voltage state. An additional 4
clock periods must be zllowed to elapse after EOC goss
high, before a new ccaversion cycle is requested. Start

" Conversion pulses which_otcur during’ this Tast 4 dlock -~

period interval may be |gnored (see Figures 1 and 2 for
high speed operztion). Thistis only a problem for high
conversion rates and keeping the number of conver-
sions per second less then (1/42) x foLOCK automati-
cally guarantess ‘proper operation. For example, for an
800 kHz clock, 18,000 conversions per second are
allowed. The trensfer of the new digite! datz to the
cutput is initiated when EOC goes to the high voltage

state.

POWER SUPPLIES

Standard supplies are Vggi= BV, Vgg =

-12vV

and

Vpp = OV. Device accuracy is dependent on stability
of the reference voltage and has slight sensitivity to

Vss — VGG- VDD has no effect on accuracy. Noisz
spikes on the Vs and VGG sucplies can cause improper

conversion; therefore, filtering each

1 -

supply with e
4.7 pF tantalum capacitor is recommended.

CO'\’TINUOUS CONVERSIONS AND LOGIC CON-
TROL

Simply tying the EOC output to the Siart Conversion
input will allow continuous conversions, but an oscilla-
tion on this line will exist during the first 4 clock pericds
aftz EOC goes high. Adding 2 D flip-flop between EOC
{D input) to Start Conversion {Q output) will prevent
the oscillation and will allow a stop/continuous contro!
via the “‘clear” input. -

To prevent missing a start pulse which may occur after
EOC go=s high and prior to the required 4 clock
period time interval, the circuit of Figure T can be used.”
The RS latch can be set at any time and the 4- stage
shift register delays the application of the start pulse
to the A/D by 4 clock periods. The RS latch is reset
1 clock period after the A/D EOC signal goes to the low
voltage state. This circuit also provides a Start Conver-
sion pulse to the A’/D which is 1 clock period wide.

A second control logic application circuit is shown in
Figure 2. This allows an easynchronous start puise of
arbitrary length less then T, continuously converts for
a fixed high level and provides a single clock period
start puise 1o the A/D. The binary counter is loaded with
a count of 11 when the start pulse to the A'D eppears.
Counting is inhibited until the EOC signal from the A'D
goes high. A cerry pulse is then ganeraiec 4 clock
periods efter EO\., goes hich and is usad to reset the
input RS letch. ‘ icete
thet the conversio

to the cutput buffer
conversion cycle,

wn76C175 —J'_L

START CINVERSION

e ¢ & e ean

ADTIR0S
» .
L -
START !
CONVERSION

M2

FIGURE 1. Delaying an Asynchronous Start Pulse

Ju

START
CCSVERSIGA

.

v

—

CLEAR

CARRY

IN2SLET

€00
(FROMA D 7

z
RIADY FQA
KEXT LONVERSION

GAhD A

Vco EMARLE P Qg

RLIACIE

INFUTS
£ [

GAD vy

!
1

T

e Vgp 6D
[

~
[2e



ST e

_Typical Applications . =

Apphcation Hints .(Continued)

ZERO AND FULLSCALE ADJUSTMENT

Zero Adjustment: This is the offset voltage required at
the bottom of the R-network {(pin 5) to make the
11111117 to 117111110 transition when the input
voltage is 1/2 LSB (20 mV for a 10.24V scale). [n most
cases, this can be accomplished by having a 1 k2 pot on
pin 5. A resistor of 47582 can be used as a non-adjusteble
best approximatian from pin 5 to ground.

General Connection

Tev -uv ocLosk

1,

7 |
pomem QUTPUT ENGBLE
ADCOB0D - —=5¢

]
5. L2
- 8.8/T WORD
SV Vin

Hi-Voitage CMOS Output Levels

»10v

-3V Vi

ADZDA00

B [0 )
$.BIT WORD
-~

CV 10 10V VN range
OV tc 10V cutput levels

Level Shifted Input Signal Range

15

PEACFNT OF Vpey (%)

vy 5

-

) Ratiometric input Signal wfth T'rackiir*tg Réé;énce

Full-Scale Adjustment: Thisis the offset voltage reguired
gt the top of the R-network (pin 15) to make the
00000001 to 00000000 transition when the input
voltege ¥ 1 1/2 LSS from full-sczie (60 mV less then
full-scale for 2 10.24V scale). This voitage is guaranteed
to be within 2 LSB for the ADCO800. I~ most cases,
this can be accomplished by having a 1 k{2 pot on pin
15.

Vin
POTENTIONSTRIE @ g 12 -
2 Q€ ADTEECD

TRAXSDUCEF

83!7 WORD

Leve! Shifted Zero and Full-Scale for Transducers

~5y

R
e
’
e @ FULLSSALE
g
1§ 1©
ly BIE2S
- aDC0800

R1 and R2 change the effcitive input range
-y by 1V/I0 KD
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Typical Applications (continued)

VREF = 10 Vpc With TTL Logic Levi!s T ' .

; ANSLO0G
14 'sv"c’ meyT
4 -
s vpe ~ svpe 10
*® &t AM—1m+ .
~ Tu LF
n (TSI 15 0= =
n
£1L0CK O ) LR
= Evoc : ancesne
5vye | sTaRT 8 ) 1 ouTRUT
CORVERSION [~Cennsie
499 5
P
\13
- g : €14F . : '
*Se: 2pp .oz:ton hints
i = L A1 and A2 = LM353N dua! op amp
VREF = 10 Vp¢ With 10V CMOS Logic Levels
an 53 Vpe
1 Vge L 15V
n$
>
1L vy
172 LM258
LM32352 s Q.
%S

9
p——=O EOC

AJCTER ;
7 oEhaneE

curPuT

oV TO 10V
ANALDG INPUT

TG ADC38S0

10
ATJUST FOR -8V
OUT WITH OV (NPUT

MICROPROCESSOR INTERFACE

Figure 3 end the following sample prcgrem are included
to illustraiz both hardware and software requirements to
allow output deta from the ADCOS800 to be lozded into
the memory of a microprbcessor svsiem. For this exam-
ple, Mztional’s INS8060, SC/MP I, microprocessor hes
been used. ‘

-1vpe

tnput Leve! Shifting

=5V TD §v INPUT

e Permits TTL competible outputs with
OV o 10V input range {QV to —10V
input range achieved by reversing
polerity of zener diodes and returning
the €.8k resistorto V™),

as shown, will stert the cenverter,

ed cutput data into the accumulator,
kesp track of the number of dats bytes entered, com-
plement the dats and store this data into sequential
memory locations. After 256 bytes have bezen entered,
the contro! jumps to the usar’s program where proces-

The sample program,
loed the converter’s
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Typical Applicatiohs (canﬁ}wedi

sing of the datz entered will be implemented. A more
practical program whereby each data byte entered will,

be processed before another entry is made can easily be
done by jurhping back to the user’s program at the end
of the interrupt routine {where the data is loaded into
the accumulator and stored in memory). The end of
the .user's program should provide a jump back to the
INITIALIZE statement to start 2 new conversion and

generzte a new data entry.

The fot!ownng arbstranly chosen addresses and pomter
a55|gnmen..s are used in thls example:™ - T

Pointer 1 — WOZD COUNT (ADDR:0100)

P

Alsc used 10 point to the A/D converter at
address 0500 for thns example when data is

to be e'wtered

Pointer 2~ ENTERED DATA (ADDR's: 0200-> 02FF)

Datz is stored in 2's complement binary
form, ie, 01111111 - <+fullscale and
10000000 — — full-sczale.

Pointer 3 — LOAD DATA SUBROUTINE (starts at
ADDR:0300}

i Executed when an EQOC signal generates an
interrupt request vis sense A efter an tEN
{interrupt enzble) instruction.

The address for the cm\erter (0500) is unique for this

pa'tlcular sample progra'n but may not be in a usér's

system so a different converter address must be used.
Note that in Figure 3 ADX and ADY for the address
decode circuitry would be address bits ADB10 and
ADBS8 (pins 35 and 33 on the ST/MP 1l package} for
converter address 0500.

SAMPLE PROGRAM TO LOAD DATA INTO MEMORY WITH SC/MP 11,

0001 08 START:

0002 Cé 01
0004 35
0305 C409
0007 3
0008 €402
000A 33
00OE €4 30
053D Ce gl
000F * 32
0010 C4903
0012 37

i3 Cg INITIALIZE:

0014 C400
0018 33

0017 €a0
ocig 7

001A C100
00I1C F4FF
OCiE 9205

0020 05

0021 08 LOGP:

0022 S0 FE

0024 08 CTAaIN:

NOP
LDIX 01
XPAH 1
LDIX (0
XFAL 1
LDix02
XPAH 2
LDIX00
STiPH)
XPAL 2
LDIX'03
XPAH 3
NOP
LDIX00
XPAL 3
LDIX 01
CAS

LD (P3i
XRIXFE
JZDTAIN

IEN
NOP
JMP LOOP
NOP

:DATA ENTRY SUBROUTINE

;P1=0100

o N

N
0
(]
05
Q) -
Q

;P3=0300

; Starts converter via flag O

: Test 1o see if word countis FF,
if 5o, jump tc DTAIN

; Enables INTERRUPT

; Loop until ECC

: User program G process data

; Increment word tount

: P1 will point to converter

; Converter data loaded into
accurmnulator

;Put data in 2's complement form

ST @ 1{P2)  ;Store data

0300 08 DATAINSR: NOP
0301 AZ00 TILD (PY)
0303 €405 LDIX"05
- 0305 35 XPAH 1
0306 C100 LD (P1)
0308 Fa7F XRIX'TF
03CA CE 01
030C €400 LD!X'00
030E @7 CAS
030F C& 01 LDIX'01
g311 33 XPAR 1
0312 C413 LDiX 13
0314 33 XPAL 3
0315 3F XFPC 3

; Pesets fiag ©

; Resets P1 to paint 2t word count

; Return to INITIALIZE 1o start g
new conversion

[Sitele
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l I & s PW

5

5V
0.001 uF
3.9k

16 1 : 7 &

119) 40} Veo CLR R/C c
FLAG 0 Qi B

8 1/2 MM74C221 1]
A
I GND -

1 unosensea
£ 9

10 w] st 0T g @
BAAAS E_ Vss =1 p== DB7
' ' 2 0)
2 2-2p—0 D¢
T 2 (mm’
- -3 r__o as
8 v 1 {12}
REF 54 }—0 oes
ADCGED0 17(13)
§ 2-5 p=eO D53
R-NETWORK 15 (1
1k ZERD 6 062
ADJ "",‘:";9.5 iz ‘—-0‘4“5)
NPUT Ot N
{~5V TC “5V) { ,-1—0 o8
7 13{16)
ot 278 = DBO
Vg Voo Cik
g 18] 1
+
SVO—j—T—l —12v
‘ §.F
O v LR FaST
* ' . -
ADY Ore y
172 MM74C74 l ]
{36 promed | CLRPRST
NADS O ’{ 30__ cLK (1Xh9321)' d ek o
‘ GND 172 MMTACT4
MM7ACOD . i

1—

Cutput dats is in complementery offset binary form

Numbers in parentheses denote pin numbers of SC/MP chip

Setting fizg O (FLGO = 1} with scfiware, starts conversion (FLGO must be cleared before ansther conversion can be initl
With interrupt enabled an EOC will force an interrupt. interrupt subroutine should load converter data inte the eccumuiat

d}

Qar.

*ADX and ADY czn be any of the address lines but they must be high cnfy at the time the converter output data is to be put on the dztz bus

{i.z., the converter must have its own unique address)

FIGURE 3. Interfacing to the SC/MP I Microprocessor
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Typical Applications (continued) -
TESTING ‘THE‘ A/D CONVERTER )

There are many degrees of complexity associated with
testing an A/D converter. One of the simplest tests is to
apply a known analeg input voltage to the converter
snd use LED’s to display the resulting digital output
code as shown in Figure 4. Note that the LED drivers
invert the digital octput of the A/D converter to provide
a binary display. A lab DVM can be used if a precision
voltags scurce is not available. After adjusting the zero
and full-scale, any number of points can be checked,
as desired. o T ’

For ease of testing, a 10.24 Vpg reference is recom-

mended for the A/D converter. This provides an LSB of

40 mV {10.240/256). To adjust the zero of the A/D, an
analog input voltage of 1/2 LSB or 20 mV should be

~applied and the zero adjust potentiometer should be set
to provide a flicker on the LSB LED readout with all the
other display LEDs OFF.

To adjust the full-scile adjust potentiometer, an analdg
input which is 1 1/2 LSB less than the reference (10.240—
C.060 or 10.180 Vpc) should be applied 1o the analog
input and the full-scale adjusted for a flicker on the LSB
LED, but this time with all the other LEDs ON.

Figure 5. Note that the ciock input voltage swing and
the digital output voltage s.vings are from OV to 10.24V.
The MM74C901 provides a voltage transiation to 5V
operation and also the logic inversion so the readout
LEDs are in binary.

DC ANALOG
INPUT VOLTAGE C l

A'D
UNDER TEST

i . .
| : DoLss
4
v Ls8 i
VM Y
ouTRUT w ,
ENABLE ~
BINARY DISPLAY
- v+
FIGURE 4. Basic A/D Tester
18240 vpe -
(POWER SuPRLY) O l,,,
10 2F
1k ’ l ~
FULLSCALE -
ADSUST - svge
15 7 10 NSLEDAZ
10,26V — 1 CUTEN
oV } O—dCLK 5Vpe
f= 800 kH:
ADC0330
UNDER TEST
ANALOG O 12 v
INPUT 3Voc
St uF Vop -Vgg
5 18 §
& =
o= 2ERD
- ADIUST
o
— Voe =
-1Vge

FIGURE &. Compicte Basic Testsr Circuit

A complete circuit for a3 simple A/D zester is shown in- - — -
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‘ TypiCal Apypl'ications' (cant;nugd)

The digital output LED display can be decoded by
dividing the 8 bits into the 4 most significant bits and
4 least significant bits. Table | shows the fractional
binary, equivalent of these two 8-bit groups. By adding
the decoded voltages which are obtained from the col-
umn: “Inpyt Voliage Value with a 10.240 VREF™ of
both the MS and LS groups, the value of the digital
display can be determined. For example, for an output
LED display of “1011 0110" or "”B6” {in hex! the
voltage values from the table are. 7.04 + 0.2¢ or

7.280 Vpg. These voltage values represent the center
veiues of z perfect A/D corverter. The input voitzge has
tc chengs by £1/2 LSB (20 mV), the "quantization
uncertainty”’ ofan A/D, to obtain an output digital code

* change. The effects of tims guentizstion error have to be

accounted for in the interpretaztion of the tast results.
A piot of this natura! error source is shown in Figure 6
where, for clarity, both the analog input voltzge and the
error voltage are normalized to LSBs.

TABLE |. DECODING THE DIGITAL OUTPUT LEDs

. INPUT VOLTAGE
nex | BINARY FRACTIONAL BINARY VALUE FOR \;gzt‘:svv:sr:

MS GROUP LS GROUP MS GROUP | LS GROUP
F o1 1 1 1 15/16 , 15/256 9.600 6.600
E |1 1 1 0 7/8 7/128 8.960 0.560
D 1 1 0 1 13/16 13/256 8.220 0.520
c |1 1 0 0 3/4 3/64 7.680 0.480
B (1 0 1 1 11/16 11/258 7.040 0.440
A1 0 1 0 5/8 5/128 ' 6.400 0.400
9 (1 0 0 1 9/16 /256 £.760 0.360
g8 |1 0 o o112 1/3 5,120 £.320
7 o 1 1 1 7/16 7/256 4.480 0.280
6 o 1 1 0 3/8 3/128 3.840 0.240
5 {0 1 0 1 5/16 5/255 3.200 0.200
4 lo 1 0 o 1/4 1/64 2.560 0.180
3 Jo o 1 1 : 3/16 : 3/258 1.920 -0.120
2 {0 0 1 0 1/8 1/128 1.280 0.080
1 o 0o 0 1 1/16 1/256 0.640 0.040
0 jo o o0 0 0 0

% 1

E b — e — e — — e —

E ' : N

=

N — N N

s

5 -1 ANALOG INPUT VOLTAGE (IN L$Bs)

FIGURE 6. Error Plot of a Perfect A/D Showing Effects of Quantization Error




Typical Applications (continued)

A Iow.'speed ramp generator can also be used to swee

the analog input voltage and the LED outputs will
provide a binary counting sequence from zero to full-
scale.

- Tre techniques described so far are suitable for an
erginesring evaluation or a quick check on performance.
For & higher speed test system, or to obtain plotied
dasta, a digital-to-analog converter is needed for the
test set-up. An accurate 10-bit DAC can servé as the

__precision voltage source for the A/D. Errors of tha A/D
under test can be provided as either arfalog voltages or - -
differences in two digital words.

A basic A/D tester which uses a DAC and provides the
error as an analog output voltage is shown in Figure 7.
The 2 op amps can be eliminated if a 1ab DVM with a
numerical subtraction feature is availeble to directly

- input voltage can be supplie . by a low frequency ramp

generator and an X-Y plotier can be used to provide
analog error (Y.-axis) versus analog input (X axis}. The
construction details of a tester of this type are provided
in the NSC application note AN-179, ’'Anslog-to-
Digital Convertar Testing”’.

For operation with a microprocessor or a computer-
based test system, it is more convenient to present the
errors digitally. This can be done with the circuit of
Figure 8 where the output code transitions can be

. detectsd as the 10-bit DAC is incremented. This provides... .. }

1/4 LSS 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 L8B%) as the Y
axis, a use’u! transfer function of t=c A/D under test
results. For acceptiance testing, the piot is not necessary
and the testing speed can be increesed by establishing

readout the dificrence voltage, “A—C"”. The anzlog internal limits on the allowed error for each code.

serf

: AG
H UNDER TEST |

Van2196 ouTPUT

DIG'TAL
QUTPUT

!, ARALSS INPUT o P

VOLTAGE

108X AKALDG
ERADT VELTAGE

Ali R’s = 0.05% tolerance

FIGURE 8. Basic “Digital”” A/D Tester

FIGURE 7. A/D Tester with Analog Error Output

Connection Diagram

et e e et it b s e e -

Dual-In-Line Package :

8 i

XET. :
WIRK LS !
Vop 275 76 tor 27 273 VN Lidix  Vgs
18 17 16 15 i 3 12 1" 10
H bt L]
H
]
— -
|
i
i
i
1 1 3 ¢ 5 £ 7 ] ) E
"
PR Rt B U R R STAT OUTRUT ygp  EOC :
wsi  NET- CONV EMABGE !
. WIAK
. . BCTTGY i
TOP VIEW ;
Order Number ADCO800PD {-55°C to +125°C)

or ADCCEOGPCD (67C to +70°C)
Sze NS Packaze DIEA
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EK 4 : Sistem programlar:

MULTIPLEXER EQU B8003h

HATAL EQU 8004h

HATAZ2 EQU 8005h

HATA1_2 EQU 8004h

HATA3 EQU 8006h

KeyKod EQU B8007h

Vtol EQU 800Ch

Imax EQU B8O0O0OEh

Vout EQU 800Fh

Vade EQU 8000h

Vsend EQU 8010h

Vread EQU 8000h

ROLE EQU 8008h

ORG OFOOh

VMAXMIN DB "max. 24V,min. OV’

PIMAX DB 'Imax="

PVOUT DB 'Vout="

CGR DB ' CIKIS GERILIMI 7

VOLT DB 'volt?

HTLGR DB ’ HATAL! GIRDI ’

SPACE DB ' ‘ '

IVM DB 'lzin verilen max’

CK5 DB ' ¢cikis akimi 5 A’

IMAXMIN DB 'min.100mA, max.5A"

AMPER DB 'amper'

CKV DB ' Cikis Voltaji '

TLR DB ’ Toleransi !

MYUZ DB "min. 100mv’

PVTOL - DB 'Vtol="

PROG DB 'PROGRAMLANABILIR?

GKN DB ' GUC KAYNAGI '

VVI DB 'Vout, Vtol, Imax’

Vviz DB ' Degerlerini’

VVI3 DB ' Giriniz ?

CKHZ DB * CIKIS HAZIR '

BTB . DB 'Bir Tusa Basiniz’

LMD1 DB ' CALISMA LIMITIL

LMD2 DB ' GECILDI '

CKL DB 'Cikis, limitler 7

ICD DB ' Icinde '

DecTabl DB 00h,64h,0C8h |

DecTab2 DB 00h, OAh, 14h, 1Eh, 28h, 32h, 3Ch, 46h, 50h, 5Ah

KeyTab DB 22h, 36h, 26h, 16h, 11h, 35h, 25h, 15h

KeyTab2 DB 21h,34h,31h, 33h,23h,32h,17h

TABLEVout DB 03h, 04h, 05h,07h,07h, 08h, 09h, OAh, OBh,
OCh, ODh, OEh, 10h, 11h

v2 DB 11h,13h, 14h,15h,16h,17h,18h, 19h, 1Ah,
1Ch, 1Ch, 1Dh, 1Eh

v3 DB 1Fh,21h, 21h, 22h,23h, 25h, 26h, 26h, 27h,
28h, 2Ah, 2Bh, 2Bh

vé DB 2Dh,2Eh,2Fh,30h,30h,31h,32h,34h,35h,

35h,37h, 38h, 38h



v5 DB 3Ah, 3Ah, 3Bh, 3Dh, 3Eh, 40h, 40h, 41h, 42h,
43h, 44h, 44h, 46h

v6 DB 47h, 48h, 49h, 49h, 4Ah, 4Ch, 4Dh, 4Eh, 4Eh,
4Fh,5th,52h,54h
v7 DB  S54h,55h,56h,57h, 58h, 58h, 5Ah, 5Ch, SDh,
SEh, 5Eh, 5Fh, 60h
v77 DB 62h,62h,63h,64h,65h,66h,66h,68h,6Ah,
6Ah, 6Ch, 6Ch, BEh
v8 DB  6Eh,70h,71h,7th,72h, 74h, 75h, 76h, 76h,
78h, 78h, 7Ah, 7Bh
v9 DB 7Bh,7Ch, 7Dh, 7Eh, 80h, 80h, 81h, 82h, 84h,
85h, 85h, 86h, 88h
v10 DB  89h, 8Ah, 8Ah, 8Ch, 8Dh, 8Eh, 8Fh, 8Fh, 90h,
92h, 93h, 93h, 94h
vii DB  96h, 98h,98h, 9Ah, 9Ah, 9Bh, 9Ch, 9Eh, 9Eh,
0ACh, OAOh, 0A2h, 0A2h
vi2 DB  OA2h,OA4h, OA6h, OABh, OABh, OA8h, OAOh,
0ABh, OACh, OAER
vi3 DB  OAEh,OAEh, OBOh, OBOh, OB2h, OB2h, OB4h,
OB4h, OB6h, OB6h
vid DB  0OB8h,OB8h, OBAh, OBAh, OBCh, OBCh, OBEh,
OBEh, OCOh, OC2h, OC2h
v15 DB OC2h,0C4h, 0C5h, 0C7h, 0C7h, OCOh, OCOh,
OCBh, OCBh, OCBh
v1i6 DB OCDh,OCFh,0D1h,0OD1h,OD1h, OD3h, OD3h,
OD5h, OD7h, OD7h
vi7 DB OD7h,0OD9h, ODBh, ODBh, ODBh, ODDh, ODFh,
ODFh, OE1h,OELh
vis DB OEth,OE3h,0ES5h,O0E7h, OE7h, OE7h, OEOh,
OES9h, OEBh, OEBh
v19 DB  OEBh,OEDh, OEDh, OEFh, OEFh, OF1h, OFih,
OF3h, OFSh, OF5h
v20 DB  OFS5h,OF7h, OF7h, OF7h
TABLE I max DB 03h,07h,0Ch,1th,15h, 1Ah, 1Eh, 23h, 28N,
2Ah, 2Dh, 32h, 36h
12 DB 3Bh, 40h, 44h, 49h, 4Dh, 52h, 54h, 5Ah 5Fh,
64h, 66h, 6Ah, 6Fh
13 DB  74h,7Ah,7Eh, 84h, 88h, 8Ch, 90h, 94h, SAh,
9Eh, OA2h, 0ABh
14 DB  OACh,OB2h, OB6h, OBBh, OCOh, OC5h, OCBh,
| 0CDh, OD1h, OD7h
15 DB  ODDh,OE1lh
ACILIS: CALL DISPLAY
MVI A,OFh
OUT OOh
MVI A,Oth
OUT 02h
LX! H,PROG
MVI B, 10h
MVl A,BOh

CALL PRINT



ACS:

LPTT:

DELAYD:
DLYD:

GETVout:

LXI H,GKN
MVI B, 10h
MVI A,OCOh
CALL PRINT
CALL DELAYM
CALL DELAYM
MVI A,OCh
OUT Oih
CALL CNT
CALL DELAY2
MVI A,01h
OUT Oih

CALL CNT
CALL DELAY1
LXI H,VVI
MV B, 24h
MVI A,O0COh
CALL PRINT
CALL DELAYD
MVI A, 18H
OUT O1LH

CALL CNT
CALL DELAYD
CALL SCAN

JZ LPTT
CALL DELAY
CALL SCAN

JZ LPTT
CALL Findkeykod
CALL DISPLAY
LDA Keykod
CP! 31nh

JZ GetVout
CPl 33h

JZ GetVtol
CPlI 23h

JZ Get lmax
CPI 32h

JZ Start
JMP LPTT
LXI D,OFFFBh
DCX D

MOV A,E

ORA D

JNZ DLYD
RET

LX! H,CGR
MVI B, 10h
MVI A,80h
CALL PRINT
LXI H,VMAXMIN



Getlimax:

MV I
MV I
CALL
CALL
CALL
LX1
MV I
MV I
CALL
LXI
MV [
MV
CALL
LXI
MV 1
MV 1
CALL
CALL
LXI
MV I
CALL
CALL
CALL
CALL
STA
CPI
JC
LX1
MV I
MV I
CALL
CALL
CALL
JMP

LX1
MV
MV I
CALL
LXI
MV 1
MV ]
CALL
CALL
CALL
LX!
MV I
MV1
CALL

LX1

"MV

MVI
CALL
LX1

B, 10h
A, OCOhQ
FRINT
DELAYM
DELAYM
H, VMAXMIN
B, 10H
A, BOH
PRINT
H, SPACE
B, 10h
A, OCOh
PRINT
H, PVOUT
B, 05h
A, OCOhR
PRINT
GET

H, VOLT
B, O04h
PRINTL
DELAYM
DELAYM
DecBin
Vout
OF1h
ACS

H, HTLGR
B, 10h
A, 80h
PRINT
DELAYM
DELAYM
GetVout

H, IVM
B, 10h
A,80h
PRINT

H, CKS

B, 10h

A, OCOh
PRINT
DELAYM
DELAYM

H, IMAXMIN
B, 10h

A, 80h
PRINT

H, SPACE
B, 10h
A,0COh
PRINT

H, PIMAX



Error2:

GetVtol:

MV1
MVI
CALL
CALL
LX1
MV
CALL
CALL
CALL
CALL
STA
CPI
JNC
CPI
JNC
MV I
STA
JMP

LXI
MV I
MVI
CALL
CALL
CALL
JMP

LX1
MV 1
MV1
CALL
LXI
MV I
MV
CALL
CALL
CALL

. LXI1

MVI
MV1
CALL
LXI
MVI
MVI
CALL
LX1
MVI
MV
CALL
LX1
MVI

B, 05h
A, 0COh
PRINT
GET

H, AMPER
B, O5h
PRINTL
DELAYM
DELAYM
DecBin
Imax
33h
ERRORZ2
O1ih
ACS
A,O1lh
Imax
ACS

H, HTLGR
B, 10h
A, 80h
PRINT
DELAYM
DELAYM
Getlmax

H, CKV
B, 10h
A, BOh
PRINT
H, TLR
B, 10h
A, OCOh
PRINT
DELAYM
DELAYM
H, SPACE
B, 10h
A, 80h
PRINT
H, MYUZ
B, OAh
A, 83h
PRINT
H, SPACE
B, 10h
A,0COh
PRINT
H, PVTOL
B, 0bh



MVl A,0COh
CALL PRINT
CALL GET

MVI B, 0O4h
LXI H,VOLT
CALL PRINTL
CALL DELAYM
CALL DELAYM
CALL DecBin
STA Vtol+01ih

CPI Oinh
JNC ACS
MVI A,01h
STA Vtol
JMP ACS
DecBin: MV 1 C,01th
LXI H,8100h
DLP1: MOV - A, M
INX H
CP1 17h
JZ DLP2
CP1 32h
JNZ DLP1
MOV A,L
DCX H
DCX H
CPI O1h
JZ Error
CPl 0O4h
JNC Error
CPI 03h

JZ Onlari
JMP: Birler2

DLP2: MVI C,02h
MOV A, L
CPl 04nh
. JNC Error
CPl 0O3h
JZ Yuzler
CPl 02h
JZ Onlar
MOV A, M
RET

Yuzler: LXI H,8100h
MOV A, M
CPl  03h
JNC Error
LX!l D,DecTabl
ADD E

MOV E,A



Cnlartl:

Onlar:

Birler2:

ERROR:

XCHG
MOV
XCHG
INX
MOV
LX1
ADD
MOV
LDAX
ADD
INX
INX
ADD
RET

LXI
MOV
CP1
JNC
LXI
MOV
LX1
ADD
MOV
MOV
ADD
MOV
LDAX
ADD
DCR
RNZ
RLC
MoV
RLC
RLC
ADD
RET

LXI
MoV
LX1
ADD
MOV
LDAX
RET
LXI
MVI
MV 1
CALL
CALL
RET

w
bu 4

ecTab2

O

T xTOWoMmmMmO>» T
>

H,8100h
A, M

03h

ERROR
H,8100h
A, M

D, DecTab2

>

QXorraa>»mm
>

H,8100h
A, M
D,DecTab2

E
E, A
b

H, HTLGR
B, 10h
A, BOh
PRINT
DELAYM



GET:

Getl:

Get2:

Rakam:

Dot:

GO:

ASCI1:

START

LX1
PUSH
CALL
LXI
MV I
CMP
JZ
INX
DCR
JNZ
CPI1
JZ
CPI
JZ
JMP
MOV
SuUl
POP
STAX
CALL
LX1
MV I
MV
ADD
INX
PUSH
CALL
JMP
POP
STAX
MV
LX1
MOV
MV I
MV1
ADD
INX
PUSH
CALL
JMP
POP
STAX
RET

ORI
STA
RET

MVI
OUT
LDA

D,8100h
D

INKEY
H,KeyTab
B, OAh

M

Rakam

" H

B

Get2
32h

GO

17h
Dot
Get1l
A, L
64h

D

D
ASCIl 1
H, 8002h
B,O1th
A,0C6h
E

D

D
PRINT
Getl

D

D

A, 2Eh
H, 8000h
M, A
B,O1h
A, 0C6Bh
E

D

D
PRINT
Getl

D

30h
8002h

A, OFh
00h
800Fh



OTHER1 :

OTHERZ2:

CONT:

AGN:

SLP1:
SLP2:

CPI
JNC
MVI
ouUT
JMP
CPl
JNC
MV I
ouT
MV
ouUT
JMP
MVI
ouT
MV
ouUT
STA
LX1
SHLD
CALL
CALL
CALL
LX1
MV
MV 1
CALL
LX1
MV 1
MVI
CALL
CALL
JZ
CALL
CALL
Jz
LX1
MV I
MV1
CALL
LXI
MV I
MV1
LDA
OR1
OuT
CALL
CALL
XRA
STA
CALL
LX1
LDA
CMP
JNC

G4ah
OTHER1
A, 00h
02h
CONT
OB4h
OTHERZ2
A,01h
0o2h

A, 03h
02h
CONT
A,Oth
02h

A, OS5h
02h
ROLE

H, 0O000h
HATAL 2
SETImax
SETVtol
SETVout
H, CKHZ
B, 10h
A,80h
PRINT
H, BTB
B, 10h
A, O0COhR
PRINT
SCAN
AGN
DELAY
SCAN
AGN

H, CKL
B, 10h
A, 80h
PRINT
H, ICD
B,10h
A,OCOh
ROLE
08h

0o2h
SENDVout
DELAYD
A
MULTIPLEXER
READOUT
H,Vtol
Vadc

M
QUTTOL



EXIT:

KClmax:

OUTTOL:

PZT:

ADJ:

INX
CMP
JC
XRA
STA
MV I
STA
CALL
LX1I
LDA
cMP
Jc
LX1
INR
MV
CMP
JNC
MV
ouT
LX1
MV 1
MV ]
CALL
LX1
MV I
MV I
CALL
RET
XRA
STA
JMP
LX1
INR
MV
CMP
Jc
LDA
LX1
SUB
JNC
CMA
I'NR
CP1
JC
LXI
INR
MV 1
CMP
JNC
XRA
STA
LX1
LDA
CMP

H

M
OUTTOL
A

HATA1
A,02h
MULTIPLEXER
READOUT
H, Imax
Vadc

M
KClImax
H, HATAZ2
M

A,03h

M

SLP1
A,0OLih
02h

H, LMD1
B, 10h
A, 80h
PRINT
H, LMD2
B, 10h
A, OCOh
PRINT

A
HATAZ2
SLP2
H, HATA1
M

A, OAh
M

EXIT
Vout
H, Vadc
M

PZT

A
0O4h
ADJ
H, HATA3
M
A,02h
M
SLP2
A
HATA3
H, Vout
Vade
M



BUYUK ¢

SETVout:

SVLPT:

BUYUKZ:

ESIT:

DELAYM1:
DLYM1:

SETVread:

SETImax:

Jz
JC
INX
DCR
JMP
INX
INR
JMP

CALL
XRA
STA
STA
CALL
CALL
CALL
LX1
CMP
JZ
JC
INX
DCR
JMP
INX
INR
JMP
RET

LXI
bCX
MOV
ORA
JNZ
RET

LX1
LDA
MOV
XRA
MOV
DAD
MOV
STA
RET

LX1

LDA
MOV
XRA
MOV
DAD

BLEZ
BUYUK

SETVread
A

Vsend
MULTIPLEXER
SENDVout
DELAYM1
READOUT
H, Vout

M

ESIT
BUYUK2

H

M

SVLPT

H

M

SVLPT

D, OFOFh
D

A,E

D

DLYM1

H, TABLEVout
Vout
C,A

H, TABLE!max
Imax
C,A

s A

oW >



SETVtol:

SENDVout:

READOUT :

MOV A, M

STA Imax

RET

LXI1 D, Vout

LX!] H,Vtol+0O1ih
LDAX D

ADD M

LXI H, TABLEVout
MOV C,A

XRA A

MOV B,A

DAD B

MOV A, M

STA Vtol

LDAX D

LXI H,Vtol+01lh
SUB M

LX! H, TABLEVout
MOV C,A

XRA A

MOV B,A

DAD B

MOV A, M

STA Vtol+01lh
RET

LXI H, Vsend
MOV A, M

OUT 20h

DUT 21h

RET

MVI A,OCEh

OUT 10h

MV1 A, 14h

QUT L4h

MV A,40h

OUT 15h

MV1I A,OFH

OUT OOH

MVI A,0OO0h

oUT 03h

L.DA MULTIPLEXER
OUT 13h

MVI A,O1lh

QUT O3H

MVI A,00h

OuUT 0O3h

CALL DLYZ260

IN 30h



DLYZ260:
DL :

DISPLAY:

CNT:

DELAY1:
DLYZ:

RDELAYZ:
DLY3:

STA
RET

LX1
DCX
MOV
ORA
JNZ
RET

MVI
oUT
MV
ouT
CALL
CALL
MV I
ouT
CALL
CALL
MV I
ouUT
CALL
CALL
MV
ouUT
CALL
CALL
MV
oUT
CALL
CALL
RET

MV 1
ouT
MV ]
ouT
RET

LXI

DCX
MOV
ORA
JNZ
RET

LXI

DCX
MOV
ORA

Vread

D, 001Eh
D

A,E

D

DL

A,OFh
00h
A,01h
Oih
CNT
DELAY1
A, O2h
O1lh
CNT
DELAY1
A, 38h
O1ih
CNT
DELAYZ
A, O6h
Oth
CNT
DELAY2
A, OEh
Oth
CNT
DELAYZ

A, 10h
03h
A, OOh
O3h

D,00ELh
D

AE

b

DLYZ

, 0006h

o> 00



JNZ DLY3

RET
PRINT: oUT Otih
CALL CNT
CALL DELAY2
PRINTL: MOV A,M
< OUT Oth
CALL CNTD
INX H
DCR B
JNZ PRINTL
RET
CNTD: MVI A,14h
OUT 0O3h
MVI A,0O4h
QuUT 03h
CALL DELAY2
RET
INKEY : CALL SCAN
JNZ INKEY
LOOP: CALL SCAN
JZ LOOP
CALL DELAY
CALL SCAN
JZ LOOP
Findkeykod: MVI B, O0Oh
LOOPZ: INR B
RAR
JC LOOP2
MOV A,C
RLC
RLC
RLC
RLC
ORA B
STA Keykod
RET
SCAN: MVl C,0th
MVl A,OEh
OUT 10h
MVI A,30h
QUT 13h
IN 11h
CP1 OFFh
RNZ

INR C



DELAY:
DLYDLY:

DELAYM:
DLYM:

MVI
OuT
IN

CP1
RNZ
INR
MV I
ouUT
IN

CPI
RET

LX1

DCX
MOV
ORA
JNZ
RET

LX1

DCX
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
MOV
ORA
JNZ
RET
END

A, 28h
13h
11h
OFFh

A, 18h
13h
i1th
OFFh

D, 1568h
D

A,D

E
DLYDLY

D, OFFFFh
D

A,D

DLYM



