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ABSTRACT

In this PROJECT related work saving energy electric. Purpose for user can saving most
-energy electric by main , In this project will using Microprocessor controlier , have control
voltage set , measure and control voltage by device transform digital to analog. When calculate
will can appropriate and output to device transform digital to analog for controller in tyristor

voltage constant Microprocessor calculate will can value constant and adjust fine value.
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Reactive Power (Q) = VISind) Volt-Ampere-Reactive (Var)
Apparent Power (S) =VI Volt-Ampere (Va)

H . +

2~ V'S

—- | [Cosp \V P=VICosp Vv
¢ n .
Soy Q) = VISin ¢
1Sinp
\{ N
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15

a  d
a9 813 (SCR)

ad ~1 v aa g a o e .
P % 915 Vol “Fansu asuInsa Snaries « (Silicon controlled Rectifier)
v 9/ 1 9 1 =1 -4 9 o v
Wuiims Faedundwendugaamnssumsizdr ea & 015 awnsaldfumnazuauay
o a [ a S a A LY a 14 9 1
ussaungend InTmaesyiiaou q Tuilegiu wa & 15 dmunseaduquaszualdnnnd
4 [y 9 ' 4
1,500 wpnutly uazuseaulagendt 2,000 19ad
d'l a [V [V 4 P=1 -4 a d' é ~ o d' 9/
dlonnsandadnualves  wa & 015 dewdasluglf 13() Fadanvuznadie
fulaloa  uwazlunelddr wa @ 015 szewsmiinssua ldnamufesu@ennu

]
o [=$

td v
lalon ud wer & 015 Heedidaui himiloulalon Ao wa & 015 Hvunadldlunisga

sruau i asuiieu
A
Anode. A T
P
N
G o—{ P
Gate. G O——/ N
Cathode. K (L
K
[V o kY
(a) ARyanol ORGEAGERY
_—
G 00— Q

NPN

(c) MITAUYA

517 13 1o & 815 (SCR)
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: : 2o oo & '
1n31lA 13 () ueraslassadieves oa & 015 Adlumsiedni 4 4u Ao seude
< = v

A-BuU-A-Pu vaztividessnun ey 3 41 Ao welua (Anode), 4Alna (Cathode) LAz
A (Gate)  WeRnsannalassadieves oa & 015 dwsouAALUNUAIBITAUYD

a S @ A A a d A a & a g A1 w o a
YOINTIUTAADT 2 A2 AD ¥ilA A-DU-N uazyiln OU-A-OU Ndenu Awaadlugli 13(c)

aa a a =4 Aaa

Tnevdiiamovemiudamessia #-Huf Q) wiluruelua vdlawesves
a 4 a [~ a g J a Jd
niudmans  wile Pu-A-Hu Q) willuvwalnauozvineanameivemsugaines

(Q,) fives AL vewmudmans (Q) sxdluvung

Braded Oable

Qate Reference Lead

Weided Tube Seal

Hard Soldered Tungsten
To Copper Joints

Patiet Subassembly

517 14 uaaslaseadredauilsenovues wd & 91§

o o a Jd aY Y Y 1 P! 4 o 9
nanAsHUYes e & 015 muildnanuudih wa § 015 Wuginsainade
fu'laTeandimsiueg 2 aowg Ao @augiinseued (Conducting State) HAZADIUE

k4 [
lirhnszue(Non Conducting State) AN1511ASZLAYDY O & 015 UUIZgRAILRUNYINA
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L 4.

1% 15 uraasesauyadmsviauves oa & 015

8 a o d o a ~ 1 (A
WoRIMIMITINUUEY B & 015 nnesiuaaslugli 15 Taeasdeunasdne
o g = o Y A Y ' Y Y
(V) Twndiniue lua (A) uazdaaud i lne K) dusisioussan luwed luwdh
' o a 4 {
(Forward Bias Voltage) 1#sgndnanng (G) fMiunIna (K) veamudames (Q,) Aofian
Ay o A~ Y 2 =~ ) 1 aa o
waszdifndfiuvandedouiuunina  Faglaszumna (1)  Inadwiweadundianes
a 4 ) ya g
Yo Feaes (Q) vnszud uaziflumgiiinszuaneaaaiaey (1) lrannuaeamn
J [ aa Jd a 4 9/ v 4 A
WeTINGUIBTAMBIVBINI IWTMADS (Q) 0 udlosnnnIzudaDamAmes (1) NAD
Aszuaiua (I, vewsugmans Q) vwihduihillumsifluueealymbhuinsudmaes
~ (-] a o é Y
(Q) " uaziinavhlvimswdmans (Q,) winszuadelusnsieiinszualvan 1) Ina
£
PNPILINVBINTRTIY (V,,) HIUddumy (R) Khidlaweiguruauemnusanes

Q) uagnszudsy madeipuinvineanawesingudlamesvemsudmans (Q)

. [
Q/ [

k4 v
ASZTRLNATLNIINIIVYBWNEIY (V,,) uazvazinsudames (Q)1d5umsluuea
lindhdenseumua (1) dussilnavhlvnseuansamames (1) lvauivivaves
nutaees (Q) 1AlasAinszuaaeamawme’ (1) wuhiunszumuAYeIMIUTdADS

A o a d dy =1 o (] A A Y A z
(Q) F9NWIMINNMYLY B & 015 HezlimehouIndmiloussusududnaielu
ANy MINITRIINNGU(Regenerative Action) MIBNEUAT “N1IAN” (Latching) dwiilu
Auoulidves od & 015 ezlimdwin wazdle wa § 919 dinszuendimsgaruIudle
Y gy 1o ¥ S vy A a ¢ ° =<
aszuennauds hldduiudesnsmsgaruauniuBuntulde e & 019 ngaminszuadaae

vy
ApslimsgarnIumenIZLAINABNASS


CLP-16
Textbox

CLP-16
Textbox


18

[ A -~ ¢ a Py 2 [
dnyawanifved e & 015 N915u191nFUTN 16 FuudasgudnyuENNATIIAIAY
useRnvoued & 015 waudi lifims lnavesnszuman (1) e e 013 1d5umsluuea
419 lUn(Forward Bias) MvweTuaduunIng we & 015 sxde lihihnszuavaeiussdiud
) 9y
uAseliifieanseuasa  (Leakage Current) o lddnieeluvSnanuldmi  (Forward
Blocking Region) tazd1uiuusadiulimin (Forward Voltage) n3e (V,,) 1¥genuiisswe
2 o q 9 ) v Y a s ' 8 9
Fetimah Idnmzdudesnielulassadis wa & 915 wisennuwazadanve luses
dotnanuuaIng  Idnnunawesuild we & 015 winszuald . usedugaEunae

(Break Over Voltage) 150 (Vo

-1
AK
vinnnIzuags

nmzuamiy -
6t lg.0
nITUADA |y

V,
(HKIR
Vakk =+

: —- Vaxe

Vs

sSSP ALL Mt
vinwdedutounfy -
yivanulunn

\ i s -1
Vinmunszun A

nzaNnuY

31 16 anuizauliAves 0w & 015

= = ¢ o Wy A ' P ¢ Y '

Yuzied & 815 Winszudegls nszua (L) Alvarku ba & 015 swdeainni

AsZUAA(Latching Current) LAZitssAUARATON B8 & 015 (V,) laeialuiliduszana 0.7

< d 19 9 9 - 4 v A ] o A 9/ o 9y a

89 4 Toaviuddndeens v odr & 015 nduAuganzngmiinszuafowzdesirlvnszuad

lvaru wa & 015 anasdindl nszuada (Holding Curendmsldauves wer & 015 Tag

M lUnsteussduluned lundhiRunsue Tuauazus Tnaegdosdniussdugaisunane

o d’ o Al A Q/

MID Vg, wazihimsgasuauiivuna o & 015 snhaszualdesnenaddaisaiuga
9

FUIUNA (V) Dentlszanm 169 150 Taduenutls A3msedrstiwiiumsadennutasa
o Y v =1 o :5'! ) ¥ {7 ] a v 9 [

feldunios & 013 ol dnudaulugisfiemeussfudoundy (Reverse Voltage) veq

a 4 A A Ao o A a o 2 a v wva
a & 915 fAefivwaluaiidndiluavdieiouiuualng Geeriidnuazautamelwih

b4 v 9
wilpunulaleanaly uasfinszuaia(Leakage Current) Iarnlddnosluusnadaiy
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§oundy  (Reverse Blocking Region) Hazd s edubounduingeiuutgaussiuusn
& ' a
a1 (Break Down Voltage) 30 V(BR)R #saziinszuelnadm od & 015 ldgamsie

sosremelulassadeues wa & 15 negdone

msnugule

o At 9/ 1 Qs t a d‘d o w 1 a & =<

manuguias s iun vas dudhufudiianuddyediess Fammet

: o Yy a ° o_w (! [ Yy 1

Pifumsihlidunuasnaeaadias  msmuguidsnlugagmnssudiulngez lAud
o W A 1 o W [} 1 A

ﬂﬁﬂ’l‘UﬂiJﬂ'IﬁN'lu‘Yl%181ﬁttﬂﬂatﬁﬂ§ NITATUAUMANTUTDNTIN  LAZNIINIURUIAIDN

0o A 9 9
futinanudou Fludu

]
°

4 o/ A -7 Ll =Y = 1]
diesnnilugiuginsaimstsdniiiBendn  InSmaes Iddh luTiunumediann
a o 9/
AN UNUNNATY
v b Y
Sdanseindiidy  maeiilssansnmeueenisaladnsasaBnnamInuAfave NI
o d 2 o o
uazus AU lAgedu %ﬁiuﬂﬁﬁ”mﬂiiﬂi]“’I“lf’i“"lJUllﬂﬁ'liJMﬁ (Three Phase) Wilusaay 380

Taad wioszuumaien (Single Phase) fiflusedu 220 Taad mylFlnsmaesiemsaiugy

wlarmaiihseneaeldhilumsniuguidsanu i Wiues

mimuguiralaaldlnimaes
a o o 1 A A a
InFemefmunsaiminivguilaldlaosnisgarununa  nanfe  enlfeuyy
ypamsyaruUeinaildaddenulaonldiae
\ o U J 1 Q d' =)
mMaAuRuNe (Phase Control) wanedsAddes s Inihes Juediuyui Insanes

1nsZiLa(Conduction Angle:0) usHaAuADAIvDIYNATUIU (Trigger Angle: O)

Snvagndurafignniugudaeinimaed Tasyuiilnimeesinszuadidwigy
(180°-01) dmiusesfiufiunuunientu (Half Wave) uag yuii InSamansihnszud whfie
(180°-00) dmSunsdiifiu uuuiduadu (Full Wave)

anuduiuTysausesunsonInSames  (Thyristor Voltage) funszud nSaines

(Thyristor Current) n3oussnunsonIvan daaaslugdin 17 wazluglin 18
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nszualrisned

usskuvied

(b) msmuguinanedeuuy ilnszuaass
519 18 ugasmsmuguidanlyinianes

mMs 19 Insamesauguidse s udiunan ea & erd niolalean dsiezdes
a =2 gaA = ' Y S w a Yo
ANSUIEINAD NITURDY () sazdaumsidauyesnsueniuines deuldiunmsay
o & A Y a oA s g &
Auaszua ady Gedvezdesivisennfe nssueers By BT () JUaauMdves
1 v k4 v
nszuduazussrun ldmuerdnaoe lidiuaaulad (Sine Wave) mswaziiulnaniiadeldt

dold haadyguniulaidae

esmvguavedInihnssuaady  dunsiid Infamesinszuafyudis q
v v @ [ o & [l 9 =1
vesuaaziginsvosussn Inssuaady Funieonladiu 2 wuy As mesmuguuuume
Laﬁl’J(Single Phase Control) Laig N9 ﬂ'mﬂmmwmmﬂa (Poly Phase Control)
1. MsnuguUUUINGIRYY (Single Phase Control) HunmslF Inaaosaiuguids

A Ké 4 Al - d’, o
uliunTnaaluszunla 220 Toad  Fedasdrnasesiugumsaruguidauuuil fauens

Tugalit 19
(B /B L

o—— Lond ] o——{Tozd ]

A Vi

AC -

YZSCR 7 [centrat | ZS Rectifier
o —]

S.wW

o— o— o C-

(a) Controlled Half-Wave (b) Controlled Half Pulse Fixed Half-Wave
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1
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1
[

(e) Controlled Full Wave

AW

Load

AC

il

(f) Controlled Full Wave For AC or DC
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MsmIamAsIaulvaainfe ve 1339sA UM e

msnununauuuA3INAY (Half-Wave Phase Control) e1139fUIMMIALIIAY

] Y
Tnaamasldnnaumsdieaist Ao

Viey = Vi (I+cos O0)
27T
tile Vi = WssauTnaamde (Average Load Voltage) 1itiae Toad

V,, = Ussfuunasdeaieen (Peak Supply Voltage) ¥tiae Toad
Q= YuATUIY (Trigger Angle) MU BIA
HAZMIIATAIGIINGE  (Average Power) ¥04lvan amisafiuanld

917n[v0410%Y (Ohm’s Law) fio

2

Py = Vo
RL
A o W d' v v J
tuB P(av) = AMANIUIRAY (Average Power) MU 1604

Vi = Useitinde (Average Voltage) 1tiae 1aad

R, = aamdunmulvan (Load Resistance) ¥iae Towu
mamuguinauUmAnnay  (Full-Wave Phase Control) fumisaruguiideaiud
1 \ 1 A 4 o Q’/’ 1 o/ d' 1

annsateliud Ivaadlu 2 whessmsaugulauuuesinay AsiudusduRasATo

Tnasmunsadvn ldanauns fs

VL, = Vi (1+cos QL)
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Op-Amp
¥ (]
NITHUFIUYOY Op-Amp NdAgsznoudleaees 2 uuulva) q fie

1. 2995veneuuunaume

2. Mesveneuuy lindumea

1. 29 95veneuuunaume
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lin s
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/77

3171 20 2TV UDNG UMY

{ o/ ¢§ t QU
1310 20 szuamliiiufnessuuundumadaziiuidyanaudinun +) e
AoasAu daudgygrandesnisiloudhgaesszgnilowdmedygraaudivay () voes
¥3fauru R, wazlimstloundunindyguueenndugdayanuud ) Tao R,
NNAUANLANNYAUAAYDI Op-Amp A
1. oA IMIveevesin dauiuetiud
A
' Y g a v &
2. nadunud dauduetiud
R, =0
' 9/ a -4
3. AAnuAunIuIeen daudugud
Rout=0

4. A1 Bandwidth taudueiiud

BW=0C
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¢ v A

5. Input offset voltage Hauflugud 1iufe

E=0 ({8 E =0

mﬂﬁﬂymzﬁuﬁ'ﬁlummﬂuﬂﬁﬁﬂfinmﬁ"’wuﬂ ansoaqlauauTaidiiyes
Op-Amp 16 3 90 Ain
1. wassvesfnavesdanavuddinuiugud
2. 4109 Op-Amp Lihezdunuinusevay e biflaszueaIvadulasefogm
autialun1egauARYDe Op-Amp F1UNTDUATIEH asdanan 18l Ao
- flpenndasnsueeves Op-Amp lumsgaunadauiiuedud
sy wefnanusressesfimufiugud fnaioeneefisuiiu Eo
- iifpsnnwadevesiinawesdygauidiainages gl 20
fiadluE,
TagofeuauiAn1gaNARYY Op-Amp 92 1A91E=0
Taefi E.~0 a2 I¢dnavesdyanamdiianun £, sranasen R, il

nszuad lnadu R, T

& Y Y A v <o q Y
- ilpanannudun s indiveriudviald Is=o
9
fatlu pszuevesdaanavudn @) 92 Ivarmu R,
=1
Anavesdgaiuvieen (E) wanasen R, waglianyuzndumandy
(s Y o E A
g udn @euaumsves I luglves E uag R 92180
I, = -E,

' 9y
iWoenn 1= Adtiy

gain = E =
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o 9
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 / é Qo o/ v
dounilsvesdggmveen B, gafloulddway () vee op-amp Tugilvesasesuiie
Foyguvesfnasgning R, ez R, lasedeguauiianugauaaues Op-Amp H9g1995 1y

g1/ 21 ziftu 18

I, =T, =0
wag E;= 0
T E=0 92 1891 E_=E,_
li = E,
Rin
A
¥30 I =E,
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uazioInn  I=Iin
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E, = Ry+R;
Ein Ru‘.\
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ninfinaranagy 184
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P o a1 s & ' s
'lUTﬂSﬂﬂquaaLaﬂiiuﬁigf.]a MCS-51 uun&gﬁmﬂmﬂi HILAQASIUB IS UAIUY

anusauanaeiuldaaaasluaisei 1

wizgArmsniely
dawes | iulusunsn | Audoua Fwulnwaiianimed Suudure iU
8052AH 8K x 8 ROM 256 x 8 RAM 3 x 16-B4 6
8051AH 4K x 8 ROM 128 x 8 RAM 2 x 16-8 5
8051 4K x 8 ROM 128 x 8 RAM 2 x 168 5
8032AH Tidi 256 x 8 RAM 3 x 16Bit 6
8031AH ludi 128 x 8 RAM 2 x 16-Bit 5
8031 Lid 128 x 8 RAM 2 x 16-Bit 5
8751H 4K x 8 EPROM 128 x 8 RAM 2 x 168t 5
87S1H-12 | 4K x 8 EPROM 128 X 8 RAM 2 X 1681 5
~
AT NN 1

naasguauiiaveslulnsneulnsmesudaziwes luasena MCS-51

guauiian lufiddaueslulasaeu Insamesasega MCS-51 Id

aaautinn llvedlaulnsneulnsames MCS-51

v

Fu'lulasaeuInsamesvina 8 ia

L 2

v

U

finsesadammesuaz s nandyaauRnnieluled

fndoyanaduna 1wne $1uau 32 da

gsadeudenilsanuddoyaniousn (External data memory) lag

edumuseansa lane 64K

musaeuAsnlenN 1 1UsuAsuA8UD N(External rogram memory)

Tasdedumvaeamsaldng 64K

Hveanud ldsunsunioluda (on-chip program memory) ¥uUR 4K

b4
Tﬂﬂmwwma{ 8052 wiimdieanudrludiuile sk ﬁ1w§'u¢ua§ 8031

et ' o 1 dy
1oy M8031 ﬂz'luwuwmmm'lumuu
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e fiviasanuidoyansluda (on-chip data memory) 1 128 lud lae
] 8032 uag 8051 wefmisenailudiuiise 256 Tud

o mirsanuideyameluinedmaunsadhdoyaseauiialdde
Iﬁ'msmuﬂw?emwsaﬂﬁauﬁmuzﬁﬁﬁﬂﬁ'&w%u dawalinsideu
Tosunsuinldinetu

e iilnwesianiaes (timer/counters) ¥u1a 16 Ua $1uau 2 @1 Tnomwiy
wos 8031 uaz 8052 vl lnwesianines§1uau 3

o nsduwmessUamnsoildnn 5 undssuila Tasmmizwes 8032 uag
8052 ezimduwessdldnn 6 undsdiutia lasmsdwmessuds
annsataseiuanudine 18l 2 sedy

P d

o finesadoaoynsuneludaues uduunuyaqmnd (full duplex)

o fimdlumstunamnadamansingmeassnmans

o fdslavdanlngldnmmshadios 1 lulasdud dleld aSanea
AR 12 wnziBsad

o Foemsundsnielu 5 Taadt iosymifiod
Inssadenmevenuas MCS-51

14 [l
Tulnsneulnsamesasega MCS-51 YAwes sziidmisnwuguimileuiu Asrasly

[

v ] 9
5101 23 dwmsunihnmsldausssuaazuiaal

8052/8032 ONLY
[;:2 P1.00] 40 [JvCC
T2EX P11 39 [JP0.0 ADO

1
2
P23, .38 [JPO.1 ADL.
P13 37 [JP0.2 AD2
P1LaC]s 36 [JP0.3 AD3
PsC]e 35[1P0.4 AD4
PeC]7 34 [JP0.5 ADS
[aRdm]] 33 [JP0.6 AD6
RSTC]9 32[3P0.7 AD7
AXD P3.0Cj10 MCS-51 31 [JEAVDD
XD P31 11 30 [JALEPROG
iNTO P32 12 29 [JPSEN
iNT1 P33C]13 28 [JP27 A1S
To P3.4C] 14 27[P26 A14
T1 P3.SC]15 26 [JP25 A13
WR P36(]16 25[JP24 A12
RD P37C]17 243P23 Al1
XTALZ (] 18 23 [3JP22 A10
XTAL1 CJ19 22[3P21 A9
vss ] 20 21 [JP20 A8

1% 23 uerasms Sadumiaias 9 voslulnsnoulnsamesaszna MCS-51
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t4
91 Vee Wlumndlouuseiulvifes +5 Toad
J
1 Vss Hua1ng g

I'd P=1 9 v d a o a
¥ me5A 0 (Port 0) & 8 41 1AuAw P0.0-P0.7 HuvmesaduyaedyaLLY 2 Ain
e dmsuldounaly Tasdldaudiuduyanesadeshnms@eous 1 i

a o A o 9 o [ q’/' { N é
azliavewesa  edmualdvmesamanivegludauzassass  Felu
dyd' ° 9 d a a L4 9/ L4 dv 9
aouziiiannsahnlfifunesadufivaudgeld uennanesailes 1Faudy
wosndunawdnaudfegnldnulumsdadefumizsanuiinieusadie Tae

o d‘ o o 1 ; é
At luassmuadumiseamsalodd (A0-A7)  FeezlFouduuuy
TeAmandrumssudedeyavua 8 da (D0-D7)

o =1 9 N\ d a o a
¥Iwesa 1 (Port 1) § 8 w1lAuAY P1.O-P1.7 Lﬂumwasﬁauwmmmwmmu 2 ne
e dmsuldounaly Tast lFouiludunanesadesimadioust 1 Tddwd

A e v ¢ a 4 e
yinvasnesa odmualiilunesaduyn uoneIniliues8032 uaz 8052 ¥
wasna PLouag P11 vggariunlFenudiumm T2 uag T2EX mwdvudae
yMesA 2 (Port 2) 1 8 M 1AUAYT P2.0-P2.7 WuvmesadunaweIdHaLLY 2 A
e dmfulFaunaly Tast ldaududunanesadesinns@oud 1 1w
a s A o ¥ s a ¢ v s
azdinvowmesa wesmualiifiunesaduna uennnwesatiey lFauiiunesa
sunaoayaudategnldnulumsfadedumisanudiniouendis Tash
Y o ° ' ¢
i lunsfmuadumiseamsa luAg(AS-ALS)

4 a 9y 1 g a o a
Y1003 3 (Port 3) U 8 414U P3.0-P3.7 L‘i'_‘lumwasmuwmmmmuu 2 net
nedmSuldaumly Tasd lsauilusuyanesadesimsidoust 1 1w

a ¢ A o Y s a ¢ & ¥ e
zinvonese efmualiiflunesaounes uennwesaile: Fnuiiunesa

sunaorayaudadegnlsnulumihfifiasaeg dwaadlumnd 2

WINDIA WA AY
Pao RXD (serial input port)
Pay TXD (seral output port)
Ps2 INTO (extemal interrupt 0)
Pis INT1 (extemal interrupt 1)
Pas TO (Timer O external input)
Pys T1 (Timer 1 extenal input)
Pig WR (extemal data memory write strobe)
Ps; RD (extemal data menory read strobe)
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1I98AIN

Ardesntsnizlan

Ardoitladin ATUNNTY duulus  sruqulutiia

ACALL addri1 Gonl¥fughvandiuoniaza 11 dn 2 2

LCALL addr16 Fonlidugiunnduennta 16 Un 3 2

RET , fua‘ﬁmﬂi’iuzﬁu 1 2

RET - - guqnmsauma'?'ﬁ.lu' 1 2

AMP addr1 nzlanlusumislumibumusinnusaera 11 i 2 2

LIMP addr1s n1zlanlusuntisluniaoausnduennra 16 On 3 2

SIMP rel m:Tm‘luﬁ'aﬁ'\un_ﬁdunﬁ'zunj‘\u\"ifau‘lid-\é’uﬁnf 2 2
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psailudin ATINNITE dnaulud  swaulaiia
ADD AR~ - nnfussTinmeilng duuendauained 1 1
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ADOC Adredt - -,u-znn"t'lumhum‘mi‘:ﬁ'uuani':guma%w?au#mﬂan Carry 2 1
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DEC A ann'*ruanﬁvgmma?mﬁnuﬂc 1 1
DEC Rn anM1TimnoTasdnniie \ 1 1
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ANALOG TO DIGITAL CONVERTOR (AD
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1cwes ADC 0804 WhmhiiAeudygnanalogudayan digial 8bit  tieds

Yyanuldlulasllswawedimsdszuana  mavihnuely clock aelulasder,cll
AeuenANuGvesdyaClockez iy lmuaums = L
1LIRC

mputveseesilowdifians  dau Output szfudayana digital 8 bithan 7-18 M3

[} o sl
AUAUMIAoutputedn lasdyauein lulas Iswmaes A2



DIGITAL TO ANALOG CONVERTOR (DAC)
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S AR

3

3

PROGRAM :PROJECT2.ASM
FOR : VOLTAGE REGULATOR
PROGRAMMER : Mr.NUTTAPONG

SRR AT

ORG 0000H

MOV R1#01H

MOV PO#11111111B

:SET INPUT

PORTO0

START:

MOV DPTR,#0EOOH

MOV P3,#00000010B

:START

CONVERT ATO D

MOVX A,@DPTR

;INPUT DATA

MOV RO,A

DELAY 1:

MOV R5,#090H

WAITI:

MOV R6.,#090H

WAIT2:

MOV R7,#09H

WAITS3:

DEC R7

MOV AR7

JNZ WAIT3

DEC R6

MOV AR6

INZ WAIT2
DEC RS

MOV A,RS

INZ WAITI1

MOV P3 #10000010B
DELAY 2:

MOV R5 #0A0H
WAIT4:

MOV R6,#0A0H
WAITS:

MOV R7.#0AH
WAITG:

DEC R7

MOV AR7

INZ WAIT6

DEC R6

MOV A,R6

INZ WAITS

DEC RS

MOV AR5

INZ WAIT4

CHK_CASE _I:

;END OF DATA



CINE RO,#0B,CHK_CASE 2
LCALL CASE_1
CHK_CASE_2:

CINE RO#01B,CHK_CASE 3
LCALL CASE_1
CHK_CASE _3:

CINE RO#010B,CHK_CASE 4
LCALL CASE_1
CHK_CASE 4:
CINERO#011B,CHK_CASE_5
LCALL CASE_1
CHK_CASE_5:

CINE RO#100B,CHK_CASE_6
LCALL CASE_1
CHK_CASE _6:

CINE RO#101B,CHK._CASE_7
LCALL CASE 1
CHK._CASE_7:

CINE RO#110B,CHK CASE_8
LCALL CASE_1
CHK_CASE_8:

CINE RO#111B,CHK_CASE 9
LCALL CASE 1
CHK_CASE_9:

CINE RO,#1000B,CHK_CASE_10
LCALL CASE 1
CHK_CASE_10:

CJNE RO,#1001B.CHK_CASE 11
LCALL CASE _1

CHK_CASE_11:

CINE R0,#1010B,CHK_CASE_12
LCALL CASE 1

CHK_CASE _12:

CINE RO#1011B,CHK_CASE_13
LCALL CASE 1

CHK_CASE_13:

CINE RO,#1100B,CHK_CASE_14
LCALL CASE_1

CHK_CASE 14:

CINE RO#1101B,CHK_CASE_15
LCALL CASE_1

CHK_CASE 15

CINE R0,#1110B.CHK_CASE_16
LCALL CASE_1

CHK_CASE_16:

CINE RO.#1111B,CHK_CASE 17
LCALL CASE_1

CHK_CASE_17:

CINE R0#10000B,CHK_CASE 18
LCALL CASE 1

CHK_CASE_18:

CINE RO#10001B,CHK_CASE_19
LCALL CASE 1

CHK_CASE_19:

CINE R0,#10010B,CHK_CASE 20
LCALL CASE 1

CHK_CASE_20:

CINE R0#10011B,CHK_CASE 21
LCALL CASE 1

CHK_CASE 21:



CINE RO,#10100B,CHK_CASE 22
LCALL CASE 1
CHK_CASE _22:
CINE RO,#10101B,CHK_CASE 23
LCALL CASE_1
CHK_CASE_23:
CINE RO,#10110B,CHK_CASE 24
LCALL CASE 1
CHK_CASE_24:
CINE RO,#10111B,CHK_CASE 25
LCALL CASE 1
CHK_CASE 25:
CINE RO,#11000B,CHK_CASE 26
LCALL CASE 1
CHK_CASE _26:
CINE RO.#11001B,CHK_CASE 27
LCALL CASE 1
CHK_CASE_27:
CINE RO#11010B,CHK_CASE 28
LCALL CASE 1
CHK_CASE 28:
CJNE RO.#11011B,CHK_CASE 29
LCALL CASE_1
CHK_CASE_29:
CINE RO.#11100B,CHK_CASE_30
LCALL CASE 1
CHK_CASE 30:
CINE RO#11101B,CHK_CASE 31
LCALL CASE_1

CHK_CASE _31:

CINE RO,#11110B,CHK_CASE_32
LCALL CASE 1

CHK_CASE 32:

CINE RO,#11111B,CHK_CASE_33
LCALL CASE 1

CHK_CASE 33:

CINE RO0,#100000B,CHK_CASE_34
LCALL CASE 1

CHK_CASE 34:

CINE RO,#100001B,CHK_CASE_35
LCALL CASE 1

CHK_CASE 35:

CINE R0,#100010B,CHK CASE 36
LCALL CASE 1

CHK. CASE 36:

CINE RO0,#100011B,CHK_CASE_37
LCALL CASE 1

CHK_CASE 37:

CINE R0,#100100B,CHK_CASE 38
LCALL CASE 1

CHK_CASE 38:

CINE RO#100101B,CHK_CASE_39
LCALL CASE 1

CHK_CASE 39:

CINE RO0,#100110B,CHK_CASE_40
LCALL CASE 1

CHK_CASE _40:

CINE RO,#100111B,CHK_CASE 41
LCALL CASE 1

CHK_CASE 41:



CINE RO,#101000B,CHK_CASE 42
LCALL CASE 1
CHK_CASE_42:
CINE RO,#101001B,CHK_CASE 43
LCALL CASE 1
CHK_CASE_43:
CINE R0,#101010B,CHK_CASE 44
LCALL CASE 1
CHK_CASE 44:
CINE RO,#101011B,CHK_CASE 45
LCALL CASE 1
CHK_CASE _45:
CINE RO,#101100B,CHK_CASE 46
LCALL CASE 1
CHK_CASE_46:
CINE RO.£101101B,CHK_CASE 47
LCALL CASE 1
CHK_CASE_47:
CINE RO,#101110B,CHK CASE 48
LCALL CASE 1
CHK_CASE_48:
CINE RO.,#101111B,CHK_CASE 49
LCALL CASE_1
CHK_CASE_49:
CJINE RO,#110000B,CHK_CASE 50
LCALL CASE 1
CHK_CASE_50:
CINE RO.#110001B,CHK_CASE 51
LCALL CASE_1

CHK_CASE 51:

CINE RO0,#110010B,CHK_CASE_52
LCALL CASE 1
CHK_CASE_52:
CINE RO,#110011B,CHK_CASE_53
LCALL CASE 1
CHK_CASE 53:
CINE RO,#110100B,CHK_CASE 54
LCALL CASE 1
CHK_CASE 54:
CJNE RO#110101B,CHK_CASE 55
LCALL CASE 1
CHK_CASE_55:
CINE RO,#110110B,CHK CASE 56
LCALL CASE_1
CHK._CASE_56:
CINE RO#110111B,CHK_CASE 57
LCALL CASE 1
CHK CASE 57:
CINE RO,#111000B,CHK_CASE 58
LCALL CASE 1
CHK_CASE _58:
CINE RO,#111001B,CHK CASE 59
LCALL CASE 1
CHK_CASE_59:
CJINE RO,#111010B,CHK_CASE_60
LCALL CASE 1
CHK_CASE_60:
CJNE RO,#111011B,CHK_CASE 61
LCALL CASE 1

CHK_CASE 6l:



CINE RO,#111100B,CHK_CASE 62
LCALL CASE 1

CHK_CASE_62:

CINE RO#111101B,CHK_CASE 63
LCALL CASE_1

CHK._CASE_63:

CINE RO#111110B,CHK_CASE_64
LCALL CASE_1

CHK_CASE_64:

CINE RO#111111B,CHK_CASE 65
LCALL CASE_1

CHK_CASE_65:

CINE RO,#1000000B,CHK_CASE 66
LCALL CASE_1

CHK_CASE_66:

CINE R0,#1000001B.CHK_CASE 67
LCALL CASE_1

CHK._CASE_67:

CINE RO,#1000010B,CHK_CASE_68
LCALL CASE_1

CHK_CASE_68:

CINE R0,#1000011B,CHK_CASE_69
LCALL CASE_1

CHK_CASE_69:

CINE R0.#1000100B,CHK_CASE_70
LCALL CASE_1

CHK_CASE_70:

CINE RO,#1000101B.CHK_CASE_71
LCALL CASE_1

CHK, CASE_71:

CINE R0,#1000110B,CHK_CASE 72
LCALL CASE 1
CHK_CASE_72:
CINE R0,#1000111B,CHK_CASE_73
LCALL CASE 1
CHK_CASE 73:
CINE R0,#1001000B,CHK_CASE_74
LCALL CASE 1
CHK_CASE_74:
CINE RO0,#1001001B,CHK_CASE 75
LCALL CASE 1
CHK_CASE 75
CINE R0,#1001010B,CHK_CASE_76
L.CALL CASE 1
CHK_CASE 76
CINE R0,#1001011B,CHK_CASE 77
LCALL CASE 1
CHK._CASE 77:
CINE R0,#1001100B,CHK_CASE 78
LCALL CASE 1
CHK_CASE_78:
CINE RO0,#1001101B,CHK_CASE_79
LCALL CASE 1
CHK_CASE_79:
CINE RO,#1001110B,CHK_CASE_80
LCALL CASE_I
CHK_CASE _80:
CINE R0,#1001111B,CHK_CASE_81
LCALL CASE 1

CHK CASE 81:



CINE R0,#1010000B,CHK_CASE_82
LCALL CASE 1
CHK_CASE _82:
CINE R0,#1010001B,CHK_CASE_83
LCALL CASE 1
CHK_CASE_83:
CINE R0,#1010010B,CHK_CASE_84
LCALL CASE_1
CHK_CASE_84:
CINE RO,#1010011B,CHK_CASE_85
LCALL CASE_1
CHK_CASE 85:
CINE RO#1010100B,CHK_CASE 86
LCALL CASE_1
CHK_CASE 86:
CINE R0,#1010101B,CHK. CASE 87
LCALL CASE_1
CHK_CASE 87:
CINE RO,#1010110B,CHK_CASE_88
LCALL CASE 1
CHK_CASE_88:
CINE RO,#1010111B,CHK_CASE_89
LCALL CASE 1
CHK_CASE_89:
CINE RO,#1011000B,CHK_CASE_90
LCALL CASE 1
CHK_CASE 90:
CINE R0,#1011001B,CHK_CASE 91
LCALL CASE_1

CHK_CASE 91:

CINE R0,#1011010B,CHK_CASE_92
LCALL CASE_1

CHK._CASE _92:

CINE R0,#1011011B,CHK_CASE_93
LCALL CASE_1

CHK_CASE 93:

CJNE R0,#1011100B,CHK_CASE 94
LCALL CASE_1

CHK_CASE 94:

CINE RO#1011101B,CHK CASE_95
LCALL CASE.1

CHK_CASE 95:

CINE R0.#1011110B,CHK _CASE 96
LCALL CASE 1

CHK_CASE 96

CINE R0.#1011111B,CHK_CASE 97
LCALL CASE. 1

CHK_CASE 97:

CINE R0,#1100000B,CHK_CASE_98
LCALL CASE 1

CHK_CASE_98:

CJNE RO#1100001B,CHK_CASE_99
FEAECASE ]

CHK_CASE_99:

CINE R0,#1100010B,CHK_CASE_100
LCALL CASE 1

CHK_CASE_100:

CINE RO,#1100011B,CHK_CASE 101
LCALL CASE 1

CHK_CASE_101:



CINE RO,#1100100B,CHK._CASE 102
LCALL CASE_1

CHK_CASE_102:

CINE RO,#1100101B,CHK._CASE 103
LCALL CASE 1

CHK_CASE_103:

CINE RO,#1100110B,CHK. CASE 104
LCALL CASE_1

CHK_CASE_104:

CINE RO,#1100111B,CHK_CASE_105
LCALL CASE 1

CHK_CASE_105:

CINE RO,#1101000B,CHK._CASE 106
LCALL CASE 1

CHK_CASE_106:

CINE RO,#1101001B,CHK CASE_107
LCALL CASE_1

CHK_CASE_107:

CINE RO#1101010B,CHK,_CASE_108
LCALL CASE_1

CHK_CASE_108:

CINE RO#1101011B,CHK_CASE_109
LCALL CASE_1

CHK_CASE_109:

CINE RO,#101100B,CHK_CASE_110
LCALL CASE_1

CHK_CASE_110:

CINE RO#1101101B,CHK_CASE_111
LCALL CASE_1

CHK_CASE_111:

CINE R0,#1101110B,CHK_CASE 112
LCALL CASE 1

CHK_CASE_112:

CINE RO,#1101111B,CHK_CASE 113
LCALL CASE 1

CHK_CASE_113:

CINE R0,#1110000B,CHK_CASE 114
LCALL CASE 1

CHK_CASE_114:;

CINE RO#1110001B,CHK_CASE 115
LCALL CASE 1

CHK_CASE_115:

CINE RO,#1110010B,CHK_CASE_116
LCALL CASE 1

CHK_CASE _116:

CINE RO#1110011B,CHK_CASE 117
LCALL CASE 1

CHK CASE_117:

CINE RO,#1110100B,CHK_CASE, 118
LCALL CASE 1

CHK_CASE_118:

CJNE R0,#1110101B,CHK_CASE 119
LCALL CASE 1

CHK_CASE_119:

CINE RO,#1110110B,CHK_CASE 120
LCALL CASE 1

CHK_CASE_120:

CINE RO#1110111B,CHK_CASE 121
LCALL CASE 1

CHK CASE 121:



CINE RO#1111000B,CHK. CASE_122
LCALL CASE 1

CHK_CASE_122:

CINE RO#1111001B,CHK_CASE 123
LCALL CASE 1

CHK_CASE_123:
CINERO#1111010B,CHK_CASE_124
LCALL CASE_1

CHK_CASE_124:
CINERO#1111011B,CHK_CASE_125
LCALL CASE_1

CHK_CASE_125:

CINE RO#1111100B,CHK_CASE 126
LCALL CASE 1

CHK_CASE_126:

CINE RO#1111101B,CHK CASE 127
LCALL CASE 1

CHK._CASE_127:

CINE RO#1111110B,CHK_CASE_128
LCALL CASE 1

CHK_CASE_128:

CINE RO#1111111B,CHK_CASE_129
LCALL CASE 1

CHK_CASE_129:

CINE RO0,#10000000B,CHK._CASE_130
LCALL CASE 1

CHK_CASE_130:

CINE RO0.#10000001B,CHK. CASE 131
LCALL CASE_1

CHK_CASE 131:

CINE RO0,#10000010B,CHK_CASE_132
LCALL CASE 1

CHK_CASE_132:

CINE R0,#10000011B,CHK_CASE_133
LCALL CASE 1

CHK_CASE_133:

CINE R0,#10000100B,CHK_CASE_134
LCALL CASE _1

CHK_CASE 134:

CINE R0,#10000101B,CHK CASE 135
LCALL CASE 1

CHK_CASE_135:

CINE R0,#10000110B,CHK_CASE_ 136
LCALL CASE 1

CHK_CASE 136:

CINE R0,#10000111B,CHK CASE_137
LCALL CASE._ 1

CHK CASE 137:

CINE RO0,#10001000B,CHK_CASE 138
LCALL CASE 1

CHK_CASE_138:

CINE R0,#10001001B,CHK_CASE_139
LCALL CASE 1

CHK_CASE_139:

CINE R0,#10001010B,CHK_CASE 140
LCALL CASE 1

CHK_CASE_140:

CINE R0,#10001011B,CHK_CASE 141
LCALL CASE 1

CHK_CASE, 141:



CINE R0,#10001100B,CHK_CASE_142
LCALL CASE _1

CHK_CASE_142:

CINE R0,#10001101B,CHK_CASE_143
LCALL CASE_1

CHK_CASE_143:

CINE R0,#10001110B,CHK_CASE_144
LCALL CASE 1

CHK_CASE_144:

CINE RO#10001111B,CHK_CASE 145
LCALL CASE 1

CHK_CASE_145:

CINE RO,#10010000B,CHK_CASE_146
LCALL CASE |

CHK_CASE_146:

CINE R0,#10010001B,CHK. CASE_147
LCALL CASE 1

CHK_CASE_147:
CINER0,#10010010B,CHK_CASE_148
LCALL CASE 1

CHK_CASE_148:

CINE RO#10010011B,CHK_CASE_149
LCALL CASE 1

CHK_CASE_149:

CINE RO#10010100B,CHK_CASE_150
LCALL CASE 1

CHK_CASE_150:

CINE RO,#10010101B,CHK_CASE_151
LCALL CASE 1

CHK_CASE 151

CINE R0,#10010110B,CHK_CASE,_152
LCALL CASE 2

CHK_CASE_152:

CINE R0,#10010111B,CHK_CASE,_153
LCALL CASE_3

CHK_CASE_153:

CINE R0,#10011000B,CHK_CASE,_154
LCALL CASE_4

CHK._CASE 154:

CINE R0,#10011001B,CHK_CASE_155
LCALL CASE 5

CHK_CASE. 155:

CINE RO0,#10011010B,CHK_CASE 156
LCALL CASE_6

CHK._CASE_156:

CINE R0#10011011B,CHK_CASE 157
LCALL CASE. 7

CHK_CASE._ 157:

CJNE RO,#10011100B,CHK_CASE 158
LCALL CASE 8

CHK_CASE_158:

CINE RO,#10011101B,CHK_CASE 159
LCALL CASE 9

CHK_CASE_159:

CJNE RO,#10011110B,CHK_CASE 160
LCALL CASE_10

CHK_CASE_160:

CINE R0,#10011111B,CHK_CASE_161
LCALL CASE 11

CHK_CASE_161:



CINE R0,#10100000B,CHK_CASE_162
LCALL CASE_12
CHK_CASE_162:
CINE R0O#10100001B,CHK_CASE_163
LCALL CASE 13
CHK_CASE _163:
CINE RO#10100010B,CHK_CASE_164
LCALL CASE_14
CHK_CASE _164:
CINE RO#10100011B,CHK_CASE. 165
LCALL CASE 15
CHK_CASE_165:
CINE RO#10100100B,CHK_CASE_166
LCALL CASE 16
CHK_CASE_166:
CINE RO#10100101B,CHK. CASE_167
LCALL CASE 17
CHK_CASE_167:
CINE RO#10100110B,CHK_CASE 168
LCALL CASE_18
CHK_CASE_168:
CINE RO#10100111B,CHK_CASE_169
LCALL CASE_19
CHK_CASE_169:
CINE RO,#10101000B,CHK_CASE_170
LCALL CASE_ 20
CHK_CASE_170:
CINE RO,#10101001B,CHK_CASE_171
LCALL CASE 21

CHK_CASE 171:

CINE R0,#10101010B,CHK._ CASE_172
LCALL CASE 22
CHK_CASE_172:
CINE R0#10101011B,CHK_CASE_173
LCALL CASE 23
CHK_CASE_173:
CINE R0,#10101100B,CHK_CASE_174
LCALL CASE 24
CHK_CASE 174:
CINE R0#10101101B,CHK._CASE_175
LCALL CASE 25
CHK_CASE_175:
CINE R0,#10101110B,CHK._CASE 176
LCALL CASE_26
CHK_CASE _176:
CINE R0,#10101111B,CHK_CASE 177
LCALL CASE_27
CHK._CASE 177
CINE R0,#10110000B,CHK_CASE 178
LCALL CASE 28
CHK_CASE_178:
CINE RO,#10110001B,CHK_CASE_179
LCALL CASE 29
CHK_CASE_179:
CINE R0,#10110010B,CHK._CASE_180
LCALL CASE 30
CHK_CASE_180:
CINE R0,#10110011B,CHK_CASE_181
LCALL CASE 31

CHK_CASE_181:



CINE RO,#10110100B,CHK_CASE _182
LCALL CASE 32 ’
CHK_CASE_182:

CINE RO#10110101B,CHK_CASE_183
LCALL CASE 33

CHK_CASE_183:
CINERO,#10110110B,CHK_CASE_184
LCALL CASE_34

CHK_CASE_184:

CINE RO#10110111B,CHK_CASE 185
LCALL CASE_35

CHK_CASE _185:

CINE R0,#10111000B,CHK_CASE 186
LCALL CASE 36

CHK._CASE_186:

CINE R0,#10111001B,CHK. CASE_187
LCALL CASE_37

CHK_CASE _187:

CINE RO#10111010B,CHK CASE 188
LCALL CASE_38

CHK_CASE_188:

CINE RO#10111011B,CHK_CASE 189
LCALL CASE_39

CHK_CASE_189:

CINE R0#10111100B,CHK_CASE_190
LCALL CASE 40

CHK_CASE_190:

CINE RO#10111101B,CHK_CASE_191
LCALL CASE_ 41

CHK_CASE 191:

CINE R0,#10111110B,CHK,_CASE 192
LCALL CASE 41

CHK_CASE 192:

CINE RO#10111111B,CHK_CASE 193
LCALL CASE 41

CHK_CASE_193:

CINE R0,#11000000B,CHK_CASE 194
LCALL CASE_41

CHK_CASE_194:

CINE R0,#11000001B,CHK._ CASE_195
LCALL CASE_41

CHK_CASE_195:

CINE RO,#11000010B,CHK. CASE 196
LCALL CASE 41

CHK_CASE_196:

CINE RO,#11000011B,CHK_CASE_197
LCALL CASE 41

CHK_CASE 197:

CINE RO,#11000100B,CHK_CASE 198
LCALL CASE 41

CHK_CASE_198:

CINE RO,#11000101B,CHK_CASE_199
LCALL CASE_41

CHK_CASE_199:

CINE R0,#11000110B,CHK_CASE_200
LCALL CASE 41

CHK_CASE_200:

CINE RO,#11000111B,CHK_CASE_201
LCALL CASE 41

CHK_CASE 201:



CINE RO,#11001000B,CHK_CASE_202
LCALL CASE 41
CHK_CASE 202:
CINE RO,#11001001B,CHK_CASE_203
LCALL CASE_41
CHK_CASE _203:
CINE RO,#11001010B,CHK._CASE_204
LCALL CASE 41
CHK_CASE 204:
CINE RO,#11001011B,CHK_CASE 205
LCALL CASE_41
CHK_CASE_205:
CINE RO,#11001100B,CHK._CASE_206
LCALL CASE 41
CHK_CASE_206:
CINE RO,#11001100B,CHK_CASE 207
LCALL CASE 41
CHK_CASE 207
CINE RO,#11001101B,CHK_CASE 208
LCALL CASE_41
CHK_CASE_208:
CINE RO,#11001110B,CHK_CASE_209
LCALL CASE 41
CHK_CASE_209:
CINE RO,#11001111B,CHK_CASE 210
LCALL CASE 41
CHK_CASE 210
CINE RO,#11010000B,CHK_CASE 211
LCALL CASE 41

CHK_CASE 211:

CINE RO,#11010001B,CHK.CASE_212
LCALL CASE 41
CHK_CASE_212:
CINE RO0,#11010010B,CHK_CASE 213
LCALL CASE 41
CHK_CASE 213:
CINE RO,#11010011B,CHK_CASE 214
LCALL CASE 41
CHK_CASE 214:
CINE R0,#11010100B,CHK CASE 215
LCALL CASE 41
CHK_CASE 215:
CINE RO#11010101B,CHK_CASE_216
L CALL CASE 41
CHK_CASE 216:
CINE RO,#11010110B,CHK _CASE_217
LCALL CASE 41
CHK_CASE 217:
CINE R0,#11010111B,CHK_CASE 218
LCALL CASE 41
CHK_CASE 218:
CINE RO,#11011000B,CHK_CASE 219
LCALL CASE 41
CHK_CASE _219:
CINE RO,#11011001B,CHK_CASE_220
LCALL CASE 41
CHK_CASE_220:
CINE RO,#11011010B,CHK_CASE 221
LCALL CASE 41

CHK_CASE 221:



CINE RO#11011011B,CHK_CASE 222
LCALL CASE 41
CHK_CASE 222:
CINE RO,#11011100B,CHK_CASE 223
LCALL CASE 41
CHK_CASE _223:
CINE RO#11011101B,CHK._CASE 224
LCALL CASE 41
CHK_CASE_224:
CINE RO#11011110B,CHK_CASE 225
LCALL CASE_41
CHK_CASE_225:
CINE RO#11011111B,CHK_CASE 226
LCALL CASE 41
CHK._CASE_226:
CINE RO,#11100000B,CHK_CASE 227
LCALL CASE_41
CHK_CASE_227:
CINE RO,#11100001B,CHK_CASE_228
LCALL CASE_41
CHK_CASE_228:
CINE RO,#11100010B,CHK_CASE 229
LCALL CASE_41
CHK_CASE_229:
CINE RO,#11100011B,CHK_CASE_230
LCALL CASE 41
CHK_CASE 230:
CJNE RO,#11100100B,CHK_CASE 231
LCALL CASE_41

CHK_CASE 231:

CINE RO0,#11100101B,CHK_CASE 232
LCALL CASE 41
CHK_CASE_232:
CINE R0#11100110B,CHK_CASE 233
LCALL CASE 41
CHK_CASE_233:
CINE RO,#11100111B,CHK_CASE 234
LCALL CASE 41
CHK_CASE 234
CINE RO#11101000B,CHK CASE 235
LCALL CASE 41
CHK_CASE 235:
CINE RO0,#11101001B,CHK_CASE 236
LCALL CASE 41
CHK_CASE _236:
CINE R0.#11101010B,CHK_CASE 237
LCALL CASE 41
CHK_CASE 237:
CINE RO,#11101011B,CHK_CASE 238
LCALL CASE 41
CHK_CASE_238:
CINE R0,#11101100B,CHK_CASE 239
LCALL CASE 41
CHK_CASE_239:
CINE R0#11101101B,CHK_CASE 240
LCALL CASE 41

CHK_CASE_240:

. CJNERO,#11101110B,CHK CASE 241

LCALL CASE 41

CHK_CASE_241:



CINERO#11101111B,CHK_CASE 242
LCALL CASE 41
CHK_CASE _242:
CINE RO,#11110000B,CHK_CASE_243
LCALL CASE 41
CHK_CASE_243:
CINE RO,#11110001B,CHK._CASE, 244
LCALL CASE 41
CHK_CASE 244:
CINE RO,#11110010B,CHK_CASE 245
LCALL CASE_41
CHK_CASE 245:
CINE RO,#11110011B,CHK. CASE_246
LCALL CASE_41
CHK_CASE_246:
CINE RO,#11110100B,CHK CASE,_247
LCALL CASE_41
CHK_CASE _247:
CINE RO#11110101B,CHK_CASE 248
LCALL CASE_41
CHK_CASE_248:
CINE RO,#11110110B,CHK_CASE,_249
LCALL CASE 41
CHK_CASE_249:
CINE RO,#11110111B,CHK_CASE_250
LCALL CASE 41
CHK_CASE_250:
CJNE RO,#11111000B,CHK_CASE 251
LCALL CASE 41

CHK CASE 251:

CINE RO,#11111001B,CHK_CASE 252
LCALL CASE 41

CHK_CASE_252:

CINE RO,#11111010B,CHK_CASE 253
LCALL CASE 41

CHK_CASE 253:

CINE RO,#11111011B,CHK_CASE 254
LCALL CASE 41

CHK_CASE 254:

CINE RO,#11111100B,CHK CASE 255
LCALL CASE 41

CHK_CASE_255:

CINE RO,#11111101B,CHK_CASE 256
LCALL CASE 41

CHKY@ASE /256

CINE RO,#11111110B,CHK _CASE_257
LCALL CASE 41

UHEASEDST;

LCALL CASE 41

CASE 1:

MOV P1,#00H

LIMP START

CASE_2:

MOV P1,#27H

LIMP START

CASE 3:

MOV P1,#29H

LIMP START

CASE 4:

MOV P1,#36H



LIMP START
CASE 5:
MOV P1#39H
LIMP START
CASE _6:
MOV P1#5BH
LIMP START
CASE_7:
MOV P1#5FH
LIMP START
CASE _8:
MOV P1#63H
LIMP START
CASE 9:
MOV P1 #67H
LIMP START
CASE_10:
MOV P1,#6BH
LIMP START
CASE_11:
MOV P1 #6FH
LIMP START
CASE_12:
MOV P1,#72H
LIMP START
CASE_13:
MOV P1.#75H
LIMP START
CASE_14:

MOV P1.#78H

LIMP START
CASE_15:
MOV P1#7CH
LIMP START
CASE_16:
MOV P1#7FH
LIMP START
CASE_17:
MOV P1#81H
LIMP START
CASE_18:
MOV P1 #841
LIMP START
CASE_19:
MOV P1,4#87H
LIMP START
CASE 20:
MOV P1 #8AH
LIMP START
CASE 21
MOV P1,#8CH
LIMP START
CASE_22:
MOV P1,#8FH
LIMP START
CASE_23:
MOV P1#91H
LIMP START
CASE_24:

MOV P1#94H



LIMP START
CASE_25:
MOV P1#96H
LIMP START
CASE_26:
MOV P1#99H
LIMP START
CASE_27:
MOV P1#9BH
LIMP START
CASE_28:
MOV P1#9DH
LIMP START
CASE 29:
MOV P1 #9FH
LIMP START
CASE 30:
MOV P1 #0A1H
LIJMP START
CASE 31:
MOV P1 #0A4H
LIMP START
CASE 32:
MOV P1 #0A6H
LIMP START
CASE_33:

MOV Pl #0A8H

LIMP START
CASE_34:

MOV P1#0AAH
LIMP START
CASE_35:

MOV P1#0ACH
LIMP START
CASE_36:

MOV P1#0B7H
LIMP START
CASE_37:

MOV P1#0B9H
LIMP START
CASE_ 38:

MOV P1 #0BAH
LIMP START
CASE 39:

MOV P1 #0BCH
LIMP START
CASE _40:

MOV P1,#0264
LIMP START
CASE _41:

MOV P1#027H
LIMP START

END
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INTRODUCTION

This application note details the interface between an
80C31 and a Densitron two row by 24 character
LM23A2C24CBW display. This combination provides
a very flexible display format (2x24) and a cost effec-
tive, low power consumption microcontroller suitable
for many industrial control and monitoring functions.

Although this applications brief concentrates on the
80C31, the same software and hardware techniques are
equally valid on other members of the 8051 family, in-
cluding the 8031, 8751, and the 8044.

HARDWARE DESIGN

The LCD is mapped into external data memory, and
looks to the 80C31 just like ordinary RAM. The regis-
ter select (RS) and the read/write (R/W) pins are con-
nected to the low order address lines AO and A1l. Con-
necting the R/W pin to an address line is a little unor-
thodox, but since the R/W line has the same set-up
time requirements as the RS line, treating the R/W pin
as an address kept this pin from causing any timing
problems.

The enable (E) pin of the LCD is used to select the
device, and is driven by the logical OR of the 80C31’s
RD and WR signals AND’ed with the MSB of the ad-
dress bus. This maps the LCD into the upper half of the
64 KB external data space. If this seems a little waste-
ful, feel free to use a more elaborate address decoding
scheme.

With the address decoding shown in the example, the
LCD is mapped as follows:

Address Function Read/Write?
8000H | Write Commandto LCD | Write Only
8001H Write Data to LCD Write Only
8002H | Read Status from LCD Read Only
8003H Read Data from LCD Read Only
8004H

to No Access
FFFFH

AB-39

Undefined results may occur if the software attempts to
read address 8000H or 8001H, or write to address
8002H or 8003H.

TIMING REQUIREMENTS

The timing requirements of the Densitron LCD are a
little slow for a full speed 80C31. The critical timing
parameters are the enable pulse width (PW E) of
450 ns, and the data delay time during read cycles
(tDDR) of 320 ns. The 80C31 is available at clock
speeds up to 16 MHz, but at this speed these parame-
ters are violated. Since the 80C31 lacks a READY pin,
the only way to satisfy the LCD timing requirements is
to slow the clock down to 10 MHz or lower. A conve-
nient crystal frequency is 7.3728 MHz since it allows all
standard baud rates to be generated with the internal
timers.

SOFTWARE

The code consists of a main module and a set of utility
procedures that talk directly to the LCD. This way the
application code does not have to be concerned with
where the LCD is mapped, or the exact bit patterns
needed to control it. The mainline consists of a call to
initialize the LCD, and then it writes a message to the
screen, waits, and then erases it. It repeats this indefi-
nitely.

The utility procedures include functions to initialize the
display, send data and address to the LCD, home the
cursor, clear the display, set the cursor to a given row
and column, turn the cursor on and off, and print a

string of characters to the display. Not all the functions
are used in the software example.

REFERENCES
INTEL Embedded Controller Handbook, 210918

INTEL PL/M-51 User’s Guide, 121966

DENSITRON Catalog LCDMD-C
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Main_module: DO;

Delay: PROCEDURE (count) EXTERNAL;
DECLARE count WORD ;
END Delay;

Initialize_LCD: PROCEDURE EXTERNAL;
END Initialize_LCD;

Clear display: PROCEDURE EXTERNAL;
END Clear_display;

LCD_print: PROCEDURE EXTERNAL ;
END LCD_print g

DECLARE LCD_buffer (48) BYTE PUBLIC,
sign_on_message {gio) BYTE CONSTANT
(*'INTEL 8051 DRIVES LCD - '
'2 ROWS BY 24 CHARACTERS '),
i BYTE;

/* This is the start of the program */
/* Initialize the LCD */
CALL Initialize_LCD;
CALL Clear_display;

/* Now enter an endless loop to display the message N
DO WHILE 1;

/* Copy the message to the buffer */
DO i =0 to 47;

LCD_buffer(i) = sign_on_message(i) ;
END;

/* Now print out the buffer to the LCD */
CALL LCD_print;

/* wait a while */
CALL Delay(2000) ;

/* now clear the screen */
CALL Clear_display;

END; /* of DO WHILE */

END Main_module ;

Main Module
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LCD_IO_MODULE: DO}

DECLARE LCD_buffer (48) BYTE EXTERNAL,
LCD_command BYTE AT (08000H) AUXILIARY,
LCD_data BYTE AT (08001H) AUXILIARY,
LCD_status BYTE AT (08002H) AUXILIARY,
LCD_busy LITERALLY '10008$0000B"',
i BYTE;

Delay: PROCEDURE (msec) PUBLIC;
/* This procedure causes a delay of n msec */

DECLARE msec WORD,
i WORD ;
IF msec > 0 THEN DO;
DO i = 0 to msec — 1;
CALL Time(5) ; [*.2 msec delay (*/
END ;

END Delay;

LCD_out : PROCEDURE (char) PUBLIC;
DECLARE char BYTE;
/¥ wait for LCD to indicate NOT busy */
DO WHILE (LCD_status AND LCD_busy) <> 0;
END ;

/* now send the data to the LCD */
LCD_data = char;

END LCD out;

LCD Driver Module
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LCD_command_out : PROCEDURE (char) PUBLIC;

DECLARE char BYTE;

/* wait for LCD to indicate NOT busy */
DO WHILE (LCD_status AND LCD_busy) <> 0;
END;

/* now send the command to the LCD */
LCD_command = char;

END LCD_command_out ;

Home_cursor: PROCEDURE PUBLIC;
CALL LCD_command_out (0000$0010B) ;

END Home_cursor;

Clear_display: PROCEDURE PUBLIC;
CALL LCD_command_out (0000$0001B) ;

END Clear_display;

Set_cursor: PROCEDURE  (position) PUBLIC;
DECLARE position Vg A9,
IF position > 47 THEN position = 47;
IF position < 24 THEN CALL LCD_command_out (080H + position) ;
ELSE CALL LCD_command_out (0COH + (position — 24));

END Set_curBol ;

Cursor_on: PROCEDURE PUBLIC;
CALL LCD_command_out (0000$1111B) ;

END Cursor_on;

Cursor_off: PROCEDURE PUBLIC;
CALL LCD_command_out (0000$1100B) ;

END Cursor_off;

LCD Driver Module (Continued)
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LCD_print : PROCEDURE PUBLIC;

/* This procedure copies the contents of the LCD_buffer
to the display */

CALL Set_cursor(0) ;
DO i =0 to 23;

CALL LCD_out (LCD_buffer(i)) ;
END;
CALL Set_cursor(24);
DO i =24 to 47;

CALL LCD_out (LCD_buffer(i));
END;

END LCD_print;

Initialize_LCD: PROCEDURE PUBLIC;

CALL Delay(100) ;

CALL LCD_command_out (38H) ; /* Function Set */
CALL LCD_command_out (38H) ;
CALL LCD_command_out (06H) ; /* entry mode set */

CALL Clear._display;
CALL Home_cursor;
CALL Cursor_off;
CALL Set_cursor(0) ;

END Initialize_LCD;

END LCD_IO_Module ;

LCD Driver Module (Continued)



General Description

The ADCO0801, ADCO0802, ADC0803, ADCO0804 and
ADCO0805 are CMOS 8-bit successive approximation A/D
converters that use a differential potentiometric
ladder — similar to the 256R products. These converters are
designed to allow operation with the NSC800 and INS8080A
derivative control bus with TRI-STATE® output latches di-
rectly driving the data bus. These A/Ds appear like memory
locations or I/O ports to the microprocessor and no interfac-
ing logic is needed.

Differential analog voltage inputs allow increasing the
common-mode rejection and offsetting the analog zero input
voltage value. In addition, the voltage reference input can be
adjusted to allow encoding any smaller analog voltage span
to the full 8 bits of resolution.

Features

m Compatible with 8080 pP derivatives —no interfacing
logic needed - access time - 135 ns

m Easy interface to all microprocessors, or operates “stand
alone”

NNational Semiconductor

ADCO0801/ADC0802/ADC0803/ADC0804/ADC0805
8-Bit pyP Compatible A/D Converters

June 1998

m Differential analog voltage inputs

= Logic inputs and outputs meet both MOS and TTL
voltage level specifications

Works with 2.5V (LM336) voltage reference
On-chip clock generator

0V to 5V analog input voltage range with single 5V
supply

No zero adjust required

0.3" standard width 20-pin DIP package

20-pin molded chip carrier or small outline package
Operates ratiometrically or with 5 V¢, 2.5 Ve, O
analog span adjusted voltage reference

Key Specifications

m Resolution: 8 bits

m Total error: % LSB, =2 LSB and +1 LSB
m Conversion time: 100 ps

Typical Applications

5V

" ‘ s
———-—-)(2) 44 Veo
i s
3 ? CLK R
e ——e o 10k TRANSDUCER
vl CLKIN 150 pF
[ gL WIR 8-BIT RESOLUTION
< 1 oer & | OVER ANY DESIRED
12 —> ANALOG INPUT
ANY B 086 o le [ <€ | voLTAGE RANGE
PROCESSOR . 1 ap Vinl SEE SECTION 2.4.1
a %[ 7 085 ,>u|rr INPUTS
< = D84 Vinl=)
€ ] l d
T L2 AGND
< 082 g SPANADI |
b 17 VREFZ =——O SEESECTION "= =
< b8 241
[T 10
<+ 080 0 GND 7‘7
wW

TRI-STATE® is a registered trademark of National Semiconductor Comp
2-80° is a registered trademark of Zilog Corp.

DS005671-1

© 1999 National Semiconductor Corporation DS005671

www.national.com
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Typical Applications (Continued)

8080 Interface

8080,

8048,
ETC.

NSC800,

A/D

DS005671-31

Error Specification (Includes Full-Scale,
Zero Error, and Non-Linearity)
Part Full- Vgee/2=2.500 Vpe Vged2=No Connection

Number Scale (No Adjustments) (No Adjustments)

Adjusted
ADC0801 | +VaLSB
ADCO0802 +V2 LSB
ADC0803 | +'%2LSB
ADC0804 +1 LSB
ADCO0805 +1 LSB

www.national.com 2




Absolute Maximum Ratings (Notes 1, 2)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

-65°C to +150°C
875 mW
800V

Storage Temperature Range
Package Dissipation at T,=25'C
ESD Susceptibility (Note 10)

Operating Ratings (Notes 1, 2)

Temperature Range TminST a<Tmax

ADC0801/02LJ, ADC0802LJ/883

Supply Voltage (V) (Note 3) 6.5V
Voltage
Logic Control Inputs -0.3V to +18V

At Other Input and Outputs
Lead Temp. (Soldering, 10 seconds)
Dual-In-Line Package (plastic)
Dual-In-Line Package (ceramic)
Surface Mount Package
Vapor Phase (60 seconds)
Infrared (15 seconds)

Electrical Characteristics

The following specifications apply for Voe=5 Vpc, TrminsSTa<Tuax and fe =640 kHz unless otherwise specified.

0.3V to (Vc+0.3V)

ADC0801/02/03/04LCJ —40°C<T,<+85°C

ADC0801/02/03/05L.CN —40°C<T,<+85°C
260°C ADCO0804LCN 0'C<TA<+70°C
300°C ADC0802/03/04LCV 0'C<TAs+70°C

ADC0802/03/04LCWM 0'C<TA<+70°C
215°C Range of Ve 4.5 Vpe 10 6.3 Ve
220°C

~55"C<To<+125°C

Parameter Conditions Min Typ Max Units

ADCO0801: Total Adjusted Error (Note 8) With Full-Scale Adj. +Va LSB
(See Section 2.5.2)

ADCO0802: Total Unadjusted Error (Note 8) Veed2=2.500 Vpe +% LSB

ADC0803: Total Adjusted Error (Note 8) With Full-Scale Adj. %% LSB
(See Section 2.5.2)

ADCO0804: Total Unadjusted Error (Note 8) Vged/2=2.500 Vpc +1 LSB

ADCO0805: Total Unadjusted Error (Note 8) Vgee/2-No Connection 9 LSB

Vrer/2 Input Resistance (Pin 9) ADC0801/02/03/05 25 8.0 kQ
ADC0804 (Note 9) 0.75 4l kQ

Analog Input Voltage Range (Note 4) V(+) or V(-) Gnd-0.05 Vee+0.05 Voc

DC Common-Mode Error Over Analog Input Voltage +1/16 +% 1.SB
Range

Power Supply Sensitivity Vee=5 Vpe £10% Over +1/16 + LSB
Allowed V,(+) and V(=)
Voltage Range (Note 4)

AC Electrical Characteristics

The following specifications apply for Veo=5 Vpc and TminsTasTuax unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Units
Te Conversion Time feu=640 kHz (Note 6) 103 114 us
Te Conversion Time (Notes 5, 6) 66 73 ek
fok Clock Frequency Vee=5V, (Note 5) 100 640 1460 kHz

Clock Duty Cycle 40 60 Y%
CR Conversion Rate in Free-Running INTR tied to WR with 8770 9708 conv/s
Mode CS =0 Vpe, fe =640 kHz
twowriL Width of WR Input (Start Pulse Width) CS =0 Ve (Note 7) 100 ns
tace Access Time (Delay from Falling C_ =100 pF 135 200 ns
Edge of RD to Output Data Valid)
tyms ton TRI-STATE Control (Delay C, =10 pF, R_ =10k 125 200 ns
from Rising Edge of RD to (See TRI-STATE Test
Hi-Z State) Circuits)
twir tai Delay from Falling Edge 300 450 ns
of WR or RD to Reset of INTR
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AC Electrical Characteristics (continued)

The following specifications apply for Voc=5 Vpc and Tyyn<Ta<Tmax unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Units
Cin Input Capacitance of Logic 5 7.5 pF
Control Inputs
Coirr TRI-STATE Output 5 7.5 pF

Capacitance (Data Buffers)

CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately]

Vin (1) Logical “1" Input Voltage Vee=5.25 Ve 2.0 15 Voe
(Except Pin 4 CLK IN)

Vin (0) Logical “0” Input Voltage Vee=4.75 Vpe 0.8 Voc
(Except Pin 4 CLK IN)

I (1) Logical “1" Input Current Vin=5 Vpc 0.005 1 PAoc
(All Inputs)

In (0) Logical “0" Input Current Vin=0 Vpc -1 -0.005 PApc
(All Inputs)

CLOCK IN AND CLOCK R

Vit CLK IN (Pin 4) Positive Going 27 N 3.5 Voc
Threshold Voltage

Vo CLK IN (Pin 4) Negative =5, 1.8 2:l Voc
Going Threshold Voltage

Vy CLK IN (Pin 4) Hysteresis 0.6 1.3 2.0 Voe
(Vr)-(Vi)

Vour (0) Logical “0" CLK R Output 16=360 pA 0.4 Voe
Voltage Vee=4.75 Vpe

Vour (1) Logical “1" CLK R Output 16=-360 pA 2.4 Voe
Voltage: Vee=4.75 Voc

DATA OUTPUTS AND INTR

Vour (0) Logical “0" Output Voltage

Data Outputs lour=1.6 MA, V=475 Vpc 0.4 Voc

INTR Output lour=1.0 MA, Vee=4.75 Ve 0.4 Voe
Vour (1) Logical “1” Output Voltage 16=-360 pA, Veo=4.75 Vo 2.4 Voc
Vour (1) Logical “1” Output Voltage lo=—10 pA, Vcc=4.75 Vpe 45 Vs
lout TRI-STATE Disabled Output Vout=0 Vpc -3 HApc

Leakage (All Data Buffers) Vour=5 Voc & HAoc
Isource Vour Short to Gnd, To=25C 45 6 mApc
Isink Vour Short to Ve, Ta=25C 9.0 16 mApc
POWER SUPPLY
lee Supply Current (Includes fok=640 kHz,

Ladder Current) Vaee/2=NC, Tp=25C

and CS =5V
ADC0201/02/03/04LCJ/05 1.1 1.8 mA
ADCG204LCN/LCV/LCWM 1.9 25 mA

Note 1: Absolute Maxrum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating
the device beyond its si«.ified operating conditions.

Note 2: All voltages 2= measured with respect to Gnd, unless otherwise specified. The separate A Gnd point should always be wired to the D Gnd.

Note 3: A zener diode «sists, internally, from Vg to Gnd and has a typical breakdown voltage of 7 Vpc.

Note 4: For Vin(-)2 V.~ the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see block diagram) which will forward conduct
for analog input voltages %ne diode drop below ground or one diode drop greater than the Ve supply. Be careful, during testing at low Vg levels (4.5V), as high
level analog inputs (5V, ~zn cause this input diode to conduct-especially at elevated temperatures, and cause errors for analog inputs near full-scale. The spec allows
50 mV forward bias of &~.r diode. This means that as long as the analog Vyy does not exceed the supply voltage by more than 50 mV, the output code will be correct.

To achieve an absolute % /r,c to 5 Vpg input voltage range will therefore require a minimum supply voltage of 4.950 Vpc over temperature variations, initial tolerance
and loading.

Note 5: Accuracy is 9:z-znteed at fo i = 640 kHz. At higher clock frequencies accuracy can degrade. For lower clock frequencies, the duty cycle limits can be ex-
tended so long as the ~rumum clock high time interval or minimum clock low time interval is no less than 275 ns. :
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AC Electrical Characteristics (continued)

Note 6: With an asynchronous start pulse, up to 8 clock periods may be required before the intemal clock phases are proper to start the conversion process. The
start request is internally latched, see Figure 4 and section 2.0.

Note 7: The CS input is assumed to bracket the WR strobe input and therefore timing is dependent on the WR pulse width. An arbitrarily wide pulse width will hold
the converter in a reset mode and the start of conversion is initiated by the low to high transition of the WR pulse (see timing diagrams).

Note 8: None of these A/Ds requires a zero adjust (see section 2.5.1). To obtain zero code at other analog input voltages see section 2.5 and Figure 7.

Note9: The Vgep/2 pin is the center point of a two-resistor divider connected from V¢ to ground. In all versions of the ADC0801, ADC0802, ADC0803, and
ADC0805, and in the ADCOB04LCJ, each resistor is typically 16 kQ. In all versions of the ADC0804 except the ADCO804LCJ, each resistor is typically 2.2 kQ.

Note 10: Human body model, 100 pF discharged through a 1.5 kQ resistor.

Typical Performance Characteristics

Logic Input Threshold Voltage Delay From Falling Edge of CLK IN Schmitt Trip Levels
vs. Supply Voltage RD to Output Data Valid vs. Supply Voltage
= vs. Load Capacitance
2 - 55°C < T < +125°C 5
8 500 = =
LERE Tingg | et
3 g V1s |1
a g 400 = |~
s 18 P S
T = o -55°C < Ty <+125°C
g £ P
€ A
z 15 e 3 300 yd Z 23
= w <
] - e E v -
2 14 T s - | 14
E 200 >t = ’V,.—
o pd o =1
= 13 e 15
7 :
45 475 500 525 550 100 450 475 500 525 550
0 200 400 600 800
Ve - SUPPLY VOLTAGE (V) Va Ve = SUPPLY VOLTAGE (Vpc)
DS005671-38 LOAD CAPACITANCE (pF) DS005671-40
DS005671-39
feLk Vvs. Clock Capacitor Full-Scale Error vs Effect of Unadjusted Offset Error
—-_— Conversion Time vs. Vge/2 Voltage
) 11
-
8 16 T T T
\ \\ . T Tg = 13figLk Vin(+) = V(=) = 0V,
R = 50k i 7 11 | ASSUMES Vg =2 mV.
\' a3 E [ THIS SHOWS THE NEE
= Y g 6 oy &0 - FOR A ZERO ADJ. IF
] = & [—XT THE SPAN IS REDUCED.
= \ \ \ =h T w0 +
= = Veo= 45V < HH
o< o«
K= \ w 4 T < 8
\ > & |
£ [ i}
= \ = 3 v o 6
< \ ¢ = 5.0V d H-H
P =02 pr 4 i
\ = I i
A 1 B 2
100 N I 1T
10 100 1000 0 I~ o 173+ I
CLOCK CAPACITOR (pF) 40 60 80 100 120 140 0.01 0.1 1.0 5
DS005671-41 Tc. CONVERSION TIME (us) VRef/2 (Vpg)
DS005671-42 DS005671-43
Output Current vs Power Supply Current Linearity Error at Low
Temperature vs Temperature (Note 9) Veed2 Voltages
8 1.0
T —~ 24 T T T T T TT
I IV?c 5Vnc 3 2 —Aocosol L. 2VRer/2) —
z l‘)ATA DUTPIUT! E 20 f5 B vA <Clasg | | s 255
= et = T Cc=55,1 a (ZERO AND FULL-
£ N BUFFERS z ApeT =] " v = SCALE ADJUSTED) ]
- 6 N t C0801, pproretd Voc = —] =
o 7111 € 16 fap an‘An 0863~ C=5y S ————
- B e 3
s || 'sounce 3 = AND Apg, ,a5VCc=4,5y ~ = s 1 .58 VALUE (mV)
S s VouT =24 Vpc > 12 =55 = e
3 N = 2V Fad 4.88
N N T Vee = ST E H 122 19.53
5 g L g 2 Birs) 10BITS) 977 (g giTs)
<
g 4 S N @ 08 |+ VYec=dsv s /1 @eITs) T
E < z | = il | |
3 5 04 IT . 640 kHz - / / N
=IsINK 2 cLk® A /rﬁ g
VouT = 04 Ve & &1 o L1 |
2 8 N . ; A
=i0=26 00 95 10 0 50 25 0 25 S0 75 100 125 N ’
Ta — AMBIENT TEMPERATURE (°C) T - AMBIENT TEMPERATURE (°C) —
DS005671-44
DS005671-45
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TRI-STATE Test Circuits and Waveforms

tin tyn, CL=10 pF
Vee

Vee

= RO

ROO— DATA
Cs ouUTPUT GND
cL 10k Vou
DATA ol

OUTPUTS

= = = = GND
DS005671-48
DS005671-47
=20 ns
ton tor, CL=10 pF
Vee Vee

Ve

RO
10k GND

ROO— DATA

cs OUTPUT Vee

DATA

cL OUTPUTS

10%
I Vo
— —_ — DS005671-50
DS005671-49 =20 ns

Timing Diagrams (All timing is measured from the 50% voltage points)

START
CONVERSION

{ \ /

—

W 3
L

Wi e
—! wWWRIL — “BUSY"
ACTUAL INTERNAL “NOT BUSY"
STATUS OF THE
CONVERTER

e———— 1708 x Vi i INTERNAL Tg

DATA IS VALID IN
; OUTPUT LATCHES

(LAST DATA WAS READ)

(LAST DATA WAS NOT READ)

l\l

INT ASSERTED

V2 Tg

DS005671-51
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Tlmlng Diagrams (All timing is measured from the 50% voltage points) (Continued)

Output Enable and Reset with INTR

INTR RESET
m_ Y%

AL e T e
0UTPUTS
__l tACC |~=—
— ] i} 1

DS005671-52
Note: Read strobe must occur 8 clock periods (8/fc k) after assertion of interrupt to guarantee reset of INTR .
Typical Applications
6800 Interface Ratiometeric with Full-Scale Adjust
Vee
s vpc)
o '
P %:))—‘o 14
VMA XDR

T
800, be—-—"" W L . | |
602, ¥ ilsh ¢ T 1

6502, RO A/D Vv 11 (L}
ETc, q v N ! Sa |
L WR —d ¥ P ) 1 !
T 1 1
DATA 7 = | L |
A0 T 100 ]
1 1[ 1
! Sa |
DS005671-53 i I
_r Vint) VREF : P :
(W[ . |

- OPTIONAL
FS ADJUST

DS005671-54

Note: before using caps at Viy or Vger/2,
see section 2.3.2 Input Bypass Capacitors.
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Typical Applications (continued)

Absolute with a 2.500V Reference Absolute with a 5V Reference
(svvf,fc) V:{g % ,‘,’?1"
o

O—— Vint+) Vee O——Vint9 Vee
_‘.: -
I 104F T 104F
= o =
an P<] A
>
<
2500 Vg
O—Vix-) VREF2 O—— Vixt-) Vg2 ——
g o 10k
€21 s OPTIONAL
ADJ FS ADJUST
— —3 DS005671-56
DS005671-55

*For low power, see also LM385-2.5

Zero-Shift and Span Adjust: 2V <V, < 5V Span Adjust: 0V <V, <3V

Veo vee
(s Vpg! (s Vog)

Tmur

AA
|

” Vint) Vee 3 Vints) Vee
Vin e Vin

AD A0
ol A% 17 |7}
| 172 LM3SE | 172 LM358
| s )
Vinte! VREF/ T 10k _[, £ ' Vi (! Vagr2
5 3 r‘-k + M35
' + 16V ADJ | 3 1.5V
| ~ 1 4F = Tur
SETS ZERQ SETS VOLTAGE SPAN ! 3 =3 =
CODE VOLTAGE = 1] seesection20) |
YW— VWA DS005671-56
; Jole TR
2Vpc —
27k 2 2ERT ADJ -

DS005671-57
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Typical Applications (continued)

Directly Converting a Low-Level Signal A pP Interfaced Comparator

Veo
(5 V)

Veo
(sVpc)

% Vin() Vee O——vint) Vee
Vin l# +
104F 104F
1 T T
OV < Vi< 12V ~o A
Vin(-) VRer? L3 O——1Vint-) VREF2 '—.]_
30 —
= L DS005671-60
-15 Vg For:
Vin(+)>VinG-)
Output=FFpex
For:
VIN(+<VinG)
DS005671-69 Output=00ygx
VRer/2=256 mV
1 mV Resolution with pP Controlled Range
Vee
s Vpcl
e
4 Vinle)
I«
Vin 104F
>
v SH
- - <
AlD
2.k
8.81T DAC 2 LMIEIA p—> 2500 Vpe
2.500 Ve £
MICRD-0AC™™
oacossn - [y—]Vint! Vaer?? W) rdY
|+ + san AL e
30 1uf Aoy
DATA — — — ':l._
BUS =2 = = =
DS005671-61

Vpee/2=128 mV
1LSB=1mV
Vpac<Vine(Vpac+256 mV)
0 < Vpac < 2.5V
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Typical Applications (continued)

Digitizing a Current Flow

“ Use a large R value
to reduce loading
at CLK R output.

3] [
v —— lLoaD (2A FULL-SCALE)
(5 Vel O—P— M l
<10 Vee
> ‘]" (5Vpe)
Vint= Vee A
" —L
S 240k I 10uF % ;I__
— Al —
- - L ALY
100 & (M236
2ER0 2 € Vine) VRer
ans ¢
{ 0
3 120 = =
DS005671-62
Self-Clocking Multiple A/Ds External Clocking
5V
Mo £y x f e LIVMIN G
: ;I ~==—15VMAXO
(]
—
CLKR | CLKIN i
A/D #1
lb .
Palll A/D
1 fetk P——CLK IN
CLKIN
ol V' HC O—— CLKR
304F
DS005671-64
100 KHzsfc k<1460 kHz
A 2
»| CLKIN
v
IF MORE THAN 5 ADDITIONAL
A/D1, USE A CMOS BUFFER (NOT T2L)
DS005671-63
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805 8-Bit pP Compatible A/D Converters

Physical Dimensions inches (milimeters) unless otherwise noted (Continued)

+0.006
] 0-350 o000 |
[8 89 +0415]
-89 _0.00 0.017£0.004 .0
PIN #1 IDENT 0.065 [0.43£0.10]
450K
3N 119 [1.65] —\
) " YA
O [ 0.029£0.003
TYP
n 1 [0.74£0.08] 0.310£0.020 . o
O 0 [7.87£0.51]
8] 114
| =
—
s s ol | SEATING PLANE
H 13 r/'
0.020
0.050 | |— MIN TYP 0.390£0.005
J [127] " e [s.o10.13) "'P
0.200 0.1054£0.015
[5.08) """ [2.67¢0.38] 1YP
0.165-0.180 1yp
[4.19-4.57]
£]0.004 [0.10] V204 (REV L)

Molded Chip Carrier Package (V)
Order Number ADC0802LCV, ADC0803LCV or ADC0804LCV
NS Package Number V20A

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DE-
VICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMI-
CONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or sys- 2. A critical component is any component of a life support
tems which, (a) are intended for surgical implant into device or system whose failure to perform can be rea-
the body, or (b) support or sustain life, and whose fail- sonably expected to cause the failure of the life support
ure to perform when properly used in accordance device or system, or to affect its safety or effectiveness.

with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury

to the user.
National Semiconductor National Semiconductor National Semiconductor National Semiconductor
Corporation Europe Asia Pacific Customer Japan Ltd.
Americas Fax: +49 (0) 1 80-530 85 86 Response Group Tel: 81-3-5639-7560
Tel: 1-800-272-9959 Email: europe.support@nsc.com Tel: 65-2544466 Fax: 81-3-5639-7507
Fax: 1-800-737-7018 Deutsch Tel: +49 (0) 1 80-530 85 85 Fax: 65-2504466
Email: support@nsc.com English Tel: +49 (0) 1 80-532 78 32 Email: sea.support@nsc.com
Frangais Tel: +49 (0) 1 80-532 93 58
www.national.com ltaliano  Tel: +49 (0) 1 80-534 16 80

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specifications



Typical Applications (continued)

Self-Clocking in Free-Running Mode

O—— Vint+) CLKR
O—— vixtl L
CLKIN
- %
o
WR TR
l NO 5
START
*—0

DS005671-65

*After power-up, a momentary grounding of the WR input is needed to

guarantee operation.

Operating with “Automotive” Ratiometric Transducers

Vee
(5 Vpg)
20k
VXoR
X0R Vini) vee
+
m 4 104F
2er0 @ € Vint-) l
404 =
A/D
k1 ADCO80S <b 16k
- - 172 LM3S8A
VRer/2 Ly
035V,
tc ¥ Fe
| + ADJ
1uf
! I 3 (k3
DS005671-67

Vin(-)=0.15 Ve
15% of VoeVxprs85% of Ve

uP Compatible Differential-Input Comparator with Pre-Set Vg (with or without Hysteresis)

HP Interface for Free-Running A/D

I s TR
= T eeenuf
RESET
TSTAGE
s W M ok ; o YUNTT
vgr*
"
]
LU il K
1M pF
;;; READY
(To,m
——I |——a.um»
" vgr M l PREVENTS RD.
DuRING AD
DATA UPOATE
2
it Mg ) -
DS005671-66
Ratiometric with Vg2 Forced
Vee
(5 Vpg)
X0R
<
> ¢ Vint) v
3 N tc
< I +
SR
J = »
. :;m
A <
172 LMI58A
Vinim) VReF
+

)

>
1. im

DS005671-68

r—
133
5 o Y .
cc
o wsE ouTPUT 5Voe)
O Vin(* Pl { o : oc!
| o ]
! 1° . 1 15
A/ |
! L
| —1 <
172 LMISEA sVl
} g I
1
O—qVint) VREF? I -_':L =
/" _L*.‘“ | | 2
P | e R 270
4 = | 172.c0a015 | ] 'j’ -
- ° | L
e ————— e ],
DS005671-69
*See Figure 5 to select R value
DB7="1" for Vin(+)>Vin(-)+(VRer/2)
Omit circuitry within the dotted area if
hysteresis is not needed
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Typical Applications (continued)

Handling £10V Analog Inputs

Low-Cost, pP Interfaced, Temperature-to-Digital
Converter

“Circuit values shown are for 0°C<T4<+128°C

. Voo
Q(5‘vm:) "
uetw
1oV o
Vint Vee
+
g7 WaF
" I ‘ Vintel vee—47
P4 = 104F
S’ AlD T
- < =
L
$Vpe
——t Vint) ™ I o
b Tayix .i Vint) neF 3 Jamax
DS005671-70 = P
“Beckman Instruments #694-3-R10K resistor array
HP Interfaced Temperature-to-Digital Converter
Vee
(5 Vo)
o
k
‘v‘v‘v
T 100k
2 WA Vit Vec
325" l
@sve s . + +
10 mVrK) i 10k
Y $
= =R =3 = g
= i AlD 9
25v b |
172 LM3st
1% o [,
TAMIN S g Vjy(-} VRer2  LM336
A + +]
=g I
100 - I & |
E2
DS005671-72

“**Can calibrate each sensor to allow easy replacement, then A/D can be calibrated with a pre-set input voltage.
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Typical Applications (continued)

Handling 5V Analog Inputs

Vee

(8 Vpg)
o

10k*
10"
Vin(+) Vee
+
ViN +
=
- A/D =

-[_- e

AP 190

Read-Only Interface

DATA >

— TR

P BUS
A
[
——ds
il RD A
WR
W

N
DATA IS STARTS NEW

ouTPUT CONVERSION

Protecting the Input

Yoo
(5 Vo)

DS005671-33
*Beckman Instruments #694-3-R10K resistor array
HP Interfaced Comparator with Hysteresis
Vigl+) MsE (D87)
+
15V,
ViN 086 — OUTPUT e
op
= +
a0
=15 Voo
Vint=) VRef/2 ——l

*VREF J—

T Do e
Res I

aa

o

Diodes are 1N914

AAA

1L
n—vWv

DS005671-35

Yw ()

DS005671-9

DS005671-34
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Typical Applications (Continued)

Analog Self-Test for a System

\

Vint+)

8
CHANNEL
ANALOG AD

MUX
€D4051

SYSTEM
DC TEST<
POINTS

P77 7¢7¢%

r—. Vint-)
l‘ 1‘ IC CHANNEL
SELECT
—_—

FROM OUTPUT
PORT OF pP

~

DS005671-36

A Low-Cost, 3-Decade Logarithmic Converter

*
D
10k od
——AAMN—1ViIN
A0mV > —Va > —10V
VA |
e -5 A/D
~VMiNpEF 10K
(-10mVpg) o VREER
_5
“VMAXREE o A o
(-10 Vpg) K c
+
1uF

I

748
=1 1

DS005671-37

*LM3839 transistors
A, B, C, D = LM324A quad op amp
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Typical Applications (continued)

3-Decade Logarithmic A/D Converter

A,B,C, D= LM324A

172 L34
10k
Vin 1
10wy TO-10V) “a 4'.?.' VN

™
LM336 ZERO ADJ

0.1 uF

i

AA
VWV

>
S A%
[ 10k
RIS 1%
<
>

DS005671-73
Noise Filtering the Analog Input ’ Multiplexing Differential Inputs
o] I
o
- .
—O— e Vi (1) ' [o— 4
] weneena P
S wx
W]
an o—
w{_ -
pe Sl ¥ Fry
- FAOM OUTPUT
DS005671-74 %)
DS005671-75
1c=20 Hz
Uses Chebyshev implementation for steeper rol-~# unity-gain, 2nd order,
low-pass filter
Adding a separate filter for each channel increzs=< system response time
it an analog multiplexer is used
Output Buffers with A/D Data Enabled Increasing Bus Drive and/or Reducing Time on Bus
o !
.| s o

ar—q " ™™ TATE®
D ean = [ AOND SR m— g+

4

DS005671-76

“A/D output data is updated 1 CLK period prior - zssertion of INTR “Allows output data to set-up at falling edge of CS

15 www.national.com



Typical Applications (continued)

Sampling an AC Input Signal

[T

ren
it

o &
o
ure-ua
“-on

st

Lo
[

LowsASS wuLTIPBLE
FILTER

~p—

—

" —

] - a

"
DS005671-78

Note 11: Oversample whenever possible [keep fs > 2f(-60)] to eliminate input frequency folding (aliasing) and to allow for the skirt response of the filter.

Note 12: Consider the amplitude errors which are introduced within the passband of the filter.

70% Power Savings by Clock Gating

feux
e

(Complete shutdown takes = 30 seconds.)

DS005671-79

Power Savings by A/D and Vger Shutdown

1/6 74C04

Vee

[

Veo
O (sVpe)

2NI905

.-
=

>
<

<
b3

RD

#P CONTROL
BuS

N\
CMos T0 DATA
A/D DATA OUTPUT BUFFER sUS

WR

Ve

“Use ADC0801, 02, 03 or 05 for lowest power consumption.
Note: Logic inputs can be driven to V¢ with A/D supply at zero volts.

LM3852.5

Buffer prevents data bus from overdriving output of A/D when in shutdown mode.

Functional Description

1.0 UNDERSTANDING A/D ERROR SPECS

A perfect A/D transfer characteristic (staircase waveform) is
shown in Figure 1. The horizontal scale is analog input volt-
age and the particular points labeled are in steps of 1 LSB
(19.53 mV with 2.5V tied to the Vgee/2 pin). The digital out-
put codes that correspond to these inputs are shown as D-1,
D, and D+1. For the perfect A/D, not only will center-value

=)
LU 4y

fi[==

DS005671-80

(A-1,A A+1,. . . .)analog inputs produce the correct out-
put digital codes, but also each riser (the transitions between
adjacent output codes) will be located +'2 LSB away from
each center-value. As shown, the risers are ideal and have
no width. Correct digital output codes will be provided for a
range of analog input voltages that extend +V2 LSB from the
ideal center-values. Each tread (the range of analog input
voltage that provides the same digital output code) is there-
fore 1 LSB wide.
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Functional Description (Continued)

Figure 2 shows a worst case error plot for the ADC0801. All
center-valued inputs are guaranteed to produce the correct
output codes and the adjacent risers are guaranteed to be
no closer to the center-value points than £% LSB. In other
words, if we apply an analog input equal to the center-value
+Y4 LSB, we guarantee that the A/D will produce the correct
digital code. The maximum range of the position of the code
transition is indicated by the horizontal arrow and it is guar-
anteed to be no more than 2 LSB.

The error curve of Figure 3 shows a worst case error plot for
the ADC0802. Here we guarantee that if we apply an analog
input equal to the LSB analog voltage center-value the A/D
will produce the correct digital code.

Transfer Function
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FIGURE 1. Clarifying the Error Specs of an A/D Converter
Accuracy=%0 LSB: A Perfect A/D
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FIGURE 2. Clarifying the Error Specs of an A/D Converter
Accuracy=xYs LSB

Next to each transfer function is shown the corresponding
error plot. Many people may be more familiar with error plots
than transfer functions. The analog input voltage to the A/D
is provided by either a linear ramp or by the discrete output
steps of a high resolution DAC. Notice that the error is con-
tinuously displayed and includes the quantization uncertainty
of the A/D. For example the error at point 1 of Figure 1is +Y2
LSB because the digital code appeared Y2 LSB in advance
of the center-value of the tread. The error plots always have
a constant negative slope and the abrupt upside steps are
always 1 LSB in magnitude.
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Functional Description (continued)

Transfer Function
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FIGURE 3. Clarifying the Error Specs of an A/D Converter
Accuracy=+'2 LSB

2.0 FUNCTIONAL DESCRIPTION

The ADC0801 series contains a circuit equivalent of the
256R network. Analog switches are sequenced by succes-
sive approximation logic to match the analog difference input
voltage [V n(+) = V n(=)] to a corresponding tap on the R net-
work. The most significant bit is tested first and after 8 com-
parisons (64 clock cycles) a digital 8-bit binary code (1111
1111 = full-scale) is transferred to an output latch and then
an interrupt is asserted (INTR makes a high-to-low transi-
tion). A conversion in process can be interrupted by issuing a
second start command. The device may be operated in the
free-running mode by connecting INTR to the WR input with
CS =0. To ensure start-up under all possible conditions, an
external WR pulse is required during the first power-up
cycle.

On the high-to-low transition of the WR input the internal
SAR latches and the shift register stages are reset. As long
as the CS input and WR input remain low, the A/D will remain
in a reset state. Conversion will start from 1 to 8 clock peri-
ods after at least one of these inputs makes a low-to-high
transition.

A functional diagram of the A/D converter is shown in Figure
4. All of the package pinouts are shown and the major logic
control paths are drawn in heavier weight lines.

The converter is started by having CS and WR simulta-
neously low. This sets the start flip-flop (F/F) and the result-
ing “1” level resets the 8-bit shift register, resets the Interrupt
(INTR) F/F and inputs a “1” to the D flop, F/F1, which is at the
input end of the 8-bit shift register. Internal clock signals then
transfer this “1” to the Q output of F/F1. The AND gate, G1,
combines this “1” output with a clock signal to provide a reset
signal to the start F/F. If the set signal is no longer present
(either WR or CS is a “1") the start F/F is reset and the 8-bit
shift register then can have the “1” clocked in, which starts
the conversion process. If the set signal were to still be
present, this reset pulse would have no effect (both outputs
of the start F/F would momentarily be at a “1” level) and the
8-bit shift register would continue to be held in the reset
mode. This logic therefore allows for wide CS and WR sig-
nals and the converter will start after at least one of these
signals returns high and the internal clocks again provide a
reset signal for the start F/F.
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Functional Description (continued)
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Note 13: CS shown twice for clarity.
Note 14: SAR = Successive Approximation Register.

FIGURE 4. Block Diagram

After the “1” is clocked through the 8-bit shift register (which
completes the SAR search) it appears as the input to the
D-type latch, LATCH 1. As soon as this “1” is output from the
shift register, the AND gate, G2, causes the new digital word
to transfer to the TRI-STATE output latches. When LATCH 1
is subsequently enabled, the Q output makes a high-to-low
transition which causes the INTR F/F to set. An inverting
buffer then supplies the INTR input signal.

Note that this SET control of the INTR F/F remains low for 8
of the external clock periods (as the internal clocks run at ¥s
of the frequency of the external clock). If the data output is
continuously enabled (CS and RD both held low), the INTR
output will still signal the end of conversion (by a high-to-low
transition), because the SET input can control the Q output
of the INTR F/F even though the RESET input is constantly
at a “1” level in this operating mode. This INTR output will
therefore stay low for the duration of the SET signal, which is
8 periods of the external clock frequency (assuming the A/D
is not started during this interval).

When operating in the free-running or continuous conversion
mode (INTR pin tied to WR and CS wired low— see also
section 2.8), the START F/F is SET by the high-to-low tran-
sition of the INTR signal. This resets the SHIFT REGISTER

which causes the input to the D-type latch, LATCH 1, to go
low. As the latch enable input is still present, the Q output will
go high, which then allows the INTR F/F to be RESET. This
reduces the width of the resulting INTR output pulse to only
a few propagation delays (approximately 300 ns).

When data is to be read, the combination of both CS and RD
being low will cause the INTR F/F to be reset and the
TRI-STATE output latches will be enabled to provide the 8-bit
digital outputs.

2.1 Digital Control Inputs

The digital control inputs (CS, RD, and WR) meet standard
T2L logic voltage levels. These signals have been renamed
when compared to the standard A/D Start and Output Enable
labels. In addition, these inputs are active low to allow an
easy interface to microprocessor control busses. For
non-microprocessor based applications, the CSinput (pin 1)
can be grounded and the standard A/D Start function is ob-
tained by an active low pulse applied at the WR input (pin 3)
and the Output Enable function is caused by an active low
pulse at the RD input (pin 2).
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Functional Description (continued)

2.2 Analog Differential Voltage Inputs and
Common-Mode Rejection

This A/D has additional applications flexibility due to the ana-
log differential voltage input. The V(=) input (pin 7) can be
used to automatically subtract a fixed voltage value from the
input reading (tare correction). This is also useful in 4 mA-20
mA current loop conversion. In addition, common-mode
noise can be reduced by use of the differential input.

The time interval between sampling V (+) and Vi (-) is 4-2
clock periods. The maximum error voltage due to this slight
time difference between the input voltage samples is given
by:

4.5
AVg(MAX) = (Vp) (27fcm) (a )

where:
AV, is the error voltage due to sampling delay
Vp is the peak value of the common-mode voltage
fem is the common-mode frequency

As an example, to keep this error to ¥4 LSB (~5 mV) when
operating with a 60 Hz common-mode frequency, f.., and
using a 640 kHz A/D clock, fc , would allow a peak value of
the common-mode voltage, Vp, which is given by:

. = [AVemMax) (fork)]
[ P Co(ME) Sy

(27rtem) (4.5)
or
Vo = (8 X 10-9) (640X 109)
i (6.28) (60) (4.5)
which gives
Ve=1.9V.

The allowed range of analog input voltages usually places
more severe restrictions on input common-mode noise lev-
els.

An analog input voltage with a reduced span and a relatively
large zero offset can be handled easily by making use of the
differential input (see section 2.4 Reference Voltage).

2.3 Analog Inputs
2.3 1 Input Current

Normal Mode

Due to the internal switching action, displacement currents
will flow at the analog inputs. This is due to on-chip stray ca-
pacitance to ground as shown in Figure 5.
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FIGURE 5. Analog Input Impedance

The voltage on this capacitance is switched and will result in
currents entering the Vi (+) input pin and leaving the V y(-)
input which will depend on the analog differential input volt-
age levels. These current transients occur at the leading
edge of the internal clocks. They rapidly decay and do not
cause errors as the on-chip comparator is strobed at the end
of the clock period.

Fault Mode

If the voltage source applied to the V(+) or Vin(-) pin ex-
ceeds the allowed operating range of Vgc+50 mV, large in-
put currents can flow through a parasitic diode to the Vcc
pin. If these currents can exceed the 1 mA max allowed
spec, an external diode (1N914) should be added to bypass
this current to the Vge pin (with the current bypassed with
this diode, the voltage at the V,y(+) pin can exceed the Ve
voltage by the forward voltage of this diode).

2.3.2 Input Bypass Capacitors

Bypass capacitors at the inputs will average these charges
and cause a DC current to flow through the output resis-
tances of the analog signal sources. This charge pumping
action is worse for continuous conversions with the Vy(+) in-
put voltage at full-scale. For continuous conversions with a
640 kHz clock frequency with the V,(+) input at 5V, this DC
current is at a maximum of approximately 5 pA. Therefore,
bypass capacitors should not be used at the analog inputs or
the Vaee/2 pin for high resistance sources (> 1 k<2). If input
bypass capacitors are necessary for noise filtering and high
source resistance is desirable to minimize capacitor size, the
detrimental effects of the voltage drop across this input resis-
tance, which is due to the average value of the input current,
can be eliminated with a full-scale adjustment while the
given source resistor and input bypass capacitor are both in
place. This is possible because the average value of the in-
put current is a precise linear function of the differential input
voltage.

2.3.3 Input Source Resistance

Large values of source resistance where an input bypass ca-
pacitor is not used, will not cause errors as the input currents
settle out prior to the comparison time. If a low pass filter is
required in the system, use a low valued series resistor
(< 1 kQ) for a passive RC section or add an op amp RC ac-
tive low pass filter. For low source resistance applications,
(< 1kQ), a0.1 pF bypass capacitor at the inputs will prevent
noise pickup due to series lead inductance of a long wire. A
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Functional Description (continued)

100Q series resistor can be used to isolate this
capacitor— both the R and C are placed outside the feed-
back loop— from the output of an op amp, if used.

2.3.4 Noise

The leads to the analog inputs (pins 6 and 7) should be kept
as short as possible to minimize input noise coupling. Both
noise and undesired digital clock coupling to these inputs
can cause system errors. The source resistance for these in-
puts should, in general, be kept below 5 kQ. Larger values of
source resistance can cause undesired system noise
pickup. Input bypass capacitors, placed from the analog in-
puts to ground, will eliminate system noise pickup but can
create analog scale errors as these capacitors will average
the transient input switching currents of the A/D (see section
2.3.1.). This scale error depends on both a large source re-
sistance and the use of an input bypass capacitor. This error
can be eliminated by doing a full-scale adjustment of the A/D
(adjust Vpee/2 for a proper full-scale reading— see section
2.5.2 on Full-Scale Adjustment) with the source resistance
and input bypass capacitor in place.

2.4 Reference Voltage

2.4.1 Span Adjust

For maximum applications flexibility, these A/Ds have been
designed to accommodate a 5 Vpg¢, 2.5 Vpc or an adjusted
voltage reference. This has been achieved in the design of
the IC as shown in Figure 6.
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FIGURE 6. The Vgererence Design on the IC

Notice that the reference voltage for the IC is either 2 of the
voltage applied to the V¢ supply pin, or is equal to the volt-
age that is externally forced at the Vigee/2 pin. This allows for
a ratiometric voltage reference using the Vcc supply, a 5
Vpc reference voltage can be used for the V¢ supply or a
voltage less than 2.5 V¢ can be applied to the Vgee/2 input
for increased application flexibility. The internal gain to the
Vgee/2 input is 2, making the full-scale differential input volt-
age twice the voltage at pin 9.

An example of the use of an adjusted reference voltage is to
accommodate a reduced span— or dynamic voltage range
of the analog input voltage. If the analog input voltage were
to range from 0.5 Vo to 3.5 Vp, instead of OV to 5 Ve, the
span would be 3V as shown in Figure 7. With 0.5 V¢ ap-
plied to the V(=) pin to absorb the offset, the reference volt-
age can be made equal to V2 of the 3V span or 1.5 V. The
A/D now will encode the V (+) signal from 0.5V to 3.5 V with
the 0.5V input corresponding to zero and the 3.5 V input
corresponding to full-scale. The full 8 bits of resolution are
therefore applied over this reduced analog input voltage
range.

2.4.2 Reference Accuracy Requirements

The converter can be operated in a ratiometric mode or an
absolute mode. In ratiometric converter applications, the
magnitude of the reference voltage is a factor in both the out-
put of the source transducer and the output of the A/D con-
verter and therefore cancels out in the final digital output
code. The ADCO0805 is specified particularly for use in ratio-
metric applications with no adjustments required. In absolute
conversion applications, both the initial value and the tem-
perature stability of the reference voltage are important fac-
tors in the accuracy of the A/D converter. For Vge/2 volt-
ages of 2.4 V5 nominal value, initial errors of £10 mVpc will
cause conversion errors of =1 LSB due to the gain of 2 of the
Vger/2 input. In reduced span applications, the initial value
and the stability of the Vzee/2 input voltage become even
more important. For example, if the span is reduced to 2.5V,
the analog input LSB voltage value is correspondingly re-
duced from 20 mV (5V span) to 10 mV and 1 LSB at the
Veee2 input becomes 5 mV. As can be seen, this reduces
the allowed initial tolerance of the reference voltage and re-
quires correspondingly less absolute change with tempera-
ture variations. Note that spans smaller than 2.5V place
even tighter requirements on the initial accuracy and stability
of the reference source.

In general, the magnitude of the reference voltage will re-
quire an initial adjustment. Errors due to an improper value
of reference voltage appear as full-scale errors in the A/D
transfer function. IC voltage regulators may be used for ref-
erences if the ambient temperature changes are not exces-
sive. The LM336B 2.5V IC reference diode (from National
Semiconductor) has a temperature stability of 1.8 mV typ
(6 mV max) over 0'C<T,<+70°C. Other temperature range
parts are also available.
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Functional Description (continued)
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FIGURE 7. Adapting the A/D Analog Input Voltages to Match an Arbitrary Input Signal Range

2.5 Errors and Reference Voltage Adjustments is applied to pin 6 and the zero reference voltage at pin 7
should then be adjusted to just obtain the 00,y to O01hex

2.5.1 Zero Error code transition.

The zero of the A/D does not require adjustment. If the mini- The full-scale adjustment should then be made (with the

mum analog input voltage value, Viyuny, is not ground, a proper Vi (-) voltage applied) by forcing a voltage to the

zero offset can be done. The converter can be made to out- Vin(+) input which is given by:

put 0000 0000 digital code for this minimum input voltage by

biasing the A/D V(=) input at this Vingming Value (see Appli- _ (VMAX — VMIN)
cations section). This utilizes the differential mode operation Vin (+) fsadj = Vpyax—1.5 [ T]
of the A/D.

The zero error of the A/D converter relates to the location of where:

the first riser of the transfer function and can be measured by Vmax=The high end of the analog input range
grounding the V,y () input and applying a small magnitude and

positive voltage to the Vy (+) input. Zero error is the differ-
ence between the actual DC input voltage that is necessary
to just cause an output digital code transition from 0000 0000 ’ ) .
to 0000 0001 and the ideal Y2 LSB value (% LSB = 9.8 mV The Vrer/2 (or Vec) voltage is then adjusted to provide a
for Vpee/2=2.500 Vo). code change from FEuex to FFyey. This completes the ad-

justment procedure.

Vmin=the low end (the offset zero) of the analog range.
(Both are ground referenced.)

2.5.2 Full-Scale

The full-scale adjustment can be made by applying a differ-
ential input voltage that is 1'% LSB less than the desired ana-
log full-scale voltage range and then adjusting the magni-
tude of the Vgee/2 input (pin 9 or the Ve supply if pin 9 is -
not used) for a digital output code that is just changing from Figure 8.
1111 1110 to 1111 1111.

2.6 Clocking Option

The clock for the A/D can be derived from the CPU clock or
an external RC can be added to provide self-clocking. The
CLK IN (pin 4) makes use of a Schmitt trigger as shown in

2.5.3 Adjusting for an Arbitrary Analog Input Voltage
Range

If the analog zero voltage of the A/D is shifted away from
ground (for example, to accommodate an analog input signal
that does not go to ground) this new zero reference should
be properly adjusted first. A V,(+) voltage that equals this
desired zero reference plus %2 LSB (where the LSB is calcu-
lated for the desired analog span, 1 LSB=analog span/256)
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Functional Description (Continued)
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FIGURE 8. Self-Clocking the A/D

Heavy capacitive or DC loading of the clock R pin should be
avoided as this will disturb normal converter operation.
Loads less than 50 pF, such as driving up to 7 A/D converter
clock inputs from a single clock R pin of 1 converter, are al-
lowed. For larger clock line loading, a CMOS or low power
TTL buffer or PNP input logic should be used to minimize the
loading on the clock R pin (do not use a standard TTL
buffer).

2.7 Restart During a Conversion

If the A/D is restarted (CS and WR go low and return high)
during a conversion, the converter is reset and a new con-
version is started. The output data latch is not updated if the
conversion in process is not allowed to be completed, there-
fore the data of the previous conversion remains in this latch.

The INTR output simply remains at the “1” level.

2.8 Continuous Conversions

For operation in the free-running mode an initializing pulse
should be used, following power-up, to ensure circuit opera-
tion. In this application, the CS input is grounded and the WR
input is tied to the INTR output. This WR and INTR node
should be momentarily forced to logic low following a
power-up cycle to guarantee operation.

2.9 Driving the Data Bus

This MOS A/D, like MOS microprocessors and memories,
will require a bus driver when the total capacitance of the
data bus gets large. Other circuitry, which is tied to the data
bus, will add to the total capacitive loading, even in
TRI-STATE (high impedance mode). Backplane bussing
also greatly adds to the stray capacitance of the data bus.
There are some alternatives available to the designer to
handle this problem. Basically, the capacitive loading of the
data bus slows down the response time, even though DC
specifications are still met. For systems operating with a
relatively slow CPU clock frequency, more time is available
in which to establish proper logic levels on the bus and there-
fore higher capacitive loads can be driven (see typical char-
acteristics curves).

At higher CPU clock frequencies time can be extended for
I/O reads (and/or writes) by inserting wait states (8080) or
using clock extending circuits (6800).

Finally, if time is short and capacitive loading is high, external
bus drivers must be used. These can be TRI-STATE buffers

(low power Schottky such as the DM74LS240 series is rec-
ommended) or special higher drive current products which
are designed as bus drivers. High current bipolar bus drivers
with PNP inputs are recommended.

2.10 Power Supplies

Noise spikes on the V¢ supply line can cause conversion
errors as the comparator will respond to this noise. A low in-
ductance tantalum filter capacitor shpuld be used close to
the converter V¢ pin and values of 1 pF or greater are rec-
ommended. If an unregulated voltage is available in the sys-
tem, a separate LM340LAZ-5.0, TO-92, 5V voltage regulator
for the converter (and other analog circuitry) will greatly re-
duce digital noise on the V¢ supply.

2.11 Wiring and Hook-Up Precautions

Standard digital wire wrap sockets are not satisfactory for
breadboarding this A/D converter. Sockets on PC boards
can be used and all logic signal wires and leads should be
grouped and kept as far away as possible from the analog
signal leads. Exposed leads to the analog inputs can cause
undesired digital noise and hum pickup, therefore shielded
leads may be necessary in many applications.

A single point analog ground that is separate from the logic
ground points should be used. The power supply bypass ca-
pacitor and the self-clocking capacitor (if used) should both
be returned to digital ground. Any Vpe/2 bypass capacitors,
analog input filter capacitors, or input signal shielding should
be returned to the analog ground point. A test for proper
grounding is to measure the zero error of the A/D converter.
Zero errors in excess of ¥4 LSB can usually be traced to im-
proper board layout-and wiring (see section 2.5.1 for mea-
suring the zero error).

3.0 TESTING THE A/D CONVERTER

There are many degrees of complexity associated with test-
ing an A/D converter. One of the simplest tests is to apply a
known analog input voltage to the converter and use LEDs to
display the resulting digital output code as shown in Figure .

For ease of testing, the Vgee/2 (pin 9) should be supplied
with 2.560 Ve and a V¢ supply voltage of 5.12 V¢ should
be used. This provides an LSB value of 20 mV.

If a full-scale adjustment is to be made, an analog input volt-
age of 5.090 Vpc (5.120-1Y2 LSB) should be applied to the
Vn(+) pin with the V(=) pin grounded. The value of the
Vrer/2 input voltage should then be adjusted until the digital
output code is just changing from 1111 1110 to 1111 1111.
This value of Vgee/2 should then be used for all the tests.

The digital output LED display can be decoded by dividing
the 8 bits into 2 hex characters, the 4 most significant (MS)
and the 4 least significant (LS). 7able 7 shows the fractional
binary equivalent of these two 4-bit groups. By adding the
voltages obtained from the “VMS™ and “VLS" columns in
Table 1, the nominal value of the digital display (when
Vgred2 = 2.560V) can be determined. For example, for an
output LED display of 1011 0110 or B6 (in hex), the voltage
values from the table are 3.520 + 0.120 or 3.640 V. These
voltage values represent the center-values of a perfect A/lD
converter. The effects of quantization error have to be ac-
counted for in the interpretation of the test results.
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Functional Description (continued)
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FIGURE 9. Basic A/D Tester

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

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

For operation with a microprocessor or a computer-based
test system, it is more convenient to present the errors digi-
tally. This can be done with the circuit of Figure 77, where the
output code transitions can be detected as the 10-bit DAC is
incremented. This provides "4 LSB steps for the 8-bit A/D un-
der test. If the results of this test are automatically plotted
with the analog input on the X axis and the error (in LSB's)
as the Y axis, a useful transfer function of the A/D under test
results. Foracceptance testing, the plot is not necessary and
the testing speed can be increased by establishing internal
limits on the allowed error for each code.

4.0 MICROPROCESSOR INTERFACING

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

4.1 Interfacing 8080 Microprocessor Derivatives (8048,
8085)

This converter has been designed to directly interface with
derivatives of the 8080 microprocessor. The A/D can be
mapped into memory space (using standard memory ad-
dress decoding for CS and the MEMR and MEMW strobes)
or it can be controlled as an I/0 device by using the I/O R
and I/0 W strobes and decoding the address bits A0 — A7
(or address bits A8 — A15 as they will contain the same 8-bit
address information) to obtain the CS input. Using the 1/O
space provides 256 additional addresses and may allow a
simpler 8-bit address decoder but the data can only be input
to the accumulator. To make use of the additional memory
reference instructions, the A/D should be mapped into
memory space. An example of an A/D in I/O space is shown
in Figure 12.
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Functional Description (continued)

8-8IT DAC1000
—> A/D 10817
UNDER TEST DAC

VANALOG OUTPUT

ANALOG INPUT o
VOLTAGE

O 100X ANALOG
ERROR VOLTAGE

DS005671-89

FIGURE 10. A/D Tester with Analog Error Output

VAN,
DIGITAL Ganilal ALOGL /0 unoer DIGITAL
INPUT el TesT oUTRUT

DS005671-90

FIGURE 11. Basic “Digital” A/D Tester

TABLE 1. DECODING THE DIGITAL OUTPUT LEDs

OUTPUT VOLTAGE
FRACTIONAL BINARY VALUE FOR CENTER VALUES
HEX BINARY WITH
Vged2=2.560 Ve
MS GROUP LS GROUP VMS VLS
GROUP GROUP
(Note 15) (Note 15)

F 1 1 1 1) 15/16 15/256 4.800 0.300
E 1 1 1 0 7/8 7/128 4.480 0.280
D 1 1 0 1 13/16 13/256 4.160 0.260
(o] 1 i 0 0 3/4 /64 3.840 0.240
B 1 0 1 1 11/16 11/256 3.520 0.220
A 1 o 1 0 5/8 5/128 3.200 0.200
S 1 0 0 1 9/16 9/256 2.880 0.180
8 1 o 0 0 1/2 1/32 2.560 0.160
7 0 1 1 1 7/16 7/256 2.240 0.140
6 0 1 1 0 3/8 3/128 1.920 0.120
5 o 1 o 1 5/16 2/256 1.600 0.100
4 0 1 0 0 1/4 /64 1.280 0.080
3 (0] (0] 1 1 3/16 3/256 0.960 0.060
2 o o 1 0 1/8 1/128 0.640 0.040
1 0 0 0 1 1/16 1/256 0.320 0.020

0 0O 0 0 o0 0 0

Note 15: Display Output=VMS Group + VLS Group
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Functional Description (continued)

8BIT DAC1000
A/D 10-81T
UNDER TEST DAC

ANALOG INPUT
VOLTAGE

VANALOG OUTPUT

O 100X ANALOG
ERROR VOLTAGE

DS005671-89

FIGURE 10. A/D Tester with Analog Error Output

DIGITAL
INPUT

A/D UNDER
TEST

FIGURE 11. Basic “Digital” A/D Tester

DIGITAL
QUTPUT

DS005671-90

TABLE 1. DECODING THE DIGITAL OUTPUT LEDs

OUTPUT VOLTAGE

FRACTIONAL BINARY VALUE FOR CENTER VALUES

HEX BINARY WITH

Vaed2=2.560 Vpe

MS GROUP LS GROUP VMS VLS
GROUP GROUP
(Note 15) (Note 15)

F 1 1 1 1 15/16 15/256 4.800 0.300
E 1 1 1 0 7/8 7/128 4.480 0.280
D 1 1 o] 1 13/16 13/256 4.160 0.260
Cc 1 1 [¢] 0 3/4 3/64 3.840 0.240
B 1 0 1 1 11/16 11/256 3.520 0.220
A 1 0 1 0 5/8 5/128 3.200 0.200
9 1 0 0 1 9/16 9/256 2.880 0.180
8 1 0 0 0 1/2 1/32 2.560 0.160
7 0 1 1 1 7/16 7/256 2.240 0.140
6 0o 1 1 0 3/8 3/128 1.920 0.120
5 0 1 0 1 5/16 2/256 1.600 0.100
4 0 1 6] (o] 1/4 1/64 1.280 0.080
3 o o0 1 1 3/16 3/256 0.960 0.06D
2 0 0 1 0 1/8 1/128 0.640 0.040
1 0o 0 o 1 1/16 1/256 0.320 0.020

0 0O 0 O O 0 0

Note 15: Display Output=VMS Group + VLS Group
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Functionc: Description (Continued)

DC‘ > INT (19)

< IT0WR (27)*

< iTORD (25)*

ERERZ

CLKIN

M

ANALOG O
INPUTS

VING)

o||e

VinG-)
150 pF AGND

A/D

Ve
CLKR
080

082
D83
D84
DBS

087

HI—OSV %wu;

18
——————————— > o0 (13"
17 .
————————— 081 (16)
16 .
——————————— 082 (11)
15 &
———————————— 083 (9)
14 -
u—————> 084 (5)
e DG “”'

12
> D86 (20)*

1
"

5V

i

1

= OF]"Reel
- DGRD

ouT Vee

Dme131
BUS
COMPARATOR

BS

83

B1
BOJ

=< ADI15(36)
[ _AD14(39)
p—————————< AD11(28)
F——————————=¢ po2(30)
———————< A0jT%0)
————————q ADN (1)

Veck

Note 16: *Pin numbers for the DP8228 system controller, others are INS8080A.
Note 17: Pin 23 of the INS8228 must be tied to +12V through a 1 kQ resistor to generate the RST 7
instruction when an interrupt is acknowledged as required by the accompanying sample program.

DS005671-20

FIGURE 12. ADC0801_INS8080A CPU Interface
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Functional Description (continued)

SAMPLE PROGRAM FOR Figure 12 ADC0801-INS8080A CPU INTERFACE

0038 C30003 RST7: JIMP LD DATA

L] o o

o ° L]
0100 210002 START: LXI HO0200H ;sHLpairwill point to

; datastorage locations

0103 3100 04 RETURN: LXI SP 0400H ;Initialize stack pointer (Note 1)
0106 7D MOVA, L ; Test # of bytes entered
0107 FE OF CPIOFH ;If#=16.JMPto
0109 CA1301 JZ CONT suserprogram
010C D3 EO OUTEOH ; Start A/D
010E FB EI s Enable interrupt
010F 00 LOOP: NOP ; Loopuntil end of
0110 C30FO01 JMP LOOP ;conversion
0113 i CONT: o

° ° L[] °

. . (User program to ®

' . processdata) e

° L ° o

[ ] o ° L]
0300 DB EO LD DATA: INEOH ;Loaddatainto accumulator
0302 77 MOV M, A s Store data
0303 23 INXH s Increment storage pointer
0304 C30301 JWP RETURN

Note 18: The stack pointer must be dimensioned because a RST 7 instruction pushes the PC onto the stack.

Note 19: All address used were arbitrarily chosen.

The standard control bus signals of the 8080 CS, RD and
WR) can be directly wired to the digital control inputs of the
A/D and the bus timing requirements are met to allow both
starting the converter and outputting the data onto the data
bus. A bus driver should be used for larger microprocessor
systems where the data bus leaves the PC board and/or
must drive capacitive loads larger than 100 pF.

4.1.1 Sample 8080A CPU Interfacing Circuitry and
Program

The following sample program and associated hardware
shown in Figure 72 may be used to input data from the con-
verter to the INS8080A CPU chip set (comprised of the
INS8080A microprocessor, the INS8228 system controller
and the INS8224 clock generator). For simplicity, the A/D is
controlled as an I/O device, specifically an 8-bit bi-directional
port located at an arbitrarily chosen port address, EO. The
TRI-STATE output capability of the A/D eliminates the need
for a peripheral interface device, however address decoding
is still required to generate the appropriate CS for the con-
verter.

DS005671 99

It is important to note that in systems where the A/D con-
verter is 1-of-8 or less I/0O mapped devices, no address de-
coding circuitry is necessary. Each of the 8 address bits (A0
to A7) can be directly used as CS inputs — one for each I/O
device.

4.1.2 INS8048 Interface

The INS8048 interface technique with the ADC0801 series
(see Figure 13) is simpler than the 8080A CPU interface.
There are 24 1/O lines and three test input lines in the 8048.
With these extra I/O lines available, one of the I/O lines (bit
0 of port 1) is used as the chip select signal to the A/D, thus
eliminating the use of an external address decoder. Bus con-
trol signals RD, WR and INT of the 8048 are tied directly to
the A/D. The 16 converted data words are stored at on-chip
RAM locations from 20 to 2F (Hex). The RD and WR signals
are generated by reading from and writing into a dummy ad-
dress, respectively. A sample interface program is shown
below.

27
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Functional Description (Continued)

0410 JMP
ORG
04 50 JNP
ORG
99 FE ANL
81 MOVX
8901 START: ORL
B8 20 ()
B9 FF MOV
BA 1O MOV
23 FF AGAIN: MOV
99 FE ANL
21 MOVX
05 EN
96 21 LOOP: JNZ
EA 1B DJNZ
00 NOP
00 NOP
ORG
81 INDATA: MOVX
A0 MOV
18 INC
8901 ORL
27 CLR
93 RETR

4.2 Interfacing the Z-80

The Z-80 control bus is slightly different from that of the
8080. General RD and WR strobes are provided and sepa-
rate memory request, MREQ, and I/O request, IORQ, sig-
nals are used which have to be combined with the general-
ized strobes to provide the equivalent 8080 signals. An
advantage of operating the A/D in I/O space with the Z-80 is
that the CPU will automatically insert one wait state (the RD
and WR strobes are extended one clock period) to allow
more time for the 1/O devices to respond. Logic to map the
A/D in I/O space is shown in Figure 14.

P sV,
[« {0 [+ ne
vee | 12 18] g Ve Tm«;
081 ‘:: :7 081 -
L %082
083 [ AL DEe3
o4 |4 Ll T
08s ::7 34 bes
86 [ 24 ogs
INSB048 gy [ Wipgr ADcosor
150 pF
10k
Ao f—L z: AD CLKR L
10 P i (i I l | |
WR . s: WR CLKIN —;
TNT < INTR ; -
7 -
o2 Lyl AGHD [
5 DGND
ANALOG {—7- Vint
s weut | —L vy =
al F7
DS005671-21
FIGURE 13. INS8048 Interface

SAMPLE PROGRAM FOR Figure 13INS8048 INTERFACE

10H : Programstarts at addr 10
3H
S50H ; Interrupt jump vector
10H ; Main program
Pl, #0FEH ;Chip select
A, @R1 ;Read in the 1st data
;toreset the intr
Pl, #1 ; Set port pinhigh
RO, #20H ; Data address
R1, #0FFH ; Dummy address
R2, #10H ; Counter for 16 bytes
A, #0FFH ; Set ACC forintr loop
Pl, #OFEH ; Send CS (bit 0 of P1)
@R1, A ; Send WR out
P ; Enable interrupt
LOOP ;Wait for interrupt
R2, AGAIN ;If16 bytes are read
; gotouser's program
S50H
A, @R1 ; Input data, CSstill low
@RO, A 3 Store inmemory
RO ; Increment storage counter
P1, #1 s Reset CS signal
A ; Clear ACC to get out of
; the interrupt loop
DS005671-A0
A 7D 2 A\
oA AD
WR 3
WA
MM74C32
DS005671-23

FIGURE 14. Mapping the A/D as an I/O Device
for Use with the Z-80 CPU

Additional I/0 advantages exist as software DMA routines
are available and use can be made of the output data trans-
fer which exists on the upper 8 address lines (A8 to A15) dur-

www.national.com
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Functional Description (continued)

ing 1/O input instructions. For example, MUX channel selec-
tion for the A/D can be accomplished with this operating
mode.

4.3 Interfacing 6800 Microprocessor Derivatives
(6502, etc.)

The control bus for the 6800 microprocessor derivatives
does not use the RD and WR strobe signals. Instead it em-
ploys a single R/W line and additional timing, if needed, can
be derived fom the ¢2 clock. All I/O devices are memory
mapped in the 6800 system, and a special signal, VMA, indi-
cates that the current address is valid. Figure 75 shows an
interface schematic where the A/D is memory mapped in the
6800 system. For simplicity, the CS decoding is shown using
2 DM8092. Note that in many 6800 systems, an already de-
coded 4/5 line is brought out to the common bus at pin 21.
This can be tied directly to the CS pin of the A/D, provided
that no other devices are addressed at HX ADDR: 4XXX or
5XXX.

The following subroutine performs essentially the same func-
tion as in the case of the 8080A interface and it can be called
from anywhere in the user’s program.

In Figure 16 the ADC0801 series is interfaced to the M6800
microprocessor through (the arbitrarily chosen) Port B of the
MC6820 or MC6821 Peripheral Interface Adapter, (PIA).
Here the CS pin of the A/D is grounded since the PIA is al-

ready memory mapped in the M6800 system and no CS de-
coding is necessary. Also notice that the A/D output data
lines are connected to the microprocessor bus under pro-
gram control through the PIA and therefore the A/D RD pin
can be grounded.

A sample interface program equivalent to the previous one is
shown below Figure 16. The PIA Data and Control Registers
of Port B are located at HEX addresses 8006 and 8007, re-
spectively.

5.0 GENERAL APPLICATIONS

The following applications show some interesting uses for
the A/D. The fact that one particular microprocessor is used
is not meant to be restrictive. Each of these application cir-
cuits would have its counterpart using any microprocessor
that is desired.

5.1 Multiple ADC0801 Series to MC6800 CPU Interface

To transfer analog data from several channels to a single mi-
croprocessor system, a multiple converter scheme presents
several advantages over the conventional multiplexer
single-converter approach. With the ADC0801 series, the dif-
ferential inputs allow individual span adjustment for each
channel. Furthermore, all analog input channels are sensed
simultaneously, which essentially divides the microproces-
sor's total system servicing time by the number of channels,
since all conversions occur simultaneously. This scheme is
shown in Figure 17.

$ TR (4)°[0]**

Oq—l—l RN (38) (6]

10uF

ANALOG
INPUTS O

150 pF

p e
= N

20

et
19 ABC
CLKRp——d b—owuwp5v (8 123

18
D80 ”—§ Do (33) (31)
081 f————————$ 01 (32) [29]

PYY] ANy
081 ——»‘s 03 (30) [H)
084 N——’ D4 (29) [32]
085 u—————’ 0s (28) [30]
086 08 (1) [T

nnr——————»" 07 (26) (3]

P qauzaa

2 »
——Oq—< A13 (23) IN)
3

Note 20: Numbers in parentheses refer to MC6800 CPU pin out.

< A14 (24) (R

4
172 oMe0s2 _.o<}-—< A1 @5) (33]

5
0V NA_(5)gilFI

GND m[ Wy
414243

DS005671-24

Note 21: Number or letters in brackets refer to standard M6800 system common bus code.
FIGURE 15. ADC0801-MC6800 CPU Interface
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0010
0012
0015
0018
001B
001C
001D
001F
0022
0024
0027
0028
002A
002C
002E
0031
0033
0034

0036
0038
003B
003D
O03F

Functional Description (continued)

SAMPLE PROGRAM FOR Figure 15 ADC0801-MC6800 CPU INTERFACE

DF 36
CE002C
FFFFF8
B7 5000
OE

3E

DE 34
8C 02 OF
2714
B7 5000
08

DF 34
20F0
DE 34
B6 50 00
A700
3B
0200

0000
CE 0200
DF 34
DE 36
39

DATAIN STX
LDX
STX
STAA
CLI
CONVRT WAI
LDX
CPX
BEQ
STAA
INX
STX
BRA
INTRPT LDX
LDAA
STAA
RTI
TEMPL FDB

TENP2 FDB
ENDP LDX

TEMP2 ; Save contentsof X
#8002C ; Upon IRQ low CPU
$FFF8 ; jumps to 002C
$5000 ; Start ADC0801

;Wait for interrupt

TEMP1

#$020F ; Is final data stored?

ENDP

$5000 ; Restarts ADCO801

TEMP1

CONVRT

TEMP1

$5000 ; Read data

X ; Store it at X

£0200 ; Starting address for
; data storage

$0000

#$0200 s Reinitialize TEMP1l

TEMPL

TEMP2

; Return from subroutine
; Touser's program
DS005671-A1

Note 22: In order for the microprocessor to service subroutines and interrupts, the stack pointer must be dimensioned in the user's program.

LN
< L PY*
10k
v
] o 143 U Vee EOSV
zo RD ik RpE
74 —:o WR D8O : ;:t peo PR

CLKIN D81 —|rB1
5 oliwTR paz 1251 ps2
anaLoG O £ ViNG) A o83 f> Zp (a3
INPUTS O 1 ViNe) pBe Pt LA P79
150 pF : AGND DBS :: ::: [
Om—‘ VRef/? DB6 i 17# PB6
/% D GND os7 - P87

DS005671-25

FIGURE 16. ADC0801-MC6820 PIA Interface
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Functional Description (continued)

SAMPLE PROGRAM FOR Figure 16 ADC0801-MC6820 PIA INTERFACE

0010 CE 00 38 DATAIN LDX
0013 FFFFF8 STX
0016 B6 80 06 LDAA
0019 4F CLRA
0014 B7 8007 STAA
001D B7 8006 STAA
0020 OE CLI
0021 C6 34 LDAB
0023 86 3D LDAA
0025 F78007 CONVRT STAB
0028 B78007 STAA
002B 3E WAL
002C DE 40 LDX
002E 8C 02 0F CPX
0031 270F BEQ
0033 08 INX
0034 DF 40 STX
0036 20 ED BRA
0038 DE 40 INTRPT LDX
0034 B6 80 06 LDAA
003D A7 00 STAA
003F 3B RTI
0040 0200 TEMPL FDB
0042 CE 02 00 ENDP LDX
0045 DF 40 STX
0047 39 RTS
PIAORB EQU
PIACRB EQU

The following schematic and sample subroutine (DATA IN)
may be used to interface (up to) 8 ADC0801’s directly to the
MC6800 CPU. This scheme can easily be extended to allow
the interface of more converters. In this configuration the
converters are (arbitrarily) located at HEX address 5000 in
the MC6800 memory space. To save components, the clock
signal is derived from just one RC pair on the first converter.
This output drives the other A/Ds.

All the converters are started simultaneously with a STORE
instruction at HEX address 5000. Note that any other HEX
address of the form 5XXX will be decoded by the circuit, pull-
ing all the CS inputs low. This can easily be avoided by using
a more definitive address decoding scheme. All the inter-
rupts are ORed together to insure that all A/Ds have com-
pleted their conversion before the microprocessor is inter-
rupted.

The subroutine, DATA IN, may be called from anywhere in
the user’s program. Once called, this routine initializes the

#$0038 ; UponIRQ low CPU
$FFF8 ; jumps to 0038
PIAORB ;Clear possible IRQ flags
PIACRB
PIAORB ; Set Port Bas input
#$34
#$3D
PIACRB ; Starts ADC0O801
PIACRB
;Wait for interrupt
TEMP1
#$020F ; Is final data stored?
ENDP
TEMP1
CONVRT
TEMPL
PIAORB ;Read data in
X ;StoreitatX
$0200 ; Starting address for
;datastorage
#$0200 ;Reinitialize TEMP1
TEMP1
; Return from subroutine
$8006 ; To user's program
$8007

DS005671-A2

CPU, starts all the converters simultaneously and waits for
the interrupt signal. Upon receiving the interrupt, it reads the
converters (from HEX addresses 5000 through 5007) and
stores the data successively at (arbitrarily chosen) HEX ad-
dresses 0200 to 0207, before returning to the user's pro-
gram. All CPU registers then recover the original data they
had before servicing DATA IN.

5.2 Auto-Zeroed Differential Transducer Amplifier
and A/D Converter

The differential inputs of the ADC0801 series eliminate the
need to perform a differential to single ended conversion for
a differential transducer. Thus, one op amp can be elimi-
nated since the differential to single ended conversion is pro-
vided by the differential input of the ADC0801 series. In gen-
eral, a transducer preamp is required to take advantage of
the full A/D converter input dynamic range.
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Functional Description (continued)

< < AW 4f'16T

Note 23: Numbers in parentheses refer to MC6800 CPU pin out.

Note 24: Numbers of letters in brackets refer to standard M6800 system common bus code.
FIGURE 17. Interfacing Multiple A/Ds in an MC6800 System
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Functional Description (continued)

SAMPLE PROGRAM FOR Figure 17 INTERFACING MULTIPLE A/D’s IN AN MC6800 SYSTEM

ADDRESS HEX CODE MNEMONICS COMMENTS

0010 DF 44 DATAIN STX TENP ; Save Contents of X
0012 CE002A LDX #8002A ; Upon TRQ LOW CPU

0015 FF FF F8 STX $FFF8 3 Jumps to 002A

0018 B7 50 00 STAA $5000 ;StartsallA/D's

001B OE CLI

00l1C 3E WAL ;Wait for interrupt
001D CE 50 00 LDX #$5000

0020 DF 40 STX INDEX1 ;Reset both INDEX

0022 CE 0200 LDX #80200 ;1land 2 tostarting
0025 DF 42 STX INDEX2 ; addresses

0027 DE 44 LDX TENP

0029 39 RTS ; Return from subroutine
0024 DE 40 INTIRPT LDX INDEX1 ; INDEX1 — X

002C A6 00 LDAA X ;ReaddatainfromA/Dat X
002E 08 INX ;s Increment X by one

002F DF 40 STX INDEX1 ¥X_=>"INDEX1

0031 DE 42 LDX INDEX2 ; INDEX2 — X

DS005671-A3

SAMPLE PROGRAM FOR Fjgure 17 INTERFACING MULTIPLE A/D’s IN AN MC6800 SYSTEM

ADDRESS HEX CODE MNEMONI
0033 A7 00 STAA
0035 8C 0207 CPX
0038 2705 BEQ
003A 08 INX
003B DF 42 STX
003D 20EB BRA
003F 3B RETURN RTI
0040 5000 INDEX1 FDB
0042 0200 INDEX2 FDB
0044 0000 TEMP FDB

cs COMMENTS
X ; Store dataat X
#$0207 ; Have al1 A/D's beenread?
RETURN ; Yes: branch to RETURN
s No: increment X by one
INDEX2 s X — INDEX2
INTRPT ; Branch to 002A
$5000 ; Starting address for A/D
$0200 ; Starting address for data storage
$0000

DS005671-A4

Note 25: In order for the microprocessor to service subroutines and interrupts, the stack pointer must be dimensioned in the user's program.

For amplification of DC input signals, a major system error is
the input offset voltage of the amplifiers used for the preamp.
Figure 18is a gain of 100 differential preamp whose offset
voltage errors will be cancelled by a zeroing subroutine
which is performed by the INS8080A microprocessor sys-
tem. The total allowable input offset voltage error for this
preamp is only 50 pV for ¥4 LSB error. This would obviously
require very precise amplifiers. The expression for the differ-
ential output voltage of the preamp is:

Vo = [ViN(+) = VIN(—)] [1 + i

L——v—/\—w—-j

2R2]
+

SIGNAL GAIN
(Vos, — Vosy — Voss * IxRx) (1 + %)
“ . _
DC ERROR TERM GAIN

where |y is the current through resistor Ry. All of the offset
error terms can be cancelled by making ®lyRy= Vogy +
Voss — Vosz- This is the principle of this auto-zeroing
scheme.

The INS8080A uses the 3 I/0 ports of an INS8255 Program-
able Peripheral Interface (PPI) to control the auto zeroing
and input data from the ADC0801 as shown in Figure 19.
The PPl is programmed for basic I/O operation (mode 0) with
Port A being an input port and Ports B and C being output
ports. Two bits of Port C are used to alternately open or close
the 2 switches at the input of the preamp. Switch SW1 is
closed to force the preamp's differential input to be zero dur-
ing the zeroing subroutine and then opened and SW2 is then
closed for conversion of the actual differential input signal.
Using 2 switches in this manner eliminates concern for the
ON resistance of the switches as they must conduct only the
input bias current of the input amplifiers.

Output Port B is used as a successive approximation regis-
ter by the 8080 and the binary scaled resistors in series with
each output bit create a D/A converter. During the zeroing
subroutine, the voltage at V, increases or decreases as re-
quired to make the differential output voltage equal to zero.
This is accomplished by ensuring that the voltage at the out-
put of A1 is approximately 2.5V so that a logic “1” (5V) on
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Functional Description (continued)

any output of Port B will source current into node Vy thus
raising the voltage at Vx and making the output differential
more negative. Conversely, a logic “0” (0V) will pull current
out of node Vy and decrease the voltage, causing the differ-
ential output to become more positive. For the resistor val-
ues shown, Vy can move +£12 mV with a resolution of 50 pV,
which will null the offset error term to ¥4 LSB of full-scale for

the ADCO0801. Itis important that the voltage levels that drive
the auto-zero resistors be constant. Also, for symmetry, a
logic swing of OV to 5V is convenient. To achieve this, a
CMOS buffer is used for the logic output signals of Port B
and this CMOS package is powered with a stable 5V source.
Buffer amplifier A1 is necessary so that it can source or sink
the D/A output current.

$Vpc

iy

AVin ¢ VIN(-) 28V

2

ViN(e) 25V +

v

an

AAA

ViNe)
Vine)

v

.

VWA~

A2 VReFR

AAA
WV

-

Al
LF3y

AAA
VWV

Ay
25

-12v.

Ver

100k $Voc

FROM OUTPUT
PORT B RUFFER

156N

316

FROM OUTPUT
PORT C
(FIGURE 16)

Note 26: R2 = 49.5 R1
Note 27: Switches are LMC13334 CMOS analog switches.
Note 28: The 9 resistors used in the auto-zero section can be +5% tolerance.

DS005671-91

FIGURE 18. Gain of 100 Differential Transducer Preamp
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Functional Description (continued)

=l

oms1ll

INVERTING
ADDRESS

OUTPUT

=il Gl G
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"

+

s U Vo T"’ uF
ADR 0 LY PORT A o1 =
<K PORTA]| suffeRs A/DOUTPUT DATA | Vinge) f———tVouT(+)
ETTE . INS8202 00 PREAMP
ADR 1 Ving-) ——<Vout () ourruTs
Vaee —YRern2
A .
oA
- o,
RIC
07 1509F A GND 0 GND
10804 * INSE2SS
DATA BUS L] .L ,7l7
00 +
| —— B o
o PORT 8 i 05X
3| LOATH )| _fuesens . [ Resistons
0 — i
_ K
s 3 vl T 7% o o,
TOWR  «[PORTC ) suFFens
ORD 0 Bl S N AT ]
10804 CONTROL SIGNALS 3

DS005671-92

FIGURE 19. Microprocessor Interface Circuitry for Differential Preamp

A flow chart for the zeroing subroutine is shown in Figure 20.
It must be noted that the ADC0801 series will output an all
zero code when it converts a negative input [V (=) 2 Vi (+)]-
Also, a logic inversion exists as all of the I/O ports are buff-
ered with inverting gates.
Basically, if the data read is zero, the differential output volt-
age is negative, so a bit in Port B is cleared to pull Vyx more
negative which will make the output more positive for the
next conversion. If the data read is not zero, the output volt-
age is positive so a bit in Port B is set to make Vy more posi-
tive and the output more negative. This continues for 8 ap-
proximations and the differential output eventually
converges to within 5 mV of zero.
The actual program is given in Figure 21. All addresses used
are compatible with the BLC 80/10 microcomputer system.
In particular:

Port A and the ADC0801 are at port address E4

Port B is at port address E5

Port C is at port address E6

PPI control word port is at port address E7

Program Counter automatically goes to ADDR:3C3D upon

acknowledgement of an interrupt from the ADC0801

5.3 Multiple A/D Converters in a Z-80 Interrupt

Driven Mode

In data acquisition systems where more than one A/D con-
verter (or other peripheral device) will be interrupting pro-
gram execution of a microprocessor, there is obviously a

need for the CPU to determine which device requires servic-
ing. Figure 22 and the accompanying software is a method
of determining which of 7 ADC0801 converters has com-
pleted a conversion (INTR asserted) and is requesting an in-
terrupt. This circuit allows starting the A/D converters in any
sequence, but will input and store valid data from the con-
verters with a priority sequence of A/D 1 being read first, A/D
2 second, etc., through A/D 7 which would have the lowest
priority for data being read. Only the converters whose INT is
asserted will be read.

The key to decoding circuitry is the DM74LS373, 8-bit D type
flip-flop. When the Z-80 acknowledges the interrupt, the pro-
gram is vectored to a data input Z-80 subroutine. This sub-
routine will read a peripheral status word from the
DM74LS373 which contains the logic state of the INTR out-
puts of all the converters. Each converter which initiates an
interrupt will place a logic “0” in a unique bit position in the
status word and the subroutine will determine the identity of
the converter and execute a data read. An identifier word
(which indicates which A/D the data came from) is stored in
the next sequential memory location above the location of
the data so the program can keep track of the identity of the
data entered.

35
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Functional Description (continued)

START ZEROING
SUBROUTINE

CLOSE sw1
OPEN SW2

INITIALIZE SAR
BITPOINTER
REGB=X'80

!

INITIALIZE SAR
CODE IN REG C
REGC=X'7F

!

OUTPUT FIRST
SAR CODE
PORTB = X 80

&
<

v

START A/D AND
READ DATA

“0R"REG BWITH
REGC TO CLEAR
BITIN PORT 8
WHEN REAPPLIED

v

SHIFT "1 IN REG B
RIGHT TO POINT TO
NEXT 8IT

!

OPEN SW1
CLOSE sw2

ISREG B
ZERO?

PREAMP IS ZEROED

AND PROPER INPUT

CONVERSIONS CAN
BE DONE

“EXCLUSIVE-OR"

REG BWITH REG C

TOSET NEXT BIT
INPORT B

QUTPUT NEW SAR

CODETOPORT B

DS005671-28

FIGURE 20. Flow Chart for Auto-Zero Routine
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Functional Description (continued)

3D00  3E90 MVI 90
3D02 D3E7 Out Control Port ; Program PPI
3D04 2601 MVIHOl Auto-Zero Subroutine
3Do6  7C MOV A,H
3D07 D3Es6 ouUT C ;Close SW1 open SW2
3D09 0680 MVIB 80 ;Initialize SARbit pointer
3DOB  3E7F MVIA7F ;Initialize SAR code
3DOD  4F MOV C,A Return
3DOE D3E5 OUT B ;Port B=SAR code
3D10 31AA3D LXI SP 3DAA Start ;Dimension stack pointer
3D13 D3E4 OUT A s Start A/D
3D15 FB IE
3Dle 00 NOP Loop ;Loopuntil INT asserted
3D17 C3183D JMP Loop
3D1A 7A MOV A,D Auto-Zero
3D1B C600 ADI 00
3D1D CA2D3D JZSetC ;Test A/D output data for zero
3D20 78 MOV A,B Shift B
3D21 Fs00 ORI 00 ;Clear carry
3D23 1F RAR ;Shift "1" in B right one place
3D24 FEO0O CPI 00 ;IsBzero?If yes last
3D26 CA373D JZDonse ;approximationhas been made
3D29 47 MOVB,A
3D2A C3333D JMP NewC
32D 79 MOVA,C Set C
3D2E BO ORA B ;Set bit inC that is in same
3D2F 4F MOV C,A ipositionas "1" inB
3D30 C3203D JMPShift B
3D33 A9 XRAC New C ;Clearbit inCthat isin
3D34 C30D3D JMPReturn ; same positionas "1" inB
3D37 47 MOV B, A Done ; then output new SAR code.
3D38 7C MOV A,H ; Open SW1, close SW2 then
3D39 EE03 XRI 03 ; proceed with program. Preamp
3D3B D3E6 0UT C sisnowzeroed.
3D3D ° Normel

©

L

Program for processing

proper data values
3C3D DBE4 INA Read A/D Subroutine ;Read A/D data
3C3F EEFF XRI FF ;Invert data
3C41 57 MOVD,A
3C42 78 MOV A,B ;IsBReg=0? If not stay
3C43 E6FF ANI FF ;inauto zero subroutine
3C45 C21A3D JNZAuto-Zero
3C48 C33D3D  JMP Normal

Note 29: All numerical values are hexadecimal representations.

FIGURE 21. Software for Auto-Zeroed Differential A/D

5.3 Multiple A/D Converters in a Z-80 Interrupt Driven
Mode (Continued)

The following notes apply:

Itis assumed that the CPU automatically performs a RST
7 instruction when a valid interrupt is acknowledged
(CPU s in interrupt mode 1). Hence, the subroutine start-
ing address of X0038.

The address bus from the Z-80 and the data bus to the
Z-80 are assumed to be inverted by bus drivers.

A/D data and identifying words will be stored in sequen-
tial memory locations starting at the arbitrarily chosen ad-
dress X 3E00.

DS005671-AS

¢ The stack pointer must be dimensioned in the main pro-

gram as the RST 7 instruction automatically pushes the
PC onto the stack and the subroutine uses an additional
6 stack addresses.

The peripherals of concern are mapped into I/0 space
with the following port assignments:

37
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Functional Description (continued) HEX PORT ADDRESS PERIPHERAL

04 AD 4
HEX PORT ADDRESS PERIPHERAL 05 AD 5
00 MM74C374 8-bit flip-flop 06 AD 6
01 AD 1 07 AD 7
02 AD 2 This port address also serves as the A/D identifying word in
03 A/D 3 the program.
sV pac
DMl 8 0o
—f0 w01 B
R ¢—ri I o1
wiec CLK N T
TR
o1 p—d 8 00
02 pd 1 LIV TR I
03 = b el
(—' D.'. Q.‘ ot CLK IN
DATA BUS o | s McIe
N 087] 0% :: —
our™ & oof |
CLr_ oi1s.0t —OSV ——{ f0 w03 3
— W o[
CLKIN
MMTACR2 wMTacn
WTR
o 8 oof |
W A4
ToRL Y 01
_ LRI
Ll ¥ p—d
TWTR
v a8 oo
——{ 0 wos o
X8 A v p— R o]
CLKIN
ADB1 p- € v
W21 NTR
K082 — ¢ 2 8 o0
1 F0 w06 I
(AT 2 v p— #R o]
x k)—— G2r " =
WA
R0 w07 i |
L 01
CLKIN
Stk CLKR
;)IDF

DS005671-29

FIGURE 22. Multiple A/Ds with Z-80 Type Microprocessor
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Functional Description (Continued)

INTERRUPT SERVICING SUBROUTINE

SOURCE

LOC OBJCODE STATEMENT COMMENT

0038 E5 PUSH HL : Save contents of all registers affected by

0039 C5 PUSH BC ; this subroutine.

003A F5 PUSH AF ; Assumed INT mode 1 earlier set.

003B 2100 3E LD (HL) ,X3E00 ;Initialize memory pointer where datawill be stored.

003E OEO1 LDC, X01 ;Cregister will be port ADDRof A/D converters.

0040 D300 OUT X00, A ; Load peripheral status word into 8-bit latch.

0042 DBOO INA, X00 ;s Load status word into accumulator.

0044 47 LDB,A : Save the status word.

0045 79 TEST LDA,C ; Test to see if the status of all A/D's have

0046 FEO8 CPp, X08 ; been checked. If so, exit subroutine

0048 CA 6000 JPZ, DONE

004B 78 LDA,B ; Test a single bit in status word by looking for

004C 1F RRA ;a"1l"tobe rotated into the CARRY (an INT

004D 47 LDB,A ;isloadedasa"l"). If CARRY is set thenload

004E DA 5500 JPC, LOAD ;contents of A/D at port ADDR in C register.

0051 OC NEXT INCC ; If CARRY is not set, increment C register to point

0052 C34500 JP,TEST ;tonext A/D, thentest next bit instatus word.

0055 ED78 LOAD INA, (C) ;Read data frominterrupting A/D and invert

0057 EEFF XOR FF ; the data.

0059 77 LD (HL) ,A ; Store the data

005A 2C INCL

005B 71 LD (HL),C ; Store A/D identifier (A/Dport ADDR).

005C 2C INCL

005D C35100 JP,NEXT ; Test next bit instatusword.

0060 F1l DONE POP AF ; Re-establishall registers as they were

0061 Cl POP BC ;before the interrupt.

0062 El POP HL

0063 C9 RET ;Returnto original program

DS005671-A6
Ordering Information
TEMP RANGE 0°’C TO 70°C 0°C TO 70°C 0°'CTO 70°C -40°C TO +85°C
+Ya Bit ADCO0801LCN
Adjusted
ERROR +Y2 Bit ADCO0802LCWM ADCO0802LCV ADCO0802LCN

Unadjusted
+ Bit ADCO0803LCWM ADCO0803LCV ADCO0803LCN
Adjusted
+1Bit ADCO0804LCWM ADCO0804LCV ADCO0804LCN ADCO0805LCN
Unadjusted

PACKAGE OUTLINE M20B — Small Outline V20A — Chip Carrier N20A — Molded DIP

TEMP RANGE

-40°C TO +85°C

-55'C TO +125°C

ERROR

+V4 Bit Adjusted
+'2 Bit Unadjusted
+> Bit Adjusted
+1Bit Unadjusted

ADC0801LCJ ADCO0801LJ
ADC0802LCJ ADC0802LJ,
ADCO0803LCJ ADC0802LJ/883
ADCO0804LCJ

PACKAGE OUTLINE

J20A — Cavity DIP

J20A — Cavity DIP
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Connection Diagrams

ADC080X

Dual-In-Line and Small Outline (SO) Packages - é‘:ﬁ&“r"(’;m) Patlons
(e |l 7 20|~V (OR Vpgr) 22833
fb—2 19f—CLKR
WR—{3 18}—DBO (LSB)
CLKIN—{4 17081 CLKR — DBS
INR—{5 16[—D82 Ve (OR Ver) .
()= o & — DB7 (MSB)
V()7 14}—DB4 5 it
AGND—{8 13}-085 -
Vrer/2—9 12}—0B6 WR L Vger/2
DGND—{10 11f—087 (MsB)
DS005671-%) zZ =T 2
. . x |z \—i \-i %
See Ordering Information 3 Z Z 2
3 DS005671-32

See Ordering Information
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Physical Dimensions inches (millimeters) unless otherwise noted

0985

0.025 (25019)

(0.635)

Mo HWHWWHHWMH
0.220-0.310

(5.588—17.874)

ey iciojojajojujolo):s

{0.127-0.508)
RAD TYP
0.03730.005
(0.94020.127)
0.005 0.055+0.005
0.180 < 0-290-0.320 I~ 0z (1.397£0. 127)_’7 0.020—0.060
(‘M5A7x?’ {7.366-8.128) GLASS SEALANT | MiN Ts08=1520)
A
5‘ =1 0.200
lr (5 uso)
[} !
oy ™Nage f 2.150
V4 0.008—0.012 < {asi0) 01250200
T MIN  (3.175—5.080)
{0.203-0.305)
0.310-0.410 osu 0.018+0.003
(7.874—10.41) (1.5 (0.457£0.076)
BOTH 9‘05 0.100£0.010
(2.540£0.254)

J2CA (REV M)

Dual-In-Line Package (J)

Order Number ADC0801LJ, ADC0802LJ, ADC0801LCJ
ADC0802LCJ, ADC0803LCJ or ADC0804LCJ
ADCO0802LJ/883 or 5962-9096601MRA
NS Package Number J20A
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.496-0.512
(12.598 — 13.005)

_0.394-0.419 |
{10.008—10.643)

LEAD NO 1/1/

S

10
0010 yax
0.254)
0.291-0.299
7a91-17.5%)
0.010-0028 . 0.093-0.104
{0.2s4-0737) <45 {2.362-2.642)
0.004-0.012
[ ‘ 8° MAX TYP S.00%0 W2
ALL LEADS {0.102-0.305)
! mﬂ | ‘
*‘_’_ b, v —— 1 SEATING
PLANE
0.009-0.013 Lr LY . t T 0014 f
0.009-0.013 @10z 0.016-0.050 0356~ e 200 0.014-0.020 yyp
0.229-03%) auL(EndliPs > [ mwoam 0.356) (\ ) =~ {0.356 _0.508)
TYP ALL LEADS Vel L0
LU |
10.203) wze ey )

SO Package (M)
Order Number ADC0802L.CWM, ADC0803LCWM or ADC0804LCWM
NS Package Number M20B

1.013-1.040
{25.73-26.42)

0.092 X 0.030

(2.337 X 0.762) 0.032:0.005
MAX DP [20] [8] [®] [7] [76] (7] [3&] [73] [77] (3] i30Tz

RAD

PINNQ. TIDENT h«%» 0.260 =0.005
\\. @ (6.604 =0.127) PINNO. 1 IDENT

[ 0.280

e OPTION 1
(R BHOEORGEDEOAOED)
; 0.090
0.300-0.320 | A | Nz 0PTION 2
| (7.620-8.1281 0.050 NOM 0440 | OPTIONZ_ o o0
[ 0065  (1.524) {1.016) 4° (ax) | T T
l esn VP e | [ e
] i | \ ' | Daes—02w
T |l J] ! I (3683-5080)
0.009-0.015 90°10.004° 1 l
(0229-0381) 0.020

-
| | Tve 0.100£0.010 __‘ 0125-0.140 {0.508)
| 0.060 £0.005 (25400254 0.0180.003 (3.175-3555  MIN
g M0 (Ls2ez0az ! (0.45720076)
-0.015

41.015)

(”55 0381

N20A (REV G)

Molded Dual-In-Line Package (N)
Order Number ADC0801LCN, ADC0802LCN,
ADCO0803LCN, ADC0804LCN or ADC0805LCN
NS Package Number N20A

43 www.national.com



General Description

The DACO0800 series are monolithic 8-bit high-speed
current-output digital-to-analog converters (DAC) featuring
typical settling times of 100 ns. When used as a multiplying
DAC, monotonic performance over a 40 to 1 reference cur-
rent range is possible. The DAC0800 series also features
high compliance complementary current outputs to allow dif-
ferential output voltages of 20 Vp-p with simple resistor loads
as shown in Figure 1. The reference-to-full-scale current
matching of better than +1 LSB eliminates the need for
full-scale trims in most applications while the nonlinearities
of better than £0.1% over temperature minimizes system er-
ror accumulations.

The noise immune inputs of the DAC0800 series will accept
TTL levels with the logic threshold pin, V ¢, grounded.
Changing the V¢ potential will allow direct interface to other
logic families. The performance and characteristics of the
device are essentially unchanged over the full £4.5V to
+18V power supply range; power dissipation is only 33 mW
with =5V supplies and is independent of the logic input
states.

NNational Semiconductor

DAC0800/DAC0801/DAC0802
8-Bit Digital-to-Analog Converters

May 1998

The DACO0800, DAC0802, DAC0800C, DAC0801C and
DAC0802C are a direct replacement for the DAC-08,
DAC-08A, DAC-08C, DAC-08E and DAC-08H, respectively.

Features

Fast settling output current:
Full scale error: £1LSB
Nonlinearity over temperature: +0.1%

Full scale current drift: 10 ppm/°C

High output compliance: -10V to +18V
Complementary current outputs

Interface directly with TTL, CMOS, PMOS and others
2 quadrant wide range multiplying capability

Wide power supply range: £4.5V to £18V

Low power consumption: 33 mW at =5V

Low cost

100 ns

Typical Applications

Ms8

DIGITAL INPUTS

Ls8
B1 B2 B3 B4 B5 B6 B7 B8

(1%

Ordering Information

10k 10k
? ? ? ? ? ? ? T lout 9
Sk 5 6 7 8 9 10 11 12 4 —O
10V O—VW— 14
DAC0800 Vout T0 20 Vpp
5k
15 oo,
3 16 13 12 —O
~ 0.1 4F 'J 01uf L Tout
o i L i i ﬁ
= VT 0.014F vt

FIGURE 1. £20 V,_ Output Digital-to-Analog Converter (Note 5)

DS005686-1

Non-Linearity Temperature Order Numbers
Range J Package (J16A) (Note 1) [ N Package (N16A) (Note 1) | SO Package (M16A)
+0.1% FS 0'C<To,<+70°C DAC0802LCJ | DAC-08HQ | DAC0802LCN | DAC-08HP DAC0802LCM
+0.19% FS -55'C < T, £+125°C | DAC0800LJ | DAC-08Q
+0.19% FS 0°C <Tp<+70°C DACO0800LCJ | DAC-08EQ | DAC0800LCN | DAC-08EP DAC0800LCM
+0.39% FS 0'C<T,<+70°C DACO0801LCN | DAC-08CP DACO0801LCM

Note 1: Devices may be ordered by using either order number.

© 1999 National Semiconductor Corporation DS005686
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Absolute Maximum Ratings (Note 2)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Storage Temperature

Electrical Characteristics

acteristics refer to both Iy and IggT.

Supply Voltage (V* - V) +18V or 36V
Power Dissipation (Note 3) 500 mW
Reference Input Differential Voltage

(V14 to V15) V- to V*
Reference Input Common-Mode

Range (V14, V15) V-to V*
Reference Input Current 5 mA

Logic Inputs V-~ to V- plus 36V
Analog Current Outputs

(Vg— =-15V) 4.25 mA
ESD Susceptibility (Note 4) TBD V

-65°C to +150°C

Lead Temp. (Soldering, 10 seconds)
Dual-In-Line Package (plastic)
Dual-In-Line Package (ceramic)
Surface Mount Package

Vapor Phase (60 seconds)
Infrared (15 seconds)

Operating Conditions (Note 2)

Min Max

Temperature (T,)
DACO0800L -55 +125
DACO0800LC 0 +70
DACO0801LC 0 +70
DACO0802LC 0 +70

260°C
300°C

215°C
220°C

Units

0000

The following specifications apply for Vs = 15V, lggr = 2 MA and Ty < Ta <€ Tuax unless otherwise specified. Output char-

DAC0802LC DAC0800L/ DACO0801LC
Symbol Parameter Conditions DAC0800LC Units
Min Typ | Max |Min | Typ | Max [Min | Typ | Max
Resolution 8 8 8 8 8 8 8 8 8 Bits
Monotonicity 8 8 8 8 8 8 8 8 8 Bits
Nonlinearity +0.1 F0.19 K0.39 | %FS
t; Settling Time To +'- LSB, All Bits Switched 100 135 100 150 ns
“ON" or “OFF", T,=25'C
DAC0800L 100 135 ns
DACO0800LC 100 | 150 ns
tPLH, Propagation Delay Ta=25'C
tPHL Each Bit 35 60 35 60 35 60 ns
All Bits Switched 35 60 35 60 35 60 ns
TClgs Full Scale Tempco *10 | £50 #10 %50 +10 +80 | ppm/'C
Voc Output Voltage Compliance | Full Scale Current Change -10 18 |-10 18 | -10 18 \
<Y LSB, Royr>20 MQ Typ
lesa Full Scale Current Vger=10.000V, R14=5.000 kQ [1.984 | 1.992 {2.000 ({1.94 | 1.99 | 2.04 {1.94 | 1.99 | 2.04 mA
R15=5.000 kQ, To=25'C
less Full Scale Symmetry lesa—les2 +0.5 | 4.0 +1 +8.0 *2 #16 HA
Izs Zero Scale Current 0.1 1.0 0.2 2.0 0.2 4.0 HA
lesr Output Current Range VvV =-5V 0 2.0 21 0 2.0 2.1 0 2.0 21 mA
~=-8V to -18V 0 2.0 4.2 0 2.0 4.2 0 2.0 4.2 mA
Logic Input Levels
Vi Logic “0” V=0V 0.8 0.8 0.8 \Y
Viy Logic “1” 2.0 2.0 2.0 \Y
Logic Input Current Vic=0V
I Logic “0” -10V<V<+0.8V -2.0 | -10 -2.0 | -10 -2.0 | -10 pA
I Logic “1” 2V<Vs+18V 0.002 | 10 0.002 | 10 0.002 [ 10 pA
Vis Logic Input Swing V- =-15V -10 18 |-10 18 | -10 18 \
ViHr Logic Threshold Range Vg=£15V -10 13.5 [ -10 13.5 | -10 13.5 \
lys Reference Bias Current -1.0 | -3.0 -1.0 | -30 -1.0 | -3.0 HA
dl/dt Reference Input Slew Rate | (Figure 71) 4.0 8.0 40| 80 4.0 8.0 mA/us
PSSlgs., | Power Supply Sensitivity 4.5V<Vr<18v 0.0001 | 0.01 0.0001 | 0.01 0.0001 | 0.01 Yol %o
PSSlgs. -4.5V<V<18V 0.0001 | 0.01 0.0001 | 0.01 0.0001 | 0.01 Yol %o
lggr=1mA

www.national.com




Electrical Characteristics (continued)

The following specifications apply. for Vg = £15V, lgge = 2 mA and Tyyn < Ta € Tyax unless otherwise specified. Output char-
acteristics refer to both Iyt and IggT-

DAC0802LC DACO0800L/ DACO0801LC
Symbol Parameter Conditions DAC0800LC Units
Min | Typ | Max |Min | Typ | Max [ Min | Typ | Max
Power Supply Current Vg=%£5V, Iggr=1 mA

I+ 23 3.8 23 38 2.3 3.8 mA

I- -43 | -5.8 -43 | -5.8 -43 | -5.8 mA
Vg=5V, —15V, Iggr=2 mA

I+ 24 38 24 3.8 2.4 38 mA

- -6.4 | -7.8 -6.4 | -7.8 -6.4 | -7.8 mA
Vg=%£15V, Iggr=2 mA

I+ 25 | 38 25 | 38 25 | 38 mA

I- -6.5 | -7.8 -65 | -7.8 -6.5 | -7.8 mA

Pp Power Dissipation +5V, lggr=1 mA 33 48 33 48 33 48 mW
5V,-15V, Iggr=2 mA 108 136 108 | 136 108 136 mw
+15V, Iggr=2 MA 135 174 135 174 135 174 mwW

Note 2: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating
the device beyond its specified operating conditions.

Note 3: The maximum junction temperature of the DAC0800, DAC0801 and DACO0B02 is 125°C. For operating at elevated temperatures, devices in the Dual-In-Line
J package must be derated based on a thermal resistance of 100°C/W, junction-to-ambient, 175°C/W for the molded Dual-In-Line N package and 100°C/W for the
Small Qutline M package.

Note 4: Human body model, 100 pF discharged through a 1.5 kQ resistor.
Note 5: Pin-out numbers for the DACO80X represent the Dual-In-Line package. The Small Outline package pin-out differs from the Dual-In-Line package.

Connection Diagrams

Dual-In-Line Package Small Outline Package

THRESHOLD 1 16
CONTROL, V¢ ] o U — COMPENSATION vt U 16 -Ba LSB
Tout - 5 Vaer(-) Veer(H)— 2 158,
v S VRere) Vrer(-)— 3 14|84
T LRV COMPENSATION—] 4 13185
sise 5y ALI THRESHOLD CONTROL, ¥y ¢ = 5 12|-8,
lour 16 11—B
B2 — lﬂ‘l out 3
831 L WA 10 552
; / lour—1 8 9}—8, MsB
B4 — —85
DS005686-14
DS005686-13 8 Top View

Top View
See Ordering Information
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Block Diagram (Note 5)

msg Lse

:—o
—"—o
L os
L os
=°*
—o
—o

1 I ] |
BIAS J
NETWORK —igiT
s . * >
weer || TSI T
) e || SIS 30 S S S T
Vage O- o = ", & N e o e
L
15
Vpgrl-) O = kl
REF
AMP i,
DACOS
16 6’
come e~
DS005686-2
Typical Performance Characteristics
Full Scale Current LSB Propagation Delay vs leg Reference Input
vs Reference Current Frequency Response
450
'\ 12 —
6 [Ta= Tvin TO Tax] e/ 10 [RI4=RIS =1k
?é‘ LALL BITSHIGH I % 350 8 LR <500
Z s LIMIT FOR o | S B ALLBITSON"
= Y S o il £ 4 FVmiseov
g ¢ ! 4 g i g2 Y
] ‘ = o 1158 =78 nA 5 o =
- 3 < A 3 » _
2 & /150 B I !
5 e ['H" 10188 = 7.8uA — \\ i
s 2 S 100 l S -6 ; ;
i | o
P PSS Lt FoR T &5 - LU - T A
o | — -y -5V —— -10 -
T ovessy o | matlil] =T NTN
i AL 00102 0050100205 1 2 § 10 =¥ I [
0 1 2 3 4 5 Igs - OUTPUT FULL SCALE CURRENT (mA) 01 02 05 1 2 5 10
fs
IgeF - REFERENCE CURRENT (mA) R8007086- 2% FREQUENCY (MHz)
DS005686-22 DS005686-24

Curve 1: Cg=15 pF, Viy=2 Vp-p centered at 1V.

Curve 2: Cc=15 pF, V;y=50 mVp-p centered at
200 mV.

Curve 3: Cc=0 pF, V;y=100 mVp-p centered at
0V and applied through 50Q connected to pin
14.2V applied to R14.

Reference Amp

Commen-Mode Rangd Logic Input Current Viy — Vi c vs Temperature
vs Input Voltage i
4 24 ‘
36 L TA= TMIN TO Tax 22 -
_ [ ALL BITS “ON" — f !
< < 3 %
z n 3 & 15
£ 28 = 2
= < = 14 ~
£ 2 |- c = T~ |
s V=15V V=5V V=15V Sy, 12
32 o x o~ [
5 [ [ [Trer=2ma 5 £ 3 IR
2 18 =1 £ 08
3 2 IReF =1 mA1— s 5 oo ‘
l - g 04 -
& o H 1 S vs i
04 tRer = 02mA —| T 2 =
0 1  § 1 1 3
i 50 0 50 100 150
~18 =10 -6 -2 1
2 & W08 e 12-10-8-6-4-202 4 6 81012141618 Ta - TEMPERATURE (‘)
V15 — REFERENCE COMMON-MODE VOLTAGE (V) V, - LOGIC IKPUT VOLTAGE (V) 05005686-27

DS005686-25
DS005686-26

Note. Positive common-mode range is always
(V+) - 1.5V.
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Typical Performance Characteristics (continued)

Output Current vs Output Output Voltage Compliance Bit Transfer
Voltage (Output Voltage vs Temperature Characteristics
Compliance)
20 14
28 UBMS O Ta= T 10T 16 N ! P I
Lo ) M RMAX s N = 12 |rr-2ma |
g~ 111 P £ 8!
£ g Vot veosv g SHADED AREA INDICATES: =
= T 5 PERMISSIBLE OUTPUT =
g I r '“Ef z]"'A 2 ¥ ™Y voLTace RANGE FOR § T
§ 16—t + £ 4 [ -V=-15V.lggr S2mA. 3
o - 06
5 12 IReF =1 mA § 0 | FOR OTHER -V OR Iggf. 2 P 82
= SEE FIGURE 5 V= =150 T
2 s ) ] o N S o4 + t 85T
. (=3 1 H——+B1 /
' ! S R /
o - -
< oa R = 02 mA ' N e PAREAN i
I | -1 o UL T TN t
¢ i ok <2 3§ 0. W G -0 0 s0o__ 100 150 ~12-10-8-6-4-20 24 6 B 101214 1618
T Ta - TEMPERATURE (*C) V- LOGIC INPUT VOLTAGE (V)
Vg - OUTPUT VOLTAGE (V) o e t ais
S00568 686-30
08005686:26 Note. B1-B8 have identical transfer
characteristics. Bits are fully switched with less
than Y2 LSB error, at less than £100 mV from
actual threshold. These switching points are
guaranteed to lie between 0.8 and 2V over the
operating temperature range (Vi ¢ = OV).
Power Supply Current Power Supply Current Power Supply Current
vs +V vs -V vs Temperature
8 8
& ALL BITS HIGH OR LOW HORLOW ol
E 7 | rF—— G 7 '1“-“ 008 < ALL BITS HIGH OR LOW
= I E, 1-WITH Iggp = 2mA o 9 Tipgp=2mA i
I 6 = z 8 +
: | 5 NN 2) =l )
> i mE ™
3 3 ] l Ll 1= WITH Iggr = 1 mA T e ¢ VSl U
= 4 200 fm—p—t >
g >) L TYFT gl g 1§
3 4 o 1-WITH Iggp = 02mA _| e
- | a T =
s 2 3 i = gLl = sy
& Il | z [ i g 3 +1 3
LA —t 2l —t i |
[ ] N By 4l i
0 0 =P I
0 2 4 & 8 1032 14 16718 20 0 -2 -4 -6 -8 —10-12-14-16-18 =20 1b 50 100150
Vg - POSITIVE POWER SUPPLY (V) V = NEGATIVE POWER SUPPLY (V) T ~ TEMPERATURE (*C)
DS005686-31 DS005686-32 DS005686-33
Equivalent Circuit
MSB Lse
v Vic 81 82 83 34 85 6 7 (]
13 1 ?5 6 [ S 10 1 12

loutr
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3
|| i
RS *if i

N

s
4(;
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FIGURE 2.
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DACOE
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Typical Applications

R +
—— "VReF

.
VReF

RREr

(R14)

RIS “VREF

+VReF
Rper

255
X —
256

lrs =

Io + lo = s for all logic states

For fixed reference, TTL operation, typical values are:
Vger = 10.000V

Rger = 5.000k

R15 = Rper

Cc = 0.01 pF

Vic = 0V (Ground)

“lage ~2mA
——

DACO80D

DS005686-21

FIGURE 4. Recommended Full Scale Adjustment
Circuit (Note 5)

DIGITAL INPUTS

MSB LS8
81 B2 B3 B4 BS B6 87 B8

DS005686-5

FIGURE 3. Basic Positive Reference Operation (Note 5)

RRef

DACO8EC

R15
“Vagr O—O0—" VWV

255

VREF
LMEEE
256

lrs =
Rrer
Note. Rggr sets Igs; R15 is for bias current cancellation

FIGURE 5. Basic Negative Reference Operation

(Note 5)
DIGITAL INPUTS
wse Ls8
81 82 B3 B4 BS B6 B] B8 £o
IRgF = 2 mA Oy DACO0800
0500568617
B1 B2 B3 B4 B5 B6 B7 B8 | IomA | IomA Eo Eo
Full Scale 1 1 1 1 1 1 1 1.992 0.000 -9.960 0.000
Full Scale-LSB 1 1 1 1 1 1 1 0 1.984 0.008 -9.920 | -0.040
Half Scale+LSB i 0 0 0O O 0 0 1 1.008 0.984 | -5.040 | -4.920
Half Scale 1 0o 0 0 0O O O O 1.000 0.992 | -5.000 | —4.960
Half Scale-LSB o 1 1 1 1 1 1 1 0.992 1.000 | —-4.960 | -5.000
Zero Scale+LSB 0o 0 0o 0o 0 0 0 1 0.008 1.984 | -0.040 | -9.920
Zero Scale 0O 0 0 0 O O O O/ 0.000 1.992 0.000 | -9.960

FIGURE 6. Basic Uni

polar Negative Operation (Note 5)
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Typical Applications (Continued)

*IRer =2 mA Ot

—_—

B1 B2 B3 B4 B5 B6 B7 B8 | E, Eo
Pos. Full Scale 11 1 1 1 1 1 1]-9920 [+10.000
Pos. Full Scale-LSB |1 1 1 1 1 1 1 0/[-9.840 | +9.920
Zero Scale+LSB 1 0 0 0 0 0 O 1|-0.080|+0.160
Zero Scale 1 0 0 0 0 0 O O] 0.000 |+0.080
Zero Scale-LSB 0 1 1 1 1 1 1 1]|+0.080]| 0.000
Neg. Full Scale+LSB [0 0 0 0 0 0 0 1 |+9.920 |-9.840
Neg. Full Scale 0 0 0 0 0 0 O 0 [+10.000|-9.920

FIGURE 7. Basic Bipolar Output Operation (Note 5)

Sk
VRer = 10V

255 X
Ofg - a8
P "‘“( 2% ’zsa)
where X is the input code and
AL = RL = Rrer

DACD800

4

DS005686-18

It R = Ry within £0.05%, output is symmetrical about ground

B1 B2 B3 B4 B5 B6 B7 B8 EQ)
Pos. Full Scale i N AlSTEEE Fokmaed] T w060
Pos. Full Scale-LSB 1 Y AW T T TN A4 69,860
(+)Zero Scale 1 0 0 0 O O 0 0] +0.040
(-)Zero Scale e 1 5rA )t S [ANS1 | ~0.090
Neg. Full Scale+LSB 0. o, So\\ g " 0 &> 14| "-P.880
Neg. Full Scale 0 \A0AN\ G | @A 9. 0 |8 /0JF79960

FIGURE 8. Symmetrical Offset Binary Operation (Note 5)

AL
MV
lo
Eg
DAC0800 —O 070 +1gs- R
e & 255 |
B L L FS= 256 REF

DS005686-19

For complementary output (operation as negative logic DAC), connect inverting input of op amp to io (pin 2), connect Ig (pin 4) to ground.

FIGURE 9. Positive Low Impedance Output Operation (Note 5)

www.national.com



Typical Applications (continued)

o
O 870 -lgg- Ry

s 255
FS = 256 REF

DS005686-20
For complementary output (operation as a negative logic DAC) connect non-inverting input of op am to To (pin 2); connect I (pin 4) to ground.
FIGURE 10. Negative Low Impedance Output Operation (Note 5)

PMOS

.
VREF Vig=0V
l—l l — ING14S
15 =
TTL, OTL
Aper | OPTIONAL RESISTOR ik I 12V 1015V ‘
FOR OFFSET INPUTS | | Ne141
RN 9.1k
-~ DACO800 I " | Vi
Rgq =200 P | vie Vu:l
| I €= DAC0300 108
w l 62V 6.2k 01uF |
R Vic ZENER
| - | o I ~5VT0 -10V
= = 5V CMOS +
NO AP Vine28v

DS035686-10

Typical values: Ryy=5k,+Viy=10V
FIGURE 11. Pulsed Reference Operation (Note 5)

ALTACE]

IN4148

D5005686-9
Vi = Vi + 14V

15V CMOS, HTL, HNIL

Vry = 7.6V

Note. Do not exceed negative logic input range of DAC.

FIGURE 12. Interfacing with Various Logic Families

“Vger €
*Vaer O—VMWV— 14
§ 15 DAC0800
| \ (0PTIONAL)
. ViN—o—  O—AWNV— 15 R
HIGH INPUT Rpef ~ RIS
. IMPEDANCE
VIN DS005686-12
i o g (b) +Vgrer must be above peak positive swing of V,y

[

(a) lger > peak negative swing of I,y
FIGURE 13. Accommodating Bipolar References (Note 5)

DS005686-11
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Typical Applications (continued)

FOR TURN “ON", V| =2.7V

FOR TURN “OFF", V[ =07V Vi 0

MINIMUM
EAPACITANCE\

reducing R1, R2 and R3 to 2.5 kQ and R4 to 2 MQ.
FIGURE 15. A Complete 2 ps Conversion Time, 8-Bit A/D Converter (Note 5)

HP5082-2800 .
SCHOTTKY DIODES
N gy [
CL
0V ov
Vin |
—-04vV
(o]
o_m-T_m -
. RREF 5 6 7 8 8 10 11 12
VREF 14
DAC0800
D.U.T.
R15 ¢ /
15
13 3 16
r" l’%
/| =)
- o —
15V -15V
DS005686-7
FIGURE 14. Settling Time Measurement (Note 5)
5V STOP
> | CONVERSION
cLock FREE
RUN
Ts 10 A
v 16 vep S ET ot
I DM2502 7
0.014F = 0
!l eno
Q0 1 02 Q3 Q4 05 06 07
= 3 e [5 |6 [ iz]ia]e
Ls8 o—J.
f 15V
v
8-8IT DIGITAL I‘N"PTJLTUG
WORD
MsB R4 R3
X ] 5k
12 J11 frofs fe |7 |6 |s
LS8 87 86 B5 B4 BJ B2 MSE \ ,
vgt I
DACO0200
Vg~ [LyAl
o vT come Vic
- 13 3 16 _]_I
l o1y 0.14F
= 0.14F
i —15v

Note. For 1 ps conversion time with 8-bit resolution and 7-bit accuracy, an LM361 comparator replaces the LM319 and the reference current is doubled by

DS005686-8
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Physical Dimensions inches (millimeters) unless otherwise noted

0.785

[19.94] MAX ——

16 ]
AN

GLASS SEALANT

Molded Small Outline Package (SO)
Order Numbers DAC0800LCM,
DACO0801LCM or DAC0802LCM

NS Package Number M16A

9.386-0.334

F T 34 -10.00)
% 15 W 1o

paenaq

Ihl
r
0.220-0.310
/ [5.59-7.87]
t
g 0.025 U UTUUUY
feed ‘ ¢ 0.005-0.020
R 0.13-0.51) TP
0.037 40.005
-~ % e
0.005 [0.54£0.13] ?72§?:g$§]0_
[0.13) —] [4- o [« 0.05520.005 1yp 37-8.
MIN TYP [1.40£0.13]
i 0.020-0.060 1y, L
0.200 ) (0:51-1521 ™% oo =
[s.08] = ‘ [4457%
MAX TYP L] : .
A8 [
t % 15G MiN T /
0.125-0.200 i L !
3 U 900440 950k 50
[3.18-5.08] "'P o0 50k
0.080 Vo
BO[Ta%i]D:AX B l 0.01840.003 9.310-0.414
{046 £ 0.08] TP [7.87-10.41]
0.100£0.010 TYP
[2.54£0.25]

@

Aaan

0.228-0.24¢
(5791 -6.194)

J16A (Rev L)

(0.102)
ALL LEAD TIPS

Molded Small Outline Package (SO)
Order Numbers DAC0800LCM,
DACO0801LCM or DAC0802LCM

NS Package Number M16A

LERD NO.1
1DEKT 0010 pyax
(0.254)
0.150-0 157
{3.810-3.588)
0.010 -0.020 2 00530 069
o zsi-osoe < (1361753 0.006-0.018
8° MAX TYP (0.102 - 0.254)
ALL LEADS
L_J_‘% { = e A
' A e
|
0.008-0.010 | L] 0.050 0.014-0.020
0016 -0.050 o . v | TYP
{0205 -0.254) N gy = 945 iz T 3% -0.508)
RACCRS 0.004 TYP ALL LEADS ™ oo
== TYP
0:203) vieamey

1"

www.national.com



DAC0800/DAC0801/DAC0802 8-Bit Digital-to-Analog Converters

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.090 0.843-0.870

fiad 2141-22.10
Laa2 {2.286) ¢ )

(2337)
oI KoM "M | [ [ [ 6]
(2X) )
0.250 +0.005
PIN NO. 1 IDENT —\@ @

(6.350 £0.127)
0.280 [
i - OEERORUECRORuRD)
0.300-0.320 (mﬁf) 0.040

(7.620-8.128)

0.060 e 0.130.20.005
l —,—‘ (1524)_—1 TYP—’I r {3302 20127) {

1.651)
k et ==
0.145-0.200
’ (3.683-5.080)
95°45° 0.008-0. S a
\ .009-0.015 90°:4 0.020
{0229-0381) =
0.075 :0.015 __H_ oot 0003  0125-0.140 (050
il
0325 ‘poid {1905 z0.381) {Tas rome) (@175-3.556)
e, 0.100 omn
(3255 41.(“5) Sk Vel il 124,
-0.381 (2.540 ‘0.254)

N16A (REV E}

Molded Dual-In-Line Package
Order Numbers DAC0800, DAC0801, DAC0802
NS Package Number N16A

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DE-
VICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMI-
CONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or sys-
tems which, (a) are intended for surgical implant into
the body, or (b) support or sustain life, and whose fail-
ure to perform when properly used in accordance

2. A critical component is any component of a life support
device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support

device or system, or to affect its safety or effectiveness.
with instructions for use provided in the labeling, can :
be reasonably expected to result in a significant injury

to the user.
National Semiconductor National Semiconductor National Semiconductor National Semiconductor
Corporation Europe Asia Pacific Customer Japan Ltd.
Americas Fax: +49 (0) 1 80-530 85 86 Response Group Tel: 81-3-5639-7560
Tel: 1-800-272-9959 Email: europe.support@nsc.com Tel: 65-2544466 Fax: 81-3-5639-7507

Fax: 65-2504466
Email: sea.support@nsc.com

Fax: 1-800-737-7018
Email: support@nsc.com

Deutsch Tel: +49 (0) 1 80-530 85 85
English Tel: +49 (0) 1 80-532 78 32
Frangais Tel: +49 (0) 1 80-532 93 58

www.national.com ltaliano  Tel: +49 (0) 1 80-534 16 80

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specifications.



RISTOR MODULE

PK(PD,PE KKI40F

Power Thyristor/Diode Module PK4OF series are designed for

various rectifier circuits -and power controls. For your. circuit
application, following internal connections and wide voltage rat-
ings up to 1,600 V are available. High precision 25 mm (linch)
width package and electrically isolated mounting base make your

mechanical design easy.

@ 17 (a)40A, lrrus62A, lisu 1300A
_ @di/dt 150 A/us
@ dv/dt 500 V/us

UL;E76102(M)

2-46

(Applications)
Various rectifiers
AC/DC motor drives
Heater controls

M5SX10

l 110748

Light dimmers - e =
Static switches A Em e
PO ’ KK [ ez 1
_Z.FEQ N _L:_T:ES o E‘i PK4OF
2: e . :f: Unit : mm
EMaximum Ratmgs I 9 4 7 B
PK40F-40 PK40F-80 PK40F-120 PK40F-160
PD40F-40 PD40F-80 PD40F-120 PD40F-160 .
Symbol Item Unit
PE40F-40 PE40F-80 PE40F-120 PE40F-160
KK40F-40 KK40F-80 KK40F-120 KK40F-160
Verw | * Repetitive Peak Reverse Voltage 400 800 1200 1600
Vesu | * Non-Repetitive Peak Reverse Voltage 480 960 1300 1700
Vorm Repetitive Peak Off-State Voltage 400 800 1200 1600
Symbol Item Conditions Ratings | Unit
Ity | % Average On-State Current Single phase, half wave, 180" conduction, Tc : 96°C 40 A
Ir@umsy | ** R.M.S On-State Current Single phase, half wave, 180" conduction, Tc : 96°C 62 A
ltsu | * Surge On-State Current 1/ cycle, 50/60Hz, peak value, non-repetitive 1200/1300 A
1%t * 12t . " Value for one cycle of surge current 7200 AZS
Peu Peak Gate Power Dissipation 10 w
Pa v Average Gate Power Dissipation 3 w
lram Peak Gate Current > 3 A
Veam Peak Gate Voltage (Forwad) 10 v
Vram Peak Gate Voltage (Reverse) 5 Vv
di/dt Critical Rate of Rise of On-State Current | le=100mA, Tj=25'C, Vo= '/, Vorw, dla/dt=0.1A/s 150 Aus
Viso | % Isolation Breakdown Voltage(R.M.S) | A.C. Iminute 2500 v
Tj s Operating Junction Temperature —40~+125| °C
Tstg | * Storage Temperature —-40~+125} °C
. (M5) | Recommended Value 25kgf-cm 22~28
Mounting Torque kgf-cm
Terminal (M5)| Recommended Value 25kgf-cm 22~28
Mass 170 g
B Electrical Characteristics
Symbol Item Conditions Ratings Um
lorm Repetitive Peak Off-State Current, max. at Vorw, single phase, half wave, Tj=125C 15 mA
IrRM * Repetitive Peak Reverse Current, max. at Vorw, single phase, half wave, Tj=125°C 15 mA
Vim * Peak On-State Voltage, max. On-State Current 120A, Tj=25"C Inst. measurement 1.40 Vv
let/Ver Gate Trigger Current/Voltage, max. | Tj=257C, li=1A, Vo=6V 70/3 mA/V
Veo Non-Trigger Gate, Voltage, min. Tj=125C, Vo= Vorm 0.25 v
tgt Turn On Time, max l1=40A, lo=100mA, Tj=25C, Vo =1/ Vorm, dic/dt=0.1A/us 10 us
dv/dt Critical Rate of Rise of On-State Voltage, min.| Tj=125C, Vo = %3 Vorw, Exponential wave. 500 Vius
I Holding Current, typ. =25C 50 mA
I Lutching Current, typ. =25C 100 | mA
Rth(j-c) | * Thermal Impedance, max. Junction to case 055 | C/W

s« mark -«

Thuristor and Diodo part.

No mark : Thyristor nart



Gate Characteristics

Gate Voltage (V)

[TTTT [
Peak Forward Gate Voltege (10V)
AN
E %";(Qi’e
} ATV L il % =]
B s E
A RANL
it aitts 4l
HAD 1;1;// % SH
71111 H=
71 ]
125C 25C
I LT
Il 1
Maximum Gate Voltage that will not trigger any unit
CTTIAL T T
0 2 5 10? 5 10°%._.2.... .8

Gate Current (mA)

Average On-State Current Vs Power Dissipation

(Single-phase half-wave)

DC.
y

Per one element

/

v

T
=m.e;wo /

8
6=90"

a

PR 4 74
=30 V//Z

- o —

2 x 2x

A

——350°——
# ' Conduction Angle

Power Dissipation (W)

V)

10 20 30

60 70 80

Average On-State Current (A)

Surge On-State Current Rating

(Non-Repetitive)
T

Surge On-State Current (A)

Time (cycles)

T T
Per one element
NN
\\
i
N
d
Q:t:\___
10° 2 5 2 5 107

Output Current W1 ; Bidirectional connection
00

0JOn—St_a‘ce Voltage max

™

NNNN

On-State Current (A)

Pttt |

2 3 4

On-State Voltage (V)

Average On-State Current Vs Maximum Allowable
- Case Temperature (Single phase half wave) -

Per one element

T

~

# . Conduction Angle

//

\Y

Allowable Case Temperature ("C)

30 40 - 4] 60 70 80
Average On-State Current (A)

Transient Thermal Impedance

BRI IR
Per one element

Junction to case

Transient Thermal Impedance ("C/W)

B2 Two pulse bridge connection

}H
# m H
m I
I
I
° IIH ! 10? 10° 10
Tir:)e (sec.;) ° ’

B6 ;Six pulse bridge connection
W3 Three phase
bidirectional connection

Total Power Dissipation (W)

z

8

Output Current (A)

Ambient Temce: ature ('C)

Ambient Temperature(C)

T T l
Conduction Angle 180° )
e 14 (AMS o Rin:0.8 T /W
w3 Loy Y Rin:0.6 T /W
Rin:1.0 T/W Rin:0.6 T/W
/as } ! Rin10.8-C /W \ Z sl AR/ A g
/ AIni1.0 T/W V/Rin:0.6 T /W \ Rin:0.2 T/W
Rtn10.8 T /W Va0 tow [0 Rin:0.1 T/W
82 Rm11045 'F/w Rm:lO,Z x;/w /
Rth:0.4 T /W1 \ Y Rin:0.1 T/WT]
Rin:0.2 T/W \ Hooz
¥ ) | NN
/ B ,< EY )il XS \\ ol I N N 3
y// §§§\ e Q @§\
\ \
— §§ 120 3 :ig GO, rus \\
20 40 60 80 100 O 80 720 125 0 20 80 120

Ambient Temperature(C)

S

Allowable Case Temperature ('C)
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MOTOROLA
SEMlCONDUCTOR gt it A R SR I ST R G
TECHNICAL DATA o

| MOC3041
6-Pin DIP Optoisolators MOC3042
Triac Driver Output - _ _. MOC3043

These devices consist of gallium arsenide infrared emitting diodes optically coupled to

6-PIN DIP

a monolithic silicon detector performing the function of a Zero Voltage Crossing bilateral
triac driver. ’ ;

They are designed for use with a triac in the interface of logic systems to equipment TRSZTI?I;ISVOE%A B:UTPI S uT
powered from-240 Vac'lines; such as solid-state relays, industrial controls, motors, sole- :

noids and consumer appliances, etc. = - 430 WECHS .

e Simplifies Logic Control of 240 Vac Power

e Zero-Voltage Crossing— " :

o High Breakdown Voltage: VDM = 400 V Min

e High Isolation Voltage: Vigp = 7500 V Guaranteed

e Small, Economical, 6-Pin DIP Package i

o dv/dt of 2000 V/us Typ, 1000 V/us Guaranteed

> & UL Recognized, File No. 549156 Q) ;

o VDE approved per standard 0883/6.80 (Certificate number 41853), with additional
approval to DIN IEC380/VDE0806, IEC435/VDE0805, IECE5/VDEOSEO, VDE0110b,
covering all other standards with equal or less stringent requirements, including 383

IEC204/VDEO113, VDE0160, VDE0832, VDE0833, etc. ' CASE 730A-02
e Special lead form available (add suffix “T" to part number) which satisfies VDE0883/ PLASTIC
6.80 requirement for 8 mm minimum creepage distance between input and output
solder pads.
e Various lead form options available. Consult “Optoisolator Lead Form Options” data
sheet for details. : COUPLER SCHEMATIC
MAXIMUM RATINGS (Ta = 25°C unless otherwise noted)
r Rating ' ] Symbol Value l Unit ~
INFRARED EMITTING DIODE
Reverse Voltage VR 6 Volts 1 6
Forward Current — Continuous If 60 mA NS
Total Power Dissipation @ Ta = 25°C PD 120 mw 2 AYZAO s
Negligible Power in Output Driver =
Derate above 25°C ! 1.«?1 mWrC . 3 O] cRossiNG ‘4
OUTPUT DRIVER SR
Off-State Output Terminal Voltage VDRM 400 Volts
Peak Repetitive Surge Current ITsm 1 A
(PW = 100 us, 120 pps)
Total Power Dissipation @ Tp = 25°C Pp 150 mwW 1. ANODE
Derat 25°C 1.76 WrC .
erate abov.e m 2. CATHODE
TOTAL DEVICE . 3.NC
Isolation Surge Voltage (1) Viso 7500 Vac : MNNTT::WNAL
(Peak ac Voltage, 60 Hz, 1 Second Duration) ‘(5)38:01_ (ENNECT
Total Power Dissipation @ Tp = 25°C Pp 250 mW 6. MAIN TERMINAL
Derate above 25°C 2.94 mWrC
Junction Temperature Range Ty —40to +100 °C
Ambient Operating Temperature Range TA —-40to +85 °C
Storage Temperature Range Tstg -40to +150 °C
Soldering Temperature (10 s) — 260 °C

(1) Isolation surge voltage, V|SQ. is an internal device dielectric breakdown rating.
For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common.



ITM. ON-STATE CURRENT (mA)

MOC3041, MOC3042, MOC3043

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)

Ma;( l

| Characteristic | _symbot [ Min | e | Unit ]
INPUT LED
- Reverse Leakage Current IR — 0.05 100 HA
(VR = 6V)
Forward Volitage VE — 1.3 1.5 Volts
(Ip = 30 mA)
OUTPUT DETECTOR (I'F = 0 unless otherwise noted) s
Leakage with LED Off, Either Direction IDRM1 — 2 100 nA
(Rated VprM. Note 1) ‘ ' L '
Peak On-State Voltage, Either Direction VM — 1.8 3 Volts
(lTm = 100 mA Peak) )
Critical'Rate of Rise of Off-State Voltage (Note 3) " - dv/dt 1000 2000 — Vius
COUPLED ' ' '
LED Trigger Current, Current Required to Latch Output T mA
(Main Terminal Voitage = 3V, Note 2) MOC3041 — — 15
’ MOC3042 —_ - 10
MOC3043 - — 5
Holding Current, Either Direction IH — 100 — nA
Isolation Voltage (f = 60 Hz, t = 1 sec) Viso 7500 = —_ Vac(pk)
ZERO CROSSING -
Inhibit Voltage y VIH — 5 20 Volts
(Ir = Rated IgT, MT1-MT2 Voltage above which device will
not trigger.)
Leakage in Inhibited State IDRM2 =< 2 500 RA
(IF = Rated IfT, Rated VDRM. Off State)

Notes: 1. Test voltage must be applied within dv/dt rating.
2. All devices are guaranteed to trigger at an Ig value less than or e

qual to max IpT. Therefore, recommended operating Ig lies between max

IFT (15 mA for MOC3041, 10 mA for MOC3042, 5 mA for MOC3043) and absolute max Ig (60 mA).

3. This is static dv/dt. See Figure 7 for test circuit. Commutating dv/

TYPICAL ELECTRICA

- | [ T ]
OUTPUT PULSE WIDTH — 80
+600 IF = 30mA . //
4400 f = 60 Hz
P TA = 25°C //
0 s
- 200 —
a0 i
~ 600 .7/
—~ 800
-4 -3 -2 -1 0 1 2 3 4 s

VTM. ON-STATE VOLTAGE (VOLTS)

Figure 1. On-State Characteristics

dt is a function of the load-driving thyristor(s) only.

L CHARACTERISTICS
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Figure 2. Trigger Current versus Temperature



MOC3041,,MOC3042, MOC3043

IpRM2. NORMALIZED
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Figure 3. Iprpm1. Peak Blocking Current
versus Temperature
15 ~ NORMALIZED TO —
14 Tq = 25°C
Q13
3 12 s
IR
g ~
g [~
= N
&g .
08 .
07
-40 -2 0 20 40 60 80 100

Figure 5. Trigger Current versus Temperature
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Figure 4. Ipppm2. Leakage in Inhibit State
versus Temperature
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Figure 6. LED Current Required to Trigger
versus LED Pulse Width

. The mercury wetted relay provides a high speed repeated pulse to

the D.U.T.

. 100x scope probes are used, to allow high speeds and voltages.
. The worst-case condition for static dv/dt is established by triggering

the D.U.T. with a normal LED input current, then removing the
current. The variable RTEST allows the dv/dt to be gradually
increased until the D.U.T. continues to trigger in response to the
applied voltage pulse, even after the LED current has been removed.
The dv/dtis then decreased until the D.U.T. stops triggering. Tr¢ is
measured at this point and recorded.

Vmax = 400V

063 Vg _ 262

dvidt = —— &

TRC TRC

Figure 7. Static dv/dt Test Circuit &



MOC3041, MOC3042; MOC3043

Typical circuit for use when hot line switching is
HOT required. In this circuit the “hot” side of the line is
switched and the load connected to the cold or neutral
side. The load may be connected to either the neutral or
hotline.

Hn v Rin is calculated so that If is equal to the rated IfT of
the part, 5 mA for the MOC3043, 10 mA for the MOC3042,

or 15 mA for the MOC3041. The 39 ohm resistor and 0.01

—— wF capacitor are for snubbing of the triac and may or may

- not be necessary depending upon the particular triac and

*For highly inductive loads (power factor < 0.5), change this value to . load used.
360 ohms.

- Figure 8. Hot-Line Switching Application Circuit

Suggested method of firing two, back-to-back SCR's,
v 1 with a Motorola triac driver. Diodes can be 1N4001; resis-
cc R' tors, R1 and R2, are optional 330 ohms.
—. fin | moc304y
! - o—AAA— !
L/ 3;2 SCR )
3 *For highly inductve loads {power factor < 0.5), change this value to
360 ohms.
Note: This optoisolator should not be used to drive a load directly. It is
02 intended to be a trigger device only.
R2
< LOAD /\/
Figure 9. Inverse-Parallel SCR Driver Circuit
OUTLINE DIMENSIONS
CA] NOTES:
ormosAL STYE 6 1. DIMENSIONING AND TOLERANCING PER ANS!
WL wo ol oo Y14.5M, 1982.
} CONPGURATION 2 CATHOOE 2. CONTROLLING DIMENSION: INCH.
3. DM L TO CENTER OF LEAD WHEN FORMED
1.5 PARALLEL.
€ MAIN TERMINAL
S | 5. SUBSTRATE
ALV Y, & & MAN TERMINAL
K— B =t MILLMETERS NCHES
| — DiM | WMaN | MAX | MM | MAX
l A 813 [ 889 | 032003
— 1 8 | 610 |-660 | 0240 | 0260
= J C | 293 [ 508 | 0.015 | 0200
SATWG ; N D | o4 | 05 | 0016 | 0020
e -———{ R E | 102 |17 [“0040 | 0070
[ Jn G 2.54 BSC 0.100 BSC
9 i J [ 021 [ 0% [ 0008 [ 0on
E _.J M (#en00s® [1Te®[10) K | 038 | 25 | 0015 | 0100
T L 1.62 BSC 0.300 BSC
CASE 730A 7] e [ 5 [ 15°
(#o13005® [1Ta®[e@] 30A-02 N | 25 [ 381 | 0.100 | 0.1%0
PLASTIC
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M2764A

64K (8K x 8) NMOS UV ERASABLE PROM

FAST ACCESS TIME:

180ns MAX M2764A-1F1/M2764A-18F1

200ns MAX M2764A-2F 1/IM2764A-20F1

250ns MAX M2764AF 1/M2764AF6/M2764A-25F1
300ns MAX M2764A-3F1/M2764A-30F1

450ns MAX M2764A-4F 1/M2764A-4F6/M2764A-45F 1

m 0to +70°C STANDARD TEMPERATURE
RANGE

m —40'to +85°C EXTENDED TEMPERATURE
RANGE

= SINGLE +5V POWER SUPPLY
= +10% Voo TOLERANCE AVAILABLE
= LOW STANDBY CURRENT (35mA MAX)

= TTL COMPATIBLE DURING READ AND
¢ PROGRAM

m FAST PROGRAMMING ALGORITHM
u ELECTRONIC SIGNATURE

DESCRIPTION

The M2764A is a 65,536-bit ultraviolet erasable and
electrically programmable read only memory
(EPROM,). ltis organized as 8,192 words by 8 bits
and manufactured using SGS-THOMSON' NMOS-
E3 process.

The M2764A with its single + 5V power supply and
with an access time of 200ns, is ideal for use with
high performance + 5V microprocessor such as Z8,
Z80 and Z8000. The M2764A has an important fea-
ture which is to separate the output control, Oup-
tut Enable (OE) from the Chip Enable control (CE).
The OE control eliminates bus contention in mul-
tiple bus microprocessor systems.

The M2764A also features a standby mode which
reduces the power dissipation without increasing
access time. The active current is 75mA while the
maximum standby current is only 35 mA, a 53%
saving. The standby mode is achieved by applying
a TTL -high signal to the CE input. The M2764A has
an “Electronic Signature” that allows programmers
to automatically identify device type and pinout.
The M2764A is available in a 28-lead dual in-line
ceramic package (frit-seal) glass lens.

June 1988

DIP-28
(Ceramic Bull's Eye)

(Ordering Information at the end of the datasheet)

PIN CONNECTIONS

chc
] Pow

g =

“N.C

1
2
3
As [« 25]] a8
AS s 1231 Y
as s 23] an
a3 (|7 22]] o€
a2 |8 21]] a0
At 9 0[] CE
. A0 [ho 19]] o7
oo [ 18]] o6
o1 [ 7] os
oz fjn 16]] 04
GNO [|re 1s[] o3

PIN NAMES
AO-A12 ADDRESS INPUT
CE CHIP ENABLE INPUT
OE OUTPUT ENABLE INPUT
PGM PROGRAM
N.C. NO CONNECTION
00-07 DATA INPUT/OUTPUT

1/10




M2764A

-

BLOCK DIAGRAM

DATA OUTPUT
00- 07
O —— ourpur enasie .
PGM —— CHIP ENABLE &ND
C_E PROG. LOGIC OUTPUT BUFFERS
R , : ,
DECODER ' GATING
AO-AI2
ADDRESS { —™
INPUTS -~ 9 : :
=] X ; 65.5368BIT
] OECODER ‘ CELL MaATRIX
— |
$-6361
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Values Unit
Y All Input or Output voltages with respect to ground +6.5t0 —0.6 \%
Vpp Supply voltage with respect to ground +14 to -0,6 \
T Ambient temperature under bias /F1 —-10to +80 °C
amb IF6 - 50t +95 °C
k
Tsig Storage temperature range - 65t0 +125 °C 1
Voltage on pin 24 with respect to ground +13.5t0 —0.6 Vv

Stresses above those listed under *‘Absolute Maxim
- and functional operation of the devi
is not implied. Exposure to absol

OPERATING MODES oo

um F(aﬁngs" may cause permanent damage to the device. This is a stress rating only
ce at these or any other conditions above those indicated in the operational sections of this specification
ute maximum rating conditions for extended periods may-affect device reliability.

PINS CE OE A9 FGM | Vep Vee OH?.’%TS
MODE | (20) (22) (24) 27 M ) (28) | :15.19)
READ ; ViL ViL X ViH Vee Vee .| ~Déut
OUTPUT DISABLE Vi ViH X Vin Vee Vee HIGH Z
STANDBY Vin X X X Vee Vee HIGH Z
FAST PROGRAMMING ViL ViH X ViL Vpp Vee DN
VERIFY ViL Vi X ViH Vep Ve . Dout
PROGRAM INHIBIT Viy X X X Vpp Vee HIGH Z
ELECTRONIC SIGNATURE Vi Vi Vi Vir Vee Vee CODES

NOTE: X can be VIH or V‘L

2/10
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M2764A

READ OPERATION
DC AND AC CONDITIONS

P

Selection Code F1_i;;f/1_{ ;FZ::‘ - 185;/0;;2/()i11/55—:125F1 F6/-4F6
Operating Temperature Range 0 to 70°C ' 0 to 70°C —40 to 85°C
Ve Power Supply (1.2) 5V +5% 5V £10% 5V =5%
Vpp Voltage () Vpp = Vco Vep = Vce Vep = Ve

DC AND OPERATING CHARACTERISTICS
Values
Symbol Parameter Test Conditions Min. Typ.0) W Unit
Iy Input. Load Current ViN=5.5V 10 pA
ILo Output Leakage Current | Voyt=5.5V 10 kA
lppi(2) Vpp Current Read Vpp=5.5V 5 mA
lcci@ | Vec Current Standby E:V,H 35 mA
lcc2 | Veg Current Active CE=0E=V 75 mA
Vi Input Low Voitage -0.1 +0.8 Y
ViH Input High Voltage e 0} Vee+1 Y
VoL Output Low Voltage loL=2.1 mA 0.45 - vV
VoH | Output High Voltage low = — 400 4A 2.4 v
Vpp@) Vpp Read Voltage Vee =5V +0.25V 3.8 Vee \"
AC CHARACTERISTICS
Vec+ 5% | 2764A-1 | 2764A-2 | 2764A | 2764A-3 | 2764A-4
Sfy?nbol Parameter Vec+10% [2764A-18 | 2764A-20 | 2764A-25 | 2764A-30 | 2764A-45 Unit
v Test Conditions | Min | Max | Min |Max | Min |Max | Min | Max | Min | Max
tacc |Address to Output Delay |CE=OE =V, 180 200 250 300 450 | ns
tce |CE to Output Delay OE=Vj_ T 180 200 250 300 450 | ns
tog |OE to Output Delay CE=V,_ 65 75 100 120, 150 | ns
toFw) |OE High to Output Float » |CE =V, 55|01 55| 0| 60| 0 [105| 0 [130] ns
ton |Output Hold from Address Q_E=&= Vil 0 0 0 10 0 ns
CE or OE Whichever )
Occurred First -
CAPACITANCE® (Tamp = 25°C, f=1 MHz) o
Symbol Parameter . 1 Test Conditions Min. Typ. © Max. Unit
CiN Input Capacitance ViN=0V 4 6 pF
Cout Output Capacitance VouT =0V 8 12 pF
Notes: 1. Vgc must be applied simultaneously .or before Vpp and removed simultaneously or after Vpp.

2. Vpp may be connected directly to Vce except during programming.
The supply current would then be the sum of | c and lppy.
Typical values are for Tgmp =25°C and nomina supply vo‘tages. : :
This parameter is only sampled and not 100% tested. Output Float is defined as the point where data is no longer driven-see
timing diagram.
This parameter is only sampled and is not 100% tested.
)

S
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M2764A

v

READ OPERATION (Continued)

AC TEST CONDITIONS

Qutput Load: 100pF + 1TTL Gate

Input Rise and Fall Times: <20ns

Input Pulse Levels: 0.45 to 2.4V

Timing Measurement Reference Levels: Inputs 0.8 and 2V
Outputs 0.8 and 2V

AC'TESTING INPUT/OUTPUT WAVEFORM AC TESTING LOAD CIRCUIT

13V

out o

e 20 70
>TEST poxms< CRYICE
£ o8 UNDER
0.45 : TEST
CL=100pF

. 5
s4a07
. I
4002

CL INCLUDES JIG CAPACITANCE

AC WAVEFORMS

v,
IH "l 74 1
ADDRESSES ADDRESS VALID X %
K ol ot 7

Vi

>

YiL == -— &
’ ‘ce
Vin .
OE - Z
iL ______.__J tpr(2.4)
'OE (3) .
tacc® o iy . ©
Vin e -
. . Y .o~
OUTPUT HIGH 2 ///// VALID OUTPUT @>> Hien 2
Ty e ‘ .
. 56809
Notes: -
1. Typical values are for Ty, =25°C and nominal supply voltage.
2. This parameter is only sampled and not 100% tested.
3. OE may be delayed up 10 tacc - tog after the falling edge C—E'wnhou! impact on tacc.
4. tor is specified from OF or CE whicheyer occurs first.
4/10 ‘ : )
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M2764A

DEVICE OPERATION

The seven modes of operations of the M2764A are
listed in the Operating Modes. A single 5V power
supply is required in the read mode. All inputs are
TTL levels except for Vpp and 12V on A9 for Elec-
tronic Signalure.

READ MODE * .

The M2764A has two control functions, both of
which must be logically satisfied in order to obtain
data at the outputs. Chip Enable (CE) is the power
control and should be used for device selection.
Output Enable (OE) is the output control and should
be used to gate data to the output pins, indepen-
dent of device selection.

Assuming that addresses are stable, address ac-
cess time (tacc) is equal to delay from CE to out-
put (tcg). Data is available at the outputs after the
falling edge of OE, assuming that CE has been low
and addresses have been stable for at least
tacctoe-

STANDBY MODE

The M2764A has a standby mode which reduces
thé maximum active power current from 75 mA to
35 mA. The M2764A is placed in the stan%@y mode
by applying a TTL high signal to the CE input.
When in the standby mode, the outputs are in a
high impedance state, independent of the OE input.

OUTPUT OR-TIEING

Because EPROMSs are usually used in larger
Jmemory arrays, the product features a 2 line con-
trol function which accommodates the use of mul-
tiple memory connection. The two line control func-
tion allows:

a) the lowest possible memory power dissipation
b) complete assurance that eutput bus contention

will not occur.

_For the most efficient use of these two control lines,
CE should be decoded and used as the primary
device selecting function, while OE should be made
a common connection to all devices in the array
and connected to the READ line from the system
control bus.

This assures that all deselected memory devices
are in their low power standby mode and that the
output pins-are only active when data is desired
from a particular memory device.

SYSTEM CONSIDERATIONS

The power switching characteristics of NMOS-E3
EPROMs require careful decoupling of the devices.
The supply current, Icc, has three segments that
are of interest to the system designer: the stand-
by current level, the active current level, and tran-

)

sient current peaks that are produced by the fall-
ing and rising edges of CE. The magnitude of this
transient current peaks is dependent on the out-
put capacitive and inductive loading of the device. .
The associated transient voltage peaks can be sup-
pressed by complying with the two line output con-
trol and by properly selected decoupling capacitors.
It is recommended that a 1 uF ceramic capacitor
be used on every device between V¢ and GND.

This should be a high frequency capacitor of low
iherent inductance and should be placed as close
to the device as possible. In addition, a 4.7 uF bulk
electrolytic capacitors should be used between
Ve and GND for every eight devices. The bulk
capacitor should be located near where the pow-
er supply is connected to the array. The purpose
of the bulk capacitor is to overcome the voltage
drop caused by the inductive effects of PCB traces.

PROGRAMMING

Caution: exceeding 14V on pin 1 (Vpp) will
damage the M2764A.

When delivered, and after each erasure, all bits of
the M2764A are in the ‘1" state. Data is introduced

by selectively programming ‘'0s'"into the desired

bit locations. Although only ‘0s’” will be-
programmed, both *“1s’’ and *‘0s"’ can be present
in the data word. The only way to change a “0"
to a “‘1" is by ultraviolet light erasure.

The M2764A is in the programming mode when .
\ipp input is at 12.5V and CE and PGM are at TTL
low. The data to be programmed is applied 8 bits
in parallel to the data output pins. The levels re-
quired for the address and data inputs are TTL.

FAST PROGRAMMING ALGORITHM

Fast Programming Algorithm rapidly programs
M2764A EPROMs using an efficient and reliable
method suited to the production programming en-
vircnment. Programming reliability is also ensured .
as the incremental program margin of each byte

_is continually monitored, to determine when it has

becn successfully programmed. A flowchart of the
M2764A Fast Programming Algorithm is shown on
the last page. The Fast Programming Algorithm uti-
lizes two different pulse types: initial and over-
program. - :

.

The duration of the initial PGM pulse (s) is one mil-
lisecond, which will then be followed by a longer
overprogram pulse of length 3Xmsec. (X is an itera-
tion counter and is equal to the number of the ini-
tial one millisecond pulses applied to a particular
M2764A location), before a correct verify occurs.
Up to 25 one-millisecond pulses per byte are pro-
vided for before the over program pulse is applied.

(57 SGS-THOMSON Sl
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M2764A

DEVICE OPERATION (Continued)

The entire sequence of program pulses and byte
‘verifications is performed at Vgc=6V and
Vpp=12.5V. When the Fast Programming cycle
has been completed, all bytes should be compared
to the original data with Voc=Vpp=5V.

PROGRAM INHIBIT

Programming of multiple M2764As in parallel with
different data is also easily accomplished. Except

for CE, all like inputs (including OE) of the parallel -

'M2764A may be common. A TTL low pulse applied
to a M2764A’'s CE input, with Vpp at 12.5V, will
program that M2764A. A high level CE input inhibits
the other M2764A from being programmed.

PROGRAM VERIFY

A verify should be performed on the programmed.

bits to determine that they were correctly
- programmed. The verify is accomplished with OE
at Vv, CE at V,, PGM at V| and Vpp at 12.5V.

ELECTRONIC SIGNATURE

The Electronic Signature mode allows the reading
out of a binary code from an EPROM that will iden-
tify its'manufacturer and type. This mode is intend-
ed for use by programming equipment for the pur-
. pose of automatically matching the device to be
programmed with its corresponding programming
algorithm. This mode is functional in the 25°C
- +£5°C ambient temperature range that is required
when programming the M2764A. To activate this
mode, the programming equipment must force
11.5V to 12.5V on address line A9 (pin.24) of the
M2764A. Two identifier bytes may than be sequen-

ELECTRONIC SIGNATURE MODE

ced from the device outputs by toggling address
line AO (pin 10) from V,_to V4. All other address
lines must be held at V,_during Electronic Signatu-
re mode. Byte 0 (A0 =V, ) represents the manufac-
turer code and byte 1 (A0 = V) the device identifi-
er code. For the SGS-THOMSON M2764A, these
two identifier bytes are given below. All identifiers
for manufacturer and device codes will possess odd
parity, with the MSB (07) defined as the parity bit.

ERASURE OPERATION

The erasure characteristic of the M2764A is such
that erasure begins when the cells are exposed to
light with wavelengths shorter than approximately
4000 Angstrom A.. It should be noted that sunlight
and some type of fluorescent lamps have
wavelengths in the 30004000 A range. Data shows
that constant exposure to room level fluorescent
lighting could erase a typical M2764A in about 3
years, while it would take approximately 1 week to
cause erasure when expose to direct sunlight. If
the M2764A is to be exposed to these type of light-
ing conditions for extended periods of time, it is
suggested that opaque labels be put over the
M2764A window to prevent unintentional erasure.
The recommended erasure procedure for the
M2764A is exposure to short wave ultraviolet light
which has wavelength 2537 A. The integrated dose
(i.e. UV intensity x exposure time) for erasure
should be a minimum of 15 W-sec/cm2. The.
erasure time with this dosage is approximately 15 .-
to 20 minutes using an ultraviolet lamp with 12000
uW/cm? power rating. The M2764A should be *
placed within 2.5 cm (1 inch) of the lamp tubes dur-
ing the erasure. Some lamps have a filter on their
tubes which should be removed before erasurd,

PINS| Ao | o7 | 06 | 05 | 04 | 03 | 02 | 01 | 00 | Hex '
N— (10) | (19) | (18) | (10 |.(18) | (15) | (13) | (12) | (11) | Data
MANUFACTURER CODE vie | o 0 1 0 0 o o | o 20
DEVICE CODE Vih | 0 0 0 0 1 0 o | o | os
Y
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M2764A

PROGRAMMING OPERATION (Tamp=25°C +£5°C, Viecl=6V 10.25V, Vpp(=12.5V +0.3V)

DC AND OPERATING CHARACTERISTIC

Values
Symbol Parameter Test Conditions Unit
Min. Typ. Max.
Iy Input Currerit (All Inputs) ViN=VLor Viy 10 pA
ViL Input Low Level (All Inputs) -0.1 0.8 \
ViH Input High Level 2.0 Vee \Y
VoL | Output Low Voltage During Verify loL=2.1 mA 0.45 \Y
Vox | Output High Voltage During Verify lon = —400 pA -2.4 \
lcc2 | Voc Supply Current (Program & Verify) , ) 75 mA
lpp2 | Vpp Supply Current (Program) CE=V, 50 mA
Vip A9 Electronic Signature Voltage 11.5 12.5 \"
AC CHARACTERISTICS
Tarer “ \ Values -
Symbol Parameter Test Conditions
Min. Typ. Max. Unit
tas Address Setup Time 2 us
toes OE Setup Time “ us
tos Data Setup Time : e 2 us
taH Address Hold Time 0 us
toH Data Hold Time 2 LS
DFP(4) | Output Enable Output Float Delay 0 130 ns
tves Vpp Setup Time - 2 us
tvcs | Vcc Setup ime _ 2 ’ kS
tces | CE Setup Time 2 | s
tpw PGM Initial Program Pulse Width | (see Note 3) 1 095 1.0 1.05 | ms
torw PGM Overprogram Pulse Width - (see Note 2) 285 78.75 ms
tog~ | Data Valid from OE . 150 ns
Notes: ‘ T~ .
1. Vgc must be applied simultaneously of before Vpp and removed simultaneously or after Vpp.
2. The length of the overprogram pulse may vary from 2.85msec to 78.75msec as a function of the iteration countér value X.
3. Initial Program Pulse width toierance is 1msec +5%.
4. This parameter is “only.sampled and not 100% tested.
Output Float is defined as the point where data is no longer driven (see timing diagram).
SGS-THGMSON 19
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M2764A

L

PROGRAMMING WAVEFORMS

PROGRAM VERIFY.
Vi 2
ADDRESSES X ADDRESS STABLE
=5 -
vlL ¢
t
,_L..‘ tak
' Vin 7
: L . HIGHZ
DATA DATA IN STABLE DATA OUT VALID
v, 3 3N
“' A S l
tos toH DFP
) 125 +~F 2
Vep /
s tvps
L 2
Vee _ /
5V thee 4
i ——
CE \
Yie ®
tces
ViH 2
Vi
tpw toes toe
Vin —
ot toPW \ e
it e J (), $-754312
&

Notes:
1. The input timing reference level is 0.8V for a Vi and 2V for a V.
2. &E and tpep are characteristics of the device but must be accommodated by the programmer.
hen programming the M2764A a 0 1uF capacitor is required across Vpp and GROUND to suppress spurious voltage lran5|ents which
can damage the devics.

Bl (7. SGS:THOMSON
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M2764A

ST PROGRAMMING FLOWCHART

Al

ADOR-FIRST LOCATION

ONE 1ms PULSE

INCREMENT X

PROGRAM
VERIBFV ONE

Pao e

LFaiL

PROGRAM ONE PULSE
OF 3X-ms DURATION

0
NEHIDNT, )< TAST ADDR?

-

Ny, YES

Vec=Vpp =SV

OMPARE

AL& BYTES FAIL
TO ORIGINAL
- OAIA

DEVICE
FAILED

PASS

DEVICE PASSED

FAIL

S- 6881

DEVICE
FAILED

a 13iS0
. £7Ir. ﬁfémm%i?@ia&
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SIEMENS

Phase Control IC

Features

@ Reliable recognition of zero passage

® Large application scope

@ May be used as zero point switch

® LSL compatible
@ Three-phase operation possible (3 ICs)
@ Output current 250 mA

® Large ramp current range
@ Wide temperature range

TCA 785
Bipolar IC

P-DIP-16-1

Type

Ordering Code

Package

TCA 785

Q67000-A2321

P-DIP-16-1

This phase control IC is intended to control thyristors, triacs, and transistors. The trigger pulses
can be shifted within a phase angle between 0 ° and 180 °. Typical applications include

converter circuits, AC controllers and three-phase current controllers.

This IC replaces the previous types TCA 780 and TCA 780 D.

6ND [
o]
[
ol
Vone [
I
o]

Ver [

1

2

3

k

5

6

1

8

Ly

5
14
13
12
1

10

9

1EPO0356

Pin Configuration
(top view)

Pin Definitions and Functions

Pin Symbol |Function

1 GND Ground

2 Q2 Output 2 inverted
3 Qu Output U

4 Q2 Output 1 inverted
2) Vsyne Synchronous voltage
6 I Inhibit

7 QZz Output Z

8 V Rer Stabilized voltage
9 Ro Ramp resistance
10 Cro Ramp capacitance
11 Vi Control voltage

12 Cr2 Pulse extension
13 L Long pulse

14 Q1 Output 1

18 Q2 Output 2

16 Vs Supply voltage
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Functional Description

The synchronization signal is obtained via a high-ohmic resistance from the line voltage
(voltage Vs). A zero voltage detector evaluates the zero passages and transfers them to the
synchronization register.

This synchronization register controls a ramp generator, the capacitor Cio of which is charged
by a constant current (determined by Ro). If the ramp voltage V1o exceeds the control voltage
V11 (triggering angle o), a signal is processed to the logic. Dependent on the magnitude of the
control voltage V11, the triggering angle ¢ can be shifted within a phase angle of 0" to 180".
For every half wave, a positive pulse of approx. 30 s duration appears at the outputs Q1and
Q 2. The pulse duration can be prolonged up to 180° via a capacitor Cre. If pin 12 is connected
to ground, pulses with a duration between ¢ and 180° will result.

Outputs @1 and @2 supply the inverse signals of Q 1 and Q 2.

A signal of ¢ +180° which can be used for controlling an extenal logic,is available at pin 3.

A signal which corresponds to the NOR link of Q 1 and Q 2 is available at output QZ(pin 7).
The inhibit input can be used to disable outputs Q1, Q2and U1 , W2 .

Pin 13 can be used to extend the outputs @7 and T2 to full pulse length (180" — g).

G I___Pulse
127 Extension
A12
S
Ysyne D Synchron. 1
Zerg Register a1
Detector g & —
6 * Y _ \J Q2
Vs T ) Discharge Logic {2 03
s A. . |Monitor 3
i o oy _]_ QU
— 7
[_> J N (074
Controt
- 1 Comparator
D
1 T68
; Discharge
9 8 10 1 Transistor 6113

Vi
R e Bt (o2 Control Inhibit Long-Pulse
9 stab &40 _/ Voliage Commutation
1EBCO358

Semiconductor Group 2
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TCA 785

ey

Synchronization voltage

Ramp peak voltage
Ramp voltage

Control voltage

Min. romp voltage = V,

- Q2

- Q1

- Q2, Pin 120 GND

at

1 E Vy4- Q1, Pin 12to GND
_ ] L
l g Y L] v - azPin1sieoen
AT DN s
! "3 _J | V, - @1, Pin 13 to GND
i | 20 N |
l i |
' ! V3 - QU
i : : vy - Qz
U
| [ [ ]
! [ T ®
0 ¥ 180" IED0D359
Pulse Diagram
Semiconductor Group 3
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TCA 785

Absolute Maximum Ratings
Parameter Symbol Limit Values Unit
min. max.

Supply voltage Vs —-0.5 18 \'

Output current at pin 14, 15 lo -10 400 mA

Inhibit voltage Vs -0.5 Vs \"

Control voltage Vi -05 Vs Vv

Voltage short-pulse circuit Vis -0.5 Vs v

Synchronization input current Vs -200 + 200 uA

Output voltage at pin 14, 15 Va Vs \'

Qutput currentat pin 2, 3, 4, 7 Ia 10 mA

Output voltage at pin 2,3, 4,7 Va Vs \'

Junction temperature T; 150 °C

Storage temperature Tstg —55 125 °C

Themal resistance

system - air Rinsa 80 KW

Operating Range

Supply voltage Vs 8 18 \'

Operating frequency f 10 500 Hz

Ambient temperature Ta -25 85 °C

Characteristics

8<Vs<18V;-25°C<Ta<85°C;f=50Hz

Parameter Symbol Limit Values Unit| Test
e typ. =y Circuit

Supply current consumption Is 4.5 6.5 10 mA |1

S1 ... S6 open

Viu=0V

Cio=47nF, Rs =100 kQ

Synchronization pin 5

Input current Isms 30 200 pA i1

R 2 varied

Offset voltage AVs 30 75 mV {4

Control input pin 11

Control voltage range Vi 0.2 V10 peak vV i1

Input resistance Rn 15 ko 5

Semiconductor Group 4
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Characteristics (cont'd)
8<Vs<18V;-25°C<Ta<85°C;f=50Hz

Parameter Symbol Limit Values Unit| Test
Circuit

min. typ. max.

Ramp generator
Charge cumrent Io 10 1000 pA
Max. ramp voltage Vio V-2 \'
Saturation voltage at capacitor | Vio 100 225 350 mV
Ramp resistance Rs 3 300 ka
Sawtooth retum time f 80 us

Inhibit pin 6
switch-over of pin 7
Outputs disabled Vel 33 25 Vv
Outputs enabled Ven 4 3.3 \Y
Signal transition time Ir 1 L) us
Input current Ien 500 800 pA
Ve=8V
Input current bt 80 150 200 pA |1
Ve=17V

Deviation of o [o -5 5 % i1
R 9= const.

Vs=12V; Cio =47 nF
Deviation of e Tio - 20 20 % 1
R 9 = const.

Vs=8Vto18V

Deviation of the ramp voltage
between 2 following
half-waves, Vs = const. AV10 max ] %

N Y

e e N Y

Long pulse switch-over
pin 13

switch-over of S8
Short pulse at output Vizu 3.5 25
Long pulse at output VisL 25 2
Input current JEETY 10
Vis=8V
Input current —hs. |45 65 100
Vis=1.7V

Outputs pin 2, 3, 4,7
Reverse cument Iceo 10
Va=Vs
Saturation voltage Veat 0.1 04 - 2
Ia=2mA

'§, '§><<

2.6

< 5

26

Semiconductor Group 5
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TCA 785

Characteristics (cont'd)

8<Vs<18V;-25°C<Ta<85°C;f=50Hz

Parameter

Symbol

Limit Values

typ.

max.

Unit

Test
Circuit

Qutputs pin 14, 15
H-output voltage
—la=250 mA

L-output voltage
Io=2mA

Pulse width (short pulse)
S9 open

Pulse width (short pulse)
with Ci2

Vigisu

Vigsi

Ip

Ip

Vs—3

0.3

20

530

Vs—25

0.8

620

Vs—1.0

760

3.6

2.6

Internal voltage control
Reference voltage
Parallel connection of
10 ICs possible

TC of reference voltage

2.8

3.1

2x10-4

3.4

5x10-4

1/K

Semiconductor Group
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TCA 785

Application Hints for External Components

min max
Ramp capacitance Cio 500 pF 1 The minimum and maximum values of I1o
are to be observed
Tii . - VitxRex Cio 2
riggerin in m=s ———
ggering po Ve % K
: Veerx K 2) Ramp voltage VReex Kxt 2
Charge current ho= Viomax=Vs -2V Vio= ——
Ra Rax C1o
Pulse Extension versus Temperature
780 l -
s/nF
us/ %=15V
660 - Cy;=1nF
600 — St
540
S 480
542
< 360
o
£ 300
[« 9
240
180
=] ~
60
0
-40 -20 0 20 40 60 80 T 100

) Attention to fiyback times
AK=110£20%

Semiconductor Group
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TCA 785

Output Voltage measured to + Vs

3.7

1£D00361

35

33
31

V=15V

I
i

25

29
%~ Vs

2.7
25

23 =

21
19—t

17k

15
13

11,

)

6.2
0

¢

100

200

Supply Current versus Supply Voltage

1ED00362
85
mA =
7.9 7 '.
I A -25°C
P
o E
- +25 -C
S B
e Pd
61 ’// +85 C
//
55 =
7
’/
L9
£3
8 10 12 1% 16 18V 20

Semiconductor Group
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E‘zl 1nF
.
1 <
5
Zero A2
50_0 HZD1 = f QZSO k@5 Detector
6x10 kQ
D Synchron. 14
8 Veus R4 R, Register ” 3
v I 16 +7 Y 15 | S2 Ve
° _L T 8 Discharge Logic |2 S3
I—‘IOO nF - - - JAW _.L Monitor 3 N
- - ) 7 |55
_D J Sé6
O
Conirol
1 Comparator
GND 1 \l
_EADischa_rge
9 |8 10111 Transistor 6l
» <
£ l ° N 0Vto ST 5 8
w3 G &;‘ﬁ, £ 10 ksz Th
i 10 kQ
0..Vs Vs Vs 0 Ve
1ES00363

It is necessary for all measurements to adjust the ramp with
the aid of Cio and R s in the way that 3V< Vampmax< Vs—2 V
e.g.Co=47nF; 18 V: R9 =47 kQ; 8 V: R9 =120 kQ

Test Circuit 1

Semiconductor Group 9
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Rp 10
{Jegn)
O MC6

14,15
Y
(vgut)

1

IES00364

Pin2,3.47

The remaining pins are connected as in test circuit 1

Test Circuit 2
Ve
Iﬂ
Pin 14, 15
MEC 6
oo |
1ES00365
The remaining pins are connected as in test circuit 1

Test Circuit 3

Semiconductor Group 10
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V5/mV 15
oo
—e f
5
VIV
0
—e f
Y %

ke %

i

1£S00366

Remaining pins are connected as in test circuit 1
The 10 uF capacitor at pin 5 serves only for test purposes

Test Circuit 4
+
Pin 3 Oscillator
@
Pin 11 OVM
1" (l)
Pin 1 I =N JES00368
[ES00367
Test Circuit 5 Test Circuit 6

Semiconductor Group 11
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TCA 785

—— +
lo—T1+——
J
122kQ 7ZN7D6S5S
7 4 o
Quiputs
IES00369
inhibit 6
P T +

— 0

IESGO371

Pulse Extension 12

Semiconductor Group
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IES00370

Long Pulse 13

—O[J

1ES00372

Reference Voltage 8
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TCA 785

R L
o—e—— ®
& -
[‘] LTkQ Reve
Iw 220 kQ
W 1N&005
0.47 uF:L Load ®
10 k2
1T 176 [] s e
l 15 BAY 61 T
K70 uF | ! L~ EaY 51! 150 9 A
— N XY | = D1
16 V- BAY|BAY| s TXC10
20V SER1lr N Y \ ¢
2 s| TCA 785 |19 == 2.2 uF(MKH)
0.22 uF 6 1\ [ &2 )[/I*«o kQ
— | SN )
250y~ | BV 7 10 i
8] 9 l | e
27 k% 150 pF
s
0.1 uF%: S
100 |47pF
kQ
v Lo L@
o—
Mp IES00373
Application Examples

Triac Control for up to 50 mA Gate Trigger Current

A phase control with a directly controlled triac is shown in the figure. The triggering angle of
the triac can be adjusted continuously between 0° and 180° with the aid of an external
potentiometer. During the positive half-wave of the line voltage, the triac receives a positive
gate pulse from the IC output pin 15. During the negative half-wave, it also receives a positive
trigger pulse from pin 14. The trigger pulse width is approx. 100 us.

Semiconductor Group
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TCA 785

220 v~

o
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Z o

Fully Controlied AC Power Controller

Circuit for Two High-Power Thyristors

Shown is the possibility to trigger two antiparalleled thyristors with one IC TCA 785. The trigger
pulse can be shifted continuously within a phase angle between 0" and 180° by means of a
potentiometer. During the negative line half-wave the trigger pulse of pin 14 is fed to the
relevant thyristor via a trigger pulse transformer. During the positive line half-wave, the gate of
the second thyristor is triggered by a trigger pulse transformer at pin 15.

Semiconductor Group
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