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Mikroizlemel kartinin acaik devre Semes:

Ldres sayicisi, adres segicisi, adres tutucu ve dalga
Sekli1 belleainin devre semasi

Dalga sentezleyicisi,genlik kontrol devresi ve offset
kontrol devresinin acik devre =zemas:

Frekans sentezleyici devresinin acik devre semas:

Kullanilan programlar tim

Bask:i devre semas:
8085 makina dilinde yaz:ilan pr

devreler ve tzellikleri

cogramlar



iv

OZET

Bu tez galismasinda elektronik sistemlerin test, tasa~
rim ve ayarlarinda kullanilabilecek Programlanabilir Sinyal
reteci tasarlanmigs ve gergeklestirilmistir. Frogramlanabi-
lir Sinyal iireteci karmasik dalga sekillerinin Gretimi  ya-

ninda standart fonksiyonlar:ida (siniis, kare, ucgen, ramp)

tdretebilmektedir. Cihaz gikisindaki sinyalin genligi *5V,
affseti 2.5V frekansi ise standart fonksiyonlar icin
100 Hz - 50 KHz arasinda degismektedir. Gergeklestirilen

cihaza programlansbilir algak gegciren filtre devresi ilave
edilerek gikig sinyalinin en uygun bicimde filtrelenmesi

saflanmistir. Cihazin giki=s empedans: 50 &’dur.
-} - =3 T



SUMMARY

In this work related with the thesis, a Programmable
Signal Generator which can be used in the test, design, and
calibration of electronic systems is designed and realized.
This signal generator can produce the standard waveforms
such as sinusocidal, square, triangular, etc as well as more
complex waveforms. The signal amplitude at the output of
the generator is £ 5 V with the offset value * 2.5 V., Its

frequency for standard waveforms may ke varied between
i00 Hz - 50 kHz. A programmable low pass filter is added to
the system so that the output signal is most suitably fil-

tered. The output impedance of the generator is 50 .
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TANIMLAR DIZIN1Z

RAM {(Random Access Memory) : Rasitgele erisimli bellek
EFROM (Erzsable Programmable Read Only Memory) : Silinebi-
lir, programlanabilir =salt okunabilir bellek

LL (Phase Locked Loop) : Faz kilitlemeli dongu
DAC (Digital! Analog Converter) : Sayisal veriyi analog vol-
taja gevirici

LCD (Liguid Crystal Display) : Siv: kristal gisterge



1. G1R1S
Elektronik sistemierin kompleks dalga gekillerini Sliciap
analiz edebilme yetenekleri arttikga bu sistemlerin test

1t

izlemlerinde, kalibrasyonlarinda ve ftasarimlarinda kullznzi-

o

labilecek sinyal idreteglerine ihtiyags artmaktadir. Her sis-

tem igin ayr: bir sinyal idreteci kullanmak hicte ak:zlca

degildir. Ayrica cihaz gikisindaki sinyalin genlik ve fre-
tansint yitksek hassasiyette Liretebilmeili ve geleneksel
bir sinyal dretecinin iglevlerine sahip olmalidair. I=te

bunlarin hepsi Programlanabilir Sinyal iretecinde mevcuttur.

Programlanabilir Sinvyal tireteci mantik devreleriyile
elektronik devrelerin wuygun =zsekilde birlestirilmesinden
meyvdans gelmektedir., Sinyval dretimi wmantik devrelerinin

afarlzkta oldusu bir metotla gergeklestirilmektedir. Cik

Pt
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takil sinyalin genlik ve frekansinin hassasiyeti kullaniian
DAC ve frekans sentezieyicisine baslidzir. Programlanabilir
Sinyal dreteglerinin gcikizs frekanslar: kullanilan DACY larin

alisma frekanslar: ile sinirladar. Bu nedenle g£ikizs fre-

LR
N

kansi geleneksel sinyal ireteglerine gire daha disiktiir.
Programlanabilir Sinyal iretegleri ile standart fonksiyon-
larin ( sinus, gggen, kare vb. ) yaninda istenilen bir

dalga seklini nokta nokta tanimlayarak iretmek mimkindiir.

Programlanabilir Sinyal liretegleri Gzellikle sonar
cihazinin, biyvofiziksel sinyalleri glcen - cihazlarin ve
haberlezme sisteminde kullanilan cihazlarin test, tasarim ve

kalibrasyon iglerinde kullanilimaktadar.
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2, KARMASIK DALGA SEKLT URETIM1 ICIN METOTLAR

Farmsgilk dalga sekilleri Uretmek icin gesitli metotlar
kullanimaktadir. Bu metotlardan birincisinde, karmas:ik
dalga s=sekli vektdrler vardimiyla olusturulmaktadar. ik

defa Hewlett-Packard firmasi tarafindan kullanilan bu metot-
ta istenilen dalga cekli , geleneksel bir fonksiyon dreteci
ve bir mikroizlemci tarafindan itreftilmektedir. Burada mik-

roislemci vektdr Uretmek igin dretecin pozitif ve negatif

akim kayvnaklarin: kontrol eder. Bu metot sadece vyaz:il:im
gerektirdisi izin oldukcz ekonomik olmasina rasdmen bazz
dezavantajlari wvardar. Ciinkd mikroislemcinin  her vektor
izgin ardis:! konitrol saslamasi gerekir. Bu nedenle cikis
frekans: oldukga kiigiiltiir. fkinci metot ise ilk defa Wave-
tek firmas: tarafinda geligtirimistir. Bu metotta bir rast-

gele erizimli bellek icine depolanan dalga seklii verilerinin
srdis:l olarak bir mikroislemci tarafindan taranarak bu
verilerin DAC (Digital/ Analog Converter) tarafindan analog
voltaia gevrilmesi yoluyla dalgas zekli Gretimi yap:ilmakts-
dzr. Metotta kullanilan devre geleneksel bir fonksiyon
iireteci izermediginden dolay: vektdr ifretim metoduna gdre

daha pahalidair.
2.1. Basamak (Staircase) Dalga Sekli Sentezi

Bacamak dalga zekli {iretim metodunda iretilecek sinya-

1in bir peryotluk kismi kodlanarak bir salt okunabilir veya

rastgele erisimli bellefe depolanzr. Yani bellek igcinde
gsinyali sayisal temsil eden bir tablo olusturulur. Bir
sayici yardimiyla iretilen adreslere karzilik gelen tablo

degerleri bellek cikiginda DAC (Digital-to-Analog Converter)
tarafindan analog voltaja gevrilir. Bu metotla dalga sekli
iireten iiretecin basitlestirilmizc semas: Sekil 2.1'de wveril-
mistir. iiretilen dalga geklinin frekansi sayicinin (Coun-
ter) saat frekans: ve dalga geklini belirlemede kullanilan
veri sayisina baglaidar.

iiretilecek dalga sekli V(t),1/Ts Grnekleme frekans:i ile
Brneklenir ve frneklenen degerler saytsal kodlanarak bellege

yitklenir. Dalga sekli V(t)>=Vm.Sinwt ise bunun 1/Ts frekansa



Vet
— Out - v
DAC out
Out? +
7 l; L
h} ]
BELLEK
DAC
SAYIC]
CLK

i)

Zekil 2.1 Tablo okuma metoduylas dalga sekli idretimi

ile GCrneklenmizs degeri

VinT)=Vm Sin(nwT) n=0,1,2...N (2.1
ifazdesiyle Tthesaplanzir. Bu N adet deger kodlanarak dreti-

lecek dalga seklini temsil eden say:sal tablo elde edilir.

Cikistakil dalga seklinin frekans:

fs
fo = (2.2)
N
degerine esittar. Buradaki fs Grnekleme frekans:inz, N ise

dalga sekll tanimlamada kullan:ilan Drnek sayisini gostermek
tedir. N sayisi bellegin uzunlugu ile sinirlidir. Hrnekle-
mis degerlerden dalga sekli lretirken kullanilacak minimumum

veri sayisi Uretilecek standart dalga =sekline gdre degizir.

Sinus dalga seklini dretmek digin minimum dort drnek
yeterlidir. Uggen dalga zekli tdretirken £0okK drnek
kullanlﬁmalldlr, clnkd cirkistaki dalga <sekli basamak
fonksliyonlarindan meydana gelmektedar. Crkigs dalga =zeklinin

istenilene yakin olmasi ise ancak basamaklarin gok sik clma-
g1yla sadglanabilir. Sinisoidal dalga sekilleri filtre

kullan:ilarak diizgin sekilde elde edilebilir. Basamak fonk-
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sivonlarin olugan crliigtali dalga geklini Fourier seri-

sine a sak bir temel frekans wve bircok harmonik

Ly
w

r
frekanslardan olustugu gdrdlir. dretilecelk oclan sinyal

sintsoidal ize teme!l! frellans: gegiren bir algak ¢

M

ciren

jol

filtre kullanarak dizgiin bir sinyal elde edilebilir. Fakat
lineer degigimlere sahip dalga sekilleri igin harmonik frek-
anslarda oOnem tasimaktad:zir. Bu nedenle gikiza konulacak
filtrenin kesim frekans: sinyalin frekansindan daha biyvik
olmalzdzir. Gorizldigia gibi Uggen, ramp gibi sinyallerin
tretiminde filtrenin kesim frekansinin ne olacadinin oldukca
onemi wvardir. Bu durumda ya gikiza programlanabilir filt-
re koyulabilir ya da dalga seklini tanimlamada kullanilan

Srnek sayisi arttirilabilir.

(2.1 formitlinde fs ve N sayis: degistirilerek dalga
seklinin frekans: defZistirilebilir. Bu iki degeri uygun
zekilde degistirerek gi:kizta degizik frekanslara sahlp dalga

sekilleri elde ecilebilir.

Basamak dalga sentezi metodu oldukga basittir. Fakat bu

metodla ancak diisiik frekansli dalgas sekilleri Gretilebilir.

i

Cikis Dbasamak fonksiyonlarindan olustuau iginde kodlama
giiritl titsit ortaya gikmaktadzir. Ayrica DAC «geviriciler uzun
yerlezme =zamanina (settling time> sahip olduklar: igin
cikiz dalga ceklinde say:isal ver:ilerin her degigiminde
sigramalar olusur. Metod hem gayisal hem de elektronik

devreler igerdiginden diger geleneksel fonksiyon idretegleri-

ne gdre daha pahal:idir.
2.2. Interpolasyon Metodu

iInterpolasyon metodunda bir dalga sekli {iretmek igin
iki DAC kullanilar. Birineci DAC baslangig noktasini, ikinci
DAC bitis noktasini belirler ve bu iki nokta arasina bir
gizgl gizilir. Sekil 2.2'de basit interpolasyon devresi ve

bu metodla cizilen bir sinusoidi gostermektedir.
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Bu metotla gizilen gizginin baglangig noktasini DAC
P'nin digital girigleri, bitis noktasini ise DAC Q'nun digi-
tal girisleri belirler. DAC P'nin referans girigi T peryod-
unda - Vmax'tan 0'a giden pozitif rampadandar. DAC Q’'nun
referans: ise DAC P’ninkine esit ve ayni peryotta 0'dan -
Vmax’a giden ters rampadir. DAC P ve DAC Q «cikislarinzin

toplam: azafidaki denklemle verilir

Vout

Np . (Vmax - Vmax.t 7/ T > + Ng ( Vmax.t / T ) (2.3)
Vout = Np . Vmax + ( Np - Ng ) . Vmax.t / T (2.4)

Daha ©&ncede belirtildiai gibi bir dogru gizgisinin iki
noktas: DAC P ve DAC Q’daki binary say: ile belirlenir. Bir
gsonra gizilecek gizgi igin P Q'nun deferiyle ve RQ'da yeni
bitig noktas:i degeriyle yitklenir ve bu izslem tekrarlanir.
P ve DAC Q@ tamamiyla ayni sayilarai kullanilzir, Yalnizca

C
DAC  her zaman DAC P'den bir kelime ileridedir.

Zekil 2.2’deki devrede DAC’in ve islemsel kuvvetlendi-
ricilerin yerlesme zamanindan ve testeredicsi sinyalinin slew
rate’tinden dolay:1 cikista bir takim sigramalar oiu;abilmek—
tedir. Ayrica DAC’lara gitnderilen digital deferler degics-
tikee istenmeyen gecisler ortaya gikabilir. f=te bunlar:
Snleyebilmek igin interpolasyon metodunda bir takim degigik-

likler yapilmistair.

Interpolasyon metodunda her digital kelime dnce DAC
Q’ya ve bir peryod sonra DAC P’ye verilmekteydi. Fakat bu

vyeni metodda her bir kelime yalniz bir DAC'a uygulanmakta ve

DAC referans voltajlarina lggen dalga verilmektedir. Sekil
2.3 yeni metod igin kullanalan devreyi ve ilgili dalga
csekillerini gostermektedir. Burada dikkat edilmesi gereken

nokta DAC'a uvygulanan digital kelimelerin DAC referanslarz
gi1fir oldugunda yenilenmesidir. Bu da Sekil 2.3'de karsi-
lasilan slew rate ve yerlesme zaman problemlerini gnler.
Ama hala ;legta kigiik sigramalar olusabilir.

Interpolasyon metodu yiiksek ferkanslarda galigmaya

imkan saflar ve dalga geklini tznimlamak igin gerekli olan



digital kelime sayisini minimums indirir. Bununla hkeraber
donanim birineci metoda giire daha karas:iktair.
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Sekil 2.3 Dizeltilmis interpolasyon metodu ve dalga
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3. DONANIM

Programlanabilir Sinyal Uretegi 1ki ana bdlimden meyds-
na gelir. Bunlar mikroiglemci ve dalga fildreteg kartidar.
Mikroiglemci karti sistemle ilgili islemler yaninda dalga
Greteg kart: igin gerekli veri ve kontrolleri saglar. Ayri-
ca kullanic: ile iletigsim bu bdlim tarafindan yapilmaktadair.
Dalga sekli idreteg karti ise kullanicinin istedigi genlik,
offset ve frekans degerinde dalga =zekli diretir.

Blok semas:i Sekil 3.1’de wverilen Programlanabilir Sin-
val treteci sbyle galigir : Palga sekli helleai hikroiglem-

ndan olusturulan sayisal dalga sekli bilgisini
igerir. Ulagszilmak istenen bilgi dalga =ekli adres sayicis:
tarafindan belirlenir. Sayicinin caati frekans sentezleyici
katindan gelir. Sayisal dalga =ekli bilgisi dalga zekli
sentezleyicisine gSnderilir. Bu sentezleyici sayxsal bilgi-
vi analog voltaja sevirir. Genlik kontrol devresi dalga
sentezleyicil gikizin: O0-10 Vpp arasinda kontrol eder. Off-
set kontrol devresi mikroislemeci tarafindan saglanan bilgi-
vl analog voltaja gcevirir ve toplay:ic: katina uygular. Top-
layica genlik kontrol ve offset kontrol devresinden gelen
csinyalleri toplayarak siriicii katina iletir. Bu kat gfikisza
bagl: yitkiin siriilmesini saglar ve g£ikis empedansin: 50

 "da sabit tutar.
3.1. Mikroigslemci Kart:
3.1.1. Mikroislemci

Mikroislemei kartinda Intel firmasinin 8 bit'lik B8O085A
mikroislemcisi kullanilmigstzar. Bu mikroiglemci gogullanmis
veri hatti kullanair. Adresler 8 bit adres hatti: ve 8 bit
veri hatti arasinda paylastirailmigtar. 8085A mikroislemcisi
8080A mikroislemcisi ile uygun yazilima sahiptir. 8085A ’de
ilave alarak SIM ve RIM komutlari wvardzir. Mikroislemci

kendi icinde saat Uretecine sahip olup maksimum 3 MHz '1ik
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szat frekans: ile galisshilmekiedir.
80334 mikroiglemcisinde dGg  t4r kesici {Interrupt)
vardir. Birincisi Kurma (Reset) kesicisidir. Bu kesici ilk

anda adres sayicinin 0000 H adresinden basgslatilmas: icin

kullantlir.

tkinci kesici turiunde, biri maskelenemeyen diirt tane
kesici vard:ir. Bu kesitilerden biri geldiginde mikroizslemci
daha &nceden belirlenmis adresten itibaren calismaya basglar.
RST 7.5, RSET 6.5, RST 5.5 kesicileri yazilim ile engellene-

bilen kesici girizleridir ve Dnem sirasina gire mikroislemeci

bu kesicileri degerlendirir. TRAP kesicisi icse yazilim ile
engellenemeyen kesindir. iiciinei kesici ise INR kesicisi-
dir. Bu kesici genel amagl: olup yaz:ilim ile engellenebi-
lir.

BO85A mikroislemecisi ayrica seri veri girizine ve giki-
zina imkan sas&layan SI1D (Serial Input Data) ve S0D (Serial
Qutput Data) bacaklarina sahiptir. Bu mikroislemeci kendi

ailesiden gevre elemanlariyla yazilim ve donanim idstiinldk-

leriyle bircok sistemde yaygin olarak kullanzlmakiadzr.

3.1.2. Giris / Cikis birimi

Girigs / Taikiz Birimi olarak iki adet 8155 PI0O (Paralel
Input/Output) timdevresi kullanilmistair. 8155 P10 iki ydnli
veri transferi igin programlanabilen 3 adet 8 bit’lik gi-

ris/gikiz  portuna sahiptir. Veri transferlerinde kulan:ilan

4
]

egzamanlama ve tokalagma (Handshaking) izlemi uygun £al:gma

b
i

modu kullanarak gerceklestirilebilir.
3.1.3. Bellek

Sistemde yazilan programlarin, sabitlerin ve tablolarin
saklanmas: igin EPROM (Erasable Programable Read Only Me-

mory) kullanilmistir. EPROM 16K X 8 bit’'lik olup OO0O0O-3FFFH

adresleri arasina yerlestirilmistir.



3.1.4. Yardimci tumdevreler

Mikroislemci kartinda 1iki tdr g@ztcli kullanilmistar.
Bunlardan biricisi bellek adres g¢dzucusy, digeri ise
input/cutput gozucusudur. Bellek adres gozuUcusu belirlenen
bir bellek haritasina uygun sekilde EPROM, RAM wve Dalga

Sekli RAM’inin segilmesini sagqlar(Sekil 3.2).

\
0000H
27128
EPROM
1
|
3FFFH
4000H 6264
RAM
SFFFH
6 000H DALGA SEKL
67FFH BELLEG!

Sekil 3.2 Bellek haritasa

! 00H 8155-1
{ OFH
i
| oK 8155-1l
1FH
i 20H .
j GENLIK
2€H
30K OFFSET
3FH
404
FREXANS
LFH
50 H .
° FiLTRE
56H

Sekil 3.3 [/0 haritasa



Input/Output gbziicGsd ise Sekil 3.3 "de verilen 170
haritasina uygun olarak mikroigslemci kartindaki 8155 P[0
tiimdevreleriyle Dalga sekli dreteci kartindaki DAC’lar:
(Digital-to-Analog Converter) secer. Her 1ki gHziicide de
74L513% Cgziled timdevresinden yararclanilmigtir. Sekil 3.4’de
beilek adres gdzilcli devresi, Sekil 3.57de ise /0 gdzidcl

devresi verilmigtir.

1
G Y0 4 ROM 12 RAM
E S —
= Y0
AD15 ~ . .
A 31s vz 51z 71 L1t DALGA sexui BeLLEGH
AD14 21, B
12 AD13 14 A M2
74139 74139

Q.
1t}
<
ke 1
D
mn
o

| BB 8155 - 1
AD1S 3 Yo b2—222
Goa 0
4 .
6yg e B 8155-11
10/ m 6 G ' _
1 v3 L2 GENLIK KONTROL
AD12 ! " E OFFSET KONTROL
74138
vs 110 FREKANS SENTEZLEYiCi
AD14 il.
9 Fi i
Yo ILTRE DEVRES]
Sekil 2.5 {70 harita cZziici dewresi

3.2. Dalga Sekli Ureteg Kart:

3.2.1. Dalga gekli adres sayicisi

Daiga sekil adees gsayicist dfct adet arka arkaya baglan-
mis 4 bit binary sasyicidan olusur (Ek 2) Bu sayicila-
rin Frkiglary wiazilimak istenzn sayvisal dalga seskli cilgisi
igin dalga <=ekil bellefine adres saglar. Dalga sekiinin
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girigine wuygulanir. Bu &adres 11 nolu bacak mantik "O"
zeviyesine gekildial zaman sayicilarin gikisinda gozidldir,
11 nolu bacak mantik "1" yapildigi zaman sayici gikiglarin-
dalki veri S nolu bacaktaki saat sinyalinin her yiikeelen
kenarinda bir artacaktzr. Sast sinyali frekans sentezleyici
tarafindan dretilmektedir. Ardisil sayma izlemi durma adres
karsilastiricisindan gelen LOAD sinyali mantik "O" seviye-
sine dusinceye kadar sirer. LOAD mantik 0" seviyesine
diztign zaman say:icilarin gikizlari baslangigc adresine

kurulur ve dalga =z=ekli yeniden iiretilmeye bacglanir.

3.2.2 Dalga gekli adres segicisi

Dalga =eklil &adres segicisi dirt adet 2 girisli wverld
seciciden meydana gelir(Ek 3). Bu veri segiciler dalga
sekli belledinde erigsilecek verlesimin adres sayicisi veya
mikroiztlemci kontrolinde olup olmadizini belirler. Bu segci-
cilerin 1 nolu bacag: A/B, mikroislemci tarafi:ndan kontrol
edilir. Mikroizlemci dalgas =sekli bellefine erizsecefii zaman
bu hatt: mantik "0O" seviyesine diisdriir. Dalga =zekli tretimi
vyapilacag: zaman ise A/B hatti mantak "1" yapilarak sayzic:

cikiglari dalga sekli bellesi adres hattina baglanzir.
3.2.3. Dalga sekli belleqgi

Dalga sekli bellegi rastgeleerisimli bellek (RAM) ve
74L5245 iki yonli hat alici-vericisinden olusur(kEk 2).
Rastgele erizimli bellek 8 bit genigliginde 2048 Dbyte
uzunlugundad:ir. Erigilmek istenen yerlesim RAM adres hattin-
daki (AL10-A0) 11 bit binary sayi ile belirlenir. Ezer RAM’a

veri yazilacaksa 21 nolu bacaga mantik "O" seviyesi ginde-

rilir. Okuma yapilacagi zaman ise 20 nolu OE bacag:r mantaik
"O" seviyesine disidridlir. Kirmik segici (CSY RAM’i aktif
yapabilmek igin mantik "O" seviyesinde olmalidar. T74L8245

tiimdevresi dalga =sekli hafizasi ile mikroiglemcinin vwveri
hatti arasinda iki yonli bir kapi gibi davranair. Bu tidmdev-
renin 18 nolu bacag: mantik "1" seviyesinde oldugu =zaman

timdevre yiksek empedans durumuna geger. Veri iletiminin
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vonid 1 nolu baosktzki DIR sinyali ile belirienir. Eger DIR
mantzl Min cegviyesinde ige wveri A'dan EBE've, mant:k  "O"

seviyesinde ise B'den A'ya dofru ftransfer edilir.

DPalga zekli beliegi 8 bit dalga =zekli bilgisini igerir.
Pu bitlerden WF1 en cnemsiz, WF8 ise en &nemli bit’tir.
Mikroiglemci dalga =sekli bilgisini kullanic: tarafindan
belirlenen bellek yerlerine yerlegtirir. Daha sonra bu
bigiler sirali bir bicimde dalga gekli oluzturmak igin diga-

riva verilir,
3.2.4. Dalga sekli tutucusu

Dalga =ekli tutucusu olrak 74LS374 occtal D tipi flip-
flop kullan:ilimaktadair. Tiimdevrenin D girislerinde bulunan
bilgi Q gikislarina saat darbesinin yiikselen kenarinda
transfer edilir. Q gikislarindaki bu veri diger saat dar-
besine kadar tutulur. Tutucu kullanilmasinin nedeni dalga
sekli bilgisini dalga sekli sentezleyicisine wuygulamadan
Snce bu bilginin gegerli oldufuna emin olmakt:zr. Dalga
zekli bellesinde bir yerlezime erisildizi zamsn veriler
sonug degerlerine ulagabilmek igin belirli bir zamana ihti-
yag duyarlar. Diger saat darbesi geldiginde ise veri geger-

1i olur ve dalga zekli sentezleyicisine gonderilir.
3.2.5. Dalga sekli sentezleyicisi

Dalga =ekli sentezleyicisinin fonksiyonu dalga sekli
hafizasindan gelen sayi1sal veriyi analog voltaja gevirmek-
tir. Bu devrenin ana elemanlari 8'bitlik DAC 800 ile LF 411
iz=lemsel kuvvetlendiricisidir. Sekil 3.8"7da fonksiyonel
diyagrami: verilen DAC B00 8 bit’lik yiksek hizli ve akim
cikisi1 veren DAC (Digital-to-Analog Converter) olup 100 ns

verlesme zamanina sahiptir (Lineer Data Book, 1885).

Sekil 3.7'de verilen genlik kontrol devresinde DAC 800
loutl «cikisindan igeriye dogru bir akim geker (Lineer Data
Book, 1985). Bu akim DAC girislerinde gozitken sayi ve refe-
rans girisine uygulanan akim ile orantilzidir. loutZ baca-

gindan ise lfs-loutl fark: kadar bir akim geger. Burads



zlemsel kuvvetlendirici DAC cikiszindaki

virir. Dalga zentezleyicisinin giki=sz

tam

ocltaji dretebilmekiedir.

MSB LS8
v* Vm 27 ---- - -_ _-_._- 00
?‘13 ,T1 T\T 7?9 1‘-?12?
I R L]
. 4 Tout
AKIM z . —
v 14 ANAHTARLAR] Tout
ref(s) ]___
NN
15 |
A o—| -
ref(-) —‘1/(( ‘g ?
16 3 )
COMP V-

Sekil 3.8 DAC 800’un fonksiyonel diyagram:

+12V MSB LSB
D7 - - ~ - - - Do
K7 - LLIGI? IsiglnLLz
A N\
5V ) DAC 8CO
LK7 15
2
) A 3 1On.I'-"|16 130_‘1 '1—‘1
inlmn Al -
voooovt

Sekil 3.7 Dalga sekli sentezleyici devresi
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3.2.86. Genlik kontrol devresi

Gernlik lLkontrol devresi bir garpict (multipiving) DAC
0 ve LF 411 izlemesel kuvvetlendiricisinden meydana gelir.
Seli] 2.8'de fonksiyonel divagrami verilen DAC 830 gelig-
tirilmis bir CMDS/Si-Cr B bit garpan DAC olup 8085, 2-80 ve
dizer mikroislemcilerle uyumlu ralisabilecek bigimde tasar-

lanmistir (Lineer Data Book, 1885).

LSB

oC MDS7B

) 7 7
1 T T I
L. \ | s '
‘ref P | S | '
R‘b | | ! :
Rip st ‘ i
| ' ! '
A GNDe g o ' i
VI R 1

MW
~
Py
N
Py
o AAA—
~N
pe
Ay
ro
Py
N
0

- Vout

1
:
E

A
Py
X

Sekil 3.8 DAC 8307un fonksiyonel diyagrami

Dalga =ekli sentezleyicisi gikiginda girisindekil say:i-

zal veriyle orantili bir voltaj @iretir. Bu voltaj DAC 8307un
Vref girigine uygulanan dalga

burada DAC’ 1n

Vref girisine wuygulanir.
zekli D / 256 oraninda zayiflatzlir. D
csayisal girislerine uygulanan binary sayivyi gbstermektedir.

Genlik kontrol devresinin cikisindaki Vout

D
256

Vout = Vin
ifadesi 'ile verilir. islemsel kuvvetlendirici DAC 830 igin

tampon gd&revi gdriir ve kazancl birdir (Lineer Data Book).
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L

G/

Zekil 3.9 Genlik kontrol devresi

3.2.7. Offset kontrol devresi

Offset kontrol devresi 8 bit'lik carpic: DAC 83

lemgel kuvvetlendirici ve voltaj referans

£

m
fux]

(o

akim g£ikis: alinarak yapilir(ZSekil 3.10).

kaynag&indan

ir. Bu mod referans voltajini gikisa baglayar

elir. Buradaki DAC genlik kontrol devresinde kul

n
DAC ile ayn:idzir. Fakat DAC akim g£ikigz modunda gal:

W
~
-
M

Akim gikig

ulanan binary sayi ve Vref gerilimi ile oratilidir.

sel kuvvetlendirici hem tampon g&irevi géarir hem de

cikisindaki akimi gerilime gevirir.

Offset kontrol devresi gikigtaki

sinyale DC

o, is-

meyvda-

seviye

eklemenin yaninda sinyal lretiminde ortaya gikabilecek off-

cset hatalarinin giderilmesini safglar.

3.2.8. Cikis siridcu kata

Cikis siricid kat: empedans: 50 2’a kadar olan

’

yiikleri

siirebilmemiz igin gerekli olan akimi saglayan B sinif: yuk-

cseltegten wve bir eviriciden meydana

3.115., Yikseltegten eviriciye negatif g

gelmektedir

eri

rak yukseltecin gikis direnci dizirdlimus

cikisa bafglanan seri bir 50 22 direng

empedans1n1n‘50 @ olmas: saflanmistar.

ile

besleme
ve boy

cihazin

(Seki)
vapila-
lelikle

cikis
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Sekil] 3.10 Dffset kontrol devresi
<12V £ l__l
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Sekil 3.11 Cikis sdriicu devresi
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3.2.9. Frekans sentezleyici

Frelktans sentezleyici kart:i PLL (Phase Locled Loop).8253
programlznabilir b8lidcl ve frekans gikig segcicisinden meyda-
dir. Bu devre adres say:icilar igin programlana-

bilir =aat sinyali iretir.

PLL devresi veya teknigi defiizken osilatdriin ferkansinaza
(fo) wve fazin: giristeki sinyalin ortalama frekansina (ft)
ve fazina otomatik olarak kilitleyen bir devre olarak tanim-
lanabilir (Zekil 3.12). PLL devresi otcocmatik frekans vaka-
lama, frekans Carpims ve frekans sentezleme gibi

uygulamalarda gok kullan:zlzr.

FAZ ALCAK VOLTES ,
o K ARSILASTRICH GECIREN KONTROLLE °
FILTRE @SILATOR

Sekil 3.12 PLL devresinin blok semas:

PLL'"nin galismas: sdyledir : Faz kargsilastirici fo ve
fr sinyallerini alair. fo’in frekans ve fazini fr'ninki ile
karsilastirar ve buna karsilik gelen bir hata voltaj: Ure-
tir. Bu hata voltaji algak gegiren filtreden gegirilir ve
VCO (Voltage Controlled Oscilator) girisine uygulanir. Hata
voltajlné gdre VCO gikisindaki frekans: arttirir veya azal-
tir. Bu islem VCO frekans ve faz: fr'ninkilerle uyuvsuncsya
kadar devam eder. Farklarin sifir oldugu nokta kilitleme

noktas: olarak tanimlanir.



FLL tekniginde geri besleme hallkasina programlansbilir
bHldca  koyasral cilk:ista fo=Nfr freltans:y eide ediliebilir
(Sekil 2.13). Edylelikle belli bir frekans aralifiy sentez-

lenebilir.

. FAZ ALCAK VOLT £ oy
R GECIREN KONTROLL o
KARSILASTIRIG FlLTRE 0SILATOR
PROGRAMLANABIH
LiR BOLGCE
+ N
Zekil 3.13 PLL kullanilarak vyzpilan frekans carpici

devresinin blok s=emas:

Sekil 3.147de blok semasi verilen frekans sentezleyici
kartinda PLL olarak 74HC4046 timdevre kullanilmistar. Bu
timdevre ile 2KHz-2MHz arasindaki frekanslar sentezlenebil-
mektedir. PLL devresindeki b&licii olarak 8253 timdevresinin
zamanlayic: 171 kullanilmistir, Boliicii sayic: N2 mikroisle-
ci tarafindan ytklenir. 1MHz osilator g£ikisi zamanlayici
cikizi tarafindan 1000’e biliinerek 1KHz'lik referans sinyalil
elde edilmistir. Bu sinyal 744046 timdevresinin 14 no’lu
bacagina uygulanir. Boylelikle 1KHz’ 11k aralaiklarla
frekanslar sentezlenebilmektedir. PLL , kristal osilator,
zaﬁanlaylcx 0 ve zamanlayici 3 gikigsi 74LS153 segicisine
baglanarak cesitli frekanslarin secilmesi saslanmistir.

Frekans secici devresi 3.15' de verilmistir.
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.14 Frelans sentezleyici devresinin blok semas:
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ST18B 1 cc
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e£kil 3.15 Frekans segici devresi

!

{

3.2.10. Programlanabilir algak gegiren filtre

Programlanabilir algak gegiren filtre durum degizkeni
filtresi (State variable filtre) kullanilarak yapilmistzar.
Bu filtre 'ikinci derece filtre bloklara igin oldukga

uygundur. Durum degigkeni filtresi algak geciren, yiksek
saglar. Biitan

3.16'de

geciren ve band gegiren filtre gikiglar:
filtre parametreleri kolayca ayarlanabilir. Sekil

verilen durum defigken filtresinde merkez frekansi DACLl wve

DAC2 ile kontrol edilmektedir. Bu devre icin fo merkez frekan-

g1y ve B kalite faktdrili sagaidaki formiillerle verilir.

Ci1 = C2 , R3 = R4 , R7 = RSB

1
fo = (3.3)
2 m R3 C1
R6 R2
= (3.4)
R8 R5

Burada R4 ve R3 DAC denk direnglerini gistermektedir ve
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256 x ( DAC Basamak Direnci ?

R3 = R4 = (3.5)
DAC Ssyisal Kodu
3.2.10. Gag kaynagi
Guc kaynagi +5V, +12V ve -12V reguleli voltaj tretmek-
tedir. Bu :devre analog b&limlere +12V ve -12V, sayisal

bolilmlere ise +5V'luk gerilim vermektedir.
3.3. Diger Kisimlar

Programlanabilir fonksiyonu iiretecinde 9 adet tuzs var-

dir. Her tiarlit parametre girisi, fonksiyonu segimi ve diger
kontroler 8 tuz ile yapilmaktadir. Tuzlardan biri ise Kurma
(Reset) tusudur. Tuz takim:z 8155 POI'nin A portuna ballan-
migstar.

Herhangi bir tusa basildifiinda mikroislemeci bu girdiyi
okur ve tuzu tan:iyarak gerekli islemleri yapar.

2x16 LCD bilgi ghsterge sistemde kullanici ile ile-
tizim saflanmaktadir. Bu gisterge kendi bellefine ve tara-
ma devrelerine sahip oldugundan mikroislemci sadece veri
giinderirken ekran ile baslant: kurmaktadair. LCD giostergenin
veri hatti 81i55'in B portundan kontrol sinyalleri ise C
portundan saglanmaktadzir. Seki1!l 3.17’de tus takiminin ve

LCD gtistergenin 8155 portuna baflantisi gosterilmigtir.
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3,18 Tus takimi ve LCD gibstergenin 8155 ile

baglant: semas:
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4. YAZILIM

Sictemi isleten programlar 8085 makina dilinde yazaila-
rak 27128 EPROM belleginin 0000 - Z000H adresleri arssina
depolanmigtair. Sistem deagiskenleri belleginin 4000H-4100H
adresleri arasina yerlestirimistir. Sistem belleginin
5000H - 57FFH adresleri ise dalga sekli bellegini sakla-

mak igin ayrilmistir.

Sistem programlar: moditler yapida yazilmis olup her
programa diger‘bir programdan ulasmak mimkindidr. Programlar
fonksiyonlarina gGre 4g ana guruba ayrilmigtir(Sekil 4.,1).
Her grup ayni fonksiyonel islevlere sahip alt grublardan
meydana gelmektedir. Bu yap:i ile veri girizlerinde kullani-

ciya kolaylik getirilmistir.
4.1 Akigs Diyagramlara

Sisteme enerji verildiginde ANA MENU program: galzsmaya
baslar(Sekil 4.2). Bu programda &ince sistem degiskenleri
baglangig durumlarina kurulur ve portlar giris veya grkisa
programlanir. Daha sonra mikroislemci tusza basilmasin:
beklemeye baslar. Bu programdan il menu programina gegis
yapilir. Bu iiz meni programini (Edit, Parameter ve Store)
kendi iglerinde alt programlara dallanirlar. Her alt prog-
ram kendi fonksiyonunu yerine getirdikten sonra geldigi ist
programa dner. Biitiin programlar modiiler clarak vyapzldig:

igin bu modiillere difer programlardan erismekde mimkindiar.

EDIT menu programi bes alt programdan meydana gelir
(Sekil 4.3). Bu program ile standart fonksiyon segimi,
kompleks dalga sekil verilerinin dalga sekli bellegine yUk-
lenmesi, dalgé zeklinin baslangis ve bitis adreslerinin
belirlenmesi, 'dalga gekli bellefinin istenilen bir degere
kurulmasi veya bellefin temizlenmesi yapilabilmektedir.

EDIT menu programina ait alt programlarin akig sgemalar:

Sekil 4.4, 4.5, 4.6, 4.7, 4.8 'de verilmistir.



*MAIN XENU®

PROGRAMI
Y
Y ¥ Y
EDIT PARAMETER STORE
¥ ¥ ¥
FUNCTION FREQUENCY STORE
|
4 ¥ L4
ADJUST X,V AMPLITUDE RCALL
¥ Y Y
START OFFSET YCHG
Y ¥
STQP FILTER
L
ERASE

Sekil 4.1 Sistemi galaigstiran menii programlari ve bun{a-

ra ait alt programlar
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( BASLA )

Y

DEGISKENLERI
BASLANGIC

DURUMUNR GETIR

HAYIR

A

FUET

HAYIR

HAYIR EXECUTE

TUSU MU ?

F

MPOQINTER ° IN
GOSTERDIGI
PROGRAMA GIT

MPQINTER 1
GOSTERDIGI
MESAJI YAZ
3
MPOINTER ’I
BIR ARTTIR —
MPOINTER *I
BIR EKSILY »

Sekil 4.2 Ana programin akig semasi
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MESAJINI YAZ

TUSH
BASILDI MI ?

‘ EVET

( GERI DON )

EVET | "STOP ADDRESS”
‘—4 PROGRANINA GIT [———
HAYIR

TADJUST X, Y7
| PROGRAMINA GIT ——P

? FUNCTION ”
PROGRAMINA GIT p——""P

"START ADDRESS”
PROGRAMINA GIT p—»

"ERASE/SET”

PROGRAMINA GIT

v

e m,msIT OAlISs SCSOemasl
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Sekil

! 31
¥
TRUNCTION
HESRJIRI Y&Z
HaYIR FRQINTER IN GDS-
+ TERDIGI FOHKSIYO-
WU ¥aZ
4
FFOINTER™ ]
p—ere————
ARTTIR
‘HQ?IR
DPECRENENT FPOINTER'I
EXSILT
HaYIR
TUSU Mu?
FROINTER' IN 4605~
TERDIGI FONKEIYO-
NU DALGRSEKLI]
RAM ini YUXLE UE
SINYAL
URETHE ISLENINI
BRSLAT
Y
( GERI DON )
4.4 Standart fonksiyon segimini saQlayan FUNCTION

programinin akis semasi
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Y42
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SN

h 4
L
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ADRINY-1060

+——{ DATINR-18

EDIT ¥
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GER! DON

Sekil 4.5 Da]éa sekli verilerinin girilmesinde kullanilan

ADJ X,Y programinin akig semas1
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BASILDI HI?

ARTIMN=1D

Sekil 4.6 START Address Prog

TS MU?

GERI DON

TUSA

ADRES-ADREG+ARTIN b

ADRES-ADRES-RRTIN

EXEC

raminin aklig Femasi
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ARTIN=10

HRYIR

ADRES-ADRES-ARTIN

24
Y
aRTIN=d
ahRES:=D
¥
HiaW IR ADRES' IK
+ - DEGERINI
¥az
'y
ADRES-ADRES+ARTIN br——P

EXEC

Sekil 4.7 STOP Address programinin akilg semasl

Tusy ny?
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TUSU M9

HAYIR

 GERT DON

Sekil 4.8 ERASE/SET menit programi aklg Femasl



Sekil

HRYIR

A

BASILDI Hi?

HRYIR EXIT

TUSY HU?

GERI DOM

4.9 Parametre giris menu programinin akig semasi
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1 4 39
NAMP= 255
INT=
Y
TaMPLITURE
HESAJIND VAZ
HAYIR NAMP DEGEFINE KAR
< SILIK GELEN UOLT-
AJ DEGERINT YAZ
3
NAKP=NANP+INC e
NAMP=NANP- INC
‘_._.

EXEC

TUSU 12

#
GERI DON

Sekil 4.11 Amplitude programinin akilg femasi




BASLA
\

NCFFSET=8D
INC=1

Y

TOFFSET
HESAJINI YAZ

F

INC=25

EXEC

TUSU Mu?

40

NOFFSET=NOFFSET+ |
INC

s
( GERI DONM )

Sekil 4.12 Offset ayar programinin akig Hemasi



TFILIRE?

MESRJINT YeZ

BAYIR

THCRENENT

TUSU Hu?
iHﬁ?IR

EUET
HAYIR
FINR=4000
—
: INC=4D

HAYIR EXEC

TUSY nu?

k
( GERI DON )
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FC=FC+FINR

 FLTDAT=FLIDAT+ING

FC=F(-FINR

| FLTDAT=FLIDAT-INC

Sekil 4.13 Filtre programinin akis semasl
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ekil 4.14 STORE proar
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PARAMETER%menU programil dalga sekli ile ilgili paramet-
relerin girilmésini saglar (Sekil 4.9). Dalga sekline ait
frekans, gen]i? ve offset degerlerinin yaninda algak gegiren
filtre kesim ffekan51 belirleyen alt programlara bu meniiden
gegilmektedir.i PARAMETRE mentisitne ait alt programlarin akig

semas:r Sekil 4.10, 4.11, 4.12 ve 4.13'de verilmigstir.

STORE menu programi ise dalga zsekli bellegindeki dalga

sekli wverisinin sistem belleginde saklanmasini saglayan g

ana programdan meydana gelir (Sekil 4.14 ). Bu alt program-
lar vyardimiyla dalga zsekli bellegindeki veriler, sistem
bellegsinin B5000H - S7FFH adresleril arasina bZlgede saklana-

bilir, bu bélgédeki verilerle dalga =ekli bellegindeki veri-
ler yer de8istirebilir veya bu b&lgede sakli veriler tekrar

geri yiitklenebilir.
4.2 Tuslarin Fonksiyonlar:

Sistemde her tiirlii parametre girisi 8 adet tus ile
saélanmlgtlr. j Tuslar menu programina ve alt programlara
gore farkl: fo%ksiyonlar gosterirler. Bunlardan tuslardan
sadece Arttlr%a (lncrement?, Eksiltme (Decrement) ve Yii-
rurlige Koy { Cik (Execute/Exit) tuszlara her programda
ayni fonksiyoﬁa sahiptiler. Sekil 4.15, 4,186, 4.17 ve
4,18'de tuslar;n menii programlarandaki fonksiyonlari wveril-

migtir.



EDIT

PARAMETER

STORE

RESET

Sekil 4.15 Ana Mend programil tus fonksiyonlar:

ADJUST X , 2 FUNCTION ERASE / SET
STOP
START EXIT / EXECUTE
SHIFT
DECREMENT; INCREMENT RESET

Sekil 4,16 Edlt?Menﬁ programi tus fonksiyonlarzi

FREQUENCY ANPLITUDE OFFSET
EDIT ¥ SHIFT EXIT / EXECUTE
DECREMENT | INCREMENT RESET

Sekil 4.17 Parameter Menl programi tus fonksiyonlari
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Selkil

sw}z
RCRI;.L EXCHANGE EXIT / EXECUTE
RESET
4.18 ét&r“e Menil programi tus Fonksi STl 2

-y
Kl
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5. SONYUCLAR

Bu tezée Programlanabilir Sinyal treteci basariyla
ger;ekle$tir%lmi$tir. Cihaz bu haliyle laboratuar calisma-
larinda gelgneksel bir sinyal treteci olarak kullanilabi-
lecegi gibi karmasik sinyallerin lretilerek elektronik sis-
temlerin te%t ve tasariminda kullanilabilir, Programla-
nabilir sin?al udreteci E5V (50 & yuk igin x2.5V) cikis
voltajz, i215V offset voltaj: verebilmektedir. Gerilim ve
offset degefleri 8 bit"lik Thassasiyete sahiptir. Cihaz
cikisa empeéan51 50 £’ dur. Bu dretegc ile 100 Hz - 50 KH=z
arasindaki étandart sinyalleri (Sinds, tr-gen, kare wv.b.3
ﬂrefmek mumkﬁndar. Ayrica sistem idzerindeki programlanabil-
lir algak ge;iren filtre yardimiyla gik:is sinyalinin en
uygun $eki1$e filtrelenmesi saglanmistir. Filtrenin mak-
simum kesim %rekansz 50 KHz'dir. Sistem dzerindeki bir role
yardimiyla {oplay1c1 kat: gikisindakl sinyal filtrelenerek

veya filtrelenmeden cikis siiriiciisiine verilebilir.

Programlanabilir Sinyal ireteci’nde kullanilan DAC’lar-
in yeteri kadar hizl: olmamas: nedeniyle 40 KHz'in iizerideki
frekanslardajsinyal seklinde bozulma meydana gelmekte, ay-

rica genliktede dilsme olmaktadir.

Programianabilir Fonksiyon iireteci TRIG IN, SUM IN,
SYN IN, SYN%OUT ve EXT CLK giriglerine sahip bulunmamakta-
dlr. Bu ha?ici girigler ilave edilerek cihaz bir fonksiyon
grecinin bﬂt?n fonksiyonlarini yapabilir hale getirilebilir.
Ayraica cihazin bir MODEM hatti dzerinden herhangi bir bilgi-

sayarla baglatisi saglanabilir.
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\i a Ek 5. Kullanilan tim devreler ve Bzellikleri

8085A/8085A-2
SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSORS

Single —5V Power Supply K Four Vectored Interrupt Inputs (One t
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Cycle Status Information Availabie for B Direct Addressing Capability tc 64
_arge Sysiem Control Bytes of Memory

iniel® 8085A is 2 compiete § bit parailet Centrai Processing Unit (CPU). itsinstruction setis 100% software compatior-
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Figure 1. 8085A CPU Functional Block Diagram
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Figure 2. 8085A Pinout Diagram
3085A FUNCTIONAL PIN DEFINITION

The following describes the function of each pin:

Symbol
Ag—A1s
!Qutput, 3-state)

ADo-7
{Input/Output,
3-state)

ALE
{Output)

So, S1, and 1O/M
{Output)

Function

Address Bus: The most significant 8
bits of the memory address or the 8
bits of the /O address, 3-stated dur-
ing Hold and Halt modes and during
RESET.

Multipiexed Address/Data Bus: Low-
er 8 bits of the memory address (or
1/0 address) appear on the bus dur-
ing the first clock cycle (T state) of a
machine cycle. It then becomes the
data bus during the second and third
clock cycles.

Address Latch Enable: It occurs dur-
ing the first clock state of a machine
cycle and enables the address to get
latched into the on-chip latch of pe-
ripherals. The failing edge of ALE is
set to guarantee setup and hoid times
for the address information. The fall-
ing edge of ALE can also be used to
strobe the status information. ALE is
never 3-stated.

Machine cycle status:

I0/M S1 So Status

Memory write
Memory read
1/0 write

1/0 read
Opcode fetch
Interrupt Acknowledge
Hait

Hold

Reset

* = 3-state (high impedance)
X = unspecified

* A O - - OO

*

»*

HXO 2+ 4+ 2020
HKXO 2+ 4O =0 =

Symbol

RD
(Output, 3-state)

WR
(Output, 3-state)

READY
(Input)

HOLD

{Input)

HLDA

(Output)

INTR
(Input)

Function

S1 can be used as an advanced R/W
status. 10/M,So and S1 become valid
at the beginning of a machine cycle
and remain stable throughout the
cycle. The falling edge of ALE may be
used to latch the state of these lines.

READ control: A low fevel on RD in-
dicates the selected memory or 1/0O
device is to be read and that the Data
Bus is availabie for the data transfer,
3-stated during Hold and Halt modes
and during RESET.

WRITE control: A low level on WR in-
dicates the data on the Data Bus is to
be written into the selected memory
or /O location. Data is set up at the
trailing edge of WR. 3-stated during
Hold and Halt modes and during
RESET.

If READY is high duringareadorwrite
cycle, it indicates that the memory or
peripheral is ready to send or receive
data. If READY is low, the cpu will
wait an integral number of clock
cycles for READY to go high before
completing the read or write cycle.

HOLD indicates that another master
is requesting the use of the address
and data buses. The cpu, upon re-
ceiving the hold request, will re-
linquish the use of the bus as soon as
the compietion of the current bus
transfer. Internal processing can con-
tinue. The processor can regain the
bus only after the HOLD is removed.
When the HOLD isacknowledged, the
Address, Data, RD, WR, and 10/M
lines are 3-stated.

HOLD ACKNOWLEDGE: Indicates
that the cpu has received the HOLC
request and that it will relinquish the
bus in the next clock cycie. HLDA
goes low after the Hoid request ic
removed. The cpu takes the bus one
half clock cycle after HLDA goes iow

INTERRUPT REQUEST: isused as ¢
general purpose interrupt. It is sam-
pled only during the next to the las:
clock cycile of an instruction and dur-
ing Hold and Halt states. If it is active.
the Program Counter (PC) will be in-
hibited from incrementing and ar
NT A will be issued. During this cycle
a RESTART or CALL instruction car
be inserted to jump to the interrup:
service routine. The INTR is enablec
and disabied by software. it is dis-
abled by Reset and immediately after
an interrupt is accepted.
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ISA FUNCTIONAL PIN DEéCRIPTION (Continued)

allowing

ibol Function Symbol Function
A INTERRUPT ACKNOWLEDGE: Is Schmitt-triggered  input.
tput) used instead of .anc has the same connection to an R-C network for
timing as RD during the instruction power-on RESET delav. The cpu ¢
cycle after an INTR is accepted. ltcan heid in the reset condition as long as
be used to activate the 8259 Interrupt RESET IN is applied.
chip or some other interrupt port.
RESET OUT Indicat is bei .  be
5.5 RESTART INTERRUPTS: These three ETO naicates cpu Is being reset. Can e
- . ‘ (Output) used as a system reset. The signai i
6.5 inputs have the same timing as INTR . = i
o S syncnronized to the processor ciock
7.5 except thev cause an internal RE- ) . .
— A ) . ) and lasts an integrai number of ciock
uts) START to be automatically inserted. ‘
o ' ‘ ) periods.
The _Orluor:ty of these mvterrupts is X1, Xz X+ and X2 are connected 1o a crysta’
oragered as shown in Tabie 1. These ~ o o
O . T (input) LC.orRC networktodrivetheinterna
interrunts have a higher priority than .
ey e s - ciock generator. X; can also be ar
INTR. in addition. they may be indi- = . . -
. A A external clock input from z iogic garte.
vigually masked out using the SIM S o =
: . The input frequency is diviged by 2 1c
mnstruction. . L.
: give the processor's internal oper-
e Trap interrupt is @ nonmaskabie RE- ating frequency.
1t) START interrupt. It 1s. recognized at
the same time as INTR or RST 5.5-7 5. CLK Clock Output for use as a system
It is unaffected by anyimask or inter- {Output) clock. The period of CLK is twice the
rupt Enable. It has the highest priarity X1, Xz input period.
of any interrupt. /See Table 1.. SID Seriai input data line. The data on this
=T IN Sets the Program Countertc zero and (Input) ling is ioaded into accumuiator bit 7
1t) resets the interrupt Enabie and HLDA whnenever a RIM instruction is exe-
flip-flops. The data andaddress buses cutec.
;ndi?;e cp:introtlmes argS-ft‘ated gur- SOoD Serial output datz line. The outpu:
ing RESET and because of the asyn- (Output) SOD is set or reset as specified by the
chronqus nature of R:Sc t. the pre- SiM instruction.
cessors internal registers and flags .
may be altered by RESET with unpre- Vee +5 volt supply.
dictable results. RESET IN is a Vss Ground Reference.
TABLE 1. INTERRUPT PRIORITY, RESTART ADDRESS, AND SENSITIVITY
Address Branched To (1)
Name Priority When Interrupt Occurs Type Trigger
TRAP 1 ' 24H Rising edge AND high level until sampled.
RST 7.5 2 3CH Rising edge ‘latched .
RST 6.5 3 34H | High level until sampied.
RST 5.5 4 2CH l High tevei until sampied.
INTR 5 . See Notwe (2. | High level until sampled.
{OTES:!

1: The processor pushes the PC on the stack before branching tc the indicated adaress.
2: The address branched to depends on the insiruction provided ¢ the cpu when the interrupt is
acknowiedged.
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8155/8156/8155-2/8156-2
2048 BIT STATIC MOS RAM WITH I/O PORTS AND TIMER

Compatible
8085A 8085A-2 CPU Chip
l Enable

8155 8155-2 ACTIVE LOW

8156 8156-2 ACTIVE HIGH
: 256 Word x 8 Bits j B 1 Programmable 6-Bit I/0 Port
i Single ~5V Power Supply B Programmable 14-Bit Binary Counter/

Timer

. Completely Static Operation

. Internal Address Latch B Multiplexed Address and ‘Data Bus

2 Programmabie 8 Bit I/O Ports B 40 Pin DIP

he 8155 and 8156are RAMangd 170 chips to be used in the MCS-85™ microcomputer system. The RAM portion is designed
1th 204E static celis organized as 256 x 8. They have a maximum access time of 400 ns tc permit use with no wait states
. 80£5A CPU. The 8155-2 and 8156-2 have maximum access times of 330 ns for use with the 8085A-2.

ne 10 portion consists of three general purpose 170 ports. One of the three ports can be programmed to be status pins,

T4-bit programmable counter/timer s aiso included on chip to provide either a square wave or terminal count puise for
e CPU sysiem depending on timer mode.

PIN CONFIGURATION BLOCK DIAGRAM
PC; 1 N~ w0  Vee
pc, {12 ;e —
Timer N [] 3 38 [] pc, 10/M PORT &
reseT [ 4 373 PG ail K T8 >eag,
PC 5 36| PB
) EE - D, 256 % 8
TiMER DUT ] 6 35 [ PEg STATIC —
o 7 3a [ P8, RAM =
- ; PORT B
CEORCE-{]8 33(] PB, * . / - e,
&b 19 327 re, ALE AN ?
o 8155/ t -
we [ s 31{J PB, L
ALE 11 gisgs 30[0 P, RD —
81562
AD, []12 20 [ pB, wE PORT C
ap, [J 13 28] P, . c PCos
] Aests
ap, [}a 277 Pag ‘
ap, {415 26 [ PAg
AD 16 251 Pa I 1
«g P A TIMER CLK Vee 1BV
ap, [ 17 26 [ Pag _
TIMER OUT Vg (OV)
ADg [: 18 23 :] PA,
ap, s 227 Pa,
4
V, 1 20 21 PA, —
ssH 0 *: 8155/B155.2 = CE. 8156/8156-2 = CE

' 8-70



8155/8156 PIN FUNCTIONS

Symbol Eunction
RESET Puise provided by the 8085A to ini-
(input) tialize the system (connect to 8085A

- RESET OUT). Input.high on this line
resets the chip and initializes the
three 1/O ports to input mode. The
width of RESET pulse should typically
be two 8085A clock cycle times.

ADo-7 3-state Address/Data lines that inter-
(input) face with the CPU lower 8-bit Ad-
dress/Data Bus. The 8-bit address is
latched into the address latch inside

the 8155/56 on the falling edge of

ALE. The address can be either for
the memory section or the I/O section
depending on the I0O/M input. The
8-bit data is either written into the
chip or read from the chip, depending
on the WR or RD input signal.

Chip Enable: On the 8155, this pin is

this pin is CE and is ACTIVE HIGH.

and ADg-7 buffers. if IO/M pin is low,
the RAM content will be read out to
the AD bus. Otherwise the content
of the selected!l/O port or command/
status registers will be read to the

CE or CE Chi

(input) CEandis ACTIVE LOW. On the 8156,

RD Read controt: Input low on this line

(input) with the Chip Enable active enables
AD bus. ,

WR Write control: input low on this line

linput) with the Chip [Enable active causes

the data on the Address/Data bus to
be written to the RAM or I/0 ports and
command/status register depending

on 10/M.

Symbol

ALE
(input)

I0/M

(input)
PAo-7(8)
(input/output)

PBo-7(8)
(input/output)

PCo-5(6)
(input/output)

TIMER IN
(input)

TIMER OUT

(output)

Vee
Vss

Function

Address Latch Enabile: This control
signal latches both the address on the
ADo-7 lines and the state of the Chip
Enable and 1O/M into the chip at the
falling edge of ALE.

Selects memory if low and I/0 and
command/status registers if high.

These 8 pins are general purpose /O
pins. The in/out direction is selected
by programming the command
register.

These 8 pins are general purpose /0
pins. The in/out direction is selected
by programming the command
register.

These 6 pins can function as either
input port, output port, or as controi
signals for PA and PB. Programming
is done through the command reg-
ister. When PCg-5 are used as control
signals, they will provide the fol-
lowing:

PCo — A INTR (Port A Interrupt:
PC1 — ABF (Port A Buffer Fuil)

PC2 — A STB (Port A Strobe)

PCs — B INTR (Port B interrupt:
PCa4 — B BF (Port B Buffer Fullx
PCs — B STB (Port B Strobe)

Input to the counter-timer.

Timer output. This output can be
either a square wave or a pulse de-
pending on the timer mode.

+5 volt supply.
Ground Reference.
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N27128AG Series

B4-word X 8-bit UV Erasable and Programmable
d Only Memory

HN27128AG is a 16384-word by 8-bit erasable and electrically
rammable ROM. This device is packaged in a 28-pin, dual-in-line
.age with transparent window. The:transparent window allows
user to expose the chip to ultraviolet light to erase the bit pat-
. whereby a new pattern can then be written into the device.

EATURES

ingle Power Supply . ....... +5V £5%

igh Performance . ... ...... Program Voltage: +12.5V D.C.

rogramming High Performance Programming
Operations

tatic . . ... e No Clocks Required

wuts and Outputs TTL Compatible During Both Read and

rogram Modes

ccess Time . ............ HN27128AG-17: 170ns (max.)
HN27128AG-20: 200ns (max.)
HN27128AG-25: 2560ns (max.)
HN27128AG-30: 300ns (max.)

bsolute Max. Ratingof ... .. 14.0V Max.

PP pmn

ow Stand-by Current . . . .. .. 35mA Max. (stand-by)

evice Identifier Mode ... ... Manufacturer Code and Device
Code

ompatible with INTEL 27128A
LOCK DIAGRAM

0c~02
—A
771999989

Ot B

POWERDOWN & ;

PROGRAM LOGIC ‘ OUTPUT

‘ BUFFERS

o—
© Y DECODER . Y GATING
o—— -
o—
O—d
o— :
o— .
C R 131072 bit
o— X DECODE MEMORY MATRIX
o— .
o— :
Ot .
o
o—

| ® HITACHI

(DG-28)

® PIN ARRANGEMENT

Ver[1] 28 Ve
A122] 27 PGM
Aq3 26 A1 3
A"% 25 A
As[5] 24 Ag (Vi)
As[¢] 23] A
As[7] 22l OF
AzE 21l Ao
A1[9] 20 CE
Aol 5 0,
Oo [11] 18 O¢
04 [12 i17) Os
0213 904
GND[i4] 15 03
(Top View)

*y=120VE05V



HN27128AG Se:

® MODE SELECTION

Pins CE OE PGM Vpp Vee 1A9 Outputs
MODE 20) 22) 27 1) 28) (24)|(11~13,15~19)
Read . VrL ViL Vig Vee Veo % Dout
Output Disable VL Vin Vig YVee Vee x High Z
Stand by ‘ Vig X X Vee Vee x High Z
High Performance Program Vir X Vro Vpp Vee x Din
Program Verify Vit Vir Vig Vep Vee X Dout
Program Inhibit Viyg X X Vpp Vee X High Z
Identifier Vir Vi Vg Vee Vce Vir* Code
Note) X ... Don't care
“Vy=12.0V+03 V
» ABSOLUTE MAXIMUM RATINGS
Item Symbol Value Unit

Operating Temperature Range Topr 0 to +70 °C
Storage Temperature Range Tstg —65to +125 °C
Storage Temperature RAnge Under Bias Thias -10 to +80 °C
Voltage on Pin 24 (A9) ViD -0.6 to +13.5 v
All Input and Output Voltages* Vin, Vout -0.6 to +7 v
Vpp Voltage* Vpp -0.6 to +14.0 v
Ve Voltage* Vee -0.6 to+7 \

* with respect to GND

s READ OPERATION

e DC AND OPERATING CHARACTERISTICS (T, = 0 to 70°C, V¢ = 5V £5%, Vpp = V)

Parameter Symbol Test Conditions min. | typ. max. Uni
Input Leakage Current Irr Vi =525V - - 10 HA
Output Leakage Current Iro Vout = 5.25V/0.45V - - 10 HA
Vpp Current Ippy Vpp=5.25V - - 5 ma
Ve Current (Standby) lcc1 CE=Viy - - 35 ma
Vo Current {Active) Icca CE=0E= Vg - |40 100 ma
Input Low voltage Vi -0.1% - 0.8 v
Input High Voltage Vi 20| - (Vee+l**| V
Qutput Low Voltage VoL Ior =2.1mA - - 0.45 v
Output High Voltage Vor Ioy = —400uA 24| - - v
*:  DC, 0.6V AC 20ns. **: DC, Voo+1.5V AC 20ns.
**%. Mode selection is unfixed between Vygr= Voo + 1V and Vyg = 11.5V.
4¢

G HITACHI



VI6264LP-L Series

-word x 8-bit High Speed Static CMCS RAM

ATURZES

$T accesy vime S
w Power Standby

w Eower Toeration P
sabiiity of Zeitery Sack-up
wgie =3V Supoly

moieteiy Steniz Memory., ... Neiciozk o T
anc Cvcis Time

Input anc Quiout, Three State

_ Compatinie: All indul

et
o]

Q

w
N
a =
™~

(o8]

pir Package Conf:guraridn
y Out Compatidie with 84K ZPROM HN4EEZ764
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® RECOMMENDED DC OPERATING CONDITIONS (7, =0 to +70°C)

Item Symbol min typ max Unit
Supply Voltage Vee | 45 5.0 55 v
GND | 0 0 0 l vV
b o2y _ ]
Input Voltage : l"”" Lose i 6.0 ! v
[t =03t - . 08 1V

* Pulse Width 30ns: —-3.0V
= DC AND OPERATING CHARACTERISTICS (Vee =3V210%. GND = QV., T,=01w *70°C)

] liem i Symbol . Test Condition ‘min typ* max . Unit
input Leakage Current ‘ din 1'in=GND 10 V' ¢ - - 2 LA
S ST = SE=} WE=1,. ' :
Qurtput Leakage Current Coddrtor L,S‘ Ih,or CS', Vi or OE=Vig or WE=V'r - - 2 A
" Vi,0=GND w0 Vg ‘ : <k
Operating Power Supply Current© I¢g © CSi= Vip, CS2=Vry 11;0=0mA - 40 0 80 ' mA
Average Operating Current L Iccs Min. cycle, duty=100%, /;;0=9mA - 60 1110 ma
IsB CSi=¥p or CS2=41 - ] 3 ma
Standby Power Supply Current . Jsg;== CSiZVee-0.2V.CS22Vee-0.2Vor CS250.0v - » 30 uA
Isgn== CS224.2V ;-2 20 LA
. VoL foL=2.imA oo L 0.4 ;
Output Voliage ‘ ; 04 N
. Yon  Tom=-1.0mA tla - - v
* Typical limits are at ¥co=3.0V, Tq=25"C and specified loading.
** Vip min=~0.3V
a CAPACITANCE (j= IMHz, T, = 25°C)
ltem © Svmbeol Test Conditon © typ ~ max  Unit
input Capacitance ‘ Cin Vip = OV - 5 ok
Input/Ouiput Capacitance . (0 Vo =0V - 3 ok
Nouwe) This parameter 1s sampied and not 1007 iested.
» AC CHARACTERISTICS (Voo = 5V=10%, 75 = 0 10 =70°C}
e AC TEST CONDITIONS
inout Puise Levels: 0.8 10 2.4V
Input Rise and Fall Times: 10ns
Input and Output Timing Reference Levei: 1 8V
Output Load: iTTL Gate and C; = 100pF lincluding scope and jig)
e READ CYCLE
; HM6264LP-10L © HM6264LP-i”L : HMGE264LP.iSL
Item Symbool - - Unit
mm max min max  ;  mn © max
Read Cycle Time ‘ ‘RC 10U - 120 - 10 - ns
Address Access Time ‘ T4A - 100 - 120 - . 150 as
X Csi ‘co - 100 - 120 - 150 i ons
Chip Selecuon 1o Quiput v
- €82 icon - 100 - 120 - © 150 ns
Ou1tput Enabie to Ourput Valid 10E - 06 - - 50 - ¢ 70 7 ns
Chip Selecnon 10 Csi Lz} 10 - 10 - 15 - ns
Outputin Low Z cs2 Lz 10 - 10 = i35 - ns
Qutput Enable 10 Quiputin Low Z oLz 5 - 5 - 5 - ns
Chip Deselection 10 - Csl 'HZ ! 0 35 0 30 0 30 H
Ourput in Bigh Z Cs2 IHZzo 0 3s 0 40 0 50 ns
Output Disable 1o Output in High Z 1OHZ 0 35 0 40 0 50 ns
Ouwmput Hoid from Address Change [OH 10 - 10 - 15 - ; ns

NOTES: | 1z and tpyz are defined as the time at which the outputs achieve the open circuit condinon and are not refer

to output voltage levels.
2 At any given temperature and voltage condinion, /gz max is less than 7} ; min both for a given device and frc

device 10 device.
& HITACHI L
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DACO0800, DACO0801, ;DACOBOZ 8-Bit

Digital-to-Analog Converters

General Description

Tne DACOB00 series are monpiithic 8-bit high-speed
current-outout digitai-to-analog converters {DAC) featur-
inc typical settling times of 100 ns. Wnen used as ¢ mul-
tinlving DAL, monotonic performance over z 40 10 1
reference current range is possible, The: DACOSOO series
sisc features high compliance complementary current
outputs 16 allow differential output voliages of 20 Vp-p
with simple resistor loads as shown in Fioure 7. The
reference-to-fuli-scale current matching of better than
LSB eliminates the need for full-scale 1rims in
most applications while the nonilinearities of better
tnan £0.1% over temperature mmmlzes system error
accumulations.

Tne noise immune inputs of the DACOD800 series will
accept 7T L ievels with the logic threshoid pin, V| C, pin i
groundec. Simple adjustments of the V| poiential
aliow direct interface to all logic families. The periorm-
ance and characteristics of the device are essentially un-
changed over the full 2 45V 10 218V power suppiy
range; power dissipation is only 33 mW with 25V sup-
plies and is independent of the logic input states.

The DACO80C, DACD802, DACO800C, DACO8D1C and

DACO08G2C are & direct replacement for the DAC-08,

DAC-08~£, DAC-08C, DAC-08% ang AC-08H,

respectively.

Features

®  Fast settling output current 100 ns

k  Full scale error 1 LSB

® Noniinearity over temperature =0.1%

B Fuli scale current drift =10 ppm/C

® High output compliance —10V 10 +18V

® Complementary current outputs

® interface directly with TTL, CMOS, PMQOS and
others

B 2 guadrant wide rénge multiplying capabiiity

B Wide power supply range 4.5V 10 218V

= | ow power consumption 33 mWar=

¥ | ow cost

Tybica! Applications

v
DIGITAL INPUTS

’ B
MSE LSB
Bi Bl B3 BL BE BE B7 BS

TTTTPTTT

8 10 11 12 2

ipuy

5k
10V O AAA—

14

5k

15
3

BACOBDD
0.1 wf

‘J [Hu?.—]:. Tout
—r] b b "

VT D I!'l uF

FIGURE 1. 220 Vp-p Output Digital-to-Analog Converter

Ordering Information

Connection Diagram

Dual-in-Line Package

THRESHOLD 1 U w . .
CONTROL, V =] & COMPENSATION
2 15

ouT = b VREF(~}
-3 1%
VT — t—VREF{+)
4 13 (54
VpyT T0 26 Vpep oyt — PV
5 12
MSE B1 —= t—— B8 LSE
3
B2 emeed l— 87
7 1
B3 =t ._055
8 9
B =t e BE
TOP VIEW

TEMPERATURE ORDER NUMBERS*
‘ON LINEARITY RANGE D PACKAGE (D16C) J PACKAGE (J16A) N PACKAGE (N16A)
*0.1% FS —B5°C < Tp<+125°C | DACDOB0O2LD | DAC08AQ
20.1% FS 0°C<Ta <+ 70°C DACOBO2LCJ | DAC-08HQ | DACO802LCN { DAC-08HP
+0 19% FS ~55°C< TaA<=+125°C | DACOBOOLD | DAC-D8Q
=0 rpe £8 0°C < Ta <+70°C DACO0B00OLC.) | DAC-08EQ ' | DACDBOOLCN | DAC-OBEP
Tommmnsi el mr e aeen D ssenonti ON | DAC-O8CP




Absolute Maximum Ratihgs

Operating Conditions

Supply Voitage =18V or 36V MIN MAX UNITS
Fceiman
io:ver Dissipation '(Note 1‘) ‘ 5100 mv_v,. Temperature (T )
:\elereme Input Differential VF)ltage (V14 to V15)} V_ ] V+ DACO802L -55 +125 °C
:everence 'Inpu‘k gommon-Moce Range (V14, V15) v zso \Y; DACJO800L 55 +125 °c
Seterence input Current
o ._ _5mA DACOBOOLC ) -70 °c
-ogic Inputs ‘V7 to V™ plus 36V c
Anaiog Current Outputs Figure 24 DAC0801LC 8] +70 c
ANgi00 o { qu P
T - DACQOg02tL.C +7 C
3:orage Temperature —65°C 10 +150°C 0 0 0 ~
_2ac Temperature {Soldering, 10 seconds) 300°C
=lectrical Characteristics {Vg = =15V, IRgF = 2 mA, TmIN € Ta < TMaX uniess otherwise specified.
Jutout characteristics refer to both IQUT and IQUT.)
DACOBG2L/ DAC0800L/
PARAMETER CONDITIONS DACO8B02LC DACOBOOLC DACOBOTLC UNITS
MIN TYP | MAX MIN TYP MAX MIN TYP MAX
Resoiution 8 3 g 8 2 8 8 8 8 3its
Monotonicity 8 8 2 S 8 8 8 8 8 2its
Nonlinearity =01 z0.18 =0.2¢ %FS
s Settling Time To =21/2 LSB, All Bits Switched 100 128 100 150 ns
T e “ON"or “OFE™, Ta = 25°C
DACOBOOL 100 13 ns
DAC3800LC 100 150 ns
P, Py Propagation Delay Ta=25°C
"Eacn Bit 35 80 35 80 35 50 ns
All Bits Switcned 35 80 35 50 2E 80 ns
“Tles Full Scaie Temoco =10 =50 =10 =50 =10 =80 pom:°C
oo} Qutout Voitage Compliance | Fuil Scale Current Change -10 '8 =10 i8 -10 18 N
< 1:2/488, RQUT > 20 M2 Typ
T3a Fuli Scale Current Vges = 10.000V, R14 = 5,000 k2 1.984| 1.882 2.200 1.24 ¢ 1.89 2.04 1.84 1 1.89 2.04 mA
R15=5.000 k2, Ta = 25°C
£33 Fuil Scale Symmetry iFg4 ~ IFS2 =05 =40 =1 =8.0 =2 16 uA
s Zero Scale Current 0.1 2.0 0.2 pa 0.2 4.0 SA
‘F3R Output Current Range VT = =5V 0 2.0 2.3 ¢ 2.0 2.1 2.0 2 mA
V7T =-8V10-18V 0 2.C 22 0 2.0 4.2 9 2.0 4 mA
Logic Input Levels
Vi Logic 0" Vic=0v 0.8 0.8 0.8 v
YN Logic 1" 2.0 2.0 2.0 v
Logic input Current Vigc=0v
i _ogic “0" —10V < VN < ~C.BV -20 -0 -2.0 -10 -2.0 -10 A
i Logic 17 2v <vin < =18V 0.002 0 0.002 1 0.002 10 wA
13 Logic inpbut Swing V7T =i-15V =10 8 -10 18 -10 18 v
g Logic Threshoid Range Vg =z15V -10 135 [-10 i35 | -10 13.8 Y
i Reterence Bias Current -1.0 l-E.O -1.0 ~-3.0 -1.0 -30 2
ot Reterence input Siew Rate (Figure 24} - 4.0 8.0 4.0 8.0 4.0 8.0 mA/us
"SSirg. Power Suppiy Sensitivity 45v< vt <8v ©.0001} 2.01 0.0001] 0.01 0.0001} 0.01% %%
*SSirg. —-45v<VT <18V 0.0001] 0.01 0.0001] 0.0% 0.0001{ 0.0% %i%
IREF = 1 mA
Power Supply Current Vg =25V IREF = 1 mA
- 2.3 3.8 2.3 3.8 2 38 mA
I~ ~4.3 -5.8 -4.3 -5.8 -4.3 -5.8 mA
Vg =5V, —~15V IREF = 2mA
- 2.4 3.8 2.4 3.8 2.4 3.8 ma
= 64 |-7.8 5.4 -7.8 —6.4 -7.8 mA
Vg =215V IREF = 2MA
i 2.5 3.8 25 3.8 2.5 3.8 mA
- i -5.5 -7.8 —8.5 -7.8 -8.5 -7.8 mA
Lo} Power Dissipation *5V, IREF = 1 MA 33 48 33 48 33 48 mw
5V, ~15V, IREF = 2MA 108 136 108 136 108 136 mw
215V, IREF = 2 mMA 135 174 135 174 135 174 mwW

Note 1: The maximum junction temperatire of the DACC800, DACO801 and DACOB02 15 125°C. For operating at eievated temperatures, devices

T oemn muAtAdinGg

‘ ar T oackaae must be; derated based on a thermai resistance o1

A~

1007 C/W, junction 1o ambient,

AT

175 C/W tor the molded dual-
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MICRO-DAC™ DAC0830/0831/0832
8-Bit uP Compatible, Double-Buffered D to A Converters

General Description

Tne DACQ830 is an advancec CMCS/Si-Cr 8-bi inly-
ing DAC Zdesigned o interiace dipscly o 080
30<8. 8083, Z-80. anc other popular micre s A
seposited silicon-chroemium R-27 resistor ladgdar network
civices the le:erer‘ce current and orovic ircuit
with excellent temperature iracking = stics
1G.08% of Full Scale RPange maximum lingarin over
iemperature). The circuit uses TMOS curr vitches
anc conirol iogic 1o achisve icw; Dower oucn
anc iow cutput ieakage cuirent er‘rors. Spec! ditry
croviges TTL iegic input veltage ievel com ity.

oLt a voitace
_ iding the next
: digital word. This permits t i€ s upcating cf
any number of DACs.

The DAC0830 series are the 8-bit members of & f fv of
microprocessor-cocmpatible uAC s \le“rC-“A" M
For aopiications demancing higher resciuti the
2ACT000C series (10-bitstand the CAC1208 ana D AC"””C

(12-bits) are avaiiable aiternatives.

Micro-Dac is a irademark of Nationai Semiconguctor Coarp.

Features

Double-buffered, single-buffered or flow-through
digital data inputs

B Easy interchange and pin-compatible with 12-bit
DAC1230 series
Direct interiace to all popular microprocessors
Linearity specified with zero ancg full scaie adjust
oniy—NQOT 3EST STRAIGHT LINE FIT.

® Works with =10V reference-iull 4-quadrant muitiphi-
cation -
Can be used in the voitage switching mode

B | cgic inpuis which meet TTL voltage level specs
{1.4V logic threshold)

& Operates "'STAND ALONE" (without uP) if desired

Key Specifications

Current settling time 1us
Resoiution 2-bits
Linearity 8.9, or 10 bits
{guaranteed over temp.)

Gain Tempco 0.0002% FS/°C
Low power dissipation 20mwW
Single power supply 5t0 18 Vy,

f Typical Application

CONTRCL BUS

B = ~ALLOWS EASY UPGRADE TO 12-BIT DAC1230,
kel SEE APPLICATION HINTS
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Absolute Maximum Ratings (Notes 1 and 2)

Operating Ratings

Supply Voltage (Voe) 17 Vpe Temperature Range
Voltage at any digital input Vee to GND Part numbers with ‘LCN’ suffix 0°Cto7:
Voltage at Vggr input +25V Part numbers witn ‘LCD’ suffix —40°Cto +&
Storage temperature range —-65°Cto +150°C Part numbers with ‘LD’ Suffix -55°Cto +12
Package dissipation at T = 25°C (Note 3) 500 mW Voltage at any digital input Ve TO G
DC voltage applied to lgyrs or loyte —100mV to Ve ’
(Note 4)
Lead temperature (soldering, 10 seconds) 300°C
General Electrical Characteristics 1,=25°C, Vger = 10.000Vpg uniess otherwise noted
Vee=12Vpe 2 5%
Vee =5Vpe = 5%
Parameter Conditions ::f; to 15Vpc £5% ce pe ° Units
Min. | Typ. | Max. | Min. | Typ. | Max.
Resolution 8 8 8 8 8 8 bits
Linearity Error Zero and full scale adjusted 4,7
Tmin < Ta < Tmax 6
~10V € Vg < +10V 5
DACO0830 0.05 0.05 | % of FS
DACO0831 0.1 0.1 % of F&
DAC0832 0.2 0.2 % of F&
Ditferential Zero and full scale adjusted 4,7
Nonlinearity Tiin < Ta < Tmax 6
—10V < Vggg € +10V 5 :
DACO0830 0.1 0.1 % of FS
DAC0831 0.2 0.2 % of FS
DAC0832 0.4 0.4 % of FS
Monotonicity Tmin < Ta < Tmax 4,6
~10V < VRer < +10V 5 8 8 8 8 8 8 bits
Gain Error Using internal Ry
—10V < Vpge € +10V 5 (=10} 02| 10 | 1.0 02| 1.0 % of FS
Gain Error Tempco Tvin < Ta < Tyax 6
Using internal Ry, 10 0.0002 | 0.0006 0.0002 | 0.0006 | % of FS/*
Power Supply All digital inputs
Rejection iatched high
Voo = 14.5V to 15.5V 0.0002 % FSR/
11.5V to 12.5V 0.0006 % FSR/*
4.5V to 5.5V 0.0130 %FSR/A
Reference Input
Resistance - 10 15 20 10 15 20 kQ
Output Feedthrough | Vger = 20Vp.p, f = 100kHz
Error All data inputs
latched iow
D Package: 9 3 3 mVp.p
N Package: 3 3 mVp.p
Output lout1 | All data inputs 70 70 pF
Capacitance lout2 latched low 200 200 pF
T lour | Al datd inputs 200 1200 pF
loutz latched high 70 70 pF
Supply Current ‘
Drain Tmin € Ta € Tmax - 6 1.2 2.0 1.2 2.0 mA
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gneral Electrical Characterlstlcs Ta=25°C, Vgrer = 10.000 Vpc unless otherwise noted

Vec=12Vpc £5% _ o
Parameter Condﬂi'ons »?:; to 15Vpc 5% Vec =5Vpc £5% Units
Min. | Typ. | Max. | Min. | Typ. | Max.
-put Leakage Tmin < Ta € Tuax 6
-urrent louts | All data inputs
: latched low 11 100 100 nA
louT2 | All data inputs
latched high 100 100 nA
ital Input TMin S Ta < Tuax 6
oltages Low Level
LD suffix . 0.8 0.6 Voo
Parts with.LCD or
LCN suffix 0.8 0.8 Voo
High Level-All Parts 2.0 2.0 Voe
tal Input Tumin < Ta < Tmax 6
‘urrents Digital inputs < 0.8V -50 | —200 -50 | -200 uApg
Digital inputs > 2.0V 0.1 +10 0.1 +10 uADC
rent Settling ts ViL=0V, Vi =5V 1.0 1.0 us
ime
e and XFER tw ViL=0V, Viy =5V,
ulse Width Ta=25°C 8 320 60 320 250 ns
Tmin € Ta € Tuax 10 | 320 100 500 350 ns
a Set Up Time tpg ViL=0V, Vi =5V, ‘
Ta=25°C 10 | 320 60 320 250 ns
TMIN < TA < TMAX 320 100 500 350 ns
2 Hold Time ton ViL=0V, Vijg =5V
Ta=25°C . 10 90 50 300 200 ns
TMIN < TA < TMAX 90 60 350 260 ns
trol Set Up tcs ViL=0V, V) =5V,
me Ta=25°C . 10 | 320 60 320 250 ns
TMIN € Ta < TMAX 320 100 . 500 350 ns
trol Hold Time toy | ViL=0V, Vig =5V,
Ta=25°C ! 10 10 10 ns
Tvin S Ta € Tmax 10 10 ns

:1: “Absolute Maximum Ratings’’ are those values beyond which the safety of the device cannot be guaranteed. These specifica-
3 are not meant to imply that the devices should be operated at these “Absolute Maximum? limits.
22 All voltages are measured with respect to GND, unless otherwise specified.
: 3: This 500 mW specification applies forall packages. The low intrinsic power dissipation of this part (and the fact that there is no
0 significantly modify the power dissipation) removes concern for heat sinking.
4 For current switching applications, both lgyty and loyt2 must go to ground or the “Virtuat Ground” of an operational ampfifier.
inearity error is degraded by approximately Vog ~ Vrgg. For example, if Vgeg = 10V then a 1 mV offset. Vgg, on lgyts or loyra will
Juce an additional 0.01% linearity error.
+§: Guaranteed at Vgeg = = 10Vpg and Vreg = =1 Vpe.
16 Ty =0°C and Tyax = 70°C for “LCN" suffix garts.

TMin = —40°C and Tyax =85°C for “LCD" suffix parts.

TMIN= —55°C and Tyax = 125°C for “LD" suffix parts.
1 7: The unit “FSR” stands for *‘Full Scale Range.” “Linearity Error’’ and “Power Supply Rejection” specs are based on this unit to
nate dependence on a particular Vrep value and to indicate the true performance of the part. The “‘Linearity Error” specification of
JACD0830 is**0.05% of FSR (MAX).” This guarantees that after performing a zero and full scale adjustment (See Secticns 2.5 and
Ne plot of the 256 anaiog voitage outputs will each be within 0.05% x Vgeg of a straight line which passes through zero and full

: 8: This specification implies that all parts are guaranteed to operate with a write pulse or transfer puise width (tw) of 320ns. A
"al part will operate with ty of only 100 ns The entire write pulse must occur within the valid data interval for the specified ty, tps,
and tg to apply.

8 To achieve this low feedthrough in the D package, the user must ground the metai lid. If the lid is left floating, the feedthrough
picaily 6 mV.

310: Guaranteed by design but not tested.

?11: A 100nA leakage current with R¢ = 20k and Vgeg = 10V corresponds to a zero efror of (100 % 1072 x 20 x 10%) x 100110 which |s
% of Fs. ;
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§D404_GBMICD404SBC Micropower Phase-Locked Loop

seneral Description

ne CD40468 micropower phase-locked loop (PLL) con-
sts of a low power, linear, voitage-controlled oscillator
CO), a source follower, a zener diode, and two phase
ymparators. The two phase comparators have a com-
on signal input and a common comparator input. The
gnal input can be directly coupied for a large voitage
gnal, or capacitively coupled to the self-biasing ampli-
or at the signal input for a smali voltage signal.

hase comparator |, an exclusive OR gate, provides a
gital error signal (phase comp. | Out) and maintains 90°
hase shifts at the VCO center frequency. Between sig-
al input and comparator input (both at 50% duty cycle),
may lock onto the signal input frequencies that are
ose to harmonics of the VCO center frequency.

hase comparator |l is an edge-controlled digital memory
stwork. It provides a digital error signal (phase comp. i
ut) and lock-in signal (phase pulses) to indicate a locked
adition and maintains a 0° phase shuft between signal
put and comparator input.

e linear voltage-controlied osciliator (VCO) produces
1 output signal (VCO Out) whose frequency is deter-
ined by the voltage at the VCO,y input, and the capaci-
¢ and resistors connected to pin C1,, Cig, R1 and R2.

ve source follower output of the VCO,y (demodulator

i) is used with an external resistor of 10kQ or more. '

The INHIBIT input, when high, disables the VCO and
source follower to minimize standby power consumption.
The zener diode is provided for power supply regulation,
if necessary.

Features

B Wide supply voltage range

® Low dynamic
power consumption

B VCO frequency

8 Low frequency drift:
with temperature

& High VCO linearity
Applications

® FM demodulator and modulator

3.0Vio 18V
TOuW (typ.) at

fo =10kH2z, Vpo =5V
1.3MHz (typ.)at Vpp =10V
" 0.06%/*Cat Vpp =10V

Voltage-to-frequency conversion
Tone decoding
FSK moduiation

1% (typ.)

Frequency synthesis and multiplication
Frequency discrimination
Data synchronization and conditioning
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FARMEES

HAIN

LI A R B R S R R I Nt B B YRR R L B AV LI BT
P L R AR AP A A LAY

1 H,
SHLD START
SHLD ADEX
SHLD Y5AT
SHLD FLTDAT
LY! H, 200D
SHLD DSTOP
MVl A, 80H
STA DSET

LXI H,500000
SHLD FLTDAT
LXI H,0

SHLD FDAT
LX1 H, 4820H
SHLD HEXDH
LXI H,100
SHLD ADJINX
LX! H,1

SHLD INYADR
SHLD SHPINR
MV1 A,

STA INXDAT
STA ONOFF
LX! H,100
SHLD FINXDAT
MDA,

STA KSHIFT
V1 4,80H
STA NOFFSET
OUT ' 40H

LX1 H,39D
SHLD VINX
SHLD OFINX
LX1 H,9945D
SHLD VDAT
MVE AL

STA UNX

STA OFNX
STA FLTNX
LX1'H, 200
SHLD FLTINX
SHLD NSAMPLE
LX! H, 15004
SHLD FUP

MVI A0

OUT 70H

V1 &,255
STA NAM

STA NFLT
0UT SOH

o

Y O Y Y YAV DY 3 AY ENY OSTY O ITY ALY DY Y Y By
O R R R AR B T B R N



Teriiiineans Prograzeing of B13%'s Ports ol
MV1. A, OFH
QuT &
Hv! &, 0DEH
DUT: 10H
MV A,001010008
STA PORTH

ouT 2
BV &, 1GO01000R
auT 1
H Menu Meessage ..vviviiiiiiiiiiii i

HV1 B, 08H
LXI H,DISP
CALL PRDISP
HV1 B, 0CH
LXI H,HESS
CALL PRWD
MVI B!
LXI H,BISP+6
CALL PRDISP
HVI B,OFH
LX! H MESS+OCH
CALL PRWD
MVI B,5
Wi: CALL KDELAY
DCR B
Nz W
V1 B,2
LXI H,MDIS
CALL PRDISP
MV B, 15
LEI H MAIN
CALL FRVD
Tresaieasiaiians Badt Key ooniiiiiiiiiiiiiiiiiicisniniina,
VALTKEY: CALL KEYI
LDA (KEY)
CP1 20H
INZ PSUB
CALL EDIT
NP HE
- PsUB: CPI 40H
INZ STSUB
CALL PARM
P ME
STSUB: CP1 BOH
INZ FAIL
CALL STORE
JHP ME
FAIL: JHP VAITKEY
ME: MVl B2 N
- LXI H,HDIS
CALL PRDISP
HV1 B, 15
LXI K KAIN
CALL PRWD



oY

BUSTI

BUSYLP:

VD

VOHR:

PRWL:

KEY!:

RELEASE:

DBOUNCE:

At oneu
CELL WIRR
Y U
LT

nen o
UWR B

INZ PRDISP
RET

ML A, OCH
OUT 104
MVI &, 034
QUT 13H

IN 12H

N1 8DH
INZ BUSYLP
V1 &, C2H
QuT 13
MV1 A, OFH
OUT 10H

RET

Y1 A5
OUT 134
MVT A4
DUT 138
RET

MY A1
auUT 13H
MY1 A, D
0UT 43H
RET

0uT 124
CALL WD

INY H

DCR B

INZ PRWD
RET

IN 11K

CP1 OFF

12 KEY!
CALL  DBOUNCE
IN 11H

CP1 OFFH

JZ KEY!

CHA

STA (KEY)
iN 11K

CPI' OFFH
INZ RELEASE
RET

PUSH B

PUSH B

LY] B,DELAY



LotP:

T
MOV £.C
ORAB
INZ ‘LoOP
POR'B
POP K

RET

P Edit Menu Program

EDIT:

EDITV:

EFUNC:

EERA:

ESTOP:

EDITX:

EEND:

...........

SETI:

KVL A0
STA (NKEY)
MVI B,2

LXI H,DISPE
CALL PRDISP
MV1 B, 8

LY! H,EDITHESS
CALL PRUD
CALL YEYI
LDA (KEY)
CP1 20H

INZ EFUNC
CALL ADJ
P EEND
CPY 40H

INZ EERA
CALL FUNC
JHP EEND
CP1 80M

INZ EST
CALL ERAS
JHP EEND
£PY 10H

INL ESTOP
CALL START
JHP EEND
CPl 8

INZ EDITY
CALL STOP
JHP EEND
CPL 4

INZ EDITW
RET

Wi B2

L¥! H,DISPE
CALL PRDISP
MV1 B,8

LX] H,EDITHESS
CALL PRVD
JHP EDITW

LXi D,0
LHLD COMDAT
XCHG

LXT H, TTHOU
MV1 C,04H
MVI M, 30H

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

Binary to BCD Conversion .oooivviviinnninan
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ADDIT:

RKEY!:

KDELAY:

BACK:

MY H
Ok C

INT SET
LY} H, TTHOU
il B, -10000D
CeLL DIGIT
LY! B,-1000D
CALL DIGIT
LY! B,-100D
CALL DIGIT
LXI B,-10D
CALL DIGIT
MOV &,E

ADl 30H

MOV ¥, A
RET

PUSH H
XCHG

DAD B

INC ADDIT
YCHG

POP H

INR M

JHP DIGIT
OV A,C
CHA

MOV E, A
MOV A,B

CHA

MOV D, 4

INX D

DAD D

XCHG

POP H

INY H

RET

IN 11H

CP1 OFFH

JZ RKEY!
CALL KDELAY
IN t1H

CPI OFFH

JZ RKEYI
CMA

STA (RKEY)
RET

PUSH H
PUSH D

LX! D,6000D
DCX D

OV A,E
ORA'D

INZ BACK

~ POPD

POP H
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CALL PREX
LDA ESDAT
ANI. OFH
INX H
CALL PHEX
RET
PHEX: CPl Q&H
JC 4582
ADL T
ADL 30H
MOV M, A
RET
SETPRN: MVl B!
LYI H,DISPE+1S
CALL PRDISP
MVI B, 4
LXI. H,HEXD
CALL PRUD
RET
RPN Change the variables according to SHIFT key ....
KEY8B: MV B,
LXI H,DISFFE+4
CALL PRDISP
LDA KEHIFT
CPl 4
INZ ON
MVI A0
STA KSHIFT
LX1 H,100
SHLD FiNXDAT
MVI A, 1
STA INXDAT
STA VNX
STA OFNX
STA FLTNX
LX1 R,
SHLD INXADR
LX! H,38
SHLD VINX
SHLD OFINX
LX) H,200
SHLD FLTINX
LX! H,DISPFR+6
CALL SHFT
~ RET
ON: COWI AL

prd

L
[ew]
=3



ST VY
STA CFNY

LY! K675
SHLD ViNX

SHLD OFINX

LY H,1000D
SHLD FLTINY
MVl 4,5

5TE FLTX

LY] H,DiSPFR+5
CALL SHFT

RET

M1 B,1

CALL PRUD

L
part

M1 B8
CALL SDAT
L& DSTART+!
MVI B4
CALL SDAT
LDA DSTOP
MVI B,8
CALL SDAT
LDA DSTDP+1
MVI B4
CALL SDAT
KV1 A,BCH
ouT
HVI &, B8H
DuT
RET
&N] OFFH
RAR
STA SERIAL
MV] 4,0
RAR
RAR
RAR
ORI B8H
ouT 1

- XRI 40H



ouT 1

XE1 40H

DT 4

LDt SERIAL

DR B

IKI SDAT

RET
EYEST MVI &,10001001B

ouT 1

LD4 PORTB

¥VI A, 011000108

outT 2

RET
RN Stop Vaveform Generation ..o.voviiiiinninans
EXSTOF: LDA PGRTB

HVI 4,001010008

BT 2

MV1 A, BBH

OuT ¢

RET
fererieiias Parameter Menu Progra® ...ovvvvvivnniennnnnns
PARM: KVi B,2

LX1 H,PDISP

CHLL PRDISP

MVi B, 13

LY H,PARMESS

CALL PRUD
P&RW: - CALL KEYI

LA KEY

CPl BOH

INZ PANMP

CALL OFF
PANP: CP{ 40H

JNZ PFRQ

CALL AMP
PFRY: CP1 20H

JNZ FFLT

CALL FRQ
PFLT: CPl 10H

JNZ PEMP
- ' CALL FLT
PSMP: CPI 8

JRI PARX

CALL SFRQ
PARY: CPl 4

JNZ PARE

RET
PARE: MVl B,2

LXI H,PDISP

CALL PRDISP

HVl B, 13

LXT 'K, PARMESS

CALL FRUD

. JMP PARW

Teriiieraas Start ¥avefore Ceneralion wovvevvivivnnnnn,
A,
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TORC:

ETOXC:

STOX1T:

STOEN:

tore Menu Program
MVl B,2
LXT H,5T0D8

CALL PRDISP
MV! B, G

LX] H,STORM
CALL PRWD
CALL KEY]
LDA KEY

CPI 20H

INZ STORC
CALL SORT
CPY 10H
INZ STOIC
CALL RCALL
CP1 8

INZ STOXIT
CALL EXCHANGE
CPl 4

INZ STOEN
RET

HV1 B,2

LY] H,570DS
CALL PRDISP
MV1 B,S

LX] H, STORN
CALL PRWD
RET

END

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



