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Abstract

A Programmable Power Supply has been designed and developed for using in a
laboratory. The output voltage provides a 15 Vdc at 850mA and can be programmed via either
a front panel keypad or a RS232C standard interface. The supply consists of a digital circuit
controlled by a 8052 AH-BASIC microprocessor, an analog circuit, MC1466L a precision voltage
regulator, two channels 12 bit digital-to-analog converter, DAC1210 for setting the reference
voltage and a 12 bit analog-to-digital converter, AD574A for monitoring of the output voltage
and current. The unregulated DC source was regulated by the MC1466L which provides the
output voltage equal to the reference voltage programmed by the digital-to-analog converter.
Test of the power supply has shown that DC voltage % load regulation was better than 0.5%
and the resolution of reference voltage was 5 mV. In addtion to setting the output voltage via
the front panel keypad manually, with the programmed voltage generated by the PC through
the RS232C, the output can also be programmed for generating sine, sawtooth, triangular

waveform or arbitrary waveform.
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Type or part number
of op amp
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{not always shown)
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{not always shown)

.
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3.1.4.4 238uaN ( Stack Pointer : SP )
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SPECIAL FUNCTION REGISTERS AU
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FLICTION
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7 3.3 usasmarimauanduasine’

3.1.7 @2RUINVGNY ( Timer/Counter )
MCS-51 fshiuna/datiu 16 fin 2 ¢ Aa Timer/Counter 0 W&y Timer/Counter 1 &4
8032/8052 fa@n 1 qa A2 Timer/Counter 2 vnwsAusiacsi¥unIm/dniu (Timer/Counter)

sumnfsiadwnaldduidunandadninfle

3.1.7.1 G2AuLR /@0 wazdIduAY/Giy1

winsihasgnisehmuddhiunaviaduwinild demadmiewnae v
mugniisieas TMOD lunga SFR

Tukerdudiadunm ﬁﬁﬁﬁma%mﬁudmn 7 Apdnauseiu dniu diaaliiiamada:
Whidwuresigansusmdv Lﬁaamm,wiaz"igﬁnmmﬁu Usznaudie 12 aulnseasanen3aem
mriusazad asfiunmit 1/12 rennsiisesdanme’

Lo Ramefafinemneddifimafomalasmme an 1 du o 7
dhsnfin To v T1 sluﬁaﬁ%uﬁﬁrgtmmmauanﬁﬁmmqn%mmﬂéq (Sampling) TWisTN
SEP2 amannigAnTunu Iﬂﬂﬁmﬁuﬂg\‘lﬁmmmﬁwLﬁmsﬁuzjﬂuﬁgﬁnmﬁa S lwiginadh

] ). 4 [ ol a s A‘ d ] i ‘ ] v i s
dasnaacdygnondufiusviudi FRawmatasiudaming lasfidh sl asnngfifdame’

51




1 W W A 1 A A‘I 3 w W I3 (7] L 73 1] [
19 S3P1 2eeiping Tewilisudhly axlfig 2 Spdnsunedu (whifu 24 enn) Tumssuehdas
maulden 1 w0 Folu ehgegalumeiuasiidom 1/24 vesenufioastiaiaine’ uazdyano
= A:iu 3 (Y- ] tJ ) ] L2 d‘ a [ d. :
Bunnihusiuar bifidasseasvhefininanass Duly Cycle usaegniiudiaseiussdignuanialiy
] A’i 14 - l:; 1 13 v w o ] d‘ A:ll 0 (Y] [¥) 1 -
udacaidasidundiothaios 1 Ipdnsunddunouiirswfeuaassunsssulnal  lumaian
e idiutudndunaaudantd 4 Tiwe da e 0 . 1 uae 2 Banlévisaasdhang
Timer/Counter dalnag 3 asvhamuanssaantyl
Toua 2
Tim 2 Smavnowlar mytwuelidsy 8 fn 289 TL1 uay aslvaninsley
Saludidmness Wolms Overflow ®n TL1 ¢ogl 34 liienudl TF1 axffudiu 1 ul TL1 4y
L3 wa 1 ':: A 1 3.'; 1 & 2 o y
giivoedalui@nnamdlily  THI  Fehlw TH1 swnandeidemandual  femslimd
MOV uamml,%ﬁ\lﬂ‘lmiﬁ TL1 ¥ne3ia Overflow THO uay TFO aufughimnmavnamluy

Tnueii

oBsC L3¢ ]
[V ™
4
-
= O oerrea T "7 e
Ti PIN C/Tay

CONTROL.

L [T p— : '
. ™
caTc Ce-8:TE)>
YRTI

IN

34 dunaviiun howlulnue 2 wulwaelna 8 fin

52



o
0191799 3.3 TMOD : Timer/Counter Mode Control Register

63

GATE

cr M1 MO GATE C/T Ml MO
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1991 3.4 TCON : Timer/Counter Control Register
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avialawiel svuu RS-232 ilmmffuniqeandin BIA 232-D1986 (3aduni RS-232D)  snaqs
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4.2 szululasneulnsaiand
13
TWlessmifiesitdonlirbilaseoulmawasorens Mcs-51 Tumsmugameun
vimae WiosnnifusaulalanaulmawreFduitiouaelfouie nvistenafiangulumaden
lmwlsunen Waliglminaiasliunamunumsse wssiiinasiilfiasdhemm
fugaigu mw C, BASIC {iudiu
dasnnauulalasreulnsaeaimege Mcs-51 siulidgpaniunlivmesndein tu
a 4 A 2 a v a a t (4
losswiiesdsdonidsnfimsnzaniuioy,  SenwBoneu  uasszaanlumafasnlusunsann
: U A S w L4 3 3 . }
fign loun vesameulnsaina? CP-AT32 Fnfin 87f Iedavinauie Wifhuwasaneulniaiaes 7l
¥ 1% H 2 o e ¢
{hathanemaiswasmsgasmingsw, madinm, swenuegumeluthu, mens, dninem duuade

e Wamnuaiatilfaanmhiidelisunssdmanmussusua vianwiwan

4.2.1 pmudnyaiciavzasafaneulniainsd CP-ATI2

- 14 cPU wa¥ 80C154 (8032)

_ WATCH DOG shansnidantd vouww 8, 16, 32 fn

- udaswasnaansalsunsums PULL UP mulwlddaelwidu HI IMPEDANCE
(100K) 38 LOW IMPEDANCE (10K)

- RS232/RS422 1 CHANNEL .

- Real Time Clock ( M6264B OKI )

- PROGRAMMABLE PORT 8255*3 (72 {in 1/O)

- §iie LCD Hauwy CHARACTER uatuwy GRAFFIC

_ fii¢ia KEY BOARD W MATRIX 4 * 4 (PORT 1 989 CPU)

- ansafinmbhaanasmevanlaésn Toefianifinly 3 saniin ananidan
mnauaLduwisuaaaTal® ( 8KB / 32KB )

4.2.2 Teasdransau
Y A o [ 73 P
yase CPAT 32 wanninazl¥ifu CPU 80C154 FafluaaaAim MHS wuastialdleiu cPU

ynéluasena MCSS1 w9 INTEL JP1 fwiwmedasli CPU ufimalusunsameluvame
uan lnathld JUMPER JP1 aufiuns EXECUTE lusunssmeuen (EXTERNAL CODE)
whaanud U3 suntnidanlfld 2 e @o 8KB (2764) way 32KB (27255) laeidan JP4 ¢

43

Je ] =
B as

=~ o

2764COK) 27256C32K>

7V 43 Umdn JP 4 Waienmbeamad) U3
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4.2.2.1 WNYBWMKILAING U3
gniwuabifuuuy  CODE MEMORY fa wiumheensdilisuna bissnanidan

Whiaehadule

4.2.2.2 WIwANNN U4
sansoifanlel 4 wes fe 2764 , 27256 , 6264 , 62266 laemsidenmsien JUMPER

JP 5 613k
el o] =) T
se " an am
aw EE] ne ne
as an un [ X ]
= e e S
xs nm ) »e “m
an E s am
2764 27256 6264 62256

U 44 maéin JUMPER tRaidanmistemarh Us

IP 3 aufiuidan dumiEaduzamiuemd Us Taudndoud 0000-6000H m3
Td JUMPER 1 ¢h fishumis U4 auiishumis ADDRESS Badufisumindunasiionsem 8 kB
dhathatu JP 3 18 JUMPER arsasuvmia 2000H wieasraiievanefl U4 fiéumis ADDRESS #1
2000H-3FFFH ¢vmald JUMPER 4 ¢ dausiéhuwnis 0000-6000H ehuvwiy ADDRESS %849
he e U4 auBafi 0000-7FFFH

P 11 duddenuuuasmheenud U4 daeliifuury CODE MEMORY w3a
COMBINE #afiwis CODE uaz DATA Tudiieniu

L) I N I

e (X} | " l
DATA CODE COMBINE

U 45 N3l Jumper JP11 iRafmuauLLIaSM AN U4

whtemasnas U4 sunsnvin BACK UP daaléthunmlddmudald JUMPER
JP10 Hemsmiidadatlifanmiuensd fiduenis ADDRESS Wenfulifuuuidentu
U3 Bandumils 0000-1FFFH fuuiy CODE asdisliBarnmicuanndr U4 Wifuuuy CODE
v35 COMBINE Aighiwinia 0000-1FFFH
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4.2.2.3 W@ US

grimua biidhumiaiEaduit 8000-DFFFH Tnendianld JUMPER #1 JP3 madu 2 4@
govhe s Jps hidnfenasuasmiuanad

JP3 JP3 _ JP6 JPE JPé JPE
P 8 ne i [ 3} % E 13 %) 1 .. 1 [ ¥ ]
(X aw an L R s
ns e e E un (3 ]
[ 3 ] s .e sy L X ] s
TN B N B o] I o | oo ] e
E .s ae L N - LR |
Y =w T E . ax
1760 [ 6268 2756/ 4256 2764 27256 6264 62256

U 46 midv Jumper e vmamnamhaamah US
wieead U gniimmalidiuuuy COMBINE
vanug  Sausih fildmimeadine 32K @ Us ul CPU a¢ ACCESS
vikae e lGiRes 24K (8000H-DFFFH) shmdin 8K gewhe (E0OH-FFFH) gnrimmieiiu Suwn
Ao Seaznamsiall

423 Suwn/isinm

CPAT32 ffwvm/awmymaimiwnnm 8255 fis 3 dhlaufiéumis ADDRESS #adudiay

Us wasn E080H - E083H
U7 wasn EO0AOH - EOA3H
Us wasm EOCOH - E0C3H

wa 8255udiasdnaLil CONNECTOR dauaodiazy 4.7
. . EXP2—4 ' PP

fa e e WO NSOV A EN
»
1

N=-0O
NN
z 3

1l 47 usawshumis 1/ 0 tunauMALAES
AEWMAAE R 3 dafimTnsdumisnsha « wmiauiu yenMiMNLIADWLA
wastamilauianyes 7210 enansodume finaiunaasiins 877 1@nvmeriia Wi SSRAC
, SMCC ET-AD “it
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4.2.4 RTC : REAL TIME CLOCK
TumemnuauiasmssnmifudsiufuanncPATa2 dsfiads CHIP RTC tmuatndan Tand
TAsEuad
- BASE ADDRESS = 0EOExH ifti} x fn uamasalidhdermmaduonissns q b
fiodtafu RTC Smunvidueg ldanmne 4.1
Fynnodwaasinan RTC sunnidonléhacliin INTo vide INT1 Tow SET # JP7 uae
i Jp2 Fudnifen aelfiiu BACK UP vialiinlé BACK UP Wld JUMPER # P2

4.2.6 mifiaciany LCD
CPAT32 ssnsnfinsiafiu LCD ¥ CHARACTER TYPE st GRAPHIC TYPE lnunmld
iy LCD {4 CHARACTER 4sfi 14v nl#ldnoumainasiomedni VDD wia VSS shuuy
GRAPHICS a¢lyqnamnm VR1 hwiiul$u CONTRAST LCD %ufl JP8 diwshrimuneineas
LCD daql 4.8 vavidawand Q1 wae 02 vivwiififu NOT GATE

Y e

E] | ST - K
i

L) . i
.

L - i

7 4.8 (n) 7u GRAPHIC 7U 4.8 (1) 4 CHARACTER

mmﬁ 41 dumiirasennIs WMsdiegari Real Time Clock (RTC)
auush ¢ wnfm‘nma LCD hfiu BOARD ms‘lﬁumas@maaaummqne\awaamuﬁty:mm

athfaefigaenanma VCC uaz GROUND ligndias

4.2.5.1 GuisenIwasm LCD Wy CHARACTER (We$n E060H - E063H)
- BASE ADDRESS atjil EOOH watdlshunmia au « éoil
- WRITE INSTRUCTION : tsifashs o Wit LCD MODULE #iwe’n E060H
- READ BUSY FLAG & ADDRESS smwenaeuuazusmis CURSOR fwadn
E061H
- WRITE DATA : @t CHARACTER it LCD wa'wasvila Eos2H
- READ DATA : ehwiiayafiumis CURSOR waswaite E063H
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4.2.5.2 GUMLIWEIM LCD uuY GRAPHIC
({iagan LCD wuy GRAPHIC wihehuvvsvtnaasaniis 2 PAGE fwueeie CS1
uaY CS2 (ACTIVE HIGH) uase CPAT32 I A1 way A3 Jududan PAGE1 way PAGE 2 enu

»
ao Toafwaswasnesds luit

- BASE ADDRESS otffi EO60H

PAGE 1 PAGE 2

E064H : WRITE INSTRUCTION E068H : WRITE INSTRUCTION
E065H : READ STATUS (BUSY FLAG) E069H : READ STATUS
E066H : WRITE DATA EOBAH : WRITE STATUS
E067H : READ DATA E06BH : READ DATA

GRAPHIC LCD CHRARACTER LCD

DD " 1 ¢ !.
e 2] 3 :
. . '"1*“::?,‘.25 =
2 5 — 5
7V 4.9 (n) us@y LCD GRAPHICS 7u 4.9 (¥) udms LCD CHARACTER

4.2.6 wednaynsy
- da
wanaynsnfasnstoyuuumeynsy  hiwammeluas CPU  dsfiedialiche  SOFT

WARE uafa CPAT32 14la% MAX 232 Yhavsudyqnoudwmsu RS232 vananviudiell RS422 o)
& [ £ 4 =3 1 4 ] [} A | 4 1 74 1% =y -
Tuuraumaideniuglémansnienifachalnathavits faeld Rsaz22 Winealad MAX232 usrldled

[} (<3 a‘ v [ [ A ; 4 s 8 XY
SN75176 s luluvn udanifiafidawriuag] eagll Fetasnmiasataysassiaiuagiu J2

N MAX232

™\ SNY5176

1l 410 dhumiseasled MAX232 uaz 75176

' a { [
diegl#idan RS232 avdasmueniiemezamaimaynaeiny Wamn RS422 1muese

CPAT32 ¥hawwuy HALF DUPLEX %amuquﬁﬁmaﬁ - dadr P17 9m3 CPU lawfi



P17 = HIGH sufiumsds

P1.7

LOW auiiumasy

veizlfrmgegauas RS422 fn 1200 was il sN75176 luszetlng « easld Rz ehds
uei 100 lovi - 4K

1 4.11 uges RZ finnausalumasasha o)

4.2.7 fiyygns MREQ , IORQ , COMBINE

iasan CPU tumsuna MCss1 axlififygnos MREQ uav IORQ usiua§n CPAT32 dias
siuspuaiaBwaaie 780 dhudniu Sfashedtyn e MREQ Westhian Taevhdiygios RD
uaz WR 9839 CPU 30 AND fiu@e D6, D7

dynne IORQ Wenethalan 1C U0 1 4 dalafmailsunsdhefonisamh
ExoooiH wiafian 4 989 U10 2z ACTIVE (LOW) ua'n CPAT32 Wiltygnudiuvm 10RQ

Sy COMBINE dlaflihidaemauermiseadaandis 2 PAGE @2 DATA
MEMORY az CODE MEMORY fivhlééenivifeyqnion RD snvimis AND fiudfygios PSEN e

Fudygnaslumswmiuanseia b

4.2.8 M3Alaa MEMORY Wag PORT
] ° [ 74 A e ) c‘: ] H
whaennaignalaaeie U10 #didhuvmis ADDRESS ¢ousl 0000-DFFFH # EOOCH

o s 4 : d
fudlhefhumafiedaiuwat Faussesshnidazgnaldndae U9 Snfiviis

4.2.9 MaRadvvIANNE) (MEMORY INSTALLATION)
U3 : 2764 / 27256 don\¥lew JP4
- fumuasiasd
- 0000 - 1FFFH dwil 2764
- 0000 - 7FFFH &m3U 27256
- U3 CODE MEMORY
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U4 : 6264 / 62256 / 2764 / 27256 (RaniaTee JP5
- nuvuaseas
- 0000 - 1FFFH §wil 2764 / 6264
- 0000 - 7FFFH dwi 27256 / 62256
- afiagaaviiaAma) CODE , DATA COMBINE Ranldlae JP11
- @3‘]LL‘VI‘H'\1LL63‘Z!‘H‘IWZIEldﬂﬁ')ﬂﬂ')‘luii'] LﬁanTGm JP3
US : 6264 / 62256 / 2764 / 27256 \Raniuaieae JP6
gumliuadiasd
- 8000 - 9FFFH §m 6264 / 2764
- 8000 - DFFFH dwm3\ 2764 / 27256
- [Honmnauazduirasmheannafae JP3
- 'ﬁﬁmmwﬁwmmﬁuﬂmmu COMBINE (CODE + DATA)

4.2.10 M3@ada ET - BASIC CPAT-32
vafn CPAT32 snnmffugammiuEn CP32 - BASIC32 ¥is VERSION 20 uas

VERSION 3.0 loamsfingiasisii

U3 - 1d CP32 - BASIC32
- 18 JUMPER w1 27256

Us - 1d RAM 6264 / 62256
- BonuasiaTEENeMT 0000
- Wumbsanudwndaga (DATA)

us - Mvalilifia
Wunaifgl#8anld cpaz - BASIC32 V3.0 assnananlsunaiiwsan 16

va’a EPP siainrfuagime 280 BUS 1edua’a CPAT32

4.2.11 JUMPER
JP1 hsunsumewvidamenian CPU
7p2 dia BACK UP 2se3 RTC
JP3 fimuasiumuazawiazamheag e U4 wae Us (gneatidua U4, US)

JP4 Banuatasamhaannd) U3 (2764, 27256)
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JPs Bantfinuariuad aasmhuanud U4

JP6 ifantiianatiuad 1asvianad US

JP7 \§anms INTERRUPT 224 RTC

JP8 \§anmsisu CONTRAST 984 LCD uuu CHARACTER %38 GRAPHUC
JP9 \dendyqnos RESRT (+, -) Wiunsuuanas EXP1 - EXP4

JP10 BACK UP U4

JP11 fentiiavasmihannadt U4

4.2.12 M3 BACK UP 4838
iladiaams BACK UP #ayn U4 (dlel¥ RAM wield RTC fadlduunmetnnn 36 i
(Atveuiss RAM U4 vide RTC U15 lunssifdflduuametuuundald (N1 - cAD) dadld R -
CHARGE @ 330 lavial (g29a1lznan)

vishdlenamaeldhesensuusniaazivaiu D1 v3a D11 W R -CHARGE iidhg

o
LLURLNaT

4.2.13 9uMW? IC , JUMPER CONNECTOR 613 )
o = . 4 . v
Wiasnnua$adl JUMPER uay CONNECTOR ¢ annang Ssanaazamnnniumsdum 3
¥ o | 4 A L3 L ) 4 13 a
Iohquinusastd  Flupheudashumicledue: JuMPER 13 defunefaraumanaiuay

JUMPER azfigadainasn 1 ionbiwaliifugeiedlummdnendns o

u[ 200 BUS 'J-Li e I'E JP8 |Q

TN
AN

NEEE i -
=

JP1

EXP3

(@1R{ L}

[ B

:% (11]
B £XPd HERAN EXPS B

© E1-cPMIn2 ®

7 4.12 uresdumialaduay Jumper vawainlulasaaulninieas CPAT-32
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4.3 2ssFuuaznsnanssuddmussuylaulasaanlnsniaad (Rectifier circuit)
Wasnnzuululasnaulnsawas CP-AT32 fheasmmatdusedu 5 hadorfluaasud Jlédes
weitlouussdiulwazsnne 10 Tadlduriseuy cP-AT32 Ao ldnule
srulalasnaulsame’ CP-AT32 dentnseusilsuanms 850mA  usuflasinasiisamua
Qo A‘A d [] [ J a
dynuewesniiudiaes urswasdygaddnasidiuewnsan desdeay swrliusiulias 5 lad
4 [V l’: { [y :
ynsanllasnaulysamaieng sailaiensusasusiiulnase 5 hadlissnm 1 A, uaudfialy
[ a0 [v] d' 1 [ l.: &] A |73 r-3 v Y .
wasiulwarsefienussiunsuiiasian  deiudaRanliasdmnauauinany  wansasRiumedh
[-3 Ad ' 2 ]
nlseqifmnasaudhalng)
duseu AC vpssemfenfivamiaias axfimwhiu ussiwawiynidasms Tafuussduen

asanlalonGenTuus sdhe nfidasuasaas GaENNT

V =V0ul+Vdiode
a V2

whniu V —M—S%
ac — ‘/5 -

srovin Mintawlasiifiusadumenanfiondl 8 Vac. sannsenszuald 15 A.

LolanBenssusasdasmusssnlfnnniusiufivandouasesenmuasmunssualdannnd
navuafivandaams doiu Sadenldlalofminsuud 4A. uasmiusedi 200 V.

nRandufiutlsEanIaanaeus 31:@'faaﬁmummﬁunmﬁaumm (Vripple max) ansaenseus

wiReriau wenhludniam laegas

Imax

C=—7"T

f x Vripple

Wa  C = semaquasinifiviisg Swbudu bleamhie
f = enaidarviasiwiililuihu fehwhiiu 100 Hz.
1, = nsuagegafilvandiasms Sviceniu aduasd

'3 1 1 U v
thrimuali Viipple ma 861 1 Toodt uasnssualvaegegasien 1 wasn wmenhlugas aclerh

1000mA

= 100Hz x 17 P 10.0000F

ar o ] ] o o :'/ - -} o &
Fafiulsyqarsamuussiuliadnades 15 wirswusdiuliage Ml [adenlddiauiu

Uszqauna 10,000 IlasvinFa uazvuusaduls 25 Taan
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)

U 413 wsanBeauazniasnazusdmivs llasroulnawe’

4.4 ussouseduluase 15V uazusedudreds -10v.

wsooubwnse 15v  Wnadudsdiusuadygpmeweandufiines  wasulse
Syqoinineaduewaan ol8ladnmseiiusediu 3 n was 7815 uay 7915 Smeeuusedutan
uazlwaumady uasussdulase -10v. Mfuuseduiedelituiulaedynnuidseatiuownaen
s 10V i seldnmabusedis 15V ldeniavimees 7915 tuilewliladsmnmudiuss
o 3 3o l® wed LM337T deuulWuseuasas

madanindiawla, lalaaBeensuus, dufinsiqnassnsuud axldndnmadeniuianede
uaznnanssusdwiusslnsneulraeasildnamnardhatunds uiasdadlivdaulndidqasdanas

( Center tap ) ailunTud dsaluisas

4.5 2931lasNunssUdLiL (Over current protection circuit)
2nastlasifunsvusifiy - vimihitlasiuasesduiug anenauiemeiiasnmsdamsamaaiyn
P 18 [
wiamafilvaassnazussnniinly Teassaseunssuslnaafiundiieeivie bl fufuniiidsly avdia

WYY IWITUA
29vstiaariunTsiaiu Ustnaudiedaddiu fe
s ar ar A 1 o A
45.1 dA2ums1edunszud (Sensor) lHN1IMIRILUTAUNANATANAIATUNIUNNIZUS

wanluaniu Usenaudsansiudanas PNP waf BCss7 uazil R Awmiladudanmadunszua

] ] ' o o o A [ ‘J ' o '
8l Rgpnsor ABBETZMINTN E iU B 10mmudawmed ilausesuiianasensinsinmuiiAmnn
AJ -3 = e g L] J os g o g
nanazin insudanaiinnu neudaneiiasiinssud  AN289 Rggnsor APUATMIMLAINAY

- & A o 3
VBE(on) mﬂqm"\mammuazna‘:uﬂiuamQqqﬂnmuumumuaum?

Rsensor = VBE (ON) / I MAX
452 sutlesfunssudin (Protect) Ustnausae Relay , LED {idmusasmaimsasiiaai

=3 Iy A 173 1
NTLUANUYIINIU WY SCR ( Silicon Control Rectifier ) snudund e Wnsudlvarm LED uae 29

a €
Ry ONELG L]
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RS R9
pa 0.33chm, 0.20hm
200V, SA. SWatt SWatt
. . ANA——AAN——<ZT Y A
* L
‘—r_ﬁ Rv1
LED1 ¥ 12V.5A.  ca1 anu
YELLOK [ A o7 BC557
M 1naodz 0.4uwF
R6 > R7
%m 500 > R10
} 3.9k
SCR1 09 Ri2
I‘ A~
EC103D  JJ4148  5000hm.
SR1 zZo1 ») R11
SW RESET 3.6v. 10K
172 WATT

U414 wianalpaiunstusiiv

mvhavessswdlasfunausindhilseil desinmudinashushdmuaraiunsous (Rg uae
Rg) snnwafasyiiflusssuanasasshdmumunnnd VBE(on) T89nTnEmeas  nindmaaianh
naud Tasfinssudivannn E aduiin ¢ rm Ryg Wet Ryy dwiaslnlasazgnludandy vlwifouss
dundit 36 Tindt vhlfinssudivas Ryg s lolam Dg lih3naninvaes SCR ¥hiw SCR h

navud i biinszuslvers LED uasded fhinalil LED Ga usswihduieuns Sndenean dodh
mi@'fmLtsqﬁuuaznmmﬁﬂthuaan‘lﬂwmmv‘mﬂ

wndasnldsuhandnedmile sxdaasulivandasmsnussianaimion uar neaindiam
dumaiamsnelwliiu SCR Swdesndudhgamasian Aewhdulsuneiun NC uaz LED avelu

enavgnanishe) nsrsrmnnlicdl

e sasitiansuusti 115 A 18iad 12v. 5A., wsel¥ SCR waf EC103D.

LHPUNIMNIIRTTLIUAENTBINTUUE 25.45 Laadl

FhdhumuaTadunazuaiien Wil ( 0.6 v / Iyay ) = (0.6/1.15) = 0.52 ohm.

91N data sheet 989 EC103D dip SCR Bsnhnazusasfiuseduanadas SCR tseants 1.7 Taadt éis
Shausasuanasasdiad uay Ry asieh 2545 - 1.7 = 23.75 Tiad

Siad Fosmausasuanatan 12 bad uaddiansdumizestema 400 Tavia FuasinTus

Inaruaemeauadiad whifu 12V / 400 ohm. = 30mA.
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Gl Ry = usndfionaden / nesusiinen

=(2375- 12 V. / 30mA.
Ry = 391.667 ohm. = 500 ohm.

fnu Rg ( dhdhuwmuaiianssus LED )

fiwualv LED fussdiunnadan 3 bad uasiinsuudivaru 20mA.
wReManAdan Rg fewhiu 23.75 - 3 = 20.75 ladh

Rg =20.75 V. / 20mA. = 1037.5 ohm. = 1k ohm.

AUt RlO -Ryg
WNEUAN E 19mMImTaens = 2545 V. - 0.7 V. = 2475 V.

waamaslalasyhomldifad fvueaussdiuanasan Ryg = 5V.

AU UNGUANATON Ry = 2475 - Vg (sat) - WHOUANAIEN Ry
=2475-03-5
=1945V.

fvualvinszudvasu Ryg 1seanne 5 mA.

gitid Ryp = 19.45/5mA. = 3890 chm. = 3.9k ohm.

e WdnseualWarm Ry 1szants 05 mA.

WM Ryqy =5/05mA  =10,000 chm. = 10k ohm.

fmondlefinseualvashu Ry ua Ryq aviinmuud 45mA. Ivanm Ryp



4.6 1TINNGZAUNSIAW ( Voltage Regulator circuit )
Avaisssuusiu  yhwhifnsssuusssmaewimbitienecicen  laevhliudastionld
3 o W oW o v i ' i o &
lofisniawnad 3 1 asga 78XX vide 79XX dwiinnsziusiilinnuaclneufifienasiauee
vda lefuniames 3 1 esna LM317 way LM337 dwiuSnmssiuusséiniwinnuastwauficnanen
1uenlel udladisnama’iasega LM3XX sumsousuenusesulalugag 125 - 37 had thdaemaliy
[y 1!14: A 3 - | a a 4 1 ' v dl\lv \luu a o X ‘o
wsinlvidastaguel wdpathnniudn Fasgenn uaseuseuiinasbiaudaerin magiuana
| 3 4 & o J o A (] 3 4 &
auduavaseadimumuiuenle AlfidudnSueusiu goaiszemnaodlifidaneensasduenin
[ .‘S A L4 1 [ L v ¥ o o) e s [ [
v valigldmansnSusssunssiuldathsauion  uasiigusani@lumainysduusduuay
i a 1 A a AJ i
nauafe ulessnuiiesiidaRanidlafisnamaiiues Mc14e6L Fafhledispauma fioanuuuaniil
auisiAszdumnaifwmehiiaual  muaulévoussiunaznaus  aveanuuubidiensedu
niidgeiiedafils lasasirinagfussurmenftemmdasasihindadudismsd quhe
13
menenga MC1466L i DIP mifin 16 1 §i quusisiidad « diail
€L w o I a I a ‘I [3
- awaivisnuuRduuarntudlasdialawdn aseddlanas
- \laﬁl.‘mtaifu ( Line regulation ) 0.02%+1.0 mV
- Twamql,a"iu ( Load regulation ) 0.01%+1.0 mV
- Lﬂﬂ%l,we‘lﬁql,a‘?fu ( Current regulation ) 0.1%+1.0 mA
- eIl Fuusdnlete o Taad
-t v v oa
- fusdiudadamelu
- fuvdshenszusmeluinsfuenla
MC1466L  Usznaumududétydail
v .d .
4.6.1 daussaussduasfimelu (Intemal voltage regulator) Shaasmaludiogl 4.15

in

vaux

71 415 usanaTudiuasiimeluled MC1466L
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wingd 415 umsimussiulaslimatioundunummlflnsesimnussduuaynaurity Toy
fienendedefitezshedmatlalon (725v) 1 dnnfulelesin 3 demarauLsIdUmEnTS
i =2 { l{ d o] i = &/
whsuuamamgungl WasindlssRromawfouussmaguivnRuaslealaefififievensediaiu
( dVpR/dt = -2 mV/C ) Mathsmaasasassanmmatineasn « eeil
n‘llf X o~ a0 A 1!1;4 I o v W 1
ann@biasiiausdunismisifulvaeidasmenssusviiy Ioyp  usenTudRoaBARRS
109 Oy AlmugunIsug Iogy Sfwhitu I dedenwdsuamadeelifiemeanss wialen
v 3 A [ [V v o [ i o ; a
daannsvusnnIu Wasinsesiuussiiilanimeasnas Tutruanéinenfiniug (V) 289Qy audien
v d a dda e . < X
anasINARULSIUGdafiWETas Q Aeedifidnarmld Qp hnstudraRRARETINNIL (NTEUR
A = H o 2 U z i L
apalawal Qy aaad) Hasdufemevhnsusaninyniengeim aufisqafifhianazasnaasnses

v A ¢ I o vl A‘\lu h T X A ol a0 4
usseilwnransshmmInas i iileaiidilvanaiamuad dunsdiivaadienalfod
- ﬁl 3 = L] o w ) o
waslufiemaiingu Amsenasinena inne N sLALsIiua T IR lwiuadentiv
wa :‘d (Y] ‘d dl ° 1 % = [ d.
nngmaNiifranedimalaunduunsy  FawenenadiashilssnumadunniuBnoditiou

iy (leefifnaissaadhafiofient) Salndideriuiign mecldoalugl o uas
. 4 an 4 . '

Qy Hwsssnemsuanesdiidummibudnmiinwsees o (Vp) wsrlbunduawiwnanduayiin

Wseas Qy Va ) limswnsavimnedhenaniynues esleald va = Ap (wenadiuedesd
P 3 4 v A 1% [ A t‘:..!' G A '\ Y oa

pmuaneneTuaasdinanemily) wirisessushe ussduadimeluaas 1IC waifedhuvasineds

Tumsshsdhudenszuaineds wasdnen  SuBasasdmonszualudisuisassensfimuguusdiusy
: i ° ) i -1 1 Iz s = 4 X U

nwsus  dafvaiivdushen waniidemasnaueilktuiudnmBuniiliiRenag (Vagy) sude

naeusdBaaLAnABNRT Uit 416 auivinsasiinensuusinede Einmamiuniugaan

=3 A =a 1 L ] 1
dhuaudnminsBamelu sefimarauevnigumnRaguda naur Ier samandnamaenens q 16

1

[ il
re R

set
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7 416 usanasdimdenIsuaeBuasnmIaT

(-] o |l 1 A
loosmu@hnszusnaawaines NPN nmwdaiaes (Qq) tralinsuususues Qg Senioenn dies
L) A .ul U ; =) 1
vnenaslifives Qg Fafh PNP wnuanmadsaavisienudndnfinlutlailasasuuunanlndn NPN-
PNP ¢lalugy 4.16 uianseud I Adiasnanaazdiasandnseusiuseas PNP vimdaimailuBannsnn

yiasmsmssnntbissnandansausaiilule

1. msusdeefifamn 1 AafwesiilhiRemsgnydeii loffstulsanos 11 mw

2. nasudluSefinuseseTnEmNuaneheR Fmuauusua i ek 3 les
wast] Fodiundrfiudacinsusdidsiidnonnh 3 ldesuesdethaioesearh (dlasnnsous

7
ludssansasiensamauandsnang msaInseusawill )
4.6.2 fuemuaNusIdULAZRTIUE YN

NPN

9 VR1
Vout

01

Vin

-+
oo
L

+
(3
N

n | Uref Cout
re
4 I— R1

*—

7 417 usemENMILaFUIRINTIALIGNLTIGU
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vué’nmmﬁaaéiwnmmiﬂ'mqume’fu uenadlogL 417  vemdsaeTafia NPN ausaaunsniy
usaeuidelallismnasdunsedu Vin  dwihnmnseusuazussiuluisaniyn  leefhsasuenaanu
uainehy (Differential amplifier) udhenuaumahmsmmuisaeiinafmils TnevhmanBeudiey
ussa iU TwiiimanSeuammaain TN
Piulidhgamanindiug sssmuguassiumeliled Mo1466L  Tummemugauseduaniyning
usaedaql 4.18 azdiulen 'mexmummLmn@iNﬁmﬁﬂmi{]aunﬁuu,uuauslum‘i%'nmmLmﬁumm"vgﬂ
(Vout) ‘lﬁﬂdﬁ

';aa‘smuqum:uaiﬁmﬁ‘nm\la% udansaslddegl 4.19 Folinsnmadeniufnsasmuguusi

laesmeussdunndnimmuanaiunseudianing

S T

4 .
: a
Srovppsiarad H
8V
s S

m3 s
,l, csaswdy
Sutersnce Vol © Quipwst Sany .

v3

Vo'

w0

U 4.19 udavaTAILgNNTEIEYRd MC1466L
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:: J 1 L i J
angl 419 awiuineSwivmeasiimataunduwnsulumemuaunsue 1 Wea &
atLedE ) Ao
sl o . v [ . o - '
- luniei I, * Rgenge Younhan Vo (fvueminmemaniad) wasmuaunszusduiiagl
v usasidealinsasmuauussduiammaning fe Smusssulinefiom Voo
- Tunstlifien I, * Rggnge AANGININND Vg 29vimugunizustiashowiufl lasnng) 4.19
U 1 J i w J -4 &
auiuldainasamunulien I, * Reenge Semlstnouviviudne v, ganalniidunannmatioundy

WLBD SqUfe AsEINTOMmLgNNTIIEGIEeTaNIRTIAMmMNENMT
Lo =V, | R,

wazdiadine vy ssnsoSumld Ssenansmiiumshiantsmansasmunausduldn

L(max)

NMNRIMUANIHFULAENATMIUANNTIE P fnsTumsanuuane wasmslaunduuuuay

v 4 G ‘1». < . \bj v w I 1 o ¢ v v

\Dunguuaddny Fesmiuliimswisdasaubiniasiu leslwiasinssusewwnuanaasinmadu
v a1 v (R dl ¢ v | 4 [ o

uwssudanfaaniensseiinialy 2smuauusidiesinm dwsmugunzusnng 419 a

. . 4 vo : .
wiuldidne v, annndien I, * Regpse Tdnatidnafinaniaanaiuas Qg daunaulicnanim

mugumahawanaTimusiuld diasn lalaa @wns *or* ) agluamzluadaundu

Tumanduiu dnssud I, fdnnu I *Repge BNAMENM Vy ud azdiuldhdinefinaaian
z . o o
waees 0 bnsvImugunasusrginnuaIInAUANmTauTansaTinuseuly (lalaa

o ‘J -4 X 1
gniudalidhand ) FelusoetiGumsasiih 2vsmusgunsus

» »
4.6.3 TuAIUNITIDNUVLALTRRTOAIRI

N h
. [}
‘| E“ e ;ill.l ;eu.&L.,‘q' MC1488L | l
i . 3 :
' i H ! V |
H i . }m l‘ b
S SO S s
=i ECRK R T W mE 'é 9
=. one ¢ iow : S
;._.- " ot EITEYY e ] I
Rl ) ! e, e
! f
3t e == s f j
= e :T_-.J? .- i
o gt [P - o i !
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v d |
4.6.3.1 WS9AUANN (NFuEAeuuLag)

dwiunahamifiusiuadd ussdwandwa Vg 1dan Vo=pep)Ry) Wa Ry Wiueany
Fumuanm 8 aanTnd ualppp WunTudiawmaiaanann 3 nseud Iggp Muuahiia 1.0 mA @
Ry Wudhiinvuanssud Ipgp e Ijpp = 85/R1 Gla Ry AeAn@umussvioem 2 uas 1 12

4, .
4.6.3.2 nzudARIN (L3aduilaenuriag)
LA o 2 ‘J d‘
fvumMaheminTusadh
1) fenh Rg WlAussdiuanasan 2560 mV 7inseusoanges Iyay

2) WSuemadinnmu Ry e muansvusiawdiafidiamann 0 9 Iy
4633 $1 Vi fergend1 20 Vg lelan Dy, Dy une Dy Sfiudtndfietlasiu MC1466L
IUEANNNT Wiafenmudend
2.6.3.4 Tnoidaens liildygnsumudunng fowinaddmmu Ry Fanne-wisded

iunheg Cq (0.1 fis 20) uazduiudasdl Dy Wadhlatlasiu dafiamsdiansas

4635 lalaa Dg Al3tlasiu MC1466L MnNIimMahanTamudsiaeifidaatiy n 5

\HeRaUn®, Bewe viiadaeas
4.6.3.6 2993 RC Wiai3$nflen 5 uaz 6 (10 pF, 240 pF uae 1.2 k ) Wdwmiumsrewre i

] i 1 4 A’ J i ° e | & (53
manausuasranslAeulamasnssualdiSnu. eidmmaliildldtuynem widifnley 10 pF
aabidnaldfile then f 189 O wew Oy gonh 0.5 MHz

2637 dlelomumudlanaud Fumidion @ 9) weislufinnnuedmen Taumeuenehs
yn uazARIEUdaL ( duaanmdes Ry) anlyiiioursimanlaesmensnshanniduiu
4.6.3.8 difiulszy ¢, wenlalaeldanudiniug
Co = (100 uF) x I (max)
e Iy (max) Funsuclmaagegn Smiedhiusald
4.6.3.9 dafiurlazy ¢ Sufudasfidmiumesawnemelubiun MC1466L
4.6.3.10 Lda‘lﬁ’ms%'nm'izé’uusaé'u'lﬁ'uaﬁﬁqa natusfaananm 5 vin Iy axdaalsigenh 05
mA fnsdshifudoadan Qq uay Qg
s < 05mA.
B.B,
fa  Pr=  Savmmensushgaas
By= Samwenenssusshganas

e Ipgy = NITudgEadadaasiivan
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vioit 11 5 sansndhenasulagedls 1.5mA udmaigind 05 ashenmaansolumsinm
FALUTITUAARY
~d1 I d ﬁ o a o Y s '
4.63.11 mssilialea Dg Weiloesfiu MC1466L (e Waussdwadnm vV, gand1 150

haduazlalaneedaslfammiussiudaunsugonussduainn
J o [ 1 4
4.6.3.12 lunuiidamaiuem Ry seasetenadild wnhliumlalen Dy fe 05 use

Ry f0a9a3luql 421

(4]

B
O.IuFT
. ¥

7 422 udansariltlalaauwnm D,
dneessduiiiiumatlas Ry nnatuafifisniann Cy ewas Ry wildan Ry = Ry / 10
unsawisinai Q3 avdesdenlifien Vigricro > Vo

dviululassnufiienst 40l MC1466L ¥hamilulving Remote Programming laeisadiudnds

aa A ] 1 L ..; -
(Viep) Inamsssulasdiygidneadiuawnsenteasldnannuasdundely  doiu Twsesiite
Tlfunasenssusasiimeluaas MC1466L Tumsaausssuinets lnlidufiudasda Ry sewhen

[ | ¥ d [ K | 4 v i

2 ffumn 12 uaslidaaiesan 3 Whiumn 8 mansanitlasdiu 2 423 usaINIT0399TI89 MC1466L
fimuabiuseduanivmgegaihiu 16,00 had uacssnsndenszuddigogn 850 Aaduea

TIMeaTiugL 4.23 wsodudneda 0 - 15.00 Taadt fleulvitun 8 989 MC1466L Tawdt Cog - Cp7 h

L { w L H A v L2 o o H
whitnewaussilnasumuiginanhantuussiuiuieanly lalen Dyg - Dy iwhiitlag
fiu MC1466L Wiaiiamsdansamdanmwdeud uatlalon Dyg tasiu MC1466L Mnnsdifimavhams

a ¢d 1 Y a a a 4 o
PInTudsasdeatiy 9 6 akauUnd, Wemevidadnias
L) ) A i o~ I s ‘.: {
navdseas TR3 Wiawdsieed NPN we’ 2N3904 Zeilen B unfiviniu 200 deiulaieanai

W Ipg/B <= 05 mA  uazvamdsen? TR4 hmnidsees NPN we3 2N30s5 14idu
a el 4 av [ 1 1!/ ﬂ 4 a
nUTaea S FianmauLIeu Vog gawa wasmanansdhunsiuslogige 5 uanld auiineme
darmudiama dhdumu Ry wae Rys Whwshinumuasadunzua dhdwmminne 05 lovinee

e el 025 lavia e liifullanienlssaansamatunssuaen
MC1466L fia finstudlnaagiqn usdufianasanddhumuamedunseusasiien 260mv. madanly
dadmmmuisasinawuin vhligldsnmsunfeuennseudlvangegaldaean Wasmanfeuus

AN u,a::mmmm'miunmhﬂn‘szl,t.a‘naq'mw."’sm UACNIDINTEUEWYIITU



a1

v G ° v a v G v 2 [ 4 4 °
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A ¥ 1w | $ S & o . 14
uF) X Iimay Tledafiulseqyiiy 1000F wellwidlidifnbeqawe 220uF s0v. e lild
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sunsndaeasanInlumshenszuse v dmemddlasl dafeudafuiegdnit  ddhumu

° v A v ¥ 1 [ A o (3 v 4 13 [ [
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AURTINEELEMUEMIYMYRITELIL
[] 7 1 "
Wiosn MC1466L  shansnSmnsssuusesldifeslwonyhtiu  udlulassoufiemsiidaanmsiy
saswmneusssuineuldhy  Snhuvsseuseiilinn 2 gaandaaynmiu Tanliqediadon
§ [(BR] [V] [ K7 d‘ Ly [ [v) 1
dunmusiresmaselonay  dmdninneidol st sessunsatlasumadensssring
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mafiwii 1 afs e 5 mS. daudhemgmanihedidailst Special function operator time fiaa
sanTnlumauanuezeehes) (9 wnne 5 ms.
lotlouehliuridds XTAL (fSsmes) BASIC-52 awhmsdeembandminmnen a9
timer/counter 0 fwi3e0anan (endhethanrvhanide Tlaueh XTAL = value &lifimatiovsnion W
uf XTAL BASIC-52 asfieh XTAL #lfiehwhify 11.0592 MHz. ) dleWendeiludr Special function
operator time AENSLEAN 0 B9 65,535.995 T upnlatiuenliifeen 65,635,995 Fwfiuda e
ndustiud 0 Twsd
dasnsimsfeiumeSwitealunsdififinslinds  cLockt  felmmsvnanad
aaEianRIman 99.6% Taseaang vanamldh HiimsBumeswifumunmediugs nalu
masnanaomersgnidhl 0.4% WelWlumsumasimt nisfiasil¥ Real time clock gnenian
viovy sansovinldlaeldiends CLOCKO
énds TIME fiuendefillumaudlauesie fvuesuas Real time dock memdeanmsld
iy CLOCK1 w1 Wetlowsnds TIME=5 fumausarh sanlégnimuals Real time clock
et 5 i dhudnds ONTIME 30,100 usndsfivanlilisunsunstlanivhomfiussioft 100 e
Real time clock siuehanfla 30 St dwsumwhaussamaselnasddl aufavieansmn 1 Fwil

daudenGaduandemgaelugasnmiinmue
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d
5.1.3 llsunanfn
1Y s‘ [ u A' § A dl ' [Y) [
whifimahem dwssdusanifiueduguneiGaqlmaumin maeusseigigauazusasii
D de e
dgatitlautnan

wanmavhem  dilumalaraimavhaugaiu

5.1.4 llsunsunmdeshudoys
Usznaudelisunsueen 4 Tisuns ¢l
5.1.4.1 LsunmmanBumn/aniyn 8255
5.1.4.2 lsunsumauasen
5.1.4.3 lunsmmamaseu
5.1.4.4 WhunsumaSusmn

5.1.4.1 lsunsamednBuvm/iarivn 8265
wifinrsvem Mgmiumsdsimdoyaftaaannmalanana  sanmanaivenenuay

‘l%ﬁivﬁnﬁmﬂmLmnm’m’ut%’wmmnﬁm'mauamw
winmavhens  fmuanadn A 4 ineha uaswadn B 989 8255 s 2 ¢ (uendlusadi
nfuussiuay) dwidayeftnen 12 in fayn 8 Tmudesnwain B fmiewain B Biuaniess
OEOAIH usz OEOCIH 4ayn 4 fivedsmanwain A fwmewain fuemess OEOACH uay
OEOCOH mundayndanan 12 nlidu 8 fmmuas 4 nahesmiy 8265 davimrhitdwaniymin

s g
AP

'3 g o A g
el = ﬂ']u‘idﬂuﬂﬂﬂul»‘ﬂﬂﬁ / 0.01V.

MAdnaa 4 fina = sl .AND. O0OFH.

MAdnea 8 v = (s - fdeea 4 Tnaw) / 16

aediayaria 12 iin andis DAC1210
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\iia 8255 Wuduym smen@iseaain ADC 12 Inflansrasausiaeiu azBuwn doaa 8
{imnundiawai B (Laeuassl OEO81H) uazdiaya 4 finasndiawaim A (woaiesd OEOBOH)

5.1.4.2 lsunsumsudasen
wlseaniu 2 daufi
5.1.42.1 hhunmmauasdayafdnendiudayaawnaen
5.1.4.2.2 Whunsmawlastayaenaanifhidasyafinas

51421 hlunsumawasayafineathidaysauaan
whimavho Wamsumuwsseusnasufidiuianasnn 8255 dehawaan
iassaanie il liflusmehen
vdnmavhew flasanid DAC 2 ¢ Sedashisunsuidanmsvhans (Chip Selet)
289 DAC unvdaiens (WRITE) doayama TIMING DIGRAM ¢ioil

© - 51422 Wummsulasdeyrawsendhudinen
17 :{ o o ) Qs 6§ d‘ Aan d‘ a ‘1
whimaham mauassusssimamnidusnsaniiifisaadiathllasas
DULTIOUNY NTLLANULBLLSUENWLTIOU )
o 1 U A
wANMYhaM MuANMIBIMAINEYHNIE DAC 3nwaivn C 989 8256 filan
1036 OEO82H vl 0 fudiw 1 Livhmawlaseh fiflu 0 vinmsudassawsanthidiosa masmen

wawlaseh (R/C ) mulnsifelaazunsueisil

12 BIT
DATA BUS —< VALID >_ -
CS ___\ S
WR1
ANALOG OUTPUT .77 '\ /' S\ ANALOG OUTPUT
LATCHED

UPDATED
XFER and WR2 grounded ; Byte 1/Byte 2 tied to Vcc
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5.1.4.3 lsunsainsasaadoy
o o ° ° v & ' ) 13 A '
wihfineheu hnmemadeuusduawussnszusawWnIgndamia i
[ ° ] W A A a8 !
winmaveu W ADC Ranmaswdasaanniafinangessel 4 desdygnadusunsa

mImugNMRenfinaim C fueaiass OEO82H finfl 5 uaxiinfi 4 sl

Gvii5 | ol 4 foyamnudactasdygnnuesiafinanidas
0 0 Lm@'\’uLmﬁwmm'mﬁnmszﬁuLtsaﬁuﬁ 1.
0 1 nizLLﬂLmvl‘wwnm'm‘s%nwmﬁuLmé’uﬁ 1.
1 0 Lmé’mmﬁvgwnamaﬁnmizﬁuu.saé\“w?; 2.
1 1 nszuatam‘wmamaﬁnmszéfuLmﬁuﬁ 2.

) v A L a i doe v A ! Y a v o [y (3
amasausuwssiviansuriufus it iviall - dufiwlihmsdeusssuaivydu
0 V upshmafiaudarnsnanmsausaing nisnudanmavhiuludasdulmbnes
5144 lsunsamaySudmw
o o ° ° v [ & 13 19 " A [ 4 (3 a
wihfimstham vhmaSusmmwusediu winligndesmuditowdan wmnewiniio
a A = w 2/ ar € 1 a 1
mafienan WasnnaniimsgyieusediunssmbituguUnanimenisimasedays
wanmaiem  arRuRdwenhannnd,  vesmwlarhiuusediuiitlewdan wn
o 3 5 o A 2/ 2/ 3 o d v o wa v A s
usdawmannnhusstiodan Waadusssitiomdnanloesalui@sefivencanty  us
Fushmiifin mnussduarimisenhfisshoaunduiiuaendin. mnfiewiiufiasinmsdiussdusanan

19n@

5.1.5 T:Jﬁunsuaﬁum&un'ﬁﬁmu
Usznaudelusunndassmon 2 lsunsx fa
5151 Whunsumssuen

5.1.5.2 W TUNTNMIUEAING

5.1.5.1 launsamsasuen
v o o Yo o w Y 4¢ € A a6 & . ]
whitmahom 1#uedayadisranmefidueioviamsdune fidnmdauage
nefies SNUAYEAL 1 Musedu nawasHaEumhauisusssssnaudesafideuiale
wdnmahaew  WhunmdwifAdune Sdneosduseing 4*4 Gevhvnause 4

dn 4 um wmavhasaslisunsusiaiususadua sulaseuazdumsdunudmsasua mn
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Linafdlenfdunaesiien OFFH favia 4 wdn fehidiu 1 v 4 umfiendu 1 avhWhuseaundd ma
naddlen (ndn 1um awdienfiu 0) seelivhiy  OFFH Wefimauseeds @duwedln OFFH &n
%) ahomdaly dumsuase Fimaulasudazianesuiimnmasisuasddune e
uduiRamduam uwaziaafhisuasfiviadeenlLlusasuen LCD  doummsdman indhiaaud
v Ad € v v . N " o G Mo w a v o
ahfinddnan dasisndmnoudiuendhs « du wsswowdald 5 win dwametiaslfontign 2
[ a g o
vidnuazsiehaelumandu
v A w 1 o o i« AVMve a
Tusunsudwivdduate asfuelaaldmds INPUT( ) dhuaeeimileleviud

5.1.5.2 llunsumausaIng
wirimathens usasuasamosmahomissaeBasiglimmy . eausnnams
a8 LCD viinvasatimaimaudmsldou
winmahem  lhunsdwieandnve § 2 dwm Aemadutanaussdinay
dnenmyhnuemoniei Aeavdasvhmauendaana ( STRING.$( ) ) sanduddnwsudedadiu
Wauesfiaanfiasin dmiudasrasfanhindmion Mausndwauddaiumidueaiioonluiasdn
i snanansedtaonld 5 dhumisdadoin 1 ehhilgamedien Gouhu 1 shunds) 1w eh 10253 2
UEAINARENIDNANIMA? 10.25 [udu
Tunsadmieasatinef asusnomeldloeldeds PRINT( ) Sormsuasdniazaansnléviud
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5.2 AH9229 8052AH-BASIC

COMMAND FUCTION

RUN Tsgminlszananalisunss

CONT Tihamsdelumisnniingewaldija Control-C

LIST Wahkunsslashinsdifausam terminal

LIST# 1%@1ﬂittniu1ﬂumrﬁﬁ%uﬂmmasenal printer

NEW aulthunsuiiussqatl RAM

NULL 1A null count MAIIINAMS return ¥3a line feed

RAM e bifiulnun RAM lalusunssfimdsmulassag s
fisnannenaiedendoyals

ROM v idulnun RoM Tnelusunadimissulaavaglu ROM/EPROM

XFER thelisunsadiifiulu ROM/EPROM g RAM

* PROG fiulsunasitléwannadlu EPROM

PROG1 ol sunaitldvanmsesissanmarstayendlu EPROM

PROG2 Fulusunaildvanmiasmisdanmarsdayaniu EPROM uashms
Usznanaluunsaiufindsan reset

FPROG Fulsunsaitigwannaslu EPROM leemslé intelligent  algorithm

FPROG1 lusunad ldWanmsosdanmarstasyaady EPROM  lasld

intelligent algorithm
FPROG2 Fultunad dWannwsaaissanmsdsliayaadu EPROM laeld

intelligent algorithm UaLYMILIsEsnanalLsunTawiufl vdsan reset



FOR-TO-(STEP)
NEXT

GOSUB
RETURN
GOTO

ON GOTO

ON GOSUB
IF-THEN-{ELSE}
INPUT

LET

ONERR
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5.2 Md3999 8052AH-BASIC (6ip)

STATEMENT FUNCTION

BAUD fvuadanmaastayas vl line-printer port
CALL Gunmsldlusunsimmuasigsnd

CLEAR HNAN s MBumaswe uay strings

CLEARS unian stacks

CLEAR1 snANMIBuma TG

CLOCK1 MR real-time clock Gavhamm

CLOCKO ﬂnl,ﬁnm'ﬂ%' real-time clock

DATA T mndayefiazgnamenlaams e

READ swdayafignifuluende DATA

RESTORE ¢ READ POINTER NéUAMN1

‘DIM apshuystanmhaemadvsuumdus
DO e loop AWSLIA& WHILE vi3a UNTIL

UNTIL neFaUENIEas DO loop (azaeflu loop thifluiia)
WHILE yasaUsNILaas DO loop (3tatfly loop Fufhuas)
END fmuayaRugad LM sananslunay

fmiua FOR...NEXT loop
naseLaN1Eead FOR..NEXT loop
Uszananalusunaxeae
néuanhisunautassnglsunsmsn
1 Wiu@ line number 2a3hbunsdidasmsazly
frvualanlalumsidéands coTo
rviuadanlaluns s Gosu
4y d.
nasauanIvestanlaifve
Hlauehlsiun dhuikve string
° Y e A .
e Wiurdhulsvda string

mavnauameiudds GOTO
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5.2 ANIYBY 8052AH-BASIC (¢la)

STATEMENT
ONTIME

ONEXT1

PRINT

PRINT #
PHO.

PH1.

PHO.#
PH1.4#
PUSH
POP
PWM
REM
RETI
STOP
STRING
un
UIo
o1
Uoo

FUNCTION

° 19:\ a e« 6 P VY s Vo oes A 1A I
liifemsBumewidladiunafiswhiuvdasnnnhafirmmuals
Tueds ONTIME lanshumistias mausuasnmsdumaiwiazgninme
Tounatleu ** wiemwehe line number fidiasmsiu

vl 4 d o I o o Py
GOSUB lift line number fifiwualaedds ONEXT1 e INT1 gn
touauiiu "LOW"

Ya € 1 @ . A v e A | @ e 1
\Ranienéiauns strings viaadhanys laefiansnanld P. fiudheiava
dndaiile

° [l A o o y ] dd‘A e s
mahawdwdeiueds PRINT udazlflunsdinfiedarimefnayna
1HRanfendfaunts string vi3a dhiinws lowaglulnessaaugmis fifinn

et 0 Alifiansmene (o nadififiendhs OFFF, 5 wsusasehaanan
\fh FFFqg)

Raniendaunty strings viadhinwlasaglulnnessaaugm 16 loy

() o_a d\lsjd
hNﬂTﬁﬂTﬂﬂLﬂ‘B 0 NN

mMYhewRenU PHO. udliendidaanlivng line printer
myhatwRen®y PHI. udlienilaaaniivng line printer
© [ d‘

mummmmm‘lu argument stack

- d. [ v A

faenfifivagllu argument stack niufuan

iuMavhauuuL pulse-width modulation
mdnBatonunasehs o fiagusidiiazbigmisnlszanana
\ums return M3 Bumaiwd
dumamgamaseananaliunsy
Wumsaasshumamheamua sy strings

° L . . v

fimuali console input routine Lflmaaog‘lm

Al console input routine ey BASIC-52

° 2 , %

fwwuabi console output routine Lﬁu‘ﬂméﬂ%

iAW console output routine a3 BASIC-52



5.2 A1H9289 8052AH-BASIC (¢ia)

OPERATOR

CBY()
DBY( )
XBY()
GET
IE
IP
PORT1
PCON
RCAP2
T2CON
| TeON
TMOD

TIMERO
TIMER1
TIMER2

%%k

.OR.
XOR.

FUNCTION

sumnlsunssnnnmheanus
dmw%aﬁmmﬁﬁiasgaﬁaq’sluwmummahmﬂu
swvidarmuaedayatiat s mdmenan
2TUANRIN console

i =S ° 1 AHa 6
MuwRamhuamras39sees IR

i A o 0 Ao 4
wilRaivuamradidnes P

1 A e 1 ¢ a 'S
NUMBDMUUAMBDINDIRBUNA/ 1WA 1(P1)
SnvBarvuamaediIsans PCON
auvisamuuae1a9 RCAP2 (RCAP2H:RCAP2L)
SuvIarivuamaasTisiead T2CON
MuEEIMUAMIRTIsIAaS TCON
Swvisavuamiasiisiaas TMOD

i A ° ' .

MUNTIMYUAMVAY real-time clock
avisanvuaenzad TIMERO (THO:TLO)
Muvisaimuaezas TIMER1 (TH1:TL1)
uvisamvuaeuas TIMER2 (TH2:TL2) éhwsumsuan
LM
fvSuMIsNmMad

dmTumIgm

fwsunsay

AMSUMTLSEanaKALLLRTINWLL AND
AwumalssnaralLLesInuUY OR

AMILMILSENBNALLLSTINULY exclusive OR

STORED CONSTANT

PI

o Pl lnesiehwhiu 3.1415926
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5.2 A§9Ua3 8052AH-BASIC (¢a)

OPERATOR-SINGLE OPERAND

ABS()
NOT()
INT( )
SGN()
SQR()
RND
LOG( )
EXP()
SIN( )
Cos()
TAN()
" -ATN()

thymaedhuuy absolute

hvmaeiuLLL one's complement

e sdN

e iyl

nInaeTINg 2

mauaendanuugy

i log usTINNG

vheh "e (2.7182818) anenidadneniiaylwandy

Fmmlszanass buuusdlnoddfimensshifuuy sine

Fumsszanans uusilnadidfsmanasyhiauuy  consine
fumasznass buwusdlnedidnsimanssindiuwy tangent

a

dumassnanawwuelnadidnimnasyiiduiwy tangent

#
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5.3 gilams lfnuunssde iwassuunlisunsals

5.3.1 audntiAzasuvseig iasouvulysunanla

1.

eld +157 fenuaudun 50 mv

2. nizuat.mﬁnmqaqm%uasJﬁumﬁ'auﬂmuammu%ﬁma% (Ewisuiasiialsf 10 amp)
3. udensnuemwhamldimeausasma LCD vi3a sanafina’

4.
5

v ) H \12124 aé A A€ 4 a €
LRNAUFHNIINGN LM LALUNAVIDA LR IATDINDNWILGAT

. ¥hamudiuléiie dual tracking , floating , indivedual uasynlvamanssavawdhusioile

darhuassinlél 2500 numdmnlwaniaviem

. samneussiuldludinsncefuplneiuasfuglsamdslindisemhom
 fimatlaafunszususzussiuiussnaoeuenidimadineamefinduassanios

. L%amiaﬁ'mauﬁqma%ﬁ'zammjm RS-232

5.3.2 SNYHCUDIALUWA

.

. 11121]3
4115(]|6|PEL
71(81[9]|"

. |10 ENTER

AdunagnesnuuuiiimneSemaninalusnuncefonfsiufdueiaras  BM-PC it

] ' d [ -1 ' [y ¢
ﬂ'ﬂNﬂSW]ﬂLLﬂN']EI@]EJﬂ']T‘l%\‘l'M Lﬁaammmaqm EJ\IW@IN LLUUI‘IJ'?LLﬂiN‘léllW)ﬁﬁ'lNﬁﬂﬂauﬂ'lLL"NC’]HLB'WI

! [ A i v ] a a 3 '
wridiaamslausasdnencfa tauwnnfduneiimiiedas vietlauandduataasaaafiames loanm

YI'NWB%YIS'L}H?NNWWTM RS-232C



5.3.3 33 41Ad0¢
1. Gadiad (oN) Wunasnalwasouwnlisunalevem

2
2. FpUHAINANTDANNASTL

0 : NORMAL PPS
1 : INTERFACE COM

A6 A °
NAABLLARLIENMITVNIINIU
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na 0 andhuwaselnlsunsaléassuen (NORMAL PPS) sanantlaudiayaléma

2
ABUNALAZLEAINANAE LCD Wit

na 1 denifhumssnalnidumainaiurasiimes canntloudasaldmedduaie

LALUEAIHANIaNETIAD SIYITIu

3,
T ) LIMIT VOLT AT
16V.
a6
mafdune
- ne ENTER dadiasmssiausesugegad 15 lad
A a ' [ I:; 1.4 [}
- N DEL iasuuarAdemussugega vsidasms g 0-16 biad
medduada
- Adehussdugegafidasmadihiane
a,
LIMIT CURRENT AT
850 mA.

UitiRwdeniude 3 wieniianazusgegaidadosatlutas 0 - 850mA.



5. NARNIELAULABNNTINGIU

o
%

5:EXIT PPS
1:FLOATING
2:INDIVEDUAL
3:DUAL

5.1 naudeLaY 1 : FLOATING MODE

wnselndhiivhemudumaselnassnliiawimalutas 0-15 Taad 2 ¢

NEMIELAUEENMIYINUA

unasahe lWénd 1 (PPS1)

- n® 0 (NORMAL) : flauusasiuudaaaniaviymlanass

4 a v,
wimana e |3
unaselwéi 2 (PPs2)

5:EXIT PPS2
1:WAVE
0:NORMAL

- nM 0 (NORMAL) : flauusssuddseanianmalaaass
& a i [ d u { 1 4
- N 1 (WAVE) : flavusedulasiumnéiuazn/fenulaslusnunispladuld

(wwieSudayamefdunaitiv)

5.2 NAUAYL8Y 2 : INDIVEDUAL

115

- n@ 3 (STEP SEGMENT) : ouusasuudusssusifemhifuussdiudne

¥
waselnazliiewineagflugas +15v sunsotleuenldviounnuazay vhamud

ve A o “e VO v ¢ A
1@”\‘]2‘”@]5% (Lﬂw'wm?lﬂgjaﬂ'mﬂHLLWVIWI'I‘HM) ﬁLWﬂLLazﬂaulﬁﬂﬂuﬁdaanﬂ’NLﬂ'WW!WIﬂEJ@]TQ Iﬂﬂtﬂﬂﬂﬂﬂ

Vaneaue il

1:WAVE

3:STEP SEGMENT
0:NORMAL

5:EXIT INDIVE

5.3 NauANeLaY 3 : DUAL

(] 2 [} d ' [ 2 A [
wisselwaclioniynarlutag +1 v dellaudusuemilunashalrasli

J { | o o [ Y o [ [$
AamrAvhAwieusdauuazFassun nmmutuseuastiawsdudmanomiynlnenss

Rannavisneaueeil

MODE DUAL
3:STEP SEGMENT
0:NORMAL
5:EXIT DUAL
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6. n1senuiusiay

0:SET

2:STEP WORKING
3:LIST&EDIT
5:EXIT STEP

6.1 NAVANELAY 0 : SET
imadiarusedudadiu, usduganeuasom 1 ga Gund 1 wnuud amnismd
WA ) wnBwdNIINIUEENT LKA
< A vy I3 ) ¢ ad gV v
madeenansnIndansauuLed iddud 1-10 ued uudasuusdas ffmnemdile
udhMEnEMvNadaTYNULAFas iRy 2500 iEnEme
6.1.1 NAWANELAY 0 : FIRST SET
4 w ] |‘1 ‘o A & 1A 4 X ) v \ o
adasmasisenlvsiviovne vdademifladiawtadiumnaiousn doyammmanay

gnawis Steusmamunanidasmalasd

SET BANK NUMBER
(1-10 BANK)

o, A
AaBU .

REMARK :
TOTAL SEGMEMT
MAX = 2500 SEG.

Hlauehéista 6.1.4 dialyl
6.1.2 NAVSNENAY 1 : DEL & NEW DATA
smiudaamasuiyaiidanSitammianaed uaslandoysifiimon  wn
sdasniviarhisnandiaa aniuliausdoida 6.1.4 doly
6.1.3 NAYNEIAY 2 : INCREASE BANK

. o A X d a 3
Aonitadiasmadedniiaaudn 1 qevde 1 wwednniiflegdislagasuanuued

L4 dld 3 w g
qmmﬂwuaq'slmnwwmu

NOW LAST BANK
?
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wnuusigavhelusostiad 10 suRzaenanMIRAEIW uarhdmu
§ v ) % A 6d a 2 ) Iy va_ A ¢
uweiaend 10 wiesuenilasnumdivde Wirmuhasmattevdayalddnfsnumd

FREE SEGMENT =
?

tlauedievinda 6.1.4 dalyl

6.1.4 i]auimmmmmﬂumiazumé

SEGMENT NUMBER

Tandosaauasumadmagnamdel

ENTER START VOLT

ENTER STOP VOLT

ENTER TIME

6.2 NAVANKLAY 2 : STEP WORKING
y ¥ o ' [ { :’: i o 5 3
dumsdeivnoudusadmaeusesundsld  Genwedfaslivhouanen 1 uwd
ot ° o o €a g 2 (é’ ' oA
unseiie ashanumuddsluynisnemdias Brasudiathwiadias
U438 LCD Quuaasenussiuuasanvn ¢ 2w
wvassatined (MdBuramaiunaniamas) asudasmussduuaznamn 9 i
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6.3 NAV LAY 3 (LISTAEDIT)
2 a a g 2, 1 273 |
unmiGenglayafiauaadle sansnGunienlifiasuued  ssnsowideysiiaflu

udazinma e
[ v ¥ A6 4 & o (3
Vanewme) | mndiasudagarefduade nwuﬁ‘lwmgammmuﬁ’lﬂéﬂﬂﬂmm ENNUA

1 cr X o [ 1)1 o VLN. o ¥ W \121
M °] PDIULNAIUIUIN MaiFEngdayauasmaun ladoyalisninsn  Yimdasiuld
winfudayamefdune WoGeangdasaudsmnudludoss lovd

7. mavhawdiuadu
dnfhrhoml¥oms FLOATING MODE(PPS?) waw INDIVEDUAL MODE wiafufaynarnmy
Aunewinds vnomaduedn 2 Smoe ﬁaﬂﬁlwgﬂ‘maéuazﬂ?;upjmuméuu swmnivvetiausisiulu
madurasnauls Iﬂﬂﬁmu@ll,lﬁdﬁmjdtjﬂLLﬂSLL‘NﬁH@%R}ﬂﬁ’JﬂEﬁGL’ﬁu flauusssugega 10 lad wsasush
0 0 hiadt
volt
1

< _ time




Tdsunsuuan

$9>=16 ms

wansFasiaiuLCOlu 8
fim Hursinnisudnua 4
ussvin Hqmuamenaiiiu
57 99

79 >=41ms

y

waldiinailavtinsauss
uanpasias
WLILINTEWTU

78 >= 100 us

unliuemnraaag
4 X
DD RAMIANTUW 1
a4 A oy
Walsuvradudaya
e ed
wdauasimefigafireu
lunneunn

) o4 4 [J
ALANALABNNITNNIUY

nuuaiuumas

e/ lWE99:mN

Yes—ﬁ

A




ausas(luiniuzo)
anszua(laiiniuioa)

3R
5[]

//

A
ﬂﬂﬂﬂﬂﬂ?ﬂcﬂ’ﬂlﬁﬂﬂtﬂuﬂ

H
all

&

@an MODE FLOAT Yes

No

tdan MODE
INDEVEDUAL

Yes

No

1dan MODE DUAL Yes

SiEcle

No

wanaanann

Tilsunsuuan

Yes

C 5uqmm?v‘i'wm >




( \
1
v
AT ATAMIUFLOAT

.

4—No

a e A [
ALANRDNNITNNIU

Yes

\RanaanannFLOAT

Yes

ARBNATIVINNTY

o
Al

ADN2ANANUUKT
, . d
qne IWFai2

No

4
\wanAaY Yes

No

\RANULLEISHAN No——>|

Yes
tlauAusiu

0 * [ 4
A4ANRANLAYINRA

AIAADLIUTIAUNY

nFzuaLiy
v




= ¢ [
NARAEILADNNITNINIU

[AANAANAINUNAY

, o o Yes
angTWmaN1

No

Yes

wanyenuuaimy
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6.2 m'a"maaﬂuamgmiu (load regulation)
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6.4 A3V (drift)
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M3 6.1 wamsnadeuuvainiousiu Iaswunllsuasuld gad 1

|
Load Current = 850 mA
PROGRAMED OUTPUT VOLTAGE RIPPLE % LOAD % RIPPLE
VOLTAGE UNLOADED LOADED UNLOADED LOADED REGULATION

\'% \' Vv mV mV % %
1.5 14875 14747 3.08 5.44 0.8605 0.3689
1.6 1.5864 1.5735 328 530 0.8132 0.3368
1.7 1.6865 1.6739 3.42 520 0.7471 0.3107
1.8 1.7853 1.7726 325 5.17 0.7114 0.2917
19 1.8847 1.8708 2.89 534 0.7375 0.2854
2.0 1.9847 1.9720 345 4.96 0.6399 02515
21 2.0855 2.0717 330 4.93 0.6617 0.2380
22 2.1840 2.1704 311 5.05 0.6227 02327
23 22836 22707 347 487 0.5649 02145
2.4 2.3883 2.3696 336 4.90 0.7830 0.2068
25 24844 2.4680 3.18 521 0.6601 02111
2.6 2.5827 2.5690 363 4381 0.5305 0.1872
2.7 2.6868 2.6769 3.68 483 0.3685 0.1804
2.8 2.7820 2.7687 347 491 0.4781 0.1773
29 2.8818 2.8683 3.66 4381 0.4685 0.1677
3.0 2.9813 2.9696 371 484 0.3924 0.1630
3.1 3.0815 3.0678 3.46 4.94 0.4446 0.1610
32 3.1802 3.1674 373 4.84 0.4025 0.1528

, 33 3.2810 3.2680 3.76 4.84 0.3962 0.1481
34 <« . 3.3800 33670 3.67 4.90 0.3846 0.1455
35 34790 3.4650 331 5.11 0.4024 0.1475
36 3.5790 3.5660 378 4385 0.3632 0.1360
37 3.6790 3.6660 3.63 495 0.3534 0.1350
38 3.7770 3.7630 315 5.30 0.3707 0.1408
39 3.8780 3.8650 4.00 4.89 0.3352 0.1265
4.0 3.9780 3.9640 3.78 4.90 03519 0.1236
4.1 4.0770 4.0640 3.62 5.00 03189 0.1230
42 4.1750 4.1640 3.34 4388 0.2635 0.1172
43 42160 4.2000 3.80 4.95 0.3795 0.1179
4.4 4.3760 43620 347 5.15 03199 0.1181
45 4.4760 4.4630 392 49] 0.2904 0.1100
4.6 45750 4.5620 3.92 4.94 0.2842 0.1083
4.7 4.6740 4.6620 3.76 5.00 0.2567 0.1073
a8 4.7740 4.7610 3.99 19 0.2723 0.1033
4.9 4.8740 4.8620 3.94 495 0.2462 0.1018
5.0 49730 4.9600 364 5.16 0.2614 0.1040
5.1 5.0700 5.0560 325 576 0.2761 0.1139
52 5.1730 5.1610 442 5.00 0.2320 0.0969
53 52730 52610 395 4.94 0.2276 0.0939
54 53720 53600 3.67 5.13 02234 0.0957
55 54720 54610 4.00 4.94 0.2010 0.0905
56 5.5720 5.5600 3.90 5.00 0.2154 0.0899
5.7 56720 5.6590 3.66 5.15 0.2292 0.0910
5.8 5.7720 5.7590 398 4.86 0.2252 0.0844
59 5.8720 5.8590 385 487 02214 0.0831
6.0 5.9850 5.9670 3.68 4.97 0.3008 0.0833
6.1 6.0690 6.0580 4.00 4.82 0.1812 0.0796
6.2 6.1690 6.1570 391 485 0.1945 0.0788
63 6.2680 6.2560 3.65 5.05 0.1914 0.0807
64 6.3670 6.3550 4.00 483 0.1885 0.0760
6.5 6.4680 6.4560 3.99 4.85 0.1855 0.0751
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PROGRAMED OUTPUT VOLTAGE RIPPLE % LOAD % RIPPLE
VOLTAGE UNLOADED LOADED UNLOADED LOADED REGULATION
v v \ mV my % %
6.6 6.5670 6.5550 3.88 4.90 0.1827 0.0748
6.7 6.6660 6.6540 3.69 5.17 0.1800 0.0777
6.8 6.7670 6.7550 4.03 4.90 0.1773 0.0725
69 6.8660 6.8550 3.88 4,98 0.1602 0.0726
7.0 6.9640 6.9520 3.58 5.33 0.1723 0.0767
7.1 7.0650 7.0540 3.98 4.90 0.1557 0.0695
7.2 7.1640 7.1530 3.92 4.93 0.1535 0.0689
7.3 " 7.2640 7.2520 3.72 5.1 0.1652 0.0705
74 7.3630 7.3520 4.02 492 0.1494 0.0669
7.5 7.4630 74510 393 5.00 0.1608 0.0671
7.6 7.5610 7.5490 3.60 544 0.1587 0.0721
117 7.6630 7.6520 4.07 4.90 0.1435 0.0640
7.8 7.7630 7.1510 4.05 4.90 0.1546 0.0632
79 7.8630 7.8510 3.90 498 0.1526 0.0634
8.0 7.9620 7.9500 4.07 4.91 0.1507 0.0618
8.1 8.0620 8.0510 4.05 4.87 0.1364 0.0605
8.2 8.1620 8.1500 3.87 5.00 0.1470 0.0613
83 8.2590 8.2470 3.60 5.52 0.1453 0.0669
84 8.3610 8.3500 4.07 4.92 0.1316 0.0589
85 8.4610 8.4500 4.00 4.98 0.1300 0.0589
8.6 8.5590 8.5480 3.80 522 0.1285 0.0611
8.7 8.6610 8.6490 4.00 4.92 0.1386 0.0569
88 8.7600 8.7480 3.87 5.05 0.1370 0.0577
89 8.8580 8.8460 3.67 5.44 0.1355 0.0615
* 9.0 8.9590 8.9470 4.05 490 0.1339 0.0548
91 ¢~ 9.0590 9.0470 4.02 4.96 0.1325 0.0548
92 9.1580 9.1460 3.85 513 0.1310 0.0561
9.3 9.2580 9.2470 4.10 4.90 0.1188 0.0530
94 9.3570 9.3460 4.00 4.98 0.1176 0.0533
9.5 9.4570 9.4450 3.90 5.28 0.1269 0.0559
9.6 9.5560 9.5450 4.13 493 0.1151 0.0517
9.7 9.6570 9.6460 4.11 491 0.1139 0.0509
9.8 9.7560 9.7450 3.95 5.08 0.1128 0.0521
99 9.8540 9.8420 3.88 5.55 0.1218 0.0564
10.0 9.9560 9.9440 4.11 5.00 0.1205 0.0503
10.1 10.0540 10.0430 3.92 5.32 0.1094 0.0530
102 10.1590 10.1400 3.81 593 0.1870 0.0585
10.3 10.2610 10.2500 4.13 5.00 0.1072 0.0488
10.4 10.3600 10.3480 4.10 5.00 0.1158 0.0483
10.5 10.4590 10.4480 3.97 5.82 0.1052 0.0557
10.6 10.5590 10.5480 4.19 498 0.1042 0.0472
10.7 10.6590 10.6480 4.78 5.04 0.1032 0.0473
10.8 10.7570 10.7480 3.95 5.35 0.0837 0.0498
10.9 10.8590 10.8470 4.20 4.93 0.1105 0.0455
11.0 10.9580 10.9470 417 4.99 0.1004 0.0456
11.1 11.0580 11.0470 4.08 5.13 0.0995 0.0464
11.2 11.1580 11.1470 4.19 498 0.0986 0.0447
113 11.2580 11.2470 4.15 5.00 0.0977 0.0445
11.4 11.3560 11.3450 4.00 5.26 0.0969 0.0464
11.5 11.4520 11.4410 3.93 5.79 0.0961 0.0506
11.6 11.5570 11.5460 422 4.99 0.0952 0.0432
11.7 11.6570 11.6460 413 543 0.0944 0.0466
11.8 11.7550 11.7430 4.04 5.35 0.1021 0.0456
119 11.8560 11.8440 4.16 5.01 0.1012 0.0423
12.0 11.9550 11.9440 4.09 5.12 0.0920 0.0429
12.1 12.0530 12.0420 4.06 5.45 0.0913 0.0453
12.2 12.1550 12.1440 4.00 5.00 0.0905 0.0412
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PROGRAMED OUTPUT VOLTAGE RIPPLE % LOAD % RIPPLE
VOLTAGE UNLOADED LOADED UNLOADED LOADED REGULATION
\4 \ \ mV mV % %

123 12.2540 12.2430 4.14 5.09 0.0898 0.0416
12.4 12.3530 12.3420 4.00 533 0.0890 0.0432
12.5 12.4540 12.4430 4.16 4.99 0.0883 0.0401
12.6 12.5530 12.5450 4.11 5.08 0.0637 0.0405
12.7 12.6510 12.6400 4.00 5.53 0.0869 0.0438
12.8 12.7500 12.7410 4.18 4.95 0.0706 0.0389
129 12.8540 12.8430 420 4.99 0.0856 0.0389
13.0 12,9530 12.9480 4.85 5.05 0.0386 0.0390
13.1 13.0510 13.0400 4.03 5.59 0.0843 0.0429
13.2 13.1530 13.1420 4.27 5.06 0.0836 0.0385
13.3 13.2520 13.2420 4.17 5.12 0.0755 0.0387
13.4 13.3680 13.3460 4.15 6.12 0.1646 0.0459
13.5 13.4710 13.4480 428 5.52 0.1707 0.0410
13.6 13.5710 13.5490 4.17 5.49 0.1621 0.0405
13.7 13.6700 13.6480 4.05 5.76 0.1609 0.0422
13.8 13.7700 13.7480 428 5.50 0.1598 0.0400
13.9 13.8700 13.8470 418 5.59 0.1658 0.0404
14.0 13.9700 13.9440 4.06 6.07 0.1861 0.0435
14.1 14.0690 14.0460 424 5.40 0.1635 0.0384
14.2 14.1680 14.1460 423 541 0.1553 0.0382
143 14.2680 14.2460 4.13 5.60 0.1542 0.0393
14.4 14.3680 14.3460 421 5.37 0.1531 0.0374
14.5 14.4680 14.4460 4.20 5.40 0.1521 0.0374
14.6 14.5660 14.5440 4.07 5.72 0.1510 0.0393
*14.7 14.6620 14.6420 4.07 6.25 0.1364 0.0427
148 © ~ 14.7640 14.7450 417 5.40 0.1287 0.0366
149 14.8660 14.8440 4.15 5.55 0.1480 0.0374
15.0 14.9620 14.9410 4.11 6.00 0.1404 0.0402
AVERAGE. 0.2266 0.0883
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% Ripple (%)
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MINA 6.2 HamInagouunasnousiiu assuuu Tilsunsu 14 gail 2.

|
Load Current = 850 mA
PROGRAMED OUTPUT VOLT RIPPLE % LOAD % RIPPLE
VOLT NO LOADED LOADED NO LOADED LOADED REGULATION

A" Vv \' mV mV % %

1.5 1.4864 1.4546 0.45 1.14 2.1394 0.0784
1.6 1.5820 1.5557 0.42 0.63 1.6625 0.0405
1.7 1.6834 1.6566 0.40 0.84 1.5920 0.0507
1.8 1.7837 1.7543 0.39 1.18 1.6483 0.0673
1.9 1.8860 1.8504 0.38 1.81 1.8876 0.0978
2.0 1.9834 1.9559 036 0.82 1.3865 0.0419
2.1 2.0823 2.0556 0.34 1.06 1.2822 0.0516
22 2.1842 2.1521 033 1.57 1.4696 0.0730
23 2.2819 2.2528 0.32 1.39 1.2753 0.0617
24 2.3831 23533 0.30 142 1.2505 0.0603
25 2.4836 2.4500 0.30 1.95 1.3529 0.0796
2.6 2.5833 2.5565 0.28 0.80 1.0374 0.0313
27 2.6825 2.6559 0.28 1.23 0.9916 0.0463
2.8 2.7889 2.7566 0.27 1.19 1.1582 0.0432
29 2.8839 2.8575 0.28 0.75 0.9154 0.0262
3.0 2.9837 2.9564 0.25 1.13 0.9150 0.0382
3.1 3.0844 3.0550 0.25 1.53 0.9532 0.0501
32 3.1828 3.1570 0.25 0.72 0.8106 0.0228
33 . 3.2840 3.2570 0.24 0.97 0.8222 0.0298
34 "¢ 33840 3.3550 0.23 127 0.8570 0.0379
35 3.4840 3.4520 024 1.88 09185 0.0545
3.6 3.5810 3.5560 0.24 1.08 0.6981 0.0304
3.7 3.6810 3.6550 0.24 1.50 0.7063 0.0410
3.8 3.71770 3.7500 0.25 2.13 0.7149 0.0568
3.9 3.8850 3.8560 0.22 1.23 0.7465 0.0319
4.0 3.9830 3.9580 0.23 1.03 0.6277 0.0260
4.1 4.0850 4.0560 0.23 1.53 0.7099 0.0377
42 4,1830 4.1570 0.23 1.12 0.6216 0.0269
43 4.2820 42550 0.24 1.70 0.6305 0.0400
44 43810 4.3500 0.28 1.80 0.7076 0.0414
4.5 44840 4.4580 0.23 1.08 0.5798 0.0242
4.6 4.5820 4.5560 0.23 1.54 0.5674 0.0338
4.7 4.6810 4.6540 0.28 1.91 0.5768 0.0410
4.8 4.7749 4.7560 0.24 1.27 0.3958 0.0267
49 4.8830 4.8570 025 1.73 0.5325 0.0356
5.0 4.9740 4.9500 0.25 2.04 0.4825 0.0412
5.1 5.0720 5.0420 035 2.83 0.5915 0.0561
52 5.1810 5.1590 0.26 0.77 0.4246 0.0149
53 5.2820 5.2590 0.26 1.00 0.4354 0.0190
54 5.3790 5.3550 0.29 1.53 0.4462 0.0286
5.5 5.4800 5.4560 0.27 1.28 0.4380 0.0235
5.6 5.5800 5.5570 0.27 1.16 0.4122 0.0209
5.7 5.6800 5.6550 0.32 1.74 0.4401 0.0308
5.8 5.7790 5.7560 0.26 1.05 0.3980 0.0182
59 5.8800 5.8550 0.29 1.58 0.4252 0.0270
6.0 5.9800 5.9560 0.30 1.55 0.4013 0.0260
6.1 6.0800 6.0570 0.26 1.05 0.3783 0.0173
6.2 6.1770 6.1550 0.37 1.60 0.3562 0.0260
6.3 6.2760 6.2510 0.37 2.06 0.3983 0.0330
6.4 6.3790 6.3570 0.29 0.80 0.3449 0.0126
6.5 6.4800 6.4580 0.28 1.11 0.3395 0.0172
6.6 6.5780 6.5570 0.35 1.44 0.3192 0.0220
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PROGRAMED OUTPUT VOLT RIPPLE % LOAD % RIPPLE
VOLT NO LOADED LOADED NO LOADED LOADED REGULATION
v \ A\ mV mV % %
6.7 6.6770 6.6530 0.43 2.10 0.3594 0.0316
6.8 6.7800 6.7570 0.30 117 0.3392 0.0173
6.9 6.8770 6.8570 0.39 1.57 0.2908 0.0229
7.0 6.9740 6.9510 0.50 224 0.3298 0.0322
71 7.0770 7.0540 0.38 1.72 0.3250 0.0244
72 7.1780 7.1560 0.33 1.56 0.3065 0.0218
73 7.2780 7.2540 0.41 2.10 0.3298 0.0289
74 7.3760 7.3540 0.38 1.82 0.2983 0.0247
7.5 7.4750 7.4510 047 240 0.3211 0.0322
7.6 7.5730 7.5490 0.50 2.59 0.3169 0.0343
1.7 7.6800 7.6590 0.30 1.02 0.2734 0.0133
7.8 7.7800 7.7580 0.33 1.53 0.2828 0.0197
79 7.8780 7.8560 0.42 1.89 0.2793 0.0241
8.0 7.9790 7.9590 0.31 1.07 0.2507 0.0134
8.1 8.0800 8.0590 0.40 143 0.2599 0.0177
82 8.1780 8.1560 0.49 1.91 0.2690 0.0234
83 8.2740 8.2510 0.59 2.64 0.2780 0.0320
84 8.3800 8.3590 0.36 1.36 0.2506 0.0163
8.5 8.4800 8.4590 0.41 1.70 0.2476 0.0201
8.6 8.5770 8.5550 0.55 2.31 0.2565 0.0270
8.7 8.6780 8.6560 0.50 2.10 0.2535 0.0243
88 8.7810 8.7560 0.53 2.10 0.2847 0.0240
89 8.8750 8.8520 0.60 2.65 0.2592 0.0299
2.0 8.9800 8.9590 0.38 1.51 0.2339 0.0169
9.1 * 9.0780 9.0570 0.60 2.09 0.2313 0.0231
9.2 < 9:1800 9.1580 0.55 2.05 0.2397 0.0224
9.3 9.2810 9.2600 0.40 1.44 0.2263 0.0156
94 9.3790 9.3580 0.55 2.01 0.2239 0.0215
9.5 9.4770 9.4550 0.67 2.49 0.2321 0.0263
9.6 9.5800 9.5590 0.43 1.61 0.2192 0.0168
9.7 9.6800 9.6590 0.55 2.00 0.2169 0.0207
9.8 9.7760 9.7560 0.73 2.35 0.2046 0.0241
9.9 9.8720 9.8500 0.77 294 0.2229 0.0298
10.0 9.9780 9.9560 0.70 232 0.2205 0.0233
10.1 10.0740 10.0530 0.86 2.75 0.2085 0.0274
10.2 10.1660 10.1430 0.89 3.32 0.2262 0.0327
10.3 10.2790 10.2580 0.57 1.75 0.2043 0.0171
10.4 10.3810 10.3600 0.50 L.51 0.2023 0.0146
10.5 10.4800 10.4590 0.58 1.99 0.2004 0.0190
10.6 10.5800 10.5590 0.50 1.63 0.1985 0.0154
10.7 10.6780 10.6570 0.67 2.19 0.1967 0.0205
10.8 10,7780 10.7560 0.72 2.24 0.2041 0.0208
109 10.8800 10.8610 0.50 1.47 0.1746 0.0135
11.0 10.9780 10.9570 0.68 1.94 0.1913 0.0177
11.1 11.0770 11.0550 0.70 2.25 0.1986 0.0204
112 11.1790 11.1580 0.60 1.16 0.1879 0.0104
113 11.2790 11.2580 0.70 2.04 0.1862 0.0181
114 11.3750 11.3530 0.80 2.46 0.1934 0.0217
115 11.4670 11.4450 0.90 3.00 0.1919 0.0262
11.6 11.5800 11.5590 0.50 1.60 0.1813 0.0138
11.7 11.6800 11.6590 0.69 1.88 0.1798 0.0161
11.8 11.7750 11.7550 0.83 2.44 0.1699 0.0208
119 11.8760 11.8550 0.80 228 0.1768 0.0186
12.0 11.9780 11.9570 0.80 2.14 0.1753 0.0179
12.1 12.0750 12.0540 0.86 2.66 0.1739 0.0221
122 12.1760 12.1550 0.78 2.15 0.1725 0.0177
123 12.2740 12.2530 0.88 2.61 0.1711 0.0213
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PROGRAMED OUTPUT VOLT RIPPLE % LOAD % RIPPLE
VOLT NO LOADED LOADED NO LOADED LOADED REGULATION
v \4 \/ mVY mV % %
12.4 12.3750 12.3540 0.90 2.60 0.1697 0.0210
12,5 12.4700 12.4560 0.88 234 0.1123 0.0188
12.6 12.5730 12.5510 0.98 2.80 0.1750 0.0223
12.7 12.6680 12.6450 1.00 3.15 0.1816 0.0249
12.8 12.7790 12.7590 0.60 1.67 0.1565 0.0131
12.9 12.8800 12.8590 0.78 1.94 0.1630 0.0151
13.0 12.9780 12,9570 0.90 2.27 0.1618 0.0175
13.1 13.0740 13.0560 0.90 2.89 0.1377 0.0221
13.2 13.1790 13.1630 0.72 2.00 0.1214 0.0152
133 13.2780 13.2610 0.89 2.36 0.1280 0.0178
13.4 13.3730 13.3510 1.05 3.00 0.1645 0.0225
13.5 13.4760 13.4540 0.90 245 0.1633 0.0182
13.6 13.5780 13.5540 0.90 2.25 0.1768 0.0166
13.7 13.6730 13.6520 1.00 2.70 0.1536 0.0198
13.8 13.7750 13.7520 1.00 2417 0.1670 0.0180
13.9 13.8700 13.8480 1.09 297 0.1586 0.0214
14.0 13.9690 13.9470 1.13 3.10 0.1575 0.0222
14.1 14.0710 14.0510 1.00 1.97 0.1421 0.0140
14.2 14.1690 14.1480 1.30 2.45 0.1482 0.0173
14.3 14.2670 14.2460 1.22 2.74 0.1472 0.0192
144 14.3690 14.3500 1.00 2.06 0.1322 0.0144
14.5 14.4700 14.4490 1.17 242 0.1451 0.0167
14.6 14.5650 14.5450 1.30 285 0.1373 0.0196
14.7 14.6590 14.6380 1.41 3.49 0.1433 0.0238
14.8 . 147670 14.7470 1.22 3.57 0.1354 0.0242
14.9 < 14.8660 14.8450 1.27 2.80 0.1413 0.0189
15.0 14.9590 14.9380 1.37 3.28 0.1404 0.0220
AVERAGE' 0.4392 0.0277
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60
70
80

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280

310

330

350
360
366
370
380
390

410

STRING 2000,17
DIM $(16),K(21)
LIV=20 :VLC=10:ADD=0001H
PHAS=0EDAZH : REL=03H : GOSUB 6800 : REM INITIAL DAC
PHAS=0E0C2H : REL=03H : GOSUB 6900
REM******INITIAL LCD***+**
XBY(OEO60H)=38H : REM FUNCTION SET
FORI=1 TO 156 : NEXTI
XBY(OE060H)=0FH : REM DISPLAY ON/OFF SET
FORI=1TO6: NEXTI
XBY(OE060H)=06H : REM ENTRY MODE SET
FORI=1 TO6: NEXTI
XBY(0E060H)=01H : REM CLEAR SCREEN
REM***+**[NITIAL 8255+***+#++
XBY(OE083H)=92H : REM ADS74A PORT A&B=INPUT,PORT C=OUTPUT
XBY(OE082H)=01H : REM DISABLE 4052 & ADS74A=READ STATUS
XBY(OEOA3H)=80H : REM DAC1210_A ALL PORTS=OUTPUT
XBY(OEOA2H)=03H : REM DESELECT COMMAND FOR DAC1210_A
¥BY(OEOC3H)=80H : REM DAC1210_B ALL PORTS=OUTPUT
)ZBY(oncg_H)=03H : REM DESELECT COMMAND.FOR DAC1210_B
REM##++++++4444+ CHOOSE YOUR MODE ***##*ssssuisuusss
$(27)=" PROGRAMABLE *
${47)=" POWER SUPPLY *
$(67)="BY TEE TUM &MARK"
FORK=1TO 5
N=27: DO
GOSUB 5370
N=N+20
WHILE N<=67
NEXT K
FOR I=1 TO 1000 : NEXT I
ITF=0
$(22)="0:NORMAL PPS " : N=22: GOSUB 5370
$(52)="1INTERFACE COM * : N=62 : GOSUB 5370
GOSUB 7480
IF A=1 THEN ITF=1 : GOTO 380 : REM INTERFACE COM(USED KEYBOARD)
IF A<>0 THEN 320
REM #HtH A SET MAX. VOTL LIMIT #HHHHHHHHHHHHEHHH
ANS=20 : REM...SET LIMIT VOLT=20V
$(10)=" LIMIT VOLT AT " :N=10: GOSUB 5370
$(66)="20 V * : N=66 : GOSUB 5370
GOSUB 7480 : REM..KEY ENTER FOR 30 LiV OR KEY NEW LiV
LIV=ANS : REM..LiV=LIMIT VOLT



430 ANS=1000: REM..SET LIMIT CURRENT=10 AMP.

440 $(33)="LIMIT CURRENT AT" : N=33 : GOSUB 5370

450 $(71)=" 1000 mA " :N=71 : GOSUB 5370

460 GOSUB 7480

470 VLC=(ANS*0.001)*10 : REM..VLC=VOLT OF LIMIT CURRENT=I"R
480 $(1)="ENTER YOUR MODE:" : N=1 : GOSUB 5370

490 FORI=1TO 500: NEXTI

600 $(28)=" 6:EXIT PPS " :N=28: GOSUB 5370

510 $(41)=" 1FLOATING " :N=41: GOSUB 5370

$(61)=" 2INDIVEDUAL " : N=61: GOSUB 6370

$(81)=" 3:.DUAL * : N=81: GOSUB 5370

GOSUB 7480 : REM Receive Voltage value from user.

$(20)=" ENTER VOLT *

$(69)=" 0:NORMAL *

570 $(60)=" 3:STEP SEGMENT *

580 $(6)=" SEGMENT NUMBER *

590 IF A=1 THEN GOSUB 640 : GOTO 500 : REM..CHOOSE FLOAT
600 IF A=2 THEN GOSUB 1050 : GOTO 500 : REM...CHOOSE INDIVEDUAL
610 ~_‘IF A=3 THEN GOSUB 1280 : GOTO 500 : REM...CHOOSE DUAL
620 IF A=STHEN END

630 REM#***+**ssssssusvess FLOATING **++sersvssnnsnsniranss

640 REL=83H: REM SET RELAY ,NOT WRNOT CS

645 XBY(OEOC2H)=83H : REM SET RELAY

650 PPS=1: REM..FOR SEND TO DAC IN STEP SEG.

660 $(5)=" MODE FLOATING " : N=5: GOSUB 5370

670 $(49)=" 1.PPS 1 " : N=49 : GOSUB 5370

680 $(68)=" 2.PPS 2 " 1 N=68 : GOSUB 5370

620 $(83)=" 5EXIT FLOAT " :N=83: GOSUB 5370

700 GOSUB 7480

710 IF A=b THEN RETURN

720 IF A=1 THEN 750 : REM RUN PPS 1

730 IF A=2 THEN 910 : REM RUN PPS 2

740 GOTO 660

750  REM{HHHHREHHAHAHARRR PPS 1
760 PHAS=0E0AZH

770 $(23)=" 5:EXIT PPS1 " : N=23: GOSUB 5370
780 N=50: GOSUB 5370

790 N=69: GOSUB 5370

800 GOSUB 7480

810 IF A=5 THEN GOTO 660

820 IF A=3 THEN GOSUB 2800 : GOTO 760
830 IF A<0THEN GOTO 770

840 $(16)="PPS1.ENTER VOLT " : N=16 : GOSUB 5370
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850
860
870
880
890
900
910
920
930

950

970
980

1000
1010
1020
1030
1040
1080
1055
1060
1070
1080
1090
1100
1110
1120
1125
1130
1140
1180
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250

GOSUB 7480
V1=ANS : GOSUB 5900
IF ER=1.0R.ER=2 THEN 760
GOTO 760
REMiHHHHHHHHHHHHARAS PPS 2
REM##t#tHHH NO STEP SEGMENT #HH#HHHHHHHH
PHAS=0EOC2H
$(18)=" EXIT PPS2 " :N=18: GOSUB 5370
$(54)=" 1:WAVE * : N=64 : GOSUB 6370
N=69 : GOSUB 5370
GOSUB 7480
IF A=5 THEN 660
IF A=1 THEN GOSUB 1700 : GOTO 910
IF A<>0 THEN 910
$(17)="PPS2ENTER VOLT * : N=17 : GOSUB 6370
GOSUB 7480
V1=ANS : GOSUB 5900
IF ER=1.0RER=2 THEN 910
. goTo 910
REMgg+ssss#sss4sss+ NDIVEDUAL *+++#sssssstsssnusnsnss
REL=03H : REM..CHOOSE INDI.
XBY(OEOC2H)=03H : REM SET RELAY
PPS=2
$(22)="MODE INDIVEDUAL * : N=22 : GOSUB 5370
FOR I=1 TO 600 : NEXT I
$(34)=" 1L.WAVE * :N=34: GOSUB 6370
N=50 : GOSUB 5370
N=69 : GOSUB 5370
$(85)=" 6.EXIT INDIVE *: N=85: GOSUB 5370
GOSUB 7480
IF A=1 THEN GOSUB 1700 : GOTO 1050
IF A=6 THEN RETURN
IF A=3 THEN GOSUB 2000 : GOTO 1080
IF A<>0 THEN 1070
N=20 : GOSUB 5370
GOSUB 7480
IF ANS<O THEN 1220
PHAS=0E0A2H
V1=ANS : GOTO 1240
PHAS=0EOC2H
V1=ABS(ANS)
GOSUB 5900
IF ER=1.0R.ER=2 THEN 1050




1260
1270
1280
1285
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1700
1710
1720
1725
1730
1740
1750
1752
1764
* 1760
1770
1780
1782
1784
1790
1800
1810
1820
1830
1840
1850
1860

GOTO 1050
REM#++++sssssuunerssns DAL S4vssnsssnssssessnnsssssss
REL=03H

XBY(OEOCZH)=03H

PPS=3

$(19)=" MODE DUAL " :N=19: GOSUB 6370
N=50 : GOSUB 6370

N=69 : GOSUB 6370

$(84)=" G:EXIT DUAL *:N=84: GOSUB 5370
GOSUB 7480

IF A=6 THEN RETURN

IF A=3 THEN 2900 : GOTO 1280

IF A<>0 THEN 1280

N=20 : GOSUB 6370

GOSUB 7480

V1=ABS(ANS)

PHAS=0E0AZH : GOSUB 5000

IF ER=1.0RER=2 THEN 1280

PHAS=0EOC2H : GOSUB 5900

F ER<1.QR ER=2 THEN 1280

GOTO 1280

REMSHHHHHHEHH WAVE SHHENHHHHHHEH
REM#######iH FOR KEYPAD ONLY ittt
IF ITF=1 THEN RETURN

WAVE=0

$(31)=" ENTER MAX.VOLT * : N=31 : GOSUB 5370
GOSUB 7480

VMX=ANS

MX1=INT(VMX)

MX2=VMX-MX1

$(9)=" ENTER MIN.VOLT * : N=9 : GOSUB 6370
GOSUB 7480

VMN=ANS

MN1=INT(VMN)

MN2=VMN-MN1

$(30)=" OSINE WAVE " : N=30 : GOSUB 5370
$(65)=" 1:TRIANGLE WAVE" : N=66 : GOSUB 5370
GOSUB 7480

IF A=0 THEN 2300

IF A<>1 THEN 1730

XBY(OE0G0H)=01H

N=55 : GOSUB 6370

IF PPS<>1 THEN 1890



1870 PHAS=0EOC2H : VMN=ABS(VMN) : VMX=ABS(VMX)
1880 V1=VMN : GOTO 1892

1890 IF PPS=2 THEN Vi=VMN

1892 IF MN2=0 THEN 1900

1884 WAVE=1: GOTO 1910

1985 V1=V1+MN2

1900 DO

1910 KEY1=PORT1

1920 [F KEY1=0FFH THEN 1990

1930 KEY2=PORT1

1940 IF KEY2<>0FFH THEN 1930

1950 RETURN

1960 IF PPS<>2 THEN 1990

1970 IF Vi<0 THEN PHAS=0EOC2H : GOTO 1990
1980 IF V1>=0 THEN PHAS=0E0A2H

1990 GOSUB 5900

2000 IF ER=1.0R.ER=2 THEN 1730

2002 IF WAVE=1 THEN WAVE=0 : GOTO 1896
2004 . IF WAVE=2 THEN WAVE=0 : GOTO 2026
2010 i’n:\m,o.l

2020 UNTIL VI>VMX

2022 IF MX2=0 THEN V1=VMX-1 : GOTO 2030
2024 WAVE=2 : V1=VMX : GOTO 1910

2026 V1=VMX-MX2

2030 DO

2040 KEY1=PORT1

2050 IF KEY1=0FFH THEN 2120

2060 KEY2=PORT1

2070 IF KEY2<>0FFH THEN 2060

2080 RETURN

209 IF PPS<>2 THEN 2120

2100 IF V1<0 THEN PHAS=0EOC2H : GOTO 1990
2110 IF V1>=0 THEN PHAS=0E0AZH

2120 GOSUB 5900

2130 IF ER=1.0RER=2 THEN 1730

2140 V1=V1-01

2150 UNTIL VI<VMN

2162 IF MN2<>0 THEN V1=VMN : GOTO 1892
2154 V1=VMN+

2160 GOTO 1892

2300 REM###HHHHHHH SINE WAVE #HHAHHHHHHR I
2310 XBY(OE0G0H)=01H

2320 N=30: GOSUB 6370



2330 HALF=(VMX+VMN)/2

2340 1=0

2350 DO

2360 KEY1=PORT1

2370 IF KEY1=0FFH THEN 2430

2380 KEY2=PORT1

23%0 IF KEY2<>0FFH THEN 2380

2400 RETURN

2410 V1={(VMX-HALF)*SIN(D)+HALF

2420 IF PPS<>2 THEN 2450

2430 IF V1>=0 THEN PHAS=0E0A2H : GOTO 2470
2440 TF V1<0 THEN PHAS=0EOC2H : GOTO 2470
2450 IF PPS<>1 THEN RETURN

2460 PHAS=0EOC2H

2470 GOSUB 5900

2480 IF ER=1.0RER=2 THEN 1730

2490 [=140.05

2500 UNTIL 1=2*PI

2610 . GOTO 2340

2700 *REm.,,.::...........m SEGMENT*s++sssesassrsssassass
2900 $(11)="ENTER START VOLT" '
2910 ${12)="ENTER STOP VOLT"

2920 $(13)="ENTER TIME  °

2930 $(48)="BANK ORDER= *

2940 $(2)=" O:SET *:N=2: GOSUB 5370

2950 $(42)=" 2:STEP WORKING * : N=42 : GOSUB 6370
2960 $(62)=" 3:LIST & EDIT *:N=62: GOSUB 5370
2970 $(86)=" S:EXIT STEP *:N=86: GOSUB 6370
2980 GOSUB 7480

2930 IF A=6 THEN RETURN

3000 IF A=0 THEN 3700

3010 IF A=2 THEN 5000

3020 IF A<>3 THEN 2940

3100 REM #HEHHHHHHHHHHHLIST & EDIT STEP #HHHHHHHHHHHHHHHH
3200 $(38)=" O.LIST * : N=38 : GOSUB 6370

3230 $(66)=" 1:EDIT * : N=B6 : GOSUB 5370
3240 GOSUB 7480

3245 LE=ANS

3260 $(14)=" CHOOSE BANK *:N=14: GOSUB 5370
3270 GOSUB 7480

3280 U=ANS

3290 ON U GOSUB ,6850,6860,6870,6880,6890,6900,6910,6920,6930,6940
3300 IF LE=0 THEN 3380



3310
3320
3330
3340
3350
3360
3370
3375
3380

3410

3470

3500
3510
3520
3530
3540
3550
3560
3570
3580
3590
3600
3700
3710
3720

3785

$(24)=" CHOOSE SEGMENT * : N=24 : GOSUB 5370

GOSUB 7480

G=ANS : SEG=G

ADD=ADD+(3*(G-1))

GOTO 3330

N=6 : GOSUB 6370
W=SEG : L=91H : GOSUB 6960
FOR I=1 TO 1000 : NEXT

G=1

ON U GOSUB ,6740,6750,6760,6770,6780,6790,6800,6810,6820,6830
FOR Z=G TO SEG

FOR N=11 TO 13

GOSUB 6370
W=XBY(ADD)
L=91H : GOSUB 6960
IF LE=0 THEN 3490

IF LE=1 THEN GOSUB 7480

IF N=11 THEN XBY(ADD)=ANS : GOTO 3610 : REM XBY(ADD)=V1

. IF N=12 THEN XBY(ADD)=ANS : GOTO 3510 : REM XBY(ADD)=V2

IF N=13 THEN XBY(ADD)=ANS : GOTO 3510 : REM XBY(ADD)=T1
FOR I=1 TO 1000 : NEXT I '
ADD=ADD+1

NEXT N

NEXT Z

IF LE=0 THEN GOTO 2900
$(26)="SEXIT EDIT  * : N=26: GOSUB 5370
$(53)="0:D0 NEXT SEG. " : N=53: GOSUB 370
GOSUB 7480

IF A=0 THEN G=G+1 : SEG=G : GOTO 3330

IF A=5 THEN 2900

GOTO 3650

REM#H##HE#### SET STEP St
$(26)=" OFIRST SET " : N=26 : GOSUB 5370

$(45)=" 1:DEL&NEW DATA " : N=45 : GOSUB 5370
$(72)=" 2INCREASE BANK" : N=72 : GOSUB 5370
$(82)=" S:.EXIT SET STEP" : N=82 : GOSUB 5370
GOSUB 7480

IF ANS=0 THEN 3990

IF ANS=1 THEN 4455

IF ANS=2 THEN 3790

IF ANS<>5 THEN 3710

GOTO 2900

REM<<<<<<<<<<<<<< INCREASE BANK >>>>>>5>5>5>>>>>>>>



3790
3800

3810
3815
3818
3819
3820
3822
3825
3830
3835

3850
3080
3890

4010

4100
4110
4120
4130
4140
4150
4160
4170

4230
4240
4250
4260

ICB=1 : REM...SET 1=INC.BANK, O=FIRST SET
$(35)=" NOW MAX BANK " : N=35 : GOSUB 5370
W=BANK : L=0C1H : GOSUB 6960

FOR I=1 TO 1000 : NEXT I

U=BANK

IF U=0 THEN AR=0000H : GOTO 3825

IF U>10 THEN 3710

6N U GOSUB ,6850,6860,6870,6880,6890,6900,6910,6920,6930,6940
AR=(SEG*3)+ADD-1  : REM..LAST ADDRESS
FSEG=(1D4CH-AR)/3 : REM...7600=1D4CH
$(36)=" FREE SEGMENT= " : N=36 : GOSUB 6370
W=FSEQ : L=0CCH : GOSUB 6960

FOR I=1 TO 1000 : NEXT I

U=U+1 : BANK=U

ADD=AR+1 : GOTO 4110

REM<<<<<<<<<<<<<< FIRST SET >>>>>3>>>>535555>55>>>>>
ICB=0 : BANK=0 : SEG=0

$(3)="SET BANK NUMBER " : N=3 : GOSUB 5370
$(43)=" (1-10 BANK) " : N=43 : GOSUB 5370
BANK=ANS

IF BANK>10 THEN 4000

$4)=" REMARK: " :N=4: GOSUB 5370
$(44)=" TOTAL SEGMENT " : N=44 : GOSUB 5370
$(64)=" MAX.= 2500 SEG." : N=64 : GOSUB 5370
FOR I=1 TO 600 : NEXT I

ADD=0001H

FOR U=t TO BANK

XBY(OE060H)=01H

N=48 : GOSUB 5370

W=U : L=0CCH : GOSUB 6960

FOR I=1 TO 1000 : NEXT I

N=6 : GOSUB 5370

GOSUB 7480 : REM Recieve Segment value from user.
SEG=ANS

ON U GOSUB ,6740,6750,6760,6770,6780,6790,6800,6810,6820,6830
XBY(OE080H)=1 : REM Clear lcd.

FOR Z=1 TO SEG

FOR N=11 TO 13

GOSUB 5370

GOSUB 7480

IF N<>11 THEN 4300

V1=ANS : XBY(ADD)=V1



4290
4300
4310
4320
4330
4340
4350
4360
4370
4380
4385
4390

4450
4455

4470

4490
4495
4496
4498
4500
4510
4520

4530 .

4580
4590
4505

4610
4620

4650
4660

5010
6020
5030
5040
5050

IF ANS>LIV THEN N=11 : GOTO 4250

IF N<>12 THEN 4330

V2=ANS : XBY(ADD)=V2

IF ANS>LIV THEN N=12 : GOTO 4250

IF N<>13 THEN 4360

T1=ANS : XBY(ADD)=T1

IF ANS>99999 THEN 4260

ADD=ADD+1

NEXT N

NEXT Z

IF ICB=1.0R.ICB=2 THEN ICB=0 : GOTO 4400

NEXT U

GOTO 3710

REM<<<<<<<<<<<<DEL & NEW DATA>>>>>>>>>>>>>>>>>>>>
ICB=2 : REM...SET DEL IN SET STEP

N=48 : GOSUB 5370

GOSUB 7480

U=ANS

ON U GOSUB ,6850,6860,6870,6880,6890,6200,6910,6920,6930,6940
‘I'SG£SE.G“ : REM.. LIMIT SEG.FOR NEW DATA THIS BANK
NBS=SEG*3 : REM NUMBER OF ADD.TO USE FOR THIS BANK
SAD=ADD
FOR DR=1 TO NBS

XBY(ADD)=00H

ADD=ADD+1
NEXT DR
$(37)=" DEL FINISH " : N=37 : GOSUB 5370

FOR I=1 TO 1000

ADD=SAD

N=6 : GOSUB 5370

$(68)=" < OR = * : N=68 : GOSUB 6370

W=LSG : L=0CCH : GOSUB 6960

FOR I=1 TO 1000 : NEXT I

GOSUB 7480

SEG=ANS

IF SEG>LSG THEN 4600

GOTO 4200

REMi#HhHHHHHHH##H# WORKING STEP #HHHHHHHHH
$(7)=" CHOOSE BANK AT * : N=7 : GOSUB 6370

GOSUB 7480

ON ANS GOSUB ,6850,6860,6870,6880,6890,6900,6910,6920,6930,6940
FOR Z=1 TO SEG

$(8)=" VOLTAGE TIME " : N=8 : GOSUB 5370



5060 V1=XBY(ADD) : ADD=ADD+1

5070 V2=XBY(ADD) : ADD=ADD+1

5080 T1=XBY{(ADD) : ADD=ADD+1

5090 VT=(V2-V1)/T1

5100 TIME=0: CLOCK 1:CO=0: ONTIME 1,5160 : DO

5110 IF ER=1.0R.ER=2 THEN 2900

5120 WHILE TIME<T1 : NEXT Z

5130 CLOCK 0

5140 GOTO 2900

5150 T2=TIME

5160 V1=V14VT

5170 PRINT SEC (23),V1, SPC (3),T2

5180 CO=CO+1 : CO1=C0/2 : CO2=CO1-INT(CO1)

5190 IF CO2<>0 THEN 6260

5200 XBY(OE0S0H)=92H : REM..LCD TELL V11S + OR -

5210 IF V1<0 THEN 5230

5220 W=V1 : XBY(OE062H)=2BH : GOTO 5240

5230 W=ABS(V1) : XBY(OE062H)=2DH

5240 L=93H : GOSUB 6960

6250 W=T2 <L=9BH : GOSUB 6960

5260 IF PPS<>2 THEN 5310 : REM..FOR SEND 3 MODE TO DAC
5270 IF V1<0 THEN 5290
5280 PHAS=0EOA2H : GOTO 6340

6290 V1=ABS(V1)

5300 PHAS=0EOC2H : GOTO 5340

6310 IF PPS<3 THEN 5340

5320 V1=ABS(V1)

5330 PHAS=0EOAZH : GOSUB 5900 : PHAS=0EOC2H : GOSUB 5900 : GOTO 6430
5340 GOSUB 5800

5350 ONTIME T2+1,5160 : RETI

6360 REM sarkudrrkEnhbenies QIONTY $(N) TO LCD **t*xsakananunnsas
5370 IF ITF<>0 THEN 5460

5380 IF N>0.AND.N<=40 THEN XBY(CEO60H)=01H : XBY(OEGS0H)=80H : GOTO 5420
5330 IF N>40.AND.N<=60 THEN XBY{(OEOSOH)=0COH : GOTO 5420
5400 IF N>60.AND.N<=80 THEN XBY(OEOS0H)=90H : GOTO 5420
£410 IF N>80.AND.N<=100 THEN XBY(OEO6OH)=0D0H : GOTO 5420
5420 FOR M=1 TO 16

5430 XBY(OE062H)=ASC($(N).M)

5440 NEXT M

5450 GOTO 5480

5460 IF N>0.AND.N<=40 THEN CLS

5470 PRINT SPC(20),$(N)

5480 RETURN



5490
5900
5910
5920
5930
6100
6110
6120
6122
6125
6130
6140
6150
6160
6170
6180
6182
6184
6188
6190

6210

6220

6390

6410

6500

REM ********SEND DATA TO 8255 TO DAC(+) OR DAC(-J****#*+++#+*
ER=0 : REM..FOR TELL OVERVOLT,OVERCURRENT

IF PHAS=0E0A2H THEN DH=0EOA1H : DL=0EOACH

IF PHAS=0E0C2H THEN DH=0EOC1H : DL=0EOCOH

V1=ABS(V1)

SV=V1*200 : REM..V1 10 mV = SV 2 STEPS(DAC MAX. 4096 STEPS)
LV4=SV.AND.OOFH : REM..4 BIT LOW OF VOLTAGE (LV4)
HVB=(SV-LV4)/16 : REM...8 BIT HIGH OF VOLTAGE (HVE)

REM.... LV4=ABS(LV4)

REM.... HV8=ABS(HVS)

XBY(DL)=LV4

XBY(DH)=HV8

XBY(PHAS)=REL : REM..SET P1.0,1.1(CPU 8052) TO HIGH

XBY(PHAS)=REL-3 : REM CHIP SELECT(+)WR BIT 1,0=LOW
XBY(PHAS)=REL
IF ER<1 THEN 6190
$(46)=" OVER VOLTAGE " : N=46 : GOSUB 5370
FOR I=1 TO 800 : NEXT I
_GOTO 6720
F ER<>2 THEN 6410
$(61)=" OVER CURRENT ° : N=51 : GOSUB 5370
FOR I=1 TO 800 : NEXTI
GOTO 6720
REM *++#+*+2+++SEND DATA TO ADCH#++ssesrusssass
REM ##Hi#Hi##H# OVER VOLT #istsss
IF PHAS=0E0A2H THEN R1=0F1H : C1=0FOH
IF PHAS=0EOC2H THEN R1=0D1H : C1=0D0H
FOR X=1 TO 20
XBY(OE082H)=R1 : REM..SET BIT 4 FOR ADC(R/C)
XBY(OE082H)=C1
FORI=1 TO2: NEXTI
XBY(0E082H)=R1
HIB=XBY(OE081H)
LO4=XBY(OEO8CH)
VAG=(HIB*16)+{LO4 AND.OFH)
K(X)=VAG
NEXT X
BX=0
FOR X=1 TO 20
BX=BX+K(X)
NEXT X
V4=BX/4095 :REM IT IS V4=BX/20

IF V4<=LIV THEN 6590



6510
6580
6590

6602
6610
6620
6630

6642

6710
6715
6720
6730
6740
6750
6760

6780
6790

6810

V1=0: ER=1 : GOTO 5910
REM #t##ittHet#tt OVER CURRENT #H bttty
IF PHAS=0E0A2H THEN R2=0E1H : C2=0E0H
IF PHAS=0E0C2H THEN R2=0C1H : C2=0C0H

FOR X=1 TO 20

XBY(OE0B2H)=R2

XBY(OE08ZH)=C2
FORI=1TO2: NEXTI

XBY(OE082H)=R2

HI8=XBY(OE081H) : REM PORT B IS DATA 8 BIT(MSB)

LO4=XBY(OE080H) : REM PORT B IS DATA 4 BIT(LSB)

V7=(HI8*16)+{LO4.AND OFH)

K(X)=V7

NEXT X

BX=0

FOR X=1TO 20

BX=BX+K(X)

NEXT X

V5=BX/4095

T V5<=VLC THEN 6700
REM..V1=0 : ER=2 : GOTO 5910
REM...V6=V4-V1

REM...V1=V1-V6 : REM..CONDITION VOLTAGE
REM..IF V6<>0 THEN W7=1: GOTO £910
RETURN

AD1=ADD : SG1=SEG : RETURN
AD2=ADD : SG2=SEG : RETURN
AD3=ADD : SG3=SEG : RETURN
AD4=ADD : SG4=SEG : RETURN
ADB=ADD : SG6=SEG : RETURN
AD6=ADD : SG6=SEG : RETURN
AD7=ADD : SG7=SEG : RETURN
ADB=ADD : SG8=SEG : RETURN
ADS=ADD : SG9=SEG : RETURN
AD10=ADD : 5G10=SEG : RETURN
ADD=AD1 : SEG=SG1 : RETURN
ADD=AD? : SEG=SG2 : RETURN
ADD=AD3 : SEG=SG3 : RETURN
ADD=AD4 : SEG=SG4 : RETURN
ADD=ADS : SEG=SG6 : RETURN
ADD=AD6 : SEG=SG6 : RETURN



6910
6920
6930
6940
6950
6960
6970
6980
6990
7000
7010
7020
7030
7040
7050
7060
7070
7080
7090
7100
7110
7120
7130
7140
7150
7160
7170
7180
7190
7200
7210
7220
7230
7240
7250
7260
7270
7280
7290
7300
7310
7320
7330

ADD=AD?7 : SEG=SG7 : RETURN
ADD=ADS : SEG=SG8 : RETURN
ADD=AD9 : SEG=SG9 : RETURN
ADD=AD10 : SEG=SG10 : RETURN
REM **+**+##swessssGEND DATA TO LOD***aswrssrsunsssassuns
IF ITF<>0 THEN 7390

DL=9FH

FOR Q=1 TO 16
XBY(0E0SOH)=DL

XBY(0E062H)=20H

DL=DL-1

NEXT Q

N1=INT(W)

Y=10000

FORK=1TO 4

N2=N1/Y

N3=INT(N2)

IF N3<>0 THEN 7130

Y=Y/10

'NEXTK

R=N1+46 : GOSUB 7410

XBY(0OE0S0H)=L : XBY(OE062H)=S(R) : GOTO 7140
R=N3+6 : GOSUB 7410 : XBY(OE080H)=L : XBY(0E062H)=S(R)
IF N1-10<0 THEN 7290

N4=(N2-N3)*10

N5=INT(N4) : R=N6+6 : GOSUB 7410
L=L+1H : XBY(OE080H)=L : XBY(OEG62H)=S(R)
IF N1-100<0 THEN 7280

N6=(N4-N5)*10

N7=INT(N6) : R=N7+6 : GOSUB 7410
L=L+1H : XBY(OE060H)=L : XBY(OE062H)=S(R)
IF N1-1000<0 THEN 7290

N8=(N6-N7)*10

N9=INT(NS) : R=N9+6 : GOSUB 7410
L=L+1H : XBY(OE060H)=L : XBY(OE062H)=S(R)
IF N1-10000<0 THEN 7290

N10=(N8-N9)*10

L=L+1H : XBY(OEQ60H)=L : XBY(OE062H)=S(R)
M1=(W-N1)*10

IF M1=0 THEN 7400

L=L+1H : XBY(OE080H)=L : XBY(0E062H)=2EH
M2=INT(M1) : R=M2+6 : GOSUB 7410
L=L+1H : XBY(OE060H)=L : XBY(OE062H)=S(R)



7340
7350
7360
7370
7380
7390
7400
7410
7420
7430
7440
7450
7460
7470
7480
7490
7600
7510
7520
7530
7540
7650
7560
7670
7580
7590
7600
7610
7620
7630
7640
7650
7660
7670
7680
7690
7700
7mo
7720
7730
7740
7750
7760

M3=(M1-M2)*10
IF M3=0 THEN 7400
M4=INT(M2) : R=M4+6 : GOSUB 7410
L=L+1H : XBY(0E060H)=L : XBY(OE062H)=S(R)
GOTO 7400
PRINT SPC (17),"=> "W
RETURN
FORK=1 TOR
READ S(R)
NEXT K
DATA 91H,92H,93H,94H,95H,30H,31H,32H,33H,34H,35H,36H,37H,38H,39H
RESTORE
RETURN
REM******ENTER DATA FROM KEYPAD,DISPLAY ON LCD******
IF ITF<>1 THEN 7510
INPUT * => " ANS
A=ANS : GOTO 8070
KEY1=PORT1

. IF KEY1=0FFH THEN GOTO 7480

ki KE¥1<>0D7H THEN F=0 : GOTO 7570
XBY(OE080H)=90H
XBY(0E062H)=2DH : F=15

FOR I=1 TO 200 : NEXTI
A=0:B=0:C=0:D=0:E=0

FOR J=1 TO 6
KEY1=PORT1 : REM..GET DATA FROM KEYPAD(PORT A)

IF KEY1=0FFH THEN GOTO 7590 : REM..NO KEY
KEY=KEY1
KEY2=PORT1

IF KEY2<>0FFH THEN GOTO 7620

IF KEY=0E7H THEN ENT=99 : GOTO 7950 : REM..KEY "D*=ENTER
IF KEY<>0B7H THEN 7740 : REM..DEL WRONG KEY

DL=9FH

FOR Q=1 TO 16

XBY(OEOG0H)=DL

XBY(OE062H)=20H

DL=DL-1

NEXT Q

RESTORE

GOTO 7480

IF KEY=07EH THEN LCD=31H : MNTR=1: GOTO 7850 : REM KEY *1*
IF KEY=07DH THEN LCD=32H : MNTR=2 : GOTO 7850 : REM KEY 2"
IF KEY=07BH THEN LCD=33H : MNTR=3 : GOTO 7850 : REM KEY *3"



7780
7790
7800
7810
7820
7830
7840
7850
7860
7870
7880
7880
7900
7910
7920
7930
7940
7860
7860
7970
7980
7990
8000
8010
8020
8030

8070

IF KEY=0BEH THEN LCD=34H : MNTR=4 : GOTO 7850 : REM KEY "4"
IF KEY=0BDH THEN LCD=35H : MNTR=56 : GOTO 7850

IF KEY=0BBH THEN LCD=36H : MNTR=6 : GOTO 7850

IF KEY=0DEH THEN LCD=37H : MNTR=7 : GOTO 7850

IF KEY=0DDH THEN LCD=38H : MNTR=8 : GOTO 7850

IF KEY=0DBH THEN LCD=39H : MNTR=8 : GOTO 7850

IF KEY=0EDH THEN LCD=30H : MNTR=0 : GOTO 7850

IF KEY=EBH THEN LCD=2EH : MNTR=100 : GOTO 7850 : REM KEY “#"=.
R=J : GOSUB 7410

XBY(OEOS0H)=S(R) : REM...DEFIND LCD ADD. FOR EACH DATA

IF J=1 THEN A=MNTR

IF J=2 THEN B=MNTR

IF J=3 THEN C=MNTR

IF J=4 THEN D=MNTR

IF J=56 THEN E=MNTR

XBY(0E062H)=LCD

FORI=1 TO 100 : NEXTI

NEXT J

- IF A=100.0R.B¥100.0R.C=100.0R.D=100.0R.E=100 THEN 8020

IF J=2THEN ANS=A

IF J=3 THEN ANS=(A*10}+B

IF J=4 THEN ANS=(A*100)+(B*10}+C

IF J=5 THEN ANS=(A*1000)+(B*100)}+(C*10)+D
IF J=6 THEN ANS=(A*10000)+(B*1000)+(C*100)+(D*10}+E
IF A=10 THEN 8000

IF A=100 THEN ANS=(B*0.1}+(C*0.01)

IF B=100 THEN ANS=A+(C*0.1)+(D*0.01)

IF C=100 THEN ANS=(A*10}+B+(D*0.1)+{E*0.01)
IF F=16 THEN ANS=-ANS

RESTORE

RETURN
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2 SEMICOND UCTOR s smsemen

TECHNICAL DATA

PRECISION WIDE RANGE VOLTAGE

AND CURRENT REGULATOR

This unique “floating™ regulator can geliver hundreds of volts
— limited only by the breakdown voltage of the external series
pass transistar. Qutput voltage and output current are adjustaole.
The MC1486L integrated circuit voltage and current reqguiator is
designed to give “laooratory” power-supply performance.
¢ Voitage/Currant Regulation with Automauc Crcsscver
Excellent Line Voitage Regulation, 0.03% -3.0 mV (Max)
Excellent Load Voitage Regulauon, 0.03% -3.0 mV {Max)

Excellent Current Requlation, 0.2% ~1.0 mA
Short-Circuit Protection

Outout Voitage Adjustaole to Zero Volts
nternal Reference Voltage

Adjustable Internal Current Source

MC1466L

PRECISION WIDE RANGE
VOLTAGE and
CURRENT REGULATCR

SILICON MONOUTHIC
INTEGRATED CIRCUIT

L SUFFAIX
CERAMIC PACKAGE
CASE 632

TYPICAL APPLICATIONS

FIGURE 1 — 0-TO-15 Vdec, 10-AMPERES REGULATOR
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FIGURE 3 — 0-T0O-25 Vde. 0.1-AMPERE REGULATOR
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FIGURE 2 — 0-TO-40 Vdc. 0.5-AMPERE REGULATOR
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MC1466L

MAXIMUM RATINGS (T5 = -25°C uniess otherwise noted)

Picvhtios

‘ Rating Symbol Value Unit
Auxiliary Voltage Vaux 30 Vde
Power Dissipation (Package L Pp 750 mwW

Oarate above T4 = -50°C ULITN 6.0 mwre
Operating Tamperature Range Ta Qto 70 C
Storage Temoerstura Range T!_tgi -8510 ~150 C

ELECTRICAL CHARACTERISTICS (Tj = ~25°C, Va,x = - 25 Vdc unless otharwise noted)

Charactaristic Definition ! Characteristic Symbol | Min | Typ | Max | Units |
y . a1 $ | Auiliary Voitage (See Notes | & 2) Vaux 2 - 30 | vde
— Io—.—y—@ {Voitage from pin 14 to pin 7)
' by £ "
=4 '. f_'}""-' ,,}'5‘/ Auxiliary Current laux — | 30 | 12 ! mage
o . 1l Ziww Rret
‘. ,,‘ Mc14ss o= Internai Reference Voitage VIR 1731 18.2 | 19.7 | Vde
R |: i | iVoitage from pin 12 to gin 7
p i
S I | Reference Current (Ses Note 31 et | 081 10 | 12| madc
O et . ! [nout Carrent — in 8 I3 — | 80 | 12 | uAde
v = [
& - é" 2 | Power Dissioanon Po — | — lms0| mw
‘.# | Input Offset Voitage, Voitage Cantroi Viav 0 15 40 | mvae
;A Amptifiar (Sea Note 4)
Y
ol Laad Voltage Regulatiorr AVigy — 1.0 30 mv
i | See Note 5) VraVeat | — | 0.015 j003| =
Lina Voitage Regulatian IVigy 1.0 30 mv
; iSee Nota &) AVret'Vegt | — | 0018 {003 | %
:-; . ¢ : Tamperature Caoefficiant of Output cho - | 001 — | %WC
+ 3 Vaitage (T = 00 ~75°C)
i Ingut Offset Voitage, Currant Cantrol Vioi [} 15 40 | mvae i
- e Amplifiar (See Nate 4} i
P 3t/ 2= | (Voitage from pin 10 to gin 11) !
L,
I =" ”.g =~a\$fh\\./.
e Melesse  4FTe T
| = |
‘ - " . H
——TET e R : Loaa Current Regulation Ay, -1 02 i - ”»
— 0 el ! (Ses Note 7} Alrat — 1 = {10 |mage
P
oo et =% .9
* . e 14 we [
£ ¥ ¥ ® ¥

*Ping | ana 4 no connection.
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NOTE 1:
The inout Ge. Veyux. Must 1GT axceed ine
maximum vaiue of 30 vaits for tha MC1488. The nstantansous
vaiue of Vg, Must ba greater than 21 voits for the MC1488 for
prapar intemal reguiation.
NOTE 2:
The auniiary sugply vaitage Vgyux, Must “Noat” and be siectn-
catly from the high voltsge supply. Vi,
NOTE 3:
Aeference currant may ba set to any value of current lass than
1.2 mAdc by apglying the reistionsnig;

Load Vaitage Regulatian =
Y03t (100w » AVigye
A\

NOTE &:

Line Vaitage Reguiation is a function of the same two agditive

samponents as Load Voitage Reguiation, AVigy and 3V gt (38e

Notae §). The measurement proceaure is;

a. Set the suxiliary voltage, Vyyy. 10 22 voits. Read the value
9t Vigy (1) mvmug

B. Chanqe the Vg, (0 28 voits and note the vaiue of Vigy 12
and Vrgy (2. Then computs Line Voltaga Requiaton:

. 358 Vigy = AVigy 1) = Vigy (2}
frat imA) Ry (k) " Rt.‘umn'Muonh:
NOTE &: Went () = ¥rat 200 (1o o 320 1300%s
A butit-in affset ge (15 mVde is 50 that Vest (1) " h

the QOwer SUDDIV GULDUL vOILAGE Of CUrrent May Ce agiusted to
2010, -

Line Voitags Reguiauan =

NOTE 5: -‘\-I!ﬂlnw - Wigw
Load Voitage Requt: 18 8k of two camoo- ret
nens. AVigy 4G AV ey, WNaTE AVigy +$ NS changs in ingut offset NOTE 7:
voitage (measured Botween pins 3 and 9) and AVres 's the Load Current Reguiation s ed by the foil Q
change in voitage acros: A2 (measured batwesn oin 3 and procedure:

or gacn mav te y Of the
sum mav 08 Measureq 3Cross (Ne 10ad. The Mmeasuremaent pro-
cedure 107 the (85T CIFCUIL ShowN 18;

3. With 31 open il = 0) measure the value of Vigy (1) and

Vr-m& .
B, Closs S1. adjust R4 50 that ig = 300 uA and nate Vigw 12}
g Vegf (2).
e WVigy = Vigy (1) = Vigy12)
% Raferance Aegulation =
Wrat 1y = Yoot 21l 110gmy o 212t (100w
Vet (1) Iret

4. 'iith 52 open. adjust A3 for an el load Current, 1 (1), such
that Vg is 8.0 Vde.

B. With S2 ciosed, adjust Ry far Vo = 1.0 Vdc and resd 3.
Then Load Current Reguiation =

ozt = Wil jyggu) - 1,y
un

wiiere l.ef is 1.0 mAdce, Load Current Requistion 18 specified
in this Manner DeCause lrgf PASSSS ACOUGN (Ne 102G in 8
direction cpposie that of load current and does Aot pass
UVOUQN the current sense resistor, Ay,

FIGURE $ — BLOCK DIAGRAM
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FIGURE 6 — TYPICAL CIRCUIT CONNECTION
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NORMAL DESIGN PROCEDURE AND DESIGN CONSIDERATIONS

1. Canstant Voitaga:
For ge ap
Vg = lleaf) (R}
wnara R2 is the resistance trom pin 8 to ground and [,4f is the
outout currant of oin 3.
The recommended value of lpaf is 1.0 mAdc. Rasistor R1 sats
the vaiue of lrgf:

ge Vg 18 given by:

autput

ot = 22
ret = 3 p
whnera A1 is (ne rasistance aerwesn pins 2 and 12,
L Constant Current:
Far current op
ia) Satect Ry for a 250 mV drop at the maximum dasired reg-
ulated outout current. lmgyx.
(B) Adjust R3 to set’
Aamred value oetween zer0 and imgy.
1. It Vig 18 greater than 20 Vde. CR2, CRJ, ana CR4 are necessary
to protact the MC1486 duning shart circuit or transient
conditions.
4. in apphicaucns wnere very low GutDut N1 1S desired. A2 mav
ae aypassed with C1 (0.1 uF to 2.0 u7). When A2 is

outdut at

. C2is
. Far ggbmum requiatian. current gut of Pin 3, ig showd nat

. The RC natwork 110 pF, 240 pF. 1.2 i) is used for comoen-

sation. The values snown are valid for all agplicauons. How-
gver, the 10 pF cagacitor mav be omuttea if £, 0f Q1 2na Q2 is
gresater than 0.5 MHz.

For senss i the i ge sensa ter-
rminal (Pin 3) is connectad to the gositive oad tarminal through
3 saparate sense lead: and the negative senss tarminal ithe
ground side of R2) is d to the negative ioad

through a separate sense lead.

Co may 0a seiected by using (he relationshio:

Co = (100 uf I imax). where I imax) i$ the maximum load
Surrent in amoeres,

v for the i

of the MC1488.

3xcead 0.5 mAdc. Therefore select Qt and Q2 sucn tnat:
!
DA% ; 0.5 made
S162
NNBIB: lmgy = MAIMUM SAOTT-SIFCUIL 1930 Current (MAGCH
41 = mumimum oeta of Q1
42 = mummum dewa of Q2

CR1is necessary for protectian dunng snort Circu:t conaitions.
3. CRS is recommended (0 oratect the MC1468 from simutiane-
ous pass ransistor failure and output SNO circuit.

Al gh Pin 5 will source uo (o 1.5 mAdc, I5 > (0.5 mAQS wil
reguit 1 3 ABYraqLLION 1n raguianon.

. CR8 is recommenaed wnen V, > 150 Vdc and shauid be rated

such that Prax Invarsa voitage - Vg,

12, In agolicauons wnere A2 mignt be rag:alv reduced in vaiue, it
i$ recommended that CR3 oe repiaceq by Q2 ang R4,

~w

<A

Ow

._1

A

(et 22

ct
0.1 uf

a3

v

A4 snould be ssiectan such that:

P
i .
§q Az fas
- ¢
¥ T
This design consigarauon pravenis R2 fram osing desiroved
i tram Cq. G Q2 ang
A2
Ra = ﬁ and

Veego 0f Q2 2 ¥y
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OPERATION AND APPLICATIONS

This section describes the operation and design of the MC1466 voltage and current regulator and also provides information

on uselul applicauons.

THEORY OF OPERATION

The schematic ot Figure 3 can be simplified by break-
wng 1t down into basic functions. beginning with 3 simplified
version of the voltage reference. Figure 7. Zener diodes
CR1 and CRS with their associated forward Diased diodes
CR2 througn CR4 and CR6 through CR8 form the stable
reference needed to balance the differenual amplifier. At
balance (Vgy = VB2). the output voltage, (Vi1 - V7).
is at a value that 18 twice the drop across either of the two
diode strings: Vi3 - V7 = 1 (VCR1 * VCR2 * VCR3 *
VCR4). Other voltages. temperature compensated or other-
wise, are also derived from these diodes strings fur use in
other parts of the circuit.

The valtage controlled current source (Figure 8) is a
PNP-NPN composite which, due to the high NPN beta,

PIGURE 7 - REFERENCE VOLTAGE REGULATOR

rrn
14
T II N r
[ :Euu r S:;‘;:‘&‘;'g,,v i
Reguistea
Vaus Voitags
Vg Ql a2 —$vaz 18V
» Gauivatent| i I i
_Dicas I @ [
TvzSIev ) ] 218k ;
113 :
&»

“

yields a1 good working PNP from a lateral device working
1t a collector current of only a few microamperes. lts base
voltage (Vg4) is derived from a temperature compensated
portion of the diode stnng and conseguently the overall
surreat is dependent on the value of emtter resistor RI.
Temperature comoensation of the base emutter juncticn
of Q3 is not important because approximately 9 voits
:xists between VB, and V|2, making the AVgg's very
smail in percentage. Circuit reference voltage 1s derived
from the product of IR and RR:if [R is set at | mA
(Rl = 8.5 kf2), then RR (in kQ2) = V. Other values of
current may be used as long as the following restraints are
kept in mund: 1) package dissipation will be increased by
abcut || mW/mA and 2)bias current Jor the vol tuge control
amplifier is 3 uA, cemperature dependent, and is extracted
irom the reference current. The reference current shouid

FIGURE 8 - VOLTAGE CONTROLLED CURRENT SQURCE

aa
32 N i
i
1 vy -V ass i
!. Do Ves 222
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Be at least two ueders of magnitude above the largest ex-
pected bias current.

Loop amptification in the constaat voltage mode 1s
supplied by the voltage ontrolled amplifier (Figure 9). 3
itandard hign gun differencial ampiifier. The wnputs ace
Jiode-protected gainst differenuial overvoitages and an
aimutter degeneranng sesistor. ROS, has been added o one
of the transistors. £or an emutter current 1n doth QS and
Q6 of 1/2 miliampere there wiil exist a preset otfset voit-
1ge wn this differential ampuitier of 13 mV to insure that
the output voitage wiil be zero wnen (he reference voltage
1s z2r0. Without RQS, the output voltage could de a few
mullivotts above zera due 1o the inherent offset. Since the
load tesistor s 50 large in inis stage compared with the
load (Q9) it wiil be more instructive {0 100K 3t the gawn on
3 transconductance basis rather than voitage gan. Trans-
conductance of the differenual stage s defined for smal
signals as:

I

2 il

m= S TRE )

wnere
Q.028

te ™ -— and

RE = added emuttar cegenerating rasisance.
For g 2.5 mA.

i | . 1)
3 e — 3 — 373 mAjvolt. [
m® 63730 i3

FIGURE 3 - YOLTAGE CONTAGL AMPLIFIER

FIGURE 10 - CURRENT CONTROL CIRCUIT

- '

<

3

This ievel is further boosted by the output stage such that
in the tonstant voltage mode uverall transconductance 1s
ibout 300 mA/volt.

A second differential stage nearly idenucal to the first
stage. serves as the current control amplifier ( Figure 10),
The gawn of this stage insures a rapid crossover from the
<onstant voltage to constant current modes and srovides
1 convenient ot to coatrol the maximum deliverable
loaa current. In use. a reference voltage gerived from the
prereguiator ina 3 vottage divider 1s spolied to sn 10
winge the outout Surrent is samoled across Rg oy pin 11,
When [ Rg s 15 mV below the reference value. voitage
V1 begns (o rapudly nse. svenctuaily ganing amplete
controi of Q9 and limiting output current {0 a value of
VarRg. i Y1 5 Jenved from a vanabdle source. short

'02_ 5 Q <rcut curcent nay be controiled over the compiete out-
| Jut current capaodity of the regulator. Since the zonstaat-
v0ltage (0 constant-current change-over requices unily a few
nilivotts the voltage regulation maintains its guality to
| 3 the .urrent iimit 1nd accordingly snows 1 very sharp
'\\, nge " (17 +1 mA, Figure !1) Note that (ne reguiator
: . <an switen dack nto the constant voltage mode if the
"".':““l“"' i ™~ -1 ! | Jutput voltage reaches a value greater than V. Opesation
P ang g ) H | througn zero miiliamoeres 1s guaranteed oy the inciusion
.30 ¢ . of anotner emmitter oifsetting resistor.
i i — ) FIGURE 1t - v; CUAVE FOR 0-TO40 V.
! ' — ‘ i 3.5-AMPERE AEGULATOR !
i I R i N )
! 1 S ' i - ||
. L ! ! 2 a0 !
7 i E
———— ! ! > i0- !
— : |
. ——d ! ' 2
2 0 -
5002 ?soo ] 3
! g——-’ 2 10+
30 -138VvOs R
Aaterance Voltage ~ Qutout 3ense L
ra 31 22 23 o4 a8
. CURRENT (AMPERES) |
L
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Tranuistor Q9 and five diodes comprise Lhe :sseatal
parts of the output stage {Figure 12). The diodes perform
an “OR*fuaction which ailows only one mode of operation
30 2 ime - constant current gr constant voitage. However,
an additionai stage {Q9) must be included to nvert the

logic and make it compatble with the driving requirements
of series pass transistors as well as provide additional gain.
A 1.5 mA collector current source sets the maximum de-
liverable outpul current and boosts the output impedance
to that of the current sousce.

Note that the ncgauve (suosaate) side of the MC1466 15
7.25 volis lower than he output voltage, and the reference
regulator guaraniees that the positive side 1s |1 volts above
the ourput. Thus the [C remains at a voltage ireiauive to
ground) soicly dependent on the ourput, '‘floating™” above
and below Vo, VCE across Q9 is only two or three VBE'S
depending on the number Of ransistors used 1n the senes pass
configuratiun.

Performance characterisiics of the regutator may be approx-
imately caiculated for a given circuit (Figure 2). Assuming
that the two added transistors 1Q12 and Q13) have minumum
betas of 20, then the overall reguiator transconductance wiil
be:

3mT ©(400) 300 mA/volt = 120 A/volt. (3

For 3 cnange in sucrent of 300 A the output voitage
wall drop only:

0.5
AV a— 542mV

120 i
FIGURE 12 — MC1488 QUTPUT STAGE
—
Preraquisted |
18 v
Aram Curcant «-:,::’:. ::‘:‘?:«
4 Conual Amopulier - v

!
¥ .
Y
T

728 Y

i Qi
‘o Vin

The analysis thus far does noc consider cnanges in VR
due 1o vutput current changes. !f [{ incceases oy 300 mA
the collector current off Q9 aecreases by .25 mA. causing
the cotlector current of Q3 to increase by 30 uA. Accard-
ngly, IR will be decreased by =0.30 uA wnich Wil droo
the output by J.03%. This figure may be improved con-
siderably by sither using high beta devices as e pass
transistors, or by increasing [R. Note again, however, that
the maxumum power fating of the package must be kept
in qund. For exampie :f [R = 4 mA. power dissipauon i3

PD=0VIBmA)rill VX3mAI= 193 aW (3)
This indicates that the circuit may be safely sperated ugp
to 1189C using 20 volts 3t the auxiiary supply voitage.

If, however. the auxiliary supply voltage is 35 voits,
Pp=35V(8mA)*r 16 V(3 mA)=358 mW

which dictates (hat the maximum operauing lemperature
must be less than 919C 1o keep package dissipation within
specified limats.

Line voitage regulation :s aiso a function of the voltage
change between pins 8 and 9, and the change of Veef. In
this case. however, these voitages change due (o <Ranges
the internal reguiator’s voltages. wiucn in (urn are caused
by changes in Vyux. Note that line voitage reguiauon 1s
not 1 function of Vin. Note aiso tnat the instantancous
value of Vy,x must always be between 20 and 35 voits.

(6)

Figure 6 shows six external diudes tCR | :0 CRg) added
for protecuve gurposes. CR| shouid be usea ' tne output
+oltage is fess than 20 voits and CR3. CR3 are aosent. Fur
Vo migher than 20 volts, CRy snouid be discarded i favor
of CR3 and CR3. Dinde CR4 prevents IC fadure if e
series pass Lransistors deveiop collector-base shorts wiile
the mamn power transistor sutfers 2 simultaneous open emat-
ter. If the pussibiiily of sucit 1 (ransistor {miure mode
seems remote. CR4 may oe deleted. To prevent instant-
Jneous aifferential Ind common mode dreakdown vl the
curreat sense amolifier. CR5 must pe piacea across the
current it resistor Rg

Load transients sceasionaily produce 3 damaging reversal
ol cureent flow IToM VuLpu( O tEuUL Yy > (50 vouts iwnwn
will destroy the IC). Diwae CRg prevents sucn ceversal
ind renders ine JCuil iImmune from destruction {or sucn
congitions. 2.2.. 1adiNg 1 13rge VULPUL <I0ACILOr Aller the
suoply s iutnea “on”  Diodes CR{. CR?. CR3..na CRg
May ve yeneral ourpose siicon unis such 3§ I N300 or
2quivalent whereas CRa and CRg shouid have 3 peas inverse .

+oltage raung zqual to Vg or greater.

APPLICATIONS

Figure 2 :hows a typical 0-to~40 volts. 0.5-ampere regu-
lator with petter than 0.01% pertormance. The RC aetwork
oegween DS 3 ana 6 and the capacior detween DINS 13 and
14 provide (requency compensation for the MC1366. The
externai pass @ansistors are used to boost load curreat. since
the output current of the regulator ts iess than 2 mA.

|
|
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-MC1466i

Figure [ s a 0-10-13 votts. i 0-ampere cegutator with the
23ss LANSISIOr .Onfiguraliun decassary (o DOOSt tne loud
current to 10 amperes. Note that Co nas been increased 1o
1000 uF rotlowing tRe general fuie:

Co = 100 uF/A Iy

The pnme advantage of the MCL466 is its use as a hign
voltage regulator. as shown in Figure 3. This 0-10-250 voits
0.1-ampere regulacor 15 ypical of high voltage appiications.
limited 9nly Dy (he preakdown and safe areas of (he Jutput
pass transistors.

The pnimary limiting 1actor 1 high voltage senes reguia-
10rs s the pass transistor. Figure |3 snows a sale area curve
for the ¥J413  Looking at Figure 3. we see that :f e
Jutgul 15 3aorted. the transistor «il have 3 collector cur-
ceng of 100 mA, with 3 VCE 10proximately 2qual to 260
voits. Thus ttus point fatls on the do fine ol the sale area
<urve. insurtng that the transistor will not enter secondary
breakdown.

1 tius cesoect ( Safe Operating Aresl the fvidbaek ucuut
of Figure 1415 supenior fur hanaling lugh vuitages und yet
15 shoctircurt arotectea. This s due o the ract that ioad
current s uminished as vulput voItage Qruos 1V k inurcases
as Vg, Jrops) as seen n Figure (3. By varciul deswn the
loag cucrent 4t 4 short. iSC un 08 Mude luw cnougl such
that tne cormomned VCE (Vi) and ISC suil falfs witun tie
de safe uperating area ot the transistur. For the iltustrated
design (Figure 141, a0 nput voitage ur 210 valts s compu-

o W VUHLCTOH CUNRL L (AMPLIES)

uble with a snort circuwe cusveat of 100 mA. Yet current
foldback allows us to design for a maximum regulated loag
current of 500 mA. the pertinent design equations are:

Let R (k) = Vy

2235 [ ,I
Vo llIsc

Rﬂkﬂlnlx

R 2.23

¢ “aisc

FIGURE 13 ~ SAFE AREA CURVE FOR THE MJ4a13
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The terms [SC 1nd Ik correspond to the short-circuit
ent and maximum avatlable load current is snown in

sutt
Figute 13-
FIGURE 15 ~ TYPICAL FOLDBACK PERFORMANCE
250 ; ] i
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T
? /] S
3 //F 2 ‘
> ' : )
5 100 : IL
= - ——
3 L
. 39 T |
3 :
4 T + -
al i | ; i
00 ‘< 300 300

13, QUTPUT CURRENT (maagc:

Figure 16 shows a remote sense application waich shoutd
be used wnen high current or jong wire tengths are used. This
type of winag is recommended for any application wnere the
best possible regulation 1s desired. Since the sense lines draw
oniy a small current, large voitage drops do not deswray the
sxcellent regulation of the MC1466.

TRANSIENT FAILURES

In :ndustrial ireas wnere ¢lectrical macninery s used

the normal 3¢ tine olten coatains oursts of voltage runmng
from hundreds 0 thousands of volts 1n magnitude and only
microseconds (a duration. Under some conditions tus ea-
2rgy 13 dissipated across the internal zener connecied be-
tween pins ¥ and 7 This transient condition may produce
1 total railure of tne regutator device withuut any spparent
axplanacton. This type of fasiure is igenuried by sbsence
of the 7 voit zener (CR1) tetween pin 9 and pin 7. To pre-
vent ihus fadure mode ihe use of 1 snielded power
transtormer :s recommended. 1s snown n Figure 9. In
addition, it s recommenaed that Cl, C3 and C4 de
inctuded o ud in iransient repression. These sapacitors
snould have good hugh rr2quency characteristics.

If the possibility >1'transiencs on the output xusts. the
aadition Jf 1 resistor ana zener gioge Detween pias 9 and
7 as snown on Figure 17 snould be aadea.

VOLTAGE.CURRENT MODE INDICATOR
There may be umes when it :5 desiraoie 10 xnow ‘wnen the
MC1466 1s in ine constant current mode Or sonstant voitage
mode. A mode indicator signal Sircuit <an oe 2asily added o
provide (nis icaure. Figure 1§ snows how 3 PNP wansistor has
replaced 1 protection dioae detween pins 3 and 9 of Figure 2.
When ine MC1366 goes [rom constant voltage mode 0 constant
surrent mode. Vg will drop beiow Vg and the PNP transistor
wil tum on. The | mA current suppiiea by sia 3 wiil now be
shunted 10 base of QI thereoy providing 3 mode signal qurput.

FIGURE 16 -~ REMOTE SENSE
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MC1466L

FIGURE 17 — A 0.TO-280 VOLT, 0.1-AMPERE REGULATOR
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DAC1208/DAC1209/DAC121C/DAC1230/NAC1231/DAC1232

Nationa!
i Semiconductor
Corporation

I

‘PDouble-Buffered D to A Con

. =2). Doudiz burtering ingut regisiers and associatad con-
33 lines al.ow these [ACSs to appear as a two-byte “'stack”
. mha sysiem's memory or 1/0 space with no additiona! in-
=racnj legic required.

"t CAC1E06 serias provides ail 12 input ines to aliow sin-
Eouffering for maximum throughput when used with 16-bit
zacessors. These input linegs can aiso be externaily config-
43 10 pernit an B-tit cala interface. The DAC1230 senes
=¥ be used with an B-bit data bus directly as it internally
wmwiatas tne 12-bit CAC aata trom its 8 input lines. All of
e DACs accept lefl-justliad data from the processor.
“he: analog section is a precision sificon-chromium (Si-Cr)
& ladder network and twelve CMOS current switches.
» pvarted R-2R ladder structure is used with the binary
seted currents swilched between the lgyTty €nd lpyr2
T@aining a constant current in each ladder leg indepen-
1 zerof the switch state. Spacial circuitry provides TTL logic
rERE voitage level compatbility.

e DAC1208 serigs and CAC1230 senes are the 12-bit
maDars of a family of microprocessor compatible DACs
WEAO-DAZs™). For applications requiring other resolu-
wos the DAC1000 senies for 10-bit and DAC0830 series
fr3bit are availabie allernatives.

‘UICRO-DACT™ DAC1208, DAC1208, DAC1210, DAC1230,
DAC1231, DAC1232 12-Bit, uP Compatible,

verters
Features

B Lineanty specified with zerc and fub-scale acjust only

8 Direct inierface to a!' popuiar microprocessors

& Doubie-buftered, singla-outtereo o: How through dig:tai
data inputs

® Logic inputs which maet TTL voltage lavel specs (1.4V
logiz thresrold)

& Works with = 10V reference—full -guadrant
multiphcation R

B Operates stand-aiona (without uPj if desired

Ail parts guaranteed 12-bit monotonic

B DAC123C serigs is pin compatble with the DACI830
series 8-bit MICRO-DACs

Key Specifications
8 Cument Settling Time
& Resolution
& Linearity (Guaranteed
over temperatura)
& Gain Tempco
8 Low Powaer Dissipation
® Single Power Supply

1us
12 it

10, 11, or 1Z Bits ot FS
1.3 ppmreC

20 mW

5 Vpg 10 15 Vpg

Typical Application
) contaol sus vee
g wo
PULL-SEALE
—= ADJusT
2 v J'A'A O
syt VYT t I
XFER "
T "b" 2 hlnts
5
H
T MigRO CacT™
! Cava dus 20 NS

Tisbi/ad50~1

t
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{Notes 1 ana 2)
Supply voltage (Vcc)

voltage at Vage Input

(Note 3)

{Note 4)
ESD Susceptability

voitage at Any Digital Input

Storage Temperature Range
! package Dissipaton at Ty = 25°C

Absolute Maximum Ratings

it Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for availability and specitications.

17 Vpe

Vee to GND
=25V

-€65°Ctc = 150°C
500 mwW

DC Vvoitage Aopled to gyt of igyTt2

-100 mV 1o V¢
80ov

Electrical Characteristics
VagrF = 10.000 Vpe. Vec = 11.4 Vpg 10 15.75 Vpc unless otherwise noted. Boldface iimits apply from Ty to Tuax (see
Note 13); all other limits T, = T; = 25°C.

Voitage at Any Digital input

Operating Conditions

Lead Temperature (Soigering, 10 seconds)

Temperature Range
DAC1208LCJ, DAC1208LCY,
DAC1210LCy, DAC1230LCY,
DAC1231LCJ, DAC1232LCJ
DAC1208LCJ-1, DAC1209LCJ-1,
DAC1210LCJ-1, CAC1230LCJ-1,
DAC1231LC.-1, DAC1232LCU-1

Range of Vcg

300°C
Tmin 5 Ta = Tiwax

—40°C < To s +85°C
O°C £ Tas +70°C

4.75Vpc 6 16 Vpe
Vce 10 GND

T Tested Design
Parameter Conditions Notes (No ‘?1 0) Umit Limit Units
(Note 5) [ (Note 6)
Rasolution 12 12 12 Bis
Unearity Ecror Zero and Full-Scale 4,713
{End Point Linearity) Adjusted
DAC1208, DAC1230 0.012 | 0.012 % of FSR
. DAC1209, DAC1231 0.024 0.024 % of FSR
i DAC1210, DAC1232 0.050 0.08 % of FSR
! Differential Non-Linearity Zero and Full-Scale 4,7,13
: Adjusted
DAC1208, DAC1230 0.018 0.018 % of FSA
DAC1209, DAC1231 0.024 0.024 % of FSR
] DAC1210, DAC1232 0.050 0.05 % of FSR
{, Monotonicity 4 12 12 12 Bits
;* Gain Error (Min) Using Internal Rey 7 -0.1 00 % of FSR
!' Gain Error (Max) Viet = £10V, 21V 7 —0.1 ~02 % of FSA
é ‘ Gain Error Tempco 7 +1.3 =6.0 | ppmof FS/°C
i: Power Supply Rejection All Digital Inputs . -
; f Lalched High 7 3.0 =30 ppm of FSR/V
: { Reference Input Resistance (Min) 13 15 10 10 "™
i‘ ; Raference Input Resistance (Max) 15 20 20
i, Output Faedthrough Error VReg = 20 Vp-p, = 100 kHz
o All Data Inputs Latched 9 3.0 mvp-p
i Low
. Cutput Capacitanca All Data Inputs  lgyT1 200 pF
i Lalched High  louTe 70 pF
‘. All Data lnputs  loyTy 70 pF
tatched Low  loyt2 200 pF
Suoply Current Drain 13 29 2.5 mA
Qutput Leakage Current
louT1 All Data Inputs Latched 11,13 0.1 15 15 nA
Low
lcut2 All Data Inputs Latchea 11,13 0.1 15 15 nA
High
Digutar Ingut Tnresnoi Low Threshold i3 0.8 0.8 Voo
High Threshotd 13 2.2 2.2 Voo
Digna! inpui Cutrents Digital inputs <0.8V 13 -200 -200 rADC
Digital Inputs > 2.2V 13 10 10 BADC

¢ECIOVa/1€T1IOVA/0E21IVA/0121VA/60Z1VA/80Z1OVA



DAC1208/DAC1209/DAC1210/DAC1230/DAC1231/DAC 1232

Electrical Characteristics continued)

Vaer = 10.000 Vpe, Ve =

11.4 Vpc 10 15.75 Vpc unlass otherwise noted. Boldface limits apply from Tyyn t0 Tyax (see

Note 13); all other limits T = T, = 25°C.
See ! T Tested Design
Symbol Parameter Conditions Note (No ty: 10) Limit Limit Unitg
(Note 5) (Note 6)

AC CHARACTERISTICS B
tg Currerit Setting Time ViL = OV, Vi = 5V 1.0 ps
tw Write and XFER Vi = OV, Vi = 5V 6 50 320

Pulse Width Min. 320 4
tos Data Setup Tima Min, ViL = OV, Vjy = 5V 70 e 320 i
320 ;
ton Data Hold Time Min. ViL = OV, Vi = 5V 30 90 !
ns
90
s Control Setup Time Min. ViL = 0V, Vi = 5V 60 320
320
tcH Control Hold Time Min. Vi = 0V, vV = 8V 0 10

Note 1: Absowste Maxumum Rabngs inacate hm-ts beyond whuch damags 10 the devicé may occut. DC and AC slectncal specitiatons do not apply wnen oparaung
the device beyond s fi ]

Note 2: All voltages are meesired with respect 1o GND, unless otherwise specified.
Note 3: This 500 mw specification apphes tor ak p

ges The jow power

the power iISSIPALON) reMoves concarn for heal snking.
Note 4: Both logy and loyT2 Must go to ground or the virtual ground of an operstional amplfier. The kneanty error is segraded by approximately Vos + Vags. For

exampis, d Vper = 10V then a | mV offsal, Vs, on louty of loyrz will introduce an agortional 0.01% ineactty ervor.

Nate 5: Tested and guarantoed to Nabonal's AOOL (Average Outgoing Quality Level).

Note 6: Dasgn imuts are guarantoed but not 100% testod. These bmns are not used 10 caiculale outgong Qualily ievers. Guaranieed for Voo = 11.4V 10 15.75¢

and Vage = —10V (5 + 10V.

Note 7; The untt FSR stands tor tuli-scale range. Lineamty Error and Power Supply Rejecton specs are based on this uan to

ol this pan {and the {ac2 that there is NO way o sigruficantly modly

onap

VRer valig to indcals the true performance of the parL The Lineanty Eror specification of the DAC1208 s 0.012% of FSR(max). Trusgwnmeesmm
pertoroung & zero and tui-scale soyustment, e piot of the 4096 analog voitage outpuls wit 6ach be withun 0.012% X Vagr of a straght line which passes through
zor0 and tull-scale. The uni ppm of FSR{parts per mekon of tull-acale range) and ppm o! FS{parnts per maikon of full-scale) are used for convemence 10 define specs |

of very smali percenlage vahues, typical of highot

In this

1 ppm ol FSRA = Vpep/106 is the conversion factor 10 provide an actal

outpul voilage quantty. For exampie, megmemxt-npcocpo:ot 26 ppm of FS/°C reprasents a worst-case tull-scale gain el ch.ange with lemparatute from
—40°C t0 +85°C of ={6)(Vagr/10€)(125°C) or 20.75 (10-3) Vg which 18 0.075% of Vagr.

Noua.memmumuewmwmum.wmemornnduwummnuw)onz!)mAwmwmxaalemtwolw
100 ns. The entre wime pulsa must occur witthn the vakd data imerval for the specthed tw. Y0s. Lor and ts to apply.

Note §: To actweve s low fi the user must giound the metal kd 1 the bd s left ficating the ‘eedthrough is typically 6 mV.

ugh m the D p

Note 10: Typicals are at 25°C and represent the most kkely parametnc norm.

Note 11: A 10 nA «akaga curent! with Rey = 20k and Vger = 10V comesponds 1o @ 2610 eror of (10 % 109 » 20> 10%)> 100% 10V or 0.002% of FS.

Note 12 Human bedy mooel, 100 pF discharged through & 1.5 kD resisior.
Nute 13: Tesied bmit for ~ 1 sutfix parts apphas only at 25°C.

Connection Diagrams

Dual-In-Line Package Dual-in-Line Package
- LA & - 2 v
i Iu ST AT a0 = r’Ltﬂl 14TE
= P— i Prvgel r"— [}
. n
on =Y LY oy LTS
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Switching Waveforms
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DAC1208/DAC1209/DAC1210/DAC1230/DAC1231/DAC 1232

Definition of Package Pinouts
CONTROL SIGNALS (ail control signals are level actuated)
C8: Chup Selact (active low). The CS will enable WRT.
WR1: Wnte 1. The active low WR1 is usad to load the digital
data bits (D) into the input iaich. The data in the input latch
ts latched when WR1 is high. The 12-bit input latch is split
nto two latches. One hoids the first 8 bits, while the other
holds 4 bils. The Byte 1/8yte 2 control pin is usad to select
doth laiches when Byts 1/Byle 2 is high or 1o ovarwrite tha
4-bit input latch wnen in the low stata,

Byte 1/Byle 2: Byte Sequence Control. When this control is
high, ail 12 iocatians of the input latch aré enablea. When
fow, only the four laast significant locations of the input latch
are enablad.

WR2: Write 2 (acuve low). The WR2 will enable XFER.
XFER: Transfer Contral Signai (aclive iow). This signal, in
combination with WR2, causes the 12-bit data which is
available in the input latches to transter to tha DAC register.
Dlg to Diyy: Digital Inputs. Dig is the least significant digital
wput (LSB) and Diyy 1s the most significant digral input
MSB).

Igut: DAC Current Output 1. Igyty is 8 maximum for a
Hgntal code of all 1s in the DAC register, and is zero for all
Js in the DAC register.

toutz: DAC Current Qutput 2. loyt2 is @ constant minus
fout1, of loyty +foutz=constant (for a fixed reference
voitage). Ttus constant current is

1

VREF X (1 4095)
divided by the reference input raesistance.
Rep: Feedback Resistor. The feedback resistor is provided
en the IC chip for use as the shunt feedback resistor for the
axternal op amp which is used to provide an output voltage
for the DAC. This on-chip resistor should always be used
@10t an external resistor) since it matches the resistors in
e on-chip R-2R laddar and tracks thase resistors over
w@mparature.
¥aer: Refarence Voltage Input. This input connects an ex-
wmal precision voltage source 10 the internal R-2R ladder.
¥:eF can be salected over the range of 10V to —10V. This
4 also the anaiog vo'tage input for a 4-quadrant muitiplying
TAC application.
Weg: Digitai Supply Voltage. This is the power supply pin for
he part. Vg can be from 5 Vpg to 15 Vpc. Operaton is
aptimum for 15 Vpg.
GND: Pins 3 and 12 of the DAC1208, DAC1209, and
JAC1210 must ba connected to ground. Pins 3 and 10 of

ARALEL DYTSUT

LT

/
BILITAL sy

a) End Paint Test AHter Zero
and FS Adjust

the DAC1230, DAC1231, ard DAC1232 must be connecieq
to ground. It is impontant that toyT, and loyT, are at 3roung
polential for current switching applications. Any cifferense
of potential (Vog on these gins) wili result In a lineamy
change of ’
Vog
3 VRer

For example, if VRgs = 10V and these ground pins are §
mV cffset from ipyT, and lo; JT,» the lineanty change wib be
0.03%.

Definition of Terms

Resolution: Resalution is defined as the raciproral of thg
number of discrete steps in the DAC output. It is directiy
relaied tc the number of switches or bits within the DAC. For
example, the DAC1208 has 212 or 3096 steps and thareforg
has 12-bit rasolution. -

Linearity Error: Linaanty efrcr is the maximum d2qiation
from a straignt line passing througn the endpoints of the
DAC fransfer charactenstic. It is measurad attar adjusting
tor zero and fuli-scale. Lineanty error is a parameter intrinsc
to the device and cannct be externally agjusted.
National's linearity test (a) and the best straight line test (b}
used by other suppliers are illustrated balow. The best
straight lina (b) requires a spacial zero and FS adjustment
for each part, which is almost impossibie for the user to
determine. The end point test uses a standard zero FS ad-
justmant procedure and is a much more stringent test for
DAC linearity.

Power Supply Sensitivity: Power supply sensitivity is a
measure of the affect of powsr supply changes on the DAC
full-scale output.

Settling Time: Full-scale current settling time requires zera
to full-scale or fuil-scale 10 zero output change. Settling time
is the time required from a code transition untii the DAC
output reaches within x4 LSB of the final output value.
Full-Scale Error: Fuli-scale error is 2 measure of the ouput
error between an ideal DAC and the actual device outpul
Idgaally, for the DAC1208 or DAC1230 series. full-scale is
Vagr—1 LSB. For VRgg=10V and unipolar operation,
VEULL-SCALE = 10.0000V-2.44 mV=9.9976v. Fullscale
error is adjustable o zero.

Ditterential Non-Linearity: The difference betwsen any
two consecutive codes in the transfer curve from the theo-
retical 1 LSB is differential non-linearity.

Monotonic: If the output of a DAC increases tof increasing
digital input code, then the DAC is monatonic. A 12-bit GAC
wnich is monotonic to 12 bits simply means that input in-
creasing digital input codes will produce an increasing ana-
fog cutout.

17 .38 (9904 BaND g

ACTUAL 7, yd
] B/
1 -2

ANALDC DUTPUT

i
/ ’/ 088
yd

JIGITAL invyT
b) Shifting FS Adjust to Pass
Bes! Straight Line Test
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Application Hints

1.0 DIGITAL INTERFACE

These DACs aie designed to provige all of the necessary
digital input circuitry to parmit a direcl interface 10 a wide
vansty of microprocessor systems. The timing and logic lev-
el convention of the nput controt! signals ailow the DACs to
be treatad as a typical memory device or /0 peripheral with
no external logic requwred in most systems. Essentally
these DACs can be mappead as a two-byte stack in memory
ior I/O space) lo receive their 12 bils of input data in two
successive 8-hit data wnting sequences. The DAC1230 se-
ries is intendsd for use in systems with an 8-bil data bus.
The DAC1208 senes provides all 12 digital inpul lines which
can be externaily configured to be controlled trom an 8-bit
bus or can be onven direcily from a 16-bit data bus.

All ot the digital inputs to these DACs contain a unique
threshold regulator circu to mantain TTL voitage level
compatibility independent of the apglied Vg to the DAC.
Any inpul can aiso he anven from higher vaitage CMOS
logic levels in non-microprocessor based systems. To pre-
vent damage lo the chip from static discharge, all unused
digital nputs should be uied to Ve or ground. As a trouble-
shooting aid, if any digrial input 1s inadvertentty left tloaling,
the DAC will interpret the pin as a logic “1".

Double bufferec gigital inputs aliow the DAC to intarnally
format the 12-bit word used to set the current switching R-
2R ladder networh (see section 2.0) from twe 8-bit data
write cycles. Figuras 1 and 2 show the internzl data regis-
ters and thewr controlling logic circuitry. The uming diagrams
for updating the DAC cutpu! are shown in sectons :.1, 1.2
and 1.3 for thrze possibig cnriirol modes. The method used
depernas strictly upon the panticular applicauon.
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DAC1208/DAC1209/DAC1210/DAC1230/DAC1231/DAC1232

Application Hints continueq)

1.1 Automatic Transfer
e 12-bit DAC word is automaltically transterred 1o the DAC register and the R-2R ladde: when the sscond write (the 4 L5Bs of

e dala) occurs.
— I~ —

ey VEYTTY
AND KFER
ANALDE DL TPYY
UPDATED
ANALOG CUTPUY
WR) AND RRE \ LATCRED
—
L0AD 2 81T INPYT OVERWRITE Tt ¢ 817
LATCH & RIT INPUT INPUT LATCH AND TRANSFER
LATCH ALSO CHANGED) ALL 12 EiTS TO YAE O/h

FL'n/5830-7

1.2 Independent Processor Transfer Control
in this case a separate address is decodea 1o provide tne XFER signal. This allows the processor 1o load the next required DAC
word but not change the analog output untii some time later, most usetul for the simullaneous updating of several DACs in a

system whare their XFER lines would be tied together.

N /\ a

P — e —— -

Rl ¢ \
L | v e e s e o e e —
XFER

ANALOE QUTPUT
UPBATED

WAt ang iR ANALDS CUTAUT

LATCNED
— —_— . . — —
LOAD 8- MT INPUT OVERWAITE 4817 TRANSF ER 12-86T DAC
LATTH (4351 InPUT INPUT LATCH WORD VL THE D/A
CATCH ALSO CHANGED)
TL/H/5650-8

1.3 Transfer via an External Strobe

This method is basically the same as the pravious operation except the XFER signal is provided by a device other than the
procassor. This 2llows tha DAC to hoid the code for a concitional analog outpul signal wnich will be required on demarnd from an
extarnal monilcring ¢-avice (an analog voltage comparator for instance).

———— e — —

erve vEVTE S \ ot e - — - - ——
-\ / \\__f

. ’

=
2

LLAD BEIT esyY OVERWRLTZ 4 T ANALOG OUTPUT UPDATER
LAY R (4 8T ankLY INPLTLATTN AND LATCHED
LATCN ALSO CuiMCED)

WRE wac 10 a logic low (V) TheHeLo30-3
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Application Hints (conunuag)

1.4 Left-Justified Data Format 1.5 16-8it Data Bus intertace

it is ¥mponant to realize that the input registers of these The DAC1208 series provides ail 12 digital input lines to
DACsbare arranged to accept a lefi-justfied data worg from permit a direct parailel interface to a 16-bit data bus. in this
the miCropracessor with the most significant 8 bits coming instance, doubis buttering is not aiways necessary (uniass a

first (Byle 1) and the lower 4 bits second. Lett justification simuitanecus updating of saveral DACs or a dat2 transter
simply means that the binary point 1s assumed to be located via an external strobe is dasired) so the 12-bit DAC register
to the left of the most significant bit, Figure 3 shows how the can be wired to fiow-through whereby its Q outputs aiways
12 bits of DAC data shoulid be arangad in 2 8-bil registers reflect the state of its D inputs. The externai con~actions

required and the timing diagram foi this singie buffered ap-
plication are snown i Figura 4. Nota that etner laft or rignt-
jusufied data from the processor can be accommodated
with a 16-bit data bus.

of an 8-bit procassor bafore being written to the DAC.

L 41} fo—e (0 BY TE e
I
1.6 Fiow-Through Operation
b&l-—n:uu e ez . -t .
Through primarily designeq 10 provide microprocessar intar-
— - » face compaubility, the MICRO-DACs can easily be config-
it ALY ured to allow the analog output to conunuously teflect the
TUn/$630-10 state of an apphed gignal input. This is most usatul in appii-

X = dan'tcare
FIGURE 3. Left-Justitied Data Format

Intertace Timing
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nar (]
OAC CURRENT
T3 REGISTER SWITCHES

|

.

T

[N—

L1

Veo

SIGNAL FROW
ADORESS DECDER

__srsTEm
WA STROBE

0T
Q4TS Bus

WAl ANALIG QUTPUT ANALDGC UTPUT
UPCATED LATCNED
T/rr5683-11

XTER ano WHEZ groundec: Byte 1/8yle @ ued to Vgz.
FIGURE 4. 18-Bit Data Bus intertace for the DAC1208 Series
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Application Hints (continued)

cations where ths DAC s used in a continuous feedback
controi loop and is driven by a binary up/down counter, or in
tunction generation circuits where a ROM is continuously
providing DAC data.

Only the DAC1208, DAC1209. DAC1210 devices can have
ail 12 inputs flow-through. Simply grounding CE, WR1, WR2
and XFER and tying Byte 1/Byte 2 high allows bcth internal
registars to follow the applied digital inputs (flow-through)
and directly atfect the DAC anaiog output.

1.7 Adc’-ess Decoding Tips

It is possible to map the MICRO-DACs into system ROM
space lc aliow more efficiant use of existing address decog-
ing hardware. The DAC in effect can share the same ad-
dresses of any number of ROM tocations. The ROM outputs
will only be enabled by a READ of its address (gated by the
system READ strobe) and the DAC will only accept data
that is written to the same address (gated by the system
WRITE strobe).

The Byte 1/Byte 2 control function can easily be generated
by the processor’s least significant address bit {A0) by plac-
ing the DAC at two consecutive address logations and utliz-
ing double-byte WRITE instructions which automatically in-
crement or decrement the address. The CS and XFER sig-
nais can then be decoded from the remaining address bits.
Care must be taken in selecting the actual address used
for Byte 1 of the DAC to prevent a carry {as a resuit of

incrementing the address for Byte 2) from Propagating
through the address word and changing any of the bitg g
coded for TS or XFER. Figure 5 Shows NOW 10 prevent trys
effect.

The same problem can occur from & borow when an g,
decremented addrass is used; but oniy o the processar;
address outputs are inverted belore being decoded.

1.8 Control Signal Timing

When interfacing these MICRO-DACs to any mucroproce.,.
sor, there are two important lime relationships that must ne
considered 10 insure proper operation. The first is the mun,.
mum WR strobe pulse width which is specified as 320 ns 13
Veo=11.4V to 15.75V and operation over temperature, b2
typicaily a pulse width of only 250 ns is adequate. A sacong
consideration is that the guaranteed minimum da:a hoig
time of 90 ns should be met or erroneous data can bg
latched. This hold time is defined as the length of time gata
must be held valid on the digital inpts after a qualified (vg
CS) WR strobe makes a fow 10 hugh iransition to iatch the
applied data.

If the controlting device or systam does not inherently mee
these timuing specs the DAC can be traatad as a siow mam-
ory or peripheral and utilize a technique 1o extend the wric
strobe. A simple extension of the wiite time, by adding &
wait state, can simuitaneously hold the write strobe actve
and data valid on the bus to satisfy the minimum WR puise

Write Address Bits

Cycle 15 2 1° 0
First — 0 1
(Byte 1) Decoded to
Second Address DAC 1 0
(Byte 2)

*Staruing with a O pravents & carmy on address incrementing.

**Usad as Byte 1/By1e2 Controt.
) FIGURE 5

DATA BUS I

ONE-

SYSTEM
WAR!TE STROBE sHat

O ANALOG
ouTPUY

DATA vALID

X

NORWAL

SYSTEN 04 A FOLD TIME (28 asi
QNERMAIT

IYSTEM WRITE STROBE
WRITE STHOBE 1250 m)

STATE
(286 =t

LT e
.GuTruT OF l
ONE-SKOT}

-

PULSE WIDTH
50wt

DAL WA ———eo— GAL 1

DATA 0ULD TwE
(180 e
TLIH/S52F

FIGURE 5. Ascommodating a High Speed System.
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Application Hints (continueq)

wiaih. If thus does not provide a sufficient gata hold time at
me end of the write cycle, a negalive adge triggered one-
snot can be included between the system wnte strobe and
the WR pin of the DAC. This is illustrated in Figure 6 for an
exsmplary system which provides a 250 ns WR strobe time
with a data hold time of only 10 ns.

The propér data set-up time prior to the latching edge (low
to higr. transition) of the WR strobe, is insured  the WR
pulseé width is within spec and the data is valid on the bus for
the duration of the DAC WR strobe.

1.6 Digital Signal Feedthrough

A typical microptocessor is a tremendous potential source
of high trequency noise which can ba coupied 1o sensitive
analog crrcuitry. The fast sdges of the data and address bus
sighals generate frequancy components ot 10's of mega-
herz and may cause fast transients 1o appear at the DAC
output, even when data is latched internally.

In low frequency or DC applications, low pass filtering can
reduce the magnitude of any fast transients. This is most

easily accomplished by over-compensating the DAC output
amplifier by increasing the value of its feedback capacitor.

in applications requinng a fast output response from tne
DAC and op amp, filtenng may not be feasibie. In this evant,
digital signals can be completely isolated from the DAC
circuitry, by the use of a DM74L8374 latch, until a vatid
CS signal is applied to update the DAC. This ig shown in
Figure 7.

A single TRI-STATE? gata buffer such as the DMB1LSES
can be used to isolate any number of DACs in a sysitem.
Figure 8 shows this isolating circuitry and decoding harg-
ware for a multiple DAC analog output card. Pull-up resis-
tors are used on the bulfer outputs to fimit the impedance at
the DAC digital inputs when the cara 1s not salected. A
unique feature of this card is that the DAC XFER strotes ate
controlied by the data bus. This allows a very tlexible update
of any combination of analog outputs via a transfer word
which would contain a zero in the bit pcsition assigned to
any of the DACs required to change to a new output valua.

1Y DATA U5 X
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] ) 1 [ 13 16 3] "
a v
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1 O D ' 12 0] In W I
Ll ]" J'i H I T‘ L] Jl l' e
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FIGURE 7. issiating Data Bus from DAC Circuitry te Elirninate Digital Noise Coupling
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Application Hints continusa)
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Application Hints (Continued)

2.0 ANALOG APPLICATIONS

Tne analog outpul signal for these DACs is derived from a
sonventional R-2R current swilching ladder network. A de-
tadec description of this network can be found on the
CAC1000 series data sheet. Basically, output lgyty pro-
vides a current diractly proporuonal to the product of the
apphea reference voltage and the digital input word. A sec-
anc culpul, Ioyte will be & current propcortional to the com.
plement ui the aizial gt Specrically:

TR TR T 2096
VReF y 4095 - D
loutz = = 4096

where D is the decimal equivalent of the applied 12-bit bina.
ry word (ranging from O 10 4095), VRer is the vollage ap-
pliad 10 the Vger terminal and R is the internal resistance of
the R-2R fadder. R is nominally 15 kf}.

2.1 Obtaining a Unipolar Output Voitage

To maintain linearity of output cumrent with changes in the
applied digital code, it is important that the vaitages at both
of the current output pins be as near ground potential (O
Vpc) as possible. With Vrgg = + 10V every millivolt appear-
ing at eitner lgyry or lpytz will cause a 0.01% linearity
arror. In most applications this outpul current is converied o
a voltage by using an op amp as shown in Figure 9.

The inverting input of the op amp is a vinual ground created
by the teedback from its output through the internal 15 kil
rasistor. Rey,. All of the output current (determined by the
digital input and the reterence voitage) wil flow through Ry
to the output of the amphfier. Two-quadrant operation can
be ootamned by reversing the polanty of Vrer thus causing
louTs 1o flow into the DAC and be sourced from the output
of the amplifier. The output voltage, in either case. is aiways
equal o oyt -~ Rey, anc is the opposite polanty of the ref-
erence voltage.

The relerence can be either a stable DC voltage source or
an AC signal anywnere in the range from — 10V to = 10V.
The DAC can be thougnt of as s digitally controiled attenda-
tor: the outpul votage is-aiways less than the applhed refer-
ence voliage. The Vggr terminal of the device presents a
nominal impedanca-ot 15 k1 1o ground to external circurtry.

Always use the internal Rgy resistor 1o create an output
voitage since this rasistor matches (and tracks with tamper-
ature) the value of the resistors used to genarate the output
current (loyt1)-

The selected op amp should have as low a value of input
bias current as possible. The product ot the bias current
times the feedback resistance creates an output voltage er-
ror which can be significant in low reference voltage appii-
cations. BI-FET™™ op amps are highly recommended for use
with these DACs because ot their very iow input current.

FULL-SCALE ADJUST

)
1
u R
15V O—{ vee Fo
DACI208
]
Yace 2 toy
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-
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Vgg ABSUST
v (ZERD ABJUSTHENT)
-1
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tct 0 x D = 4085

FIGURE 9. Unipclar Qutput Contiguration
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Application Hints continueq)

Transient tesponse and settling time of the op amp are im-
portant 1n fasl data throughput applications. The largest sta-
bitty problem is the feedback pole created by the feadback
resistance. Ryp, and the output capacitance of the DAC.
Thig appears from the op amp output to the (—) input and
includes the stray capacitance at this node. Addition of a
lead capacitancs, Cc in Figure 9, greatly reduces overshoot
and nnging at the outout for a step change in DAC output
currant.

2.1.1 Zero and Fuil-Scale Adjustments

For accurate conversions, the input offsat vollage of the
output amphfier must always be nuiled. Amplifier ofiset er-
rors create an oveiall degracation ot DAC lineanty.

The tundamental purpose of zetoing is to make the voltage
appeanng at the DAC outputs as near 0 Vpc as possible.
This 1s accompiisned by shorting out Rgy, the amplifier feed-
back resisior, and adjusting the vgg nulling potentiomater of
the op amp until the output reads zero voits. This is done, of
cousrse. with an applied digital code of all zeros if oyt IS
driving the op amp (all onaes for loyt2). The short around
Rgy is then removed and the converter is zero adjusted.

A unique feature of this series of DACs is that the full-scale
or gain error is guaranteed 10 be negative. The gain error
spacification is a measure of how close the value of the

teFULL SEALE

internal feedbach resistor, Rgy, matches the R-2R fadqy,
resistors. A negalive gain error indicaies that Rey is a smaj;.
er resistance value than it should be. To adjust thus ga
error, some rasistance must always be added ir: serigg wit
Rpp. The 5001 potenuometer shown Is sufficiant to adjuy
the worst-case gain error for these devices.

2.2 Bipolar Output Voltage trom a Fixed Reterence

The addition of a second op amp 1o the unipoiar circuit cay
generate a bipolar cutput voltage from a fixed referense
voltage. This, in etfect, gives sign significance to the MS8 o
the digiial input word 1o ailow two quadrant muit:phcation gt
the reference voltage. The polarity ¢f the reterance car alsy
be reversed 1o realize fuil 4-quadrant multipicavon. Ths 2ir.
cuil is snown in Siguce 10,

This configuration features several improvements ovar ex.
1sting circuits for a bipolar output shown with other muitiply.
ing DACs. Only the offset vohage of amplifier 1 atfacts the
lineanty of the DAC. The offset voltage error of the secone
op amp (aithough a constant output error) has no effect on
lineanty. In addition, this configuration otfers a non-intaraz.
tive positive and negative full-scale calibration procedure.

1y O—ﬁ'

SYREF 1"
\-Fuli SCALE OF
»)0ET]

D — 2048 )wwsawn
2048
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FIGURF: 10. Bipolar Output Volitage Ccnfiguration
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Application Hints continued)
2.2.1 Zero and Fuli-Scale Adjustments
Te calibrale the bipclar output circuil. three adjusimanis are
required. The first st2p is to set ali of the digital inputs LOW
{to force lc:yry to 0) then null the Vog of amplifier 1 by
satting the voltage &t its inverting input (pin 2} to zero volts.
Next, with a code of all zeros stil applied, adjust ™ —fuli-
scale adjusi”, the ieference voltage, for Voyt= *|VRge
ideal’. The poianty of the output voitage at this ime will be
oppesite that ¢f the applied reterence. Finally, set aif of the
digtal inpuis riIGH and adjust '+ fuil-scale adjust” for
2047
2048’

YouT 7t VREF

The polanty of the outpu’ wilt be the same as that of the
rolatence voitage.

3.0 APPLICATION IDEAS

in this seciion the digital input werd is reprosantad by the
letter D and is equa! to the decimal equivalent of the 12-oi
binary input. Hence D can be any integer value between O
and 4095.

Carmposite Amplificr for Good DC Characteristics and Fast Output Response
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DAC1208/DAC1209/DAC1210/DAC1230/DAC1231/DAC1232

Application Hints (continuea)
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TL/h/5690-20
Ordering Information
Part Number Non-Linearity Package Temperature
Range

DAC1208LCJ 0.012% J24A Cardip —40°Cto +85°C

DAC1208LCJ-1 0.012% J24A Cerdip 0°Cto +70'C

DAC1208LCJ 0.024% J24A Cerdip -40°Cto +85'C

DAC1208LCJS-1 0.024% J24A Cerdip 0°Cto +70°C

DAC1210LCJ 0.050% J24A Cerdip —40°Cto +85°C

DAC1210LCJ-1 0.050% J24A Cerdip 0°Cto + 70C

DAC1230L.CJ 0.012% J20A Cerdip —40°C 1o +E5°C _

DAC1230LCJ-1 0.012% J20A Cerdip 0°Cto +70°C K

DAC1231LCY 0.024% J20A Cerdip —40°Cto +85°C i
—_— R

DAC1231LCJ-1 0.024% 1204 Cerdip 0"Cto +70°C !

DAC1232L.CJ 0.050% J20A Cerdip —40°Cto +845°C

DAC1232LCJ-1 0.050% J20A Cerdip 0'Cto +70°C
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BuRR-BROWNS ADCS574A

' Mlcroprocessor-Compatlble
ANALOG-TO DIGITAL CONVERTER

L ~— g e e P
- L. ;’-.’m-z:r—a-:"*—-— -?ﬁ' . ALt . . e S
FEATURES : i contained +10V refercace, internal clock, digital
° NNH.ETE 12-8(T A/D CONVERTER WITH . '. . interface for microprocessor control, and lh:ee-sulc
- REFERENCE, CLOCK, AND §-, 12-, OR 18-BIT . | outputs. | . e .
o IMPROVED PERFORMANCE SECONII MUGCE Fﬁl lascr-trimmed for minimuoe temperature Wmc\“ﬂl- .
- ST4A-TYPE A/D CONVERTERS ——— T - The clock oscillator is curreat-controlled for excel-
"ﬁa luitlu-mnm'"" i lcnt stability over temperature. Full-scale and offset
,150ns Bus Access Time - ' errors may be externally-trimmed to zero. Internal
LMMMMM Hﬂd tlan scaling mhwr:ne_provided for the sclection of
Elimiasted |, :ovcosnce ot - *  apalog input signal raages of 0V.10.+10V, 0V 0
e RULIY SPECIFIED FOR nnmmn N iy oa  +30V, &V, and 2iOV. . i
T IS¢ SUPPLIES The converter may be extcrnally prognmmed L
o N0 MISSING CODES QVER TEMPEMTU!E . provide 8- or 12-bit resolution. The conversion nmr."
0°C ts +75°C: ADCSTAAJH. KH Brades " for 12 bits is factory set for 20us typical * ,_"’,

TI85°C te +125°C: m;usu; m Endu _#  Output data arc available in'a parallel tornm from ™
e TTL~<ompatible three-state output buffers. Output -

e ottt "

~...'."-3- Tilllai L2 s ] n- tromeey e
i ; ..., dataarecoded in straight binary for umpolnmpu&
Pg“scan-HON ‘x-‘\,: e : :nsnnlsmdblpoln oﬂisct bum:y for pola.r u:pul ;
-"; thcADCﬂ(Auaﬂ-bilswveappmmndcn: , Signals. BRI § R
- analog-to~digital converter, utilizing state-of-the-art ThcADC$74A. nvadablembothmdmmmdmd- l‘i_
"L CMOS ‘and” Inser-trimmed bnpolu dic custom-'  itary temperature ranges, requires supply voltages of !
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L LTS = 2 e TIIT
eyTe .
STRTUS
arsua
o o Y RS
- e e & - fon
l ) . I o %
i . § W9 MADSE MRLLA.
: + | ermenct Rt
T e oo . : B I ORI S .
: .|t . . b
lnerassiond Airpert ndustrial Purk - P4 52 11400 - Tocaen, Artzase 86734 - Tol, (8023 1481110 T ST - Coble 6830087 - Thc M4 -
. i . PDS-S%0A "'
R, DR A s 3. X )} g 4




SPECIFICATION S

ELECTRICAL - R

-

Ta = +22°C, Voo = +13V of +13V, Vs = =12V or ~15V, Vioa = mwbu otherwise w!hd.

-

wooey - . -

ADCS74AIN, ADCSTAASH

e

MAX MiN v

i

AESOLUTION 12 > ‘

ANALOG 1 T l

Voitage Renges. Unipatar 0to +10, 010 +20 - v {
Sipoiar - %8, =10 - v
impedance: 010 +10V, 23Y k¥4 ) a3 . . - |
.. .. R10V,0V 10 +20V 1s 19 125 - . . @

DIGITAL (CE. CS, R/C, AL 12/78) :
Over Temperaturs Range .

Voltsges: Logied | T Q- s2em . a3 : : - v
° . “&s . o -— -“v-—“ms«—' . ....._._‘.. .. .. e R el
Cument, 4.0V SV S S0V . ., . e} oy 8] . R R4 - el RCE'
Capacatance.- 5 . : -~ T pf

TRANSFER CHARACTEMSTICS L

At +23°C v et ;..-
Uneanty Error
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ELECTRICAL (CONT)

Ta = +25°C, Vg = ~12V or +18V, Vgq = =12V or ~ 13V, Vioac = +5V uniess ctherwise specilied. T
MO0kl ADCSTAAIN, ADCST4ASNH ADCATIAKH, ADCETAATH
! - . - .
C we 1w T e e b e ] eas unTs
POWER BUPPLY REQUIRIMENTS -
Yoitage: Yes +i114 © 188 . N "]
- Ve 114 -18.8 . _ < v
Yiona 43 +55 . . v
Current: loa - cee " 18 - . .. nA
fes Fi a . . mA
hoaa 14 13 . LI N mA
Pawee Bi lon (£15V Supplies) 3 720 i * mw
TRMPEAATURS AANGE (Ambient)
Specification: J, K Grades 0 +73 * N . <
8. T Grades -84 +12% M .,‘ «©<
Sarage a3 +150 . . <

-*Same specification ss grada ta (e immediats left. : H
NOTES: (1) Athough muquonnmdmunwm m-nu\animgurmand tovel (+lmmmhmmwm:umtbuu
~- 0.29% of & itandard TTL joed. (2) With fixed 50Q resistor trom AEF QUT io AEF IN. This parameter ia 0la0 adjustadie ta tero at +29°C (see “Cptonal Externai Full

.. Scale and Offset Adjustments™ sectian). (3) F3 in this specification tabie means Fuil-Scaie Aanga. That is, for 8 TIQV Input renge. FB meens 20V; for 8 8 to +10V

nnoo.nrmuulwuuﬂwm?umt«wwWMdF"“ le Rangs is with other ““Iﬂmﬂﬂ“wﬂaﬂm
tadles. (4) 3ee “Controliing the ADCST4A™ section for Jod into: g digital timing.  (8) E ! loading must be during
«W""“NWMNOMMM@W‘W”*‘“W&lwwﬂumwhmmmmoﬂaﬁ Lo
Il ' T CONNECTION DIAGRAM Ser e
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DISCUSSION OF
SPECIFICATIORNS

LINEARITY ERROR

Linearity error is defined as the deviation of actual code
transition values from the ideal transition values, [deal
traasition values lic on a line drawn thraugh zero (or
minus full scale for bipalar operation) and plus full scale.
The zero value is located at an analog input value
1/2LSB before the first code transition (000y to 00!y).
The full-scale value is lacated at an analog value 3/2LSB
beyond the last code transition (FFE,. to FFFy) (see
Figure 1).

e 1
. ¢ K
I
3 ! I
. n )
2 . I ]
- - ) ]
3 L1
3 ] o g R |
| S ) 1) S
T} onsT3 ":I S
B ot R B I
e} e e Pl owmso L)
e P T (BP0 - T
L Sy -numwnl“ L I A
- - e Jh AL r} . -
7 TR .‘un: sl
.1 W TR U 4FUULSCALE  SCALE
a0 FL camarion . CALBMTION . . -
-~.,~.m"“.! TMANTON) T TR
S T et - B R R
FlGUREL ADCS74A Transfer Chnnclcnmc Yoot
ol “nTermmology‘ [ R

Thus. for a oouv:ncr connected for blpolu opefauon
and with & full-scale range (or span) of 20V x 10V), the
. zero value of —I0V is 2.44mV below the first code transi-
tion (000 to 001y at —9.99756V) and the plus full-scale
..nlu: of 10V is.732mV above the last code transition

(FF Ex to FFFy at +9.99268) (sca Table 1).
RS | KT PFL LT

- — ) .
r‘_:.x.l

o H
LI

' NO MISSING CODES
(DIFFERENTIAL I.INEARITY ERROR} .
'A spec:l' cation which munnlea no musmg cod:s
requires that every code | combination appear in a mono-

. xomcﬂly-mc'tumg sequence as the hnalog input is

POWER SUPPLY SENSITIVITY

increased throughout the range. Thus, every input code
width (quantum) must have a finite width. [f an input
quantum has a value of zero (a differential hncully error
of —ILSB), 2 missing code will occur.

ADC37A KH and TH grades ate guaranieed i have ac
missing codes to 12-bit resalution aver their respective
specification temperature ranges.

UNIPOLAR OFFSET ERAOR

An ADCST4A connected for unipolar operation has an
analog input range of OV to plus full scale. The first
output code transition should occur at an analog input
value [/2LSB above OV. Unipolar offsct error is defined
as the deviation of the actual transition value from the
ideal value. The unipolar offset temperature coefficient
specifies the change of this transition value versus a
change in ambient temperature. L

PSS

BIPOLAR OFFSET ERROR

A/ D converter specifications have historically defined
bipolar offset as the first transition value abave the
minus full-scale value. The ADCS74A specification,,
however, follows the termmology defined for the 574
convernter several years ago. Thus, bipolar offset is
located necar the midscale value oiOV (bipolar uro) at

the output code transition TFFu to 8004~ ~+ 5

Bipolar offset error for the ADCS74A is defined as the
deviation of the actual transition value from the ideal

-transition value located 1/2LSB below 0V. The bnpolu'

offset l.cmpenture coeflicient speclﬁu the muxmum

change of the code u'uum’on vuue versus a change'in

mbnentumpemure et ea ket e ’
FULL SCALE CALIBRATION ERROR L

The last output code transition (FFEy to FFFy) occurs

for an analog input value 3/2LSB below the:nominal

full-scale value. The full scale calibration ervor is the

deviation of the actual analog value at the last transition

poini from the ideal value.. The full-scale cahbrauon

temperature cocflicient spectﬁ:s the maximum change of

the code transition value versus a change in' ambient

mp‘m““" R s

gals 8 PR

I N o et

AR TR AN S
Electrical specifications for the ADCST4A assume the

application of the rated power supply voltages of +3V
and 12V or :tlSV The nujor cffect of power :upply

',
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e Ll Lnae, T S PR AR erien e
TABLEI lnpul V,oltagu. Transition Vuua, And LSB VYalues. © - - Lol L L PR
Binary (BIN) Outpst - -+ © ° REE Input Yolage Rangs and LS8 Values
Anaiog nput Voitage Aange . Defined Ax: : £10V 5V 0ta +10V 0t vV
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. EEEN I Y & : z : 7 VF .
5T n=g miame | soemv 2 308mv | TRI3MV
) RERRD L. LA L ] 4.80mV 244V 24mV 4.80mv
CQuipul Tranation Values . el T ded TR
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voltage deviations from the rated values will be a smail
change in the full-scale catibration value. This change. ol
course. results in a proportional change in all code tran-
sition values (i.c. 4 gain error). The specification describes
the maximum change in the full-scale calibration value
from the imitial value for a change in cacn power supply
voltage.

TEMPERATURE COEFFICIENTS

The temperature coetficients for tull-scale calibration,
unipolar offset and bipolar offset specify the maximum
change from the +25°C value to the value at Tuis or Tman.

QUANTIZATION UNCERTAINTY

"Analog-to<digital converters have an inherent quantiza-
tion error of *i/2LSB. This error is a fundamentail
property of the quantization process and cannot be elim-
inated.

CODE WIDTH (QUANTUM) . -
Code width, or quantum, is defined as the range of
analog input values for which a gw:n o(upul code wnll
occur Th: ldeal codc wndlh lS ILSB

INSTALLATION . ]

LAYOUT PRECAUTIONS .. ;= -
Analog {pin 9) and digital’ (pm 15) commons’ are not
_connected xogethcr lnlemally in the ADCS74A, but
should be connected together as close to the unit as’pos-
sible and to an analog common ground plane beneath
the converter on the component side of the board. In
addition, a wide conductor pattern should run directly
" from pin 9 10 the analog supply common, and a separate
wide conductor pattern from pin 15 wo the digital supply
commons: R IR R I I
 Ifthe single- pomt system common cannot be cstablished
dm:ctly at the converter, pin 9 and pin 15 should still be
. connecttd togclhcr at the converter; a single wide con-
duclor pam.-m then tonnects these two pins to the sys-
‘tem common. This single common’ path will typically
carry about §.5mA of current out of the coaverter! Code
; dependeat currents do not flaw in analog (pin 9) or digi-
tal (pin 15) commons. DCcurremnts that flow are typically
. ¥TmA jn pin.? and 7S SmA jn pin IS, .. o
_Coupling between malog inpur and digital lines should
".be minimized. by careful layous. For instaoce, if the lincs
must cross, they should do s at right angles. Paralle}
. analog and digital lincs shouid be separated from cach

e n

r

S oratwl

i

“~other by a pattern connecwd to common. =" T e

“ SRS T e
"I external full scale and oﬂsc( polcntlomcl:n are used,
potentiometers and associated resistors should be

—_
S, i
Wi,

! localcd as close to the ADC374A as possible. If no ifim
adjuslm:nu aie ussd
I bc as closé as posnblc.

.-A the

f;_xcd resistors should likcwise

I I Cae '

~y

g suppl'cs should be bypaswd wub lOuF (anu-'u

- a—

'£84

lum bypass capacitors located close to the converter to
abtain noise-iree operation. Noise on the power supply
iines can degrade the converter's performance. Noise and
spikes from a switching power supply are especiaily
trouplesome.

ANALOG SIGNAL SOURCE IMPEDANCE

The signal source supplying the analog input signal to
the ADCS74A will be driving into a nomunal DC input
impedance of gither 5kl or 10k{). However. the output
impedance of the driving source should be very low, such
as ithe output impedance provided by a wideband. fasi-
settling operational amplifier. Transients in A. D input
current are caused by the changes in output current of
. the internal D/ A converter as it iests the various bits.

The outpui voliage of the dniving source must remain
constant while furnishing these fast curreat changes. i}
the application requires a sample: hold. seiect asampie
hoid with sufficient bandwidth to preserve the accuracy
or use a separate wideband buffer amplificr 10 lower e
output impedance. -

RANGE CONNECTIONS -
The ADCS74A offers four standard input ranges: 0V to
+i0V, 0V 10 +20V. x5V, and +10V. If a 10V input range
is required, the analog input signal should be connected
10 pin 13 of the converter. A signal requiring a 20V range
is connected to pin 14. In cither case the other pin of the
two is left 'unconnected. Full—;cale md offset adjust-

. ments are described below.
i To operate lhc ‘chnverter with a 0. 24V (Z.SmV LSB) or
' 20.48V (5mV LSB) input range, insert a 2000 potenti-
* ometer in series with pin 13 for the 10.24V range, or a
5000} potentiometer in series with pin [4 for the 20.48V
range. Use a fixed 500, 1% resistor for Rz (Figures 2 and
3). Offset adjustment is still performed as described
“below. Full-scale adjustment is performed as described
below bul with adjustment performed u.ung lhe mpul

'polcnuomclcr mstead of Ry -~ .
“ ATE T el T e,

-3

T

: o - FOULSCALE ° Co
e uuunul re
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6 AI.LL‘N- consow —

F lGURE 2. Uaipolar Configuration,
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FULL-SCALE ADJUST -
(1
ABCSIAA
ALF ouT
BPOLAR
OFFSET ADJUST SIPOLAR OFFSET
ANALDE JO 10V RANEE 12
wer L
" O 20y mnst @"W -
ARALSS COmmon (§ COMPARATOR

FIGURE 3. Blpolar Configuration.

CALIBRATION

OPTIONAL EXTERNAL FULL-SCALE AND
OFFSET ADJUSTMENTS < -
Offset and full-scale errors may be trimmed to 2¢ro using
external offset and full-scale trim potentiomeiers con-
nected 1o the ADCS574A as shown in Figures 2 and 3 Ior
umpolar and bipoler opcrauon Lo “

Dlaasuaes ol Ll i
CALIBRATION PROCEDURE— K
UNIPOLAR RANGES 7. .-~ -7 -'
If adjuslmcm of u_n_-npolar oﬂ'scl and IuII scale not

nclwork . .

u adjuslmem ls uqmrcd, cunnccx l.he convcncr as
shown in Figure 2. Sweep the input lhrough the cnd~
poini transition voliage (0V + 1/2LSB; +1.22mV for the
10V fange; +2.44mV for thé 20V range) that causes the
output code 1o be DBO ON (high). Adjust potentiometer
Ry vadil _DBO is aliernately toggling ON and OFF with
wll other bits OFF. Then adjust full scale by applying an
input voltage of nominal full-scale value minus 3/2LSB,
the value which should cause all bits 10 be ON. This

value is +9.9963V tor the 1VY 1aupy weee -
the 20V range. Adjust potentiometer R; until bits DBI-
DBl are ON and DBO is 1oggling ON and OFF.

CALIBRATION PROCEDURE—BIPOLAR RANGES

If external adjusiments of full-scale and bipolar offset
are not required, the polentiometers may be replaced by
5011, 1% metal film resistors.

If adjustments are required, connect the convenier as
shown in Figure 3. The calibration procedure is similar
to that described above for unipolar operation, except
thal the offset adjustment is performed with an input
voltage which is 1;2LSB above the minus full-scale value
(—4.9988V for the =5V range, —9.9976V for the 10V
range). Adjust R, for DBO to toggle ON and OFF with
all other bits OFF. To adjust full-scale, apply a DC input
signal whichis 3/2LSB below the nominal plus full-scale
value (+4.9963V for xSV range, +9.9927V for 10V
range) and adjust R; for DBO 10 loggle ON and OFF

with all olher bus ON '

CONTROLLING THE ADCS74A

The Burr-Brown ADC574A can be casily interfaced to
most microprocessor systems and other digital systems.
The microprocessor may take full control of cach con-
version, or the convener may operate in a stand-alone
mode, controlied only by the R/T input. Full control
consists’ of selecting an 8- or 12-bit conversion cycle,
initiating the conversion, ‘and reading the ouptut data
when ready—¢hoosing either 12 bits all at once, or 8 bits
followed by 4 bits in a lefi-jusiified format. The five
contro! inputs (12/8, TS,  Ac; R/C, and CE).are all
'ITL/CMOS-compatibI: “The functions of the control
inputs are described in Table 11. The conuol I'uncnon
truth table i is Ixsud in TabIc III © o

STAND-ALONE OPERATION
For Stand- alone opetauon conlrol of the converter s

e P e cmad t s ——

‘In this mode CS and A, arc connécied 10 digital com-

mon and CE and 1218 are connected to Vioaic (+5V)
The output dma are prcsenwd as [2-bit words Thc

- —— e

TABLE_IL. ADCS74A Conirol Line Funciions, , L e
: poy ~ " " — - 3.
D —— ¢ e ot e b tc——— S——— N - ~>~" -n :
CE (6. § Chup Eradia .- -t Mot De fugh (T17) 16 siihat snilisie 3 CONvOraION OF 640 Ouipul Cals -1 eage May Do LseC 10 viate &
Laclve hrgh) | tomversion : -
CE (P3| CripSerect® =1 Musibo ow ("D', 1 nther InMidle b CONVETaION Gf 168C ¢ Cutpat OBiA 1-G 836 My bt waEd to nitiare’s -
(ative 1ow) converuon e e o -
®C (Png) | Read/Convent | Must be iow (07} 10 imusts either B of 32-bit convarsions 1-0 8age mey bo wves 10 mn-n. . ;onm st |
- ] O Fresc) e high (1) 1o res. resc oultnl Oala 0-1 50Dt may Le LseC 1o WLale & 880 OPOIBTION. :
- (O =convery | T T i
Ao (Fir 4) Byle Adoress I the 32aN-Convern o3t A, sevects B-bit (A. = M17) ot 12-v {Ac = T} converson moce When foading ww
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TABLE 11l Control Input Truth Table,

TABLE V. Stand-Alone Modé Timing.

stand-alone mode is used in systems containing dedi-
cated input ports which do not require full bas intertace
capability. . .

Conversion is mumed by a high-to-low transition of
R/C. The three-state data output buffers are enabled
when R/C is high and STATUS is low. Thus, there are
two possible modes of operation: conversion can be
initiated with either positive or negative pulses. In either
case the R/C pulsc must. r:mam low for a minimum of
SOnsec. - Pou . L
Figure 4 illustrates timing when conversion is initiated
by an R/ C pulse which gocs low and returns to the high
state during the coaversion. In this case, the three-state
outputs go to the high-impedance state in response 10 the
falling edge of R/C and are enabled for external access
of the data after completion of the coaversion. Figure §
illustrates the timing when conversion is initiated by a
positive R/C pulse. In this mode the ouptut data from
the previous conversion is enabled during the positive
"portion of R/C. A ncw conversion is started on the fal-
ling cdge of R/C, and the three-state outputs return to
the high-impedance state until the next occurreace of a
high R/ pulse. Table IV lists timing specifications for
stand-alone operation.

ce | &8 | &€ | i | a | Operswon S » din | Typ | Max | Units
[ X X x x Nane o, Law A/E Puise wiatn 50 ! ns
X P X X | None %o STS Datay trom A/S ' 20| n
Iy ° 0 X 3 Initate 12-0it CONverson Lo Dasta Vaird Ater /& Low 25 ns
'y 0 ] X 1 IMuste 8-0:1t CoNversion s STS Catay After Dats Vaug | 300 | 500 | 000 g
1 [ o x 0 Initiate 12-0it Convernion [ rugh R/E Puise watn 150 ns
1 1] '] X 1 inLaLe 8-Dit CONversion taoa Qata Access Time ng
1 [} ’ X ) imitiate 12-01t comvernon

1 0 ] X i Initisle 8-0:t converson

1 '] ' 1 X Enaoie 12-bit oudut

1 [} 1 3 9 Enaple 8 MSBs ony FULLY CONTROLLED OPERATION

1 [} 1 a 1 Ensple 4 LSBs ptus 4

waihng 26108 Conversion Length

Conversion length (8-bit or 12-bit) is determined by the
state of the A, input. which is latched upon receipt of a
conversion start transition (described bSelow). If A, is
latched high, the conversion continues for 8 bits. The fuil
12-bit conversion will occur if A, is low. If all 12 bits are
read followmg an 8-bit conversion, the 3JLSBs (DBO-
DB2) will be low (logic 0) and DB3 will be high (logic 1).
A, is latched because it is also involved in easbling the
output buffers. No other control inputs are lawched, -
CONVERSION START . Ce
The converter is commanded to initiate conversion by a
transition occurring on any of three logic inputs (CE.
CS. and R/C) as shown in Table HI. Conversion is
initiated by the last of the three to reach the required
state and thus all three may be dynamicaily controlled. If
necessary, all three may change swates simultancously,
and the nominal delay time is the same regardless of
which input actually stants conversion. If it is desired
that & particular input establish the actual start of con-
version, the other two should be stable a minimum of
50nsec prior to the transition of that input. Timing refa-
tionships for start of conversion timing are illustrated in
Figure 6. The specifications for timing are conmned in
Table V. “(_
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TABLE V. Timing Specifications.

Symbol Porsinater

Units

g

Convert Mode

STS celay lrom CE

CE Puise wigin

€S 1o CE solup

€5 low auning CE hign

R/C 1o CE setup

R/C iow duning CE nign

Aq 1o CE 3stup

A, valid guning CE hughn

Conversion uma. 2 bit cycle
Boitcycle

"TERRERER

S8 BEEEY

ns
ns
ns
ns
ns
ns
ns

g

OBB8oBoBBBER

1 R X

Aesd Mode .
Access ume from CE
Oats vaig atter CE 0w
Oultput tioat caisy

€S 10 CE se1up

: R/€ 10 CE satup

A, to CE setup

€S vanastier CEicm
R/& nign atter CElow
Ag valid atter CE low
STS ceiay after data vaisd

L4

Bgoosor &

FLETERgres

NOTE: Specifications are at +25°C and measured al 50% ievei of transbions.

The STATUS output indicates the current state of the
converter by being in a high state anly during conver-
sion. During this time the three state output buffers
remain in a high-impedance state, and therefore data
cannot be read during coaversion. During this period
additional transitions of the three digital inputs which
control conversion will be ignored, so that conversion
cannot be prematurely terminated or restarted. How-
ever, if A, changes state after the beginning of conver-
sion, any additional start conversion traasition will laich

the new state of A, possibly resulting in an incorrect .-

conversion length (8 bits vs 12 bits) for that conversion: ' °

)

READING OUTPUT DATA . - —
After conversion is initiated, the output data buffers
remain in 3 high-impedance state until the following four
. logic conditions are simultancously met: R/T high, STA-
TUS low, CE high, and CS low. Upan satisfaction of
these conditions the data lines are enabled according to
the state of inputs 12/8 and A.. See Figure 7 and Table v
for timing relationships and specifications. © -

In most applications the 12/8i input will be hard-wired in
cither the high or low condition, althoughiit is fully TTL-
and CMOS~compatibie and may be acuvely drnivea if
desired. When 12/8 is high, all 12 output lines {DBO-
DBI1) are enabled simultancously for full data word
transfer 10 a 12-bit or 16-bit bus. In this situation the A,
state is ignored.  *

When 12/8 is low, 1he data is presented in the form of
two 8-bit byt:s with sclection of the byte of interest

e,

“|ERcoBoair

G T
a8 e -
[%:3 T e :—:~ ‘
__7‘}‘__ — * : | W
. .
X 1 X
- [ st
. X
BAIl-080 i X", 2ATA mm-‘;—ﬁ—

FIGURE 7. Read Cycle Timing,.

accomplished by the state of A, during the rzad cycle.
Conncction of the ADCS74A 10 an 8-bit bus for transfer
of left-justified data is illustrated in Figure 8. The A,
input is usually driven by the least significant bit of the
address bus, allowing storage of the output data word in
two consecutive memory locations.
When A, is low, the byte addressed contains the 8MSBs.
When A, is high, the bytc addressed contaias the 4LSBs
from the conversion followed by four logic zeros which
have been forced by the control logic. The left-justified

Word Word 2
Precessor | 087 | 086 | Cas | DB« | Oa3 | o082 | o8y | oso| [ o087 | DB | oBS | DBe | ORI | DB2 { DB | Os0
Converter .] 0811 [ 0B10 | 089 | 088 | D87 [ 0ss | cas | pea| [omy [pez T ooy T 2oz} & @ e °
FIGURE 8. 12-Bit Data Formal for 8-Bit Systcma. e
v . :
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formats of the two 8-bit bytes arc shown in Figure 8. The
design of the ADCS74A guarantees that the A, input

ORDERING INFORMATION

may be toggled at any.lime WI.lh no damage to the con- Uneanty | Rescwion, Fui-
verter; the outputs which are tied together as illustrated Teornper- Error, No Mieng Scaie
. . . atyre B (Vo Coons (Tum! TC.maz
in Flgurc? cannot be enabled at the same time. Moset a ' Tuen 1@ Toss . \
In the majonty of.appllcauons the r::}d operanion will be ADCSTaAN | OCro -1LSB 1 Bus e
attempted only after the conversion is complete and the -75°C
STATUS output has gone low. In those situations ADCSTaARH °’;§_‘g zvass 12 8us 28
requiring the earliest possible access to the dala, the read ADCST4ASH| —-35C 10 =1L38 1 8uas =50
may be started as much as L 15usec (tup max + tus max) -125°C
before STATUS goes low. Refer to Figure 7 for these ADCS74ATH '552':::" zuse 12 8uts =2
. . . +125°%
timing relationships.
-/
swrus -2
’——{z i oant sy |2
_ L]
. od a |1 e
24 .
e o . (111
AooaEss f - - a aus
ws .
) 2
. ADCS74A
n
T =
-1 - - 1) o
- - - - 18 R .
- 1} 4 o
" ) T : "
R Rl A : 080 L.38)
U R e e serma |18 :
.. .. ComMON l . . -

" FIGURE 9. Conncction 1o an 8-bit Bus.




B HARRIS

SEMICONDUCTOR

CA3140

£

M“ﬂ

i BiMOS Operational Amplifier
#1993 with MOSFET Input/Bipolar Output
?EFeatures Description

'+ MOSFET Input Stage

« Very High lnput Impedance (Z,y) -1.5TQ2 (Typ.)
"« Yary Low Input Current (1) -10pA (Typ.) at £15V
.« Wilde Common Mode Input Voltage Range
(VICR) - Can be Swung 0.5V Below Negative
Supply Voltage Rall

A %« Output Swing Complements Input Common
Mode Range

A Dltactly Replaces Industry Type 741 In Most
< Applications

Fe...
t

Ap plications

:Sample and Hold Amplifiers

b i.ong Duratlon Timers/Multivibrators
. (useconds-Minutes-Hours)

’5 » Intarface In 5V TTL Systems and Other Low
2 Supply Voitage Systems

] NI Standard Operatlonal Amplliflar Appllcations
: g Function Generators

Tha CA3140A and CA3140 are integrated circuit operational amplifiars
that combine the advantages of high voltage PMOS transistors with
high voltaga bipolar transistors on a single manoiithic chip. Bacause of
this unique combination of tachnologiss, this devica can now provide
designers, for tha first ime, with the special periormance features of
the CA3130 CMOS operational amplifiers and the versatility of the 741
serias of industry stanaard operational amplifiers.

The CA3140A and CA3140 BiMOS operational amplitiers feature gate
protected MOSFET (PMOS) transistors in the input circuit to provide
vary high input impadance, very low input current, and high speed per-
formance. The CA3140A and CA3140 operate at supply voltage from
4V 10 36V (aither single or dual supply). Thase oparational amplifiers
ara internally phasa compensatsd to achisve stabie operation in unity
gain follower operaton, and additionaily, have access terminal for a
supplementary external capacitor it additional frequency roli-oft is
desired. Terminals are also proviged for use in applications requiring
input oftset voitage nuiling. The usa of PMOS fieid effact transistors in
the input stage resuits in common mode input voltage capability down
to 0.5V below the negative supply lerminal, an important attribute for
single supply applications. The output stage uses bipolar transistors
and includes built-in protsction against damage from load terminal
short circuiting to either supply rail of to ground.

The CA3140 Series has the same 8-lead pinout used for the “741" and
other industry standard op amps. The CA3140A and CA3140 are
intended for opsration at supply voitages up to 36V (x18V).

Ordering Information

PART NUMBER TEMP. RANGE PACKAGE
CA3140AE -55°C 10 +125°C 8 Lead Plastic DIP
CA3140AM -55°C 10 +125°C |8 Lead SOIC
CA3140AS -55°C to +125°C 8 Pin Can, Lead Formad
CA3140AT -55°C 10 +125°C |8 Pin Can
CA31408T -55°C 10 +125°C 8 Pin Can
CA3140E -55°C to +125°C |8 Lead Plastic DIP
CA3140M -55°C to +125°C 8 Lead SQIC
CA3140M96 -55°C to +125°C 8 Lead SOIC*

CA3140T -55°C to +125°C 8 Pin Can

* Dencles Tape and Rael

© Haris Corporalion 1903

Plnouts
T CA3140 (TO-5 STYLE CAN) CA3140 (POIP, SOIC)
: TOP VIEW TOP VIEW
TAB strosEe W
OFFSET Py
TR Al STROBE
OFFSET (1} (7) v«
NuLL INV. INPUT E ~ 3 Ve
INY. (2) (¢) outpPUT NON-INV. +
INPUT pond B (6] outpur
OFFSET
NONANY. (5) OFFSET 3 3
INPUT 0 NULL E NULL
V- AND CASE
These devices are sansilive 10 alectrostatic gischarge. Users snouid ollow proper |.C. Handling Procedures. File Number 97
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Specifications CA37140, CA3140A

I

Absolute Maximum Ratings Operating Conditions

CC Sugpply Voltaga (Batween V+ and V- Termunals). .. ....... 36V  Operaiing Temperatuie Range (Aii Types). ... ....-35°C o +12
Ciitsrential Moae input Voltage. ... ........ i w @ 0 v ... 8V  Sloragae Temperature Ranga (Al Types). . .. ....-85°C 10 +15
CClnpuiVoltage ...........c.cccvenn...(Vr+8V) To(V-Q.3V)

input Terminal Current S § 5 YRENe s 5 5 soree s SIA

Quiput Sheoit Circuit Duration *. ... ... . % 35t ¥ 4 57 Indetinite

sunclicn Tampearaturd. . . . . ..ot e +175°C

sunciicn Tamperature (Plastic Packaga) ............... +i130°C

Leaa Temperature (Soluernng 10Sec.). ... .o vovvenn ... +300°C

* Short ciicuit may te appiied o ground of 10 aither suppty.
CAUTION: Sirasses above Ihcsa listed in "Absoiuie Maximun Aalings® inay cause permanent damage 10 the Jevice. This s a s7ess 2niy raung 4nd
ol s davica at ihese or any other conditions above thcse inaicated in the opemational secticns of this specification is not imohad.

Electrical Spacifications V+ = +15V, V- = -15V, T = -25°C ]
PARAMETERS SYMBCL TEST CONDITIONS CA3140A CA3140 UNITS
Inpui Otisat Voitage Adjustmant Rasistor Typical Valus of Resistor 18 4.7 xQ
Batween Term. 4 and 5 or 4 .
and 1 10 Agjust Max. Vg
Input Rasistance R, 1.5 15 T
Input Capacitance C 4 4 *
Qutpui Rasistance Ry (1] 60
Equivalent Wideband Input Noise Voltage 8y BW = 140kHz 43 48 e
(Saa Figure 35) A =1 MQ -
Equvalent Input Naise Voltage (See Figure 7) e f= 1KHZ Rg = 100Q 40 <0 nvl
t=10 kHz 12 12 VAR
Shont Curcuit Current to Opposita Supply E_.
Source lomr 40 40 mA
Sink lon: 18 18 mA
Gain-Bandwidth Product, (See Figures 2 & 15) ty 45 45 MRz
Slew Rala, (See Figure 3) SR g 9 Vi
Sink Currant Frem Tarmiunal 8 To Termunal 4 10 Swing 220 220 A
Cuiput Low "
Transient Responsa: R = 2k
C = 100pF
Rise Time 1™ 0.08 0.08 "
Cvershoot (See Figure 34) cs 10 10 3
Settling Tima al 10 Y, (Ses Figura 14) 15 R =2k
Cy = 100pF
1mv Voltags Follower 45 45
10mv 1.4 1.4 "t
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Specifications CA3140, CA3140A

Electrical Specifications

For Equipment Design. At V+ = 15V, V- a 15V, T, = +25°C, Uniess Ctherwise Specified

2-125

LIMITS
CA3140A CA3140
PARAMETERS SYMBOL MIN TYP MAX MIN TYP MAX UNITS
Input Offset Valtage Wl - 2 5 5 15 mV
Input Ottset Current ol - 0.5 20 - 0.5 30 PA
Input Currant iy s 10 40 10 30 pA
Larga Signal Voltage Gain (Nota 1) AoL 20 100 20 100 kV/V
(See Figures 1, 15)
86 100 - 86 100 aB
Common Mods Rejection Rauo CMRR R 320 R 320 %
(See Figure 6)
70 30 70 90 - aB
Commaon Mods Input Valtage Range Vicr -15 -15.5 12 15 15.5 L] v
(See Figure 17) o )
+12.5 +12.5
Power-Supply Rejection Ratio, PSRR 100 150 100 150 UV
AVio/AVg (See Figure 8)
. 76 80 - 76 80 - a8
Max. Output Voitage (Note 2) Vou+ +12 13 +12 13 - Vv
(See Figures 10, 17)
Vour -14 -14.4 14 -14.4 % v
Supply Cuirent (Swe Figura 4) v - 4 (5] 4 8 mA
Devica Dissipation Py 120 180 120 180 mw
Input Oftset Voitage Temp. Drift, - 6 - - 8 - MY/
AVio/AT
NOTES:
1. AlVg = 26V, 4, +12V, 14V and R_ = 2ki2
2. ALR = 2K
Electrical Specifications  For Design Guidance. At V== 5V, V- = OV, T, = +25°C
PARAMETERS SYMBOL CA3140A CA3140 UNITS
1| wou Oftsat Voitage Wl 2 5 mv
gt Offsat Curent ol 0.1 0.1 PA
pot Currsat " 2 2 PA
- R 1 1 TQ
'hl Resistance |
o
[<
o
sl
o
87




Specifications CA3140, CA3140A

s R,

Electrical Specifications For Design Guidance. At V+ = § V, V- = 0V, T, = +25°C (Contlnuad)

PARAMETERS SYMBOL CA3140A CA3140 UNITS i
. |
Large Signal Yoltage Gain Ag 100 100 kv
{See Figures 1, 15) E
100 100 a8 4
Common Modae Rejecticn Ratio, CMAR 32 32 WV '
i
30 90 a8 3
Common Mode Input Voltage Range (See Figure 17) Vica -0.5 -0.5 v i
26 2.8 v
Powar Supply Rejection Ratio PSRR 100 100 WV
AV,/avg
80 80 aB
Maximum Output Voitags (See Figuras 10, 17) Vou+ 3 3 v :
3
Vowr 0.13 0.13 v J

Maxumum Output Current:

Bl 2a 5.

Source IOM+ 10 10 mA
Sink lom- 1 1

Slaw Rale (Sea Figure 3) SR 7 7

Gain-Banawidth Product (Sae Figure 2) iy 37 37

Supply Cumrent (See Figure 4) 1+ 1.6 1.6

Devica Dissipation Po 8 8

Sink Currant from Term. 8 to Term. 4 to Swing Output Low 200 200

2-126




@VQ
®

sesesesedecmenany

[y

cemrmocca P L Sepepepppp. P Y TP pupep, poanrveccenrencssvonntrcrcrovedecscnccna

specsecvrovcnconconnn wrevmarcrrenan corndoecrcccanea serverrean

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
T
.

4mA

emecemccsssamean

¥
s Lecesccccamnanad

.
[y

20044
1
—
12pF

SECOND STAGE OQUTPUT STAGE OYNAMIC CURRENT SINK

~
N
-
3
N

+—r
[ R
®
STROBE

1.6mA

-
BIAS CIRCUIT
CURRENT SOURCES

AND REGULATOR

CA3140A, CA3140
"“"‘“‘““‘“‘“"""2“"‘\;‘“"“"““‘“““‘“"“‘\

INPUT STAGE
OFFSET NULL

Cfeccacancennann

5 it

@]
30

BIAS CIRCUIT

INPUT
INPUT

NONHNVERTING

INVERTING

Block Diagram

ALL RESISTANCE VALUES ARE INQ

L e RO [N “e e, . - e

-

-

B R G L AT, A LIPS X SR




CA3140A, CA3140

Circuit Description

As shown in the block diagram, the input terminals may ba
oparated down to 0.5V telow the negative supply rail. Two
class A ampiifier stages provida tha voltage gain, and a
unique class AB ampifier stage provides the currant gain
nacessary to drive low-impedance loads.

A biasing circuit provides contral of cascoded constant
currant flow circuits in the first and second stages. The
CA3140 includes an on chip phase compensating capacitor
that is sufficient for the wunity gain voitage foilowar
configuraticn.

Input Stages

Tha schematic diagram consists of a differential input stage
using PMOS fisld-effect transistors (Q9, Q10) working into a
mirror pair of bipolar transistors (Q11, Q12) functioning as
load rasistors together with rasistors R2 through RS. The
mirror pair transistors aiso function as a differential-to-single-
anded convarter to provide base current drive to the sacond
stage bipolar transistor (Q13). Offset nulling, when desired,
can be effacted with a 10kQ potentiometer connected across
terminals 1 and 5 and with its slider arm connected to
tarminal 4. Cascode connected bipolar transistors Q2, Q5
are the constant current source for the input stage. The base
biasing circuit for the constant current sourca is dascribed
subsaquently. Tha small dicdes D3, D4, D5 provide gate
oxide protection against high voltagae transients, a.g., static
alactricity.

Second Stage

Most of the voltage gain in tha CA3140 is provided by the
sacond ampilifier stage, consisting of bipolar transistor Q13
and its cascode connected load resistance provided by
dipolar transistors Q3, Q4. On-chip phase compensation,
suificient for a majority of the applications is provided by C1.
Additional Miller-Effect compensation (roll off) can be
accomplished, when dasired, by simpily connecting a small
capacitor between terminals 1 and 8. Terminal 8 is also used
to strobe the output stage into quiescence. When terminal 8
is tied to tha nagalive supply rail {terminal 4) by mechanical
or electricai means, the output terminal 6 swings low, i.se.,
apgroximazsiy to tarminal 4 potential.

Output Stage

Tha CA3140 Series circuits smploy a broad band output
stage that can sink loaas to the nagative supply lo
compiement the capability of tha PMOS input stage when
operating near the negative rail. Quiascent current in the
amittar-follower cascada circuit (Q17, Q18) is astablished by
transistors (Q14, Q15) whose base currents are “misrrored” to
current flowing through diode D2 in the bias circuit section.

When the CA314G is operating such that cutput tarminal 618}
sourcing current, transistor Q18 functions as an emitter §
followsr to source currant from tha V+ bus (terminal 7), via

D7, R9, and R11. Under thesa conditions, the collector @
potential of Q13 is sufficiently high to permit the necassary §
ilow of base current o emittar follower Q17 which, in tun, §
drives Q18. - E

Whan the CA3140 is operating such that output terminal 6is §
sinking current 10 tha V- bus, transistor Q16 is the curent |
sinking alemant. Transistor Q16 is mirror ccnnected to Cd, f
R7. with current iad by way of Q21, R12, and Q20. Transistor §
Q20, in turn, is biased by currant flow through R13, zenet J
D8, and R14. The dynamic current sink is controlled by H
voltage level sensing. For purposes of expianation, it is ¥
assumad hat output tarminal 6 is quiescently astablisned at [

tha potential midpoint bstween the V+ and V- supply rails,

Whan output current sinking moda operation is required, the §
coilactor potential of transistor Q13 is driven below 13 §
quisscent level, theraby causing Q17, Q18 to decreasa the |
output voitage at terminal 6. Thus, the gate terminal of §
PMOS transistor Q21 is gisplaced toward the V- bus, therety H
reducing tha channal resistance of Q21. As a consequencs, H
thare is an incremental increase in current flow through Q20, @&

R12, Q21, D6, R7, ard the basa of Q16. As a rasuit. Q18
sinks current from terminal § in direct response to the

incremental change in output voltage caused by Q18. This [j

sink currant flows regaraless of load; any excess current is
intarnally supplied by the emitter-follower Q18. Shor: circui
protsction of the output circuit is providad by Q19, wnich is

driven into conducticn by the high voitage drop developed 4
across R11 under output shori circuit conditions. Undat

these conditions, tha collactor of Q19 diverts cument from

Q4 so as 1o reagucs tha basa currant drive from Q17, theraby

limiting current flow in G18 to the short circuited load
torminal.

Blas Clrcuit

Quisscent current in all stages (except the dynamic current
sink) of the CA3140 is dependent upon bias current flow in
R1. The function of the bias circuit is to establish and
maintain constant currgnt flow through D1, 8, Q8 and 02,
D1 is a diode connected transistor mirror connected in
paraliel with the base amitter junctions of Q1, Q2, and Q3.
D1 may be considared as a current sampling diode thal
senses the amitter current of Q6 and automatically adjusts
the bass cument of {6 (via Q1) to maintain a constant
current through Q6, Q8, D2. The basa currents in Q2, Q3
ara also detarminad by constant current flow D1
Furtharmore, currant in diode connected transistor Q2
estatlishes the currents in transistors Q14 and Q15.

l,l
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CA3140, CA3140A

85
A
5866
r (1.473-1.576)
<
IS
o
- 2
SR [
(0.102-0.254) ’
N 62-70
(1.575-1.778)
Dimensions in parenthesis are in millimeters and are derived
ticm the basic inch dimensions as indicated. Grid graduallons
are in mils (10 inch).
The pholographs and dlimensions represent a chip when It is
part of the waler. When the waler 1S cul Inlo chips, the cleavage
angles are 57° insiead ol 90° wilh raspect 1o the lace of the
chip. Therelors, the isociated chip is aclually 7 muls (0.17mm)
larger in both dimensions.
20 T
R = 2Ki2
- I C_ = 100pF
2
Z
5]
p
3 * +25°C
8 7 w125°C
c ¢ 8 AT > 71 1
a g e
- /“;—-——'——' g p—
= I
5 s T, que——_, e
/
4
z
<
@
z 3
<
G 2
1
10 15 20 25 0 5 10 15 20 25

SUPPLY VOLTAGE (V)

SUPPLY VOLTAGE (V)

FIGURE 2. GAIN BANDWIDTH PRODUCT vs SUPPLY
VOLTAGE AND TEMPERATURE




CA3140, CA3140A

Typical Performance Curves (Continued) .
L) L] )
Ry = 2k R = oo
L Cy = 100pF g 7
E s T+ = -85°C
3 +25°C ] g P P
B 2 s = +125°C
= +125°C 3]
= ] [ / .
g Ty s $5°C a 4 "
z | T et 2 // F,
a =11 £’ Lz
10 2 2
)
5
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' Applications Considerations

B Wido cynamic range of input and output characteristics with
8k he most desirable high input impedance characteristics is
2 ichisved in the CA3140 by the use of an unique design based
¥ won the PMOS Bipolar process. Input common mede voltage
B ange and output swing capabilities are complamentary,
¥ alowing operation with the single supply down to 4V.

3 The wide dynamic range of these paramaters also msaans
& that this device is suitable for many single supply applica-
¥ tons, such as, for axample, where one input is driven below
i 1he potential of terminal 4 and tha phase sanse of tha cutput
g4 signal must be maintained ~ a most important considaration
[ ncomparator applications.

; wih a single 6.2V zener diods connected 1o terminal 8 as
i shown in Figure 9. This conneclion assures that the maxi-
M mum output signal swing will not go more positive than the
¥ 10ner voltage minus two base-to-emitter voltage drops within
H: the CA3140. These voltages are independent of the operat-
B} ing supply voitage.
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FIGURE 9. ZENER CLAMPING DIODE CONNECTED TO TERME
NALS 8 AND 4 TO LIMIT CA3140 OUTPUT SWING

TO TTL LEVELS
: ‘°°°3 SUPPLY YOLTAGE (V) = OV
.- ojTans2s°C

is L L] /
; 9E 2 Tttt 74
il Bw oo {SUPPLY VOLTAGE (V+) = 45V, {15y A
*oEg e Va
-l o 30
<) 23 4
2 z> //
R ES 2 /
R §5 r
! by 10,
e «‘45 6
i{. 5« ‘

&
AN '3' 2
" ! )
B 0.01 a1 1.0 10

LOAD (SINKING) CURRENT (mA)
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Figura 10 shows output currant sinking capabilities of the
CA3140 at various supply voltages. Qutput voitage swing to
tha negative supply rall permits this davica o0 operate both
power transistors and thyristors directly without the need for
leval shifting circuitry usually associated with the 741 series
ot oparational amplifiers.

Figure 13 shows some typical configurations. Note that a
sanes resistor, R, is used in both cases to limit the drive
available to the driven davice. Moreover, it is recommendsd
that a series diode and shunt diode be used at the thyristor
input to prevent large negative transient surges that can
appear at the gata of thyristors, from damaging the inte-
gratad circuit.
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FIGURE 11. TYPICALINCREMENTAL OFFSET VOLTAGE SHIFT
vs OPERATING UIFE

Otfset Voltags Nulling

The input offset voltage can ba nullad by connecting a 10kQ2
potentiometer between tefminals 1 and 5 and returning its
wipar arm to terminal 4, see Figure 12(A). This technique,
however, gives mora adjustment range than required and
tharefore, a considerabla portion of the potentiometer rota-
tion is not fully utilized. Typical values of series rasistors that
may be placed at either end of the potentiometer, see Figure
12(B), lo optimize its utilization range are given in tha table
“Electrical Specifications” shown in this bulletin.

An aiternate system is shown in Figure 12(C). This circuit
usas only one additional resistor of approximately the value
shown in the table. For potentiometers, in which tha resis-
tance does not drop to zero £ at either end of rotation, a
value of resistance 10% lower than the valuas shown in the
table should be used.

Low Voltage Operation

Operation at total supply voltages as low as 4V is possible
with the CA3140. A current regulator based upon the PMOS
threshold voltage maintains reascnable constant operating
current and hence consistent performance down to thase
lower voltages.

The low voltage limitation occurs whan the upper extreme of
the input common mode voltage range extends down to the

1o -
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. wilage at terminal 4. This limit is reached at a totat supply
voitage just balow 4V. The output voltage rangs also bagins
to extend down to the negalive supply rail, but is slightly
higher than that of the input. Figura 17 shows thase
characteristics and shows that with 2V dual supplies, the
lower extrame of the input common mode voltage range s

4. below ground potential.

] Bandwidth and Stew Rate

For thosa cases where bandwidth reduction is desired, for
axampie, broadband noise raduction, an axternal capacitor
connected between terminals 1 and 8 can reduca the open
loop -3dB bandwidth. Tha slew rate will, however, also be
proportionally raduced by using this additional capacitor.
Thus, a 20% reduction in bandwidth by this tachnique will
als0 reduce tha siew rate by about 20%.

Figure 14 shows the typical settling time required to reacn
1mV or 10mV of the final valua for various levels of large
signal inputs for the voitage follower and inverting unity gain
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amplifiers. The exceptionally fast settling time characteristics
are largely dus to the high combination of high gain and wide ~
bandwidth of the CA3140; as shown in Figure 15.

Input Circuit Conslderations

As mentionad previously, the amplifier inputs can be driven
below the terminal 4 potential, but a series current limiting
resistor is recommended to limit tha maximum input terminal
currant to less than 1mA to prevent damage to the input pro-
tection circuitry.

Moreover, soma current limiting resistance should be
providad between the inverting input and the output when
the CA3140 is used as a unity gain voitage follower. This
resistance pravents the possibility of extremaly large input
signal transients from forcing a signal through the input
protaction network and diractly driving tha internai constant
current source which could result in positive feedback via the
output tarmunal. A 3.9k() rasistor is sufficient.
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The typical input current is in tha ordsr of 10pA when the
nputs are centered at nominal devica dissipaticn. As tha
culput supplies load current, devics dissipation will incraass,
raising the chip temperature and resulting :n increased input
current. Figure 16 shows typical input terminal current ver-
sus ambient temperature for the CA3140.

It is well kncwn that MOSFET davices can sxhibit slight
changes in characteristics (for exampla, small changss in
input offset voltage) due to the application cf largs ditferen-
tial input voltagss that are sustained over long periods at ele-
valed lemperatures.

Both applied voltage and temperaturg accelerate these
changes. The procass is reversible and offset voltage shifts
of the opposite polarity reversa the offset. Figure 11 shows
the typical offset voitage change as a function of various
stress voltages at the maximum rating of +125°C (for TO-5);
at lower temperaturas (TO-5 and plastic), for axample, at
+85°C, this change in voltage is considerably less. In typical
lingar applications, wners the differential voltags 1s small and
symmetrical, these incremenial changes are of about the
same magnitude as those encountsred in an operational
amplifier employing a bipclar transistor input stage.

Super Sweep Functlon Generator

A function generator having a wida tuning range is shown in
Figure 18. The 1,0600,000/1 adjustment range is acccm-
plished by a single variaoie potentiometsr or by an auxiiary
sweeping signal. The CA3140 functicns as a non-inverting
readout amplifier of the triangular signal developed across
the integrating capacitor natwork connectad to the output of
the CA3C8B0A current source.

Buffered triangular cutput signals ars then applied to a sec-
ond CA3080 functioning as a high speed hysteresis switch.
Output from the switch is returned directly back to the input
of the CA3080A current source, thereby, campleting the pos-
itive feedback lcop

The triangular output level is determingd by the four 1IN914
level limiting diodes of the secoind CA3080 and the resistor
divider network connected to terminal No. 2 (input) of the
CA3080. Thesa diodes establish the input trip level to this
switching stage and, therefore, indirectly dstermine the
amplitude of the output triangie.

Compensation for propagaticn delays around the entira loop
is provided by one adjustment on the input of the CA3080.
This adjustment, which providas for a constant generatcr
amplitude output, is most easily made while the generator is
sweeping. High frequency ramp linearity is agjusted by the
single 7-10-6pF capacitor in the output of the CA3080A.

It must be emphasized that only the CA3080A s
characterized for maximum oulput linganty in the current

generator function.
Meter Driver and Butfer Amplifier -

Figure 19 shows the CA3140 connected as a meter driver
and buffer amplifier. Low driving impedance is required ct
the CA3080A current source to assura smcoth opsraticn of

the Freguency Adustmsnt Control.  This  low-drving K
impedanca requirement is easily met Dy using a CA314 HN
connacted as a voltage follower. Moreover, a meter may bd M
placea across the input to the CA3080A to give a logarihmi
analcg inaication of the function generalors frequency.

Analog frequency readout is reacily accompiisned Dy tha-3
means described above because the output currant of the §
CAZ0BCA varies approximately one decads for each SOmV,
change in tne applied voitage, Vagc (voltage betwear §
terminals 5 and 4 of the CA3080A of the function ganerator).

Ann

Therefore, six decadss represent 360mV changa in Vyae

Now, only the refersnce voitage must ba astablishad 1o sit §
the lower limit on the meter. The threa remaining transistons &
trom the CA3086 Array used in the sweep generalor an §
used for this reference voitage. In adaition, this raference 4
gsnerator arrangemsent tends 10 track ambient tempsratue §
variaticns, and thus compensates for the efects of the nas ¥
mal negalive tempsratura coefficient of the CA3080A Vyge

terminal voltage. .
bl
Anocther output voltage frcin the referance genaerator is used’
10 insure lemperature tracking of the lower end of heX
Fraquency Adjustment Potentiometer. A large s
resistance simulates a current source, assuring simigrg
temperature cosfficients at bcth snds ot the F(eque@?
Adjustment Control.

To calibrata this circuit, set the Frequency Adjust
Pctentiometer at its low end. Then adjust the Mini
Frequency Calibration Control for the lowast frequency %
eslablish the uppar frequency limit, set the Frequendy:
Agjustment Potentiometer to its upper end and then adjust®
the Maximum Frequency Cailibration Control for e

maximum frequency. Because there is interaction among§#
these controis, repetition of the adjustmsnt procedure ma
be necessary. Two adjustments are used for the meter. The3
meter sensitivity control sets the meter scale width of eady
decade, while the meter position control adjusts the pointsr
on the scale with negligible eifect on the senstivi
agjustment. Thus, the meter sensitivity adjustment contral J
calibrates the meter so that it deflects '/5 of full scale tr
each decade change in frequency.

Sine Wave Shaper

The circuit shown in Figure 20 usas a CA3140 as a mum‘
follower in combination with diodes from the CA3019 Amy
to convert the triangular signal from the function genaralor i
a sine-wave output signal having typically less than 2% THQ,
The basic zero crossing slope is established by the 10k3
potentiometer connected between terminals 2 and 6 o(u
CA3140 and the 9.1kQ resistor and 10k potentioms
from tarminal 2 to ground. Two break points are establi
by dicdes D, through D,. Positive feedback via Ds and Og}
establishes the zero slope at the maximum and minimuss
levels of the sine wave. This technique is necessary becauss’y
the voltage follower configuration apprcaches unity gal
rather than the zero gain raquired to shaps the sina wave &
the two extremes.
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This circuit can be adjusted most aasily with a disicrtion
analyzer, but a good first approximation can be made by
comparing the output signal with that of a sine wave
generator. The inuial slope s adjusted with the
potentiomster Ry, fcllowed by an adjustment of R,. The final
siope is sstablished by adjusting R, thereby adding
additional segments that are contributed by these diodes.
Becauss there is some interaction among these controls,
repstition of the adjustment prccedurs may be necessary.

Sweeplng Generator

Figure 21 shcws a sweeping generator. Three CA3140's are
used in this circuit. One CA3140 is used as an integrator, a
second device is used as a hysterasis switch that deter-
mines the starting and stopping points of the sweep. A third
CA3140 is used as a logarithmic shaping network for tha log
function. Rates and slopes, as well as sawtocth, triangls,
and logarithmic sweeps are generated by this circuit.

Wideband Output Amplifier

Figure 22 shows a high slew rate, wideband amplifier
suitable for use as a 5082 transmission line driver. This
circuit, when used in conjunction with the function genarator
and sine wave shaper circuits shown in Figures 18 and 20
provides 18V peak-to-peak outpul open circuited, or 9V
peak-lo-peak output when terminated in 50€2 The slew rate
required of this amplifisr is 28V/us (18V peak-to-peak x n x
_0.5MHz).

?‘; &
Eigﬁg

NOMINAL BANOWIDTH = 10MHz
t, = 3508

FIGURE 22. WIDEBAND OQUTPUT AMPLIFIER

¥ Power Supplles

.High Input impedance, common mode capability down 1o tha
j#egative supply and high output drive current capability are
3

that use a single input voltage to provide a
output voltage that can be adjusted from

many regulator systems using comparators having a
transistor Input stage, a high impsdance reference
wdivider from a single supply can be ussd in
thon with the CA3140 (see Figura 23).

VOLTAGE
ADJUSTMENT

REFERENCE
VOLTAGE

&t

FIGURE 23. BASIC SINGLE SUPPLY VOLTAGE REGULATOR
SHOWING VOLTAGE FOLLOWER CONFIGURATION

Essentially, the regulators, shown in Figures 24 and 25, are
connactad as non inverting powar operational amplifiers with
a gain of 3.2. An 8V reference input yields a maximum out-
put voltage slightly greater than 25V. As a voltage follower,
when tha reference input goes to OV the output will be OV.
Becausa the offset voltage is also multiplied by the 3.2 gain
factor, a pctentiometer is nesded to null the offset voltage.

Series pass transistors with high lcgg levels will also pravent
the output voitage from reaching zero because there is a
finite voltage drop (Vggsat) across the output of the CA3140
(ses Figura 10). This saturation voltage level may indesed sat
the iowesl voltage obtainable.

The high impedanca presented by terminal 8 is advanta-
geous in effacting current limiting. Thus, only a small signal
lransistor is required for the current-limit sensing amplifier.
Resistive decoupling is provided for this transistor to mini-
mize damage to it or the CA3140 in the event of unusual
input cr output transients on the supply rail.

Figures 24 and 25, show circuits in which a D2201 high
speed diode is usad for the current sensor. This diode was
chosen for its slightly higher forward voitage drop character-
istic, thus giving greater sensitivity. It must be emphasized
that neat sinking of this diode is essential to minimize varia-
tion of the current trip point due to internal heating of the
dicde. That is, 1A at 1V forward drop represents one watt
which can resuit in significant regenerative changes in the
current trip point as the diode temperature rises. Placing the
small signal refarence amplifier in the proximity of the current
sensing diode also helps minimize the variability in the trip
level dus to the negative temperature cosfficient of the
aiwde. In spite of those limitations, the currant limiting point
can easily be adjustad over the range from 10mA to 1A with
a single adjustment potentiometer. If the temperature stabil-
ity of the current limiting system is a serious consideration,
the macre usual current sampling resistor type of circuitry
should te smployed.

A power Darlington transistor (in a heat sink TO-3 case), is used
as the saries pass element for the conventional cument limiting
system, Figure 24, because high power Darlington dissipation
will be encountered at low output voltage and high currents.

A small heat sink VERSAWATT transistor is used as the
sarigs pass alement in the fold back current system, Figure
25, since dissipation levels will only approach 10W. In this
system, the D2201 diode is used for current sampling. Foid-
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back is provided by the 3k and 100kQ divider network con-
nacted to tha basa of the current sensing transistor.

2N6385 CURRENT
POWER DARLINGTON LIMITING

QUTPUT
0.1 = 24V

:-zsqi

0.01uFF

'A'Av" 11

: 62K

HUM AND NOISE OUTPUT <200, VRMS

(MEASUREMENT BANDWIDTH - 10MHz)
LINE REGULANION 0.1%VOLT

FIGURE 24. REGULATED POWER SUPPLY

LOAD REGULATION
(NO LOAD TO FULL LOAD)
<0.@%

OUTPUT = 0V TO 25V
25V AT 1A
“FOLDS BACK™

“FOLDBACK™ CURRENT
LIMITER

"= 250uF

0.01.FF

6202

HUM AND NOISE OUTPUT Q00.VRMS
(MEASUREMENT BANOWIDTH - 10MHz)
LINE REGULATION 0.1%/VOLT

LOAD REGULATION
(NO LOAD TO FULL LOAD)
0.02%

FIGURE 25. REGULATED POWER SUPPLY WITH “FOLDBACK"
CURRENT LIMITING

Both reguilators, Figures 24 and 25, provids beattsr than 0.02%
load regulation. Baecause thers is constant loop gain at all vo
age seftings, the regulation also remains constant. Line rags$
lation is 0.1% per voit. Hum and noise voitage is less thag &
200uV as read with a meter having @ 10MHz banawidth. -3

Figure 28 (a) shows the turn ON and turn OFF charactens
tics of both regulators. The slow turn on risa is dus lo ey
slow rate of rnise of the referenca voltage. Figure 26 (B A
shows the transient responsa of the regulator with the'y
switching cf a 2042 load at 20V output.

(A) SUPPLY TURN-ON AND TURNOFF CHARACTERISTKCS

5V/Dwv and -1s/Div

(B) TRANSIENT RESPONSE

Top Trace: Output voltage
200mV/Div and 5us/Div

Sottom Trace: Collector of load switching transistor, load = 1A
5V/Div and 5pus/Div
FIGURE 26. WAVEFORMS OF DYNAMIC CHARACTERI

OF POWER SUPPLY CURRENTS SHOWN INHA
URES 24 AND 25

Tone Control Clrcuits

High slew rate, wide bandwidth, high output voltage
ity and high input impedance are all charactaristics req
of tone control amplifiers. Two tone control circuis
exploit these characteristics of the CA3140 are shown n
ures 27 and 28.
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The tirst circuit, shown in Figure 28, is the Baxandall tone
centrol circuit which provides unity gain at midband and uses
standard linear potentiometers. The high input impedance of
‘he CA3140 makes possibla the use of low-cost, low-valus,
small size capacitors, as well as reduced load of the driving
slage.

Bass trebls boost and cut are £150B at 100Hz and 10kHz,
respactively. Full peak-to-peak output is available up to at
least 20kHz due to the hign slew rate ¢f the CA3140. The
amplifier gain is 3dB down from its “flat” position at 7CkHz.

FOR SINGLE SUPPLY

+30V
2.2MQ
0.005,F
3*
. s1i
= M3
.
3 B8OOST TREBLE  CuT | !
! 200k12 '
' 0.012uF  (LUINEAR) 0.001uF|
' 4} A & b ‘
. it Wi 1k .
$01Ll ¢ $ 1100 |
22Ma 3 .J'"‘i 18023 =9F 100pF :
H .
' H
H '
' '
. .
¢ 0.022uF L 0.0022,.F| !
V| 2uF '
b B AAA A AAA 2
A iy — A H
= : 10K02 IMQ 100k 4
) CCW (LOG) s
! BOOST  BASS cur !
i TONE CONTROL NETWORK |
FOR SINGLE SUPPLY
BOOST BASS cut
(LINEAR)
240k SMO 240k
vy A ¥ « gvAv‘v
750 750
pF pF
P4
322M0
A 20pF
v"" ‘v Av v‘v‘v
§1kQ2 SMQ S1k2
(LINEAR)
BOOST TREBLE CUT
TONE CONTROL NETWORK

Figure 27 shows another tone control circuit with similar
boast and cut specificaticns. The wigeband gain of this cir-
cuit is equal to the ultimate boost or cut plus one, which in
this case is a gain cf eleven. For 20uB boost and cut, the
input loading cf this circuit is essentially equal to the value of
the resistancs frem terminal Ne. 3 to ground. A detailed
analysis of this cicuit is given in “An IC Operational
TransconductanceAmplifisr (OTA) With Power Capabiiity” by
L. Kaplan and H. Wittlinger, IEEE Transactions on Broadcast
and Television Recewvers, Vol. BTR-18, No. 3, August, 1972.

20aB Flat Position Gain

=15uB Bass and Treble Boost and Cut at
100HZ and 10kHz, respoctvely

25Vp 5 output at 20kHz

-3aB at 24kHz from 1KkHz refsrence

FOR DUAL SUPPUIES

+15V

0.005uF

TONE CONTROL NETWORK

FIGURE 27. TONE CONTROL CIRCUIT USING CA3130 SERIES (2008 MIDBAND GAIN)

FOR DUAL SUPPUES

04
O-047uF I one conTroL |

NETWORK

$1508B Bass and Treble Boost and Cut at
100H2z and 10kHZ, respeclively

25Vp p output at 20hHz

-30B at 70kHz from 1kHz reference

0uB Flat Position Gain

4 FIGURE 28. BAXANDALL TONE CONTROL CIRCUIT USING CA3140 SERIES
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Wien Bridge Oscillator

Another application of the CA3140 that makes excellent use
of its nigh input impedance, high slew rate, and high voltage
qualities is the Wien Bridge sine wave oscillator. A basic Wien
Bridge oscillator 1s shown in Figurs 29. When R, = R, = R and
C, = C, = C, the frequency equaticn reduces to the familiar
t= ', x RC ana the gain required for oscillation, Aggc is
equal to 3. Note that if C, is increased by a factor of four and
R, is reduced by a factor of four, the gain required for
oscillation becomes 1.5, thus permitting a potantiaily higher
operating frequency closar to tne gain bandwidth product of
the CA3140.

c2 R2

NOTES: 1
— =
2x./R1IC1R2C2
QUTPUT
Apgee 3 Ho6 23 gl
cs C2 R1
r i
2 R R A =1+ ¢
s Gl = An
Hg

FIGURE 29. BASIC WIEN BRIDGE OSCILLATOR CIRCUIT US-
ING AN OPERATIONAL AMPLIFIER

Osciilater stabilizaticn takes on many forms. It must oe
precisaly sal, otherwise tha amplitude will sither diminish or
reach some form of limiting with high levels of distortion. The
slement, Rg, is commonly replaced with some variable
resistance elemsant. Thus, through some control means, the
value of Rg is adjusted to maintain constant oscillator output.
A FET channel resistance, a thermistor, a lamp bulb, or other
davice whose resistance is made to increase as the output
amplitude is increased are a few ol the slements often
utilized.

Figure 30 shows another means of stabilizing the oscillator
wilth a zener diode shunting the feedback resistor (R, cf
Figure 29). As the output signal amplitude increases, the
zener diode impedance decreases resulting in more
feedback with consequent reduction in gain; thus stabilizing
the amplitude of the output signal. Furthermore, this
combinaticn of @ monalithic zener diode and bridge rectifier
circuit tends to provide a zero temperature cosefficient for this
regulating system. Because this bridge rectifier system nas
no time constant, i.8., ihermal time constant for the lamp
bulb, and RC time constant for filters often used in detector
networks, there is no lower irequency limit. For exampla,
with 1uF polycarbonate capacitors and 22MQ for the
frequency determining network, the operating frequency s
0.007Hz.

As the frequency is increased, the oulput amplitude must be
reduced 1o prevent the output signal from becoming slew-
rate limited. An output frequency of 180kHz will reach a slew
rate of approximately 9V/us when its amplituce is 16V peak-
to-peak.

OUTPUT
< 19Vp.p TO 2Vpp
THD <0.3%

CA309
DIODE ®

- | ARRAY_
SUBSTRATE
OF CAJ019
-1
0.1uF ne

é}ﬂ\)

L
7.5k 3
50Hz, A = 3.3MQ L
100Hz, A= 1.6MQ 3.8k
TkHz, R = 160M12 ]
10kHz, R = 16t 3008
30kHz, R = 5.1MQ = 7

FIGURE 30. WIEN BRIDGE OSCILLATOR CIRCUIT USING
CA3140 SERIES

Rtk

Simple Sample-and-Hold System

Figure 31 shows a very simple sample-and-hold system :
using the CA3140 as the readout amplitier for the stcrage |-
capacitor. The CA3080A serves as both input buffer ampie
fisr and low feed-through transmissicn switcn.® System off-
set nulling iIs accomplished with the CA3140 via its offsal
nuiling terminals. A typical simulated lcad of 2k and 30pF
is shown in the schemaltic.

SAMPLE

0K 0
STROBE
otia 15 HOLD

<
'::um

3
SIMULATED LOAD "'fu""?

NOT REQUIRED

FIGURE 31. SAMPLE AND HOLD CIRCUIT

In this circuit, the storage compensation capacitance (C,)
only 200pF. Larger value capacitors provide longer “hoid
periods but with slower slew rates. The slew rala

dv

<Y = !l - 0.5mA/200pF = 2.5V/us

at c

* ICAN-6668 “Appiicalions of the CA3080 and CA 3080A High P
formanca Operalional Transconductance Amplifiers®.

Puise “droop” during the hold interval is 170pA/200pF

iIs = 0.85uVlus; (.8, 170pA/200pF). In this case, 1
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epresents the typical leakage current of the CA3080A when
sobed off. if C, wers increased o 2000 pF, the “hold-drocp”
ale will decrease to 0085uV/us, but the slew rate would
lecrease 0 0.25V/us. The parallel dicde network connected
eiween terminal 3 of the CA3080A and terminal 6 of the
CA3140 prevents large input signal teedthrough across the
aput terminals of the CA3CB0A 1o the 200pF storage capacitor
wnen the CA3080A is strobed off. Figure 32 shows aynamic
characteristic waveforms of this sample-and-hold system.

b

Top Trace: Output; SOmV/Div and 200ns/Div
Bottom Trace: Input; 50mV/Div and 200ns/Div

LARGE SIGNAL RESPONSE AND SETTLING TIME

Top Trace: Output Signal; 5V/Div and 2us/Div
Center Trace: Difference of Input and Output Signals through
Tektronix Amplifier 7A13; 5mV/Div and 2us/Div

Bottom Trace: Input Signal; 5V/Div and 2us/Div

SAMPLING RESPONSE

Top Trace: Qutput; 100mV/Div and 500ns/Div
Bottom Trace: Input; 20V/Div and 500ns/Div

< PIGURE 32. SAMPLE AND HOLD SYSTEM DYNAMIC CHARAC-
TERISTICS WAVEFORMS

o R
o

Current Amplifler

The low input terminal current needed to drive the CA3140
makes it ideal for use in current amplifier applications such
as the cna shown in Figure 33.° In this circuit, low current is
supplied at the input potential as the power supply to load
resistor R. This load current is increasad by the multiplica-
tion factor R2/R1, wnen the load current is monitored by the
power supply meter M. Thus, if the load current is 100nA,
with values shown, the load current presented to the supply
will be 100WA; @ much easier current 10 measure in many
systems.

L . B2
YT R1
R2
——AA—
Po10MQ Ie

POWER
SUPPLY R
=l

FIGURE 33. BASIC CURRENT AMPLIFIER FOR LOW CURRENT
MEASUREMENT SYSTEMS

Note that the input and output voltages are transferred at the
same potential and only the output current is multiplied by
the scale factor.

The dotted components show a method of decoupling the
circuit from the effects of high output load capacitance and
tne potential oscillation in this situation. Essentially, the
necessary high frequency feedback is provided by the
capacitor with the dotted series resister providing load
decoupling.

Figure 34 shows a single supply, absolute value, ideal full-
wave reclifier with associated waveforms. During positive
excursions, the input signal is fed through the feedback
network directly to the output. Simultaneously, the positive
excursion of the input signal also drives the output terminal
(No. 6) of the inverting amplifier in a negative going
gxcursion such that the 1N914 diode effectively disconnects
the amplifier from the signal path. During a negative going
excursion of the input signal, the CA3140 functions as a
normal inverting amplifier with a gain equal to -R2/R1. When
the equality of the two equations shown in Figure 34 is
sauisfied, the full wave output is symmetrical.

* “Operavonal Amplifiers Design and Applications®, J. G. Graeme,
McGraw-Hill Book Company, page 308 - Nagauve immittance
Converter Circuits®.
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R2
AW
10k
PEAK
ADJUST
100k82 10k£2
OFFSET _L =1
ADJUST — -
SAIN = e = X = s
BN =R T T RiTR2+A3
X+ x2
R3 = (——)R1
1-X
FORX = 0.5 Sk A=
FORA =05 T0ka T Rl
7
R3 = ILJM)(Q—E‘ = 15k0Q
0.5

20Vp-p Input BW(-3dB) = 290kHz, DCOutput (Avg) = 3.2V

QUTPUT

FIGURE 34. SINGLE SUPPLY, ABSOLUTE VALUE, IDEAL FULL
WAVE RECTIFIER WITH ASSOCIATED WAVEFORMS

NOISE VOLTAGE
QuUTPUT

BW (-3dB) = 140kHz 1%Q
TOTAL NOISE VOLTAGE

(REFERRED TO INPUT ) = 48,V TYP. ==

FIGURE 35. TEST CIRCUIT AMPLIFIER (30dB GAIN) USED FOR
WIDEBAND NOISE MEASUREMENT

+13V

SIMULATED

BW (-3dB) = 4.5MHz
VWS SR = 9V/us

(A) SMALL SIGNAL RESPONSE
50mV/Div and 200ns/Div

Top Traca: Output; 50mV/Div and 200ns/Div p
Bottom Trace: Input; 50mV/Div and 200ns/Div

(B) INPUT-OUTPUT DIFFERENCE SIGNAL
SHOWING SETTLING TIME
(measurement made with Tektronix 7A13 differential amplifier)

Top Trace: Output Signal; 5V/Div and Sus/Oiv
Canter Trace: Difference Signal; SmV/Div and 5us/Oiv
Bottom Trace: Input Signal; 5V/Div and 5us/Div

FIGURE 36. SPLIT SUPPLY VOLTAGE FOLLOWER TEST CiR
CUIT AND ASSOCIATED WAVEFORMS
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