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ABSTRACT

This thesis is concerning about the study case and modeling design of the constant airgap
control that similar to the levitation system of the Magnetically Levitation ( MAGLEV ). The
experiment of this project is looking for the characteristic of the magnetic sensor that use to send
the gap distance to controller unit ( MCS 51 ) that will compute and enforce the main magnetic

circuit to give the optimize electromagnetic force .
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2)Eddy Current Loss
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Fo= Y (i,%) (2.13)
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L(x) = N; (2.15)
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Weennadandminausey NN, fuziinadeusiduanaiougegausaninesuadia

vaugngaiinszualny
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CE(ma) " in(mx)
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[ a’/’ A [ o o d A L3 9y «Q °
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tp = T—'(ION +tD)

Awed t, sxdmualiidusilef1d Tao luSndmua13fyssum 20% vess

14
AUKA T USowiNy 02T A9l

Loviman F oy = 0.8T (2.28)
Ipri
Isec
> et
< ton —»j<«— t'off—

1# 2.17 uaasmsimuadaie ¢ e IdWasuuaneunesinesfininisiu

e et

LN d’ d.
TuTnuanssud lidedioainn t =ty

A a g & 4 3/ - ' @ [
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N, _(vm +V;) ,
1, = ——;——-—tm (2.30)

VINANMIN (226) UNUAT L T (230) 22ldd
N L

& P _. | ® o ! LA —
a9 —= HAZUNIUAT toﬂ. =0.8T to.\,(mm
N L
s 3
'
N p (Vin(min) - VCE (sat))‘ ON (max) = (Vout + VD )ojf (2 3 1)
s LP L’

[ — (I/:ml + VDXN,,/NA.XOST)
A0 Y oiny = Vezgoay )+ Woa + Vo XN, IN,)

n

(2.32)

msMvuamianumienivesva lwsuis L“

Warsuuaneunesinesihnudemsfvazaundenulusrinafimine fusama
winssua uasdvrihundsaiesn lvas innnesusamangainszua lasluudazyraam

Anesusrmminszue wdsnuifuazayBiea lwsuts (B) wsiian

= %LPI;(PK) | (2.33)

uazTnvasivnesusaangminszuansunesined limsazaundenu &

v
LY @

-3 :‘ A - a-) [ Y3
Tuddeun el lunisaunasdiguiiny
2

1/2L 1
:-——~p-—

p(PK)

P Gad) -+ (2.34)

n

T
910 ( 2.33) unusiaelu (2.34) 2lédn

2
[(vin(min) - VCR(su) )tON(m.:x) ]

2TL

P

dnlszantammsdeihundauvssneunesineslawidy 1) (Uszau 65-80%

(2.35)
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n

dmiualiadurnneidnnaty) AMdsnuiinounesinoszamnsasie iy Inan1deziian

2
[(\/iu(min) - VCE(s-t) )tON(mx) ]

Pout = 77Pin = 77 2TL ) (2'36)
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N =B a0t (se0) (2.38)
AB_ A
max ¢
{ \ L] & ﬂ’ - 3
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fufnlsy gonine C,
Fufulszyiienive ¢, sevimihfisonszua iy Tnoalusreiininefuoamaii

& tad Y =) o ) =; 4 [ o‘: @
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Mames Q uor Q, Midmuaidyt 13 faomediu “High” Tasmsdedhiun 14 (5
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FCVE = S Ll (2.44)
3 < v

weann v, szl I8 1A Vg, - Vo, daiu
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C = — 2 (2.45)

VCE - VClamp

d'l =3 1 P o a a v o Py .
WoL, a9 ﬂ'lﬂ’J"Illmuﬂ’JH‘luPJﬂVlmﬂmﬂwﬁﬂ“ﬁ?‘llﬂﬁﬁlﬂlﬂ?ﬂ"li ( leakage inductance )
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- o - ya nyd ¢ a /a °
VC‘NBP 12}4] ﬂ‘lllﬁ‘iﬂuqqqﬂ‘nUBUhﬂlﬂﬂ‘ﬂmalﬂ"nﬂiﬂ’TNWﬂlﬁﬂiﬁu'ﬂQﬂuTﬂizlm

f1w04 R s1evtlden

R = Lo (2.46)
2:3C

Mdsnugaudslu R swfinwihiy

LI?
P, = 1 20 (2.47)
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x

oy

- - Yy a4 v \(2 .
z,g'ngugmmJagumeuazanawem ( Data Acquisition and Conversion )

ﬂ »
-NYHANIS Sampling

£ 4
[y LY 7 . v v &
Tumsuraedyginr Analog husva Digital 14 ADC ezdealFnadimilsly
b é € 74 N Q’: J LN L

MIIANTT FIFINIINAIUUVUBYAUNAIWY Factor 19U ANazBEAvDINIsHLag
deyaye ( 9147 Digital Bit ) inaiavesnisulasdyanauazanudalunisieuves

T A ° o o a4 o /9 ¥
guRsalswdug mifmuannudwesnsulnedyaaiiuiumsdssgnd [aummse

[ L4
B0 uazANuiNEdeams $rvnalumaalasdyauunasaSendt Aperture time
) o Q2 1 s a [] t J o s a
Fannuminelagna ldwmnefswnmidas Tiniueudulumsda unzraifeanim
AaNAA (error ) Aofdnld sWa Digital 7lde19ezasariumnnavesdyaia Analog Anln
1 & 1 :x, [ A = - - A a J I aa 3 qyu
Amitaluginail uazdauduimiieno error AT Fon error MAATUTI Aperture
A { o H

time error 350ufi WsuTudeld ADC armiFagelumsan Aperture time fifie A31d

& d‘d 3 o . *
Sample and Hold %4 Sample and Hold Wili Aperture time 18# 9 Huainsaviiladie
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- i uas re error

1497 Sample and Hold 9Ym3g{u ( Sampling ) dgygiaudunn wazthdgye uiiqy

: L A é \ 1 o ar d’
viuwiy (Hold ) Blugnsnamiia1d Fedaulngjezldnstse quseiuBludafuyseei

$21mad1 Aperture time 484 Sample and Hold ﬁanaﬁuséémfnﬁtymmﬂwﬁuﬂszqshusa
f‘\'u‘nuadfhﬁffu c?eﬁms”u Sample and Hold ud" Aperture time ﬁuﬂéﬁUBandeth uad
Switching time ¥09qUnsalloniiv Aldlues Fomuazadnldie lumsdudyenu
Analog szgnqueenifiuszes q At mygueziiiumsdnsedyen Analog Jugruiaidy
duty Switch fithaugaomudage mavesmsgudygudioanuisedoudums
guvuudgeuWaduay q fudaene Analog c'f’n0:'lﬁ;ﬂuﬁfufmmua@mmzwhwmu
Wadfudnyona Analog Tasifoudidygnn. Analog szlumuwuauwad
i‘ﬁ]fgm'*?i'hé'ﬁﬂmsduﬁ'ﬁyfywmxfumiﬁvmﬂwh‘lﬂfiwz"I:Jv'iﬂﬁ'i’fagaqtyxﬁu‘lﬂxﬁa
"ngnpmfuqmﬂ?i'Uunﬁunwtﬁuﬁ'ﬂgmmn}wﬁn ( reconstruction ) f1ABUARS ifua;jﬁu
Awfivesdygtn Analog nqumsquaan ¥ Sidyadeniedeiinawd Hamonic
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y
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l , ] ! l [ . »  Adygasuasandinisg
11
> Adyanaeuaenndanisguuas hold 13
t

1 2.25 uaaans Sampling Feyaudunnfidiu Sine wave

-Quantizing theory

Quantizing {iuvyrunsfin/feunaadoena Anaog Wudygaud Tudeies (
discrete signal ) ndan13qu Tasrimvuaunsidhsia ( Coding ) Salddayaraii liseies

y 1
dueglugiiiedemsdszmonauazdiusasdauduiusfudya o Analog
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PUMADIUL output TAnmMsSwauiinde =2° aoue dredarunsdl ADC 8
bit Quantizer 919 output 256 oz uaz 12 bit 1 4096 anTULABAIAAINAYE Analog

ita nverter

L4 v
ManN13119IMU82493 Digital to Analog Converter Wuamnsaaseldfegyaelyil

Reference
Volhage
MSB v
———b E—— >
; 1
! ]
Digital Stora : P»| Register
. =< o] Switch. &
Input Register Network
4 .
! EEE— P
—] » P
LSB
Current
output o
Rf —a
™1
e
Voltage
output

51U 2.26 uansudon laezunsuves DAC
Y o o -} ¢ a da 9y a & a o ¢ W
Wilsdfnes DAC fie susdaindfinrunudsasindalismmngn vy
t

° a o [ LY Y a 2 o R 1
nanluuiin adndmaiiedadeussdudesvinaniladifneesousd Resister i1
A9 weight e luuiTieniyn dimesueouyTIiiesfawhmihAsunszuaiign
weight 1082493 Register 1ifuusefy Analog Afinrmduiusaeiu 1u DAC 11929958
digital register 8 1usatie latch sriedunN1y luvaezd DAC MdavhmsnlGoudyga
Analog .

Analeg to Digital Converter

¥
NANMTYIINTUYBA995 Analog to Digital Converter WA aS ssd UM Hule

Tausunnmsniidyapasuymevtasndunlunces 2eswimsinedyanai duvi
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mafSsudouiudygruddmmundnmsuasngui)ns Sampling and Hold tagnqufims

Quantization 1ive W Iddyaaueniymiiudyg adsaea uazeamnsademfinaamerh

sen U l%uds 11

2.5 lulnsneulnsamednsznn 8051

3 -~ sy s
funpadumeiilanousn

vy

4 -
NIMUAY {g— Mo nisomus mntuRm | -
- s 1 4 * -
msBumoiia 12 ROM 3o RAM ¥MR 128 7'y doyapaniy
EPROM uin2s6 Tud nwuon
h 4 3 'y nenfuiunm2 f—
wiodszuIne A
na #3e CPU
Y A 4 A 4 A4
7'y Y ¢
JaespIURUTY MoIAVUYLI nofaoynTy

i anoda
2ss0BnFmmAnT * ? e % e % ‘ ?

TxD RxD

PO P2 P1 P3
.l

vroawse / Tedoya

iﬂﬁ 2.27 WHUNTWUTASM YA N IUUBI MCS-51

mmmumw'lu;ﬂﬁ 2.27 uﬁmlﬁsﬁﬁﬁmﬂwmsﬁw1u-7':u§1umm"ln'[ﬂs
aeuInsamediuedaen AisnegnuTunsyqn MCs-s1 fidszaoudae

— migszuaranalvuin 8 in

— miwiszuranadmiudeyauuuiin ( Boolean Processor)

— anuaunsalumsdeduntsveaniisanuii Isunsy 64 Alalud

— armseluntsdudumisvesmisenauideya 64 Alalud

— mizgnmuiilsunsunolu 4 ATaludian EPROM (o 8751 ) wieuuy

ROM ( (195 8051)
— wiganudwuy RAM awlusau 128 lud
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~ woinBuna /e nianuuvidnmu 32 iy Fwamnsousnihaonifetedase

— 9SUY / SUIAIUUTN 16 TN 1mIU 2 2995

— 2393 88MSUULBYNTILIY Full Duplex

— NuIAugUMIBUmMe Inaunasiuiiady g 6 Ussnmndoumsimua
draunnuding i 2 sedu

— nsvsaFarmesnioly

"luTﬂiﬂauTmamaé’mzQaﬂvnzﬁgﬂ'm‘lec‘i‘nﬂutmu DIP 4u7@ 40 41 fegalfi 2.28

]
’ o

A N o = :;ﬂ' @ o o g ot o 1) v

gamazndygussimhfinszydanuamdydnucifedefintuluudazen edielsiaw
& t ‘ { * ' é 0V 3 .

silunndgygiufioneliniinidunnni 1 eow @Gulioumdulidn Altemate Functions

P o ' a w
tugun 2.28) e luamseldnulunaifonnld

Crystat or Clock input 9 | XTALI r0.0 | 4P
Crystat or Clock input < | XTAL1 PO.l | 4P
P21 4>
Program Store Enable €— | PSEN\ ;33 <+> Port 0
.4 N
Alternate Function P05 | <P (Data and Address Bus)
PO.6
RxD > | ro <>
XD <> |1 P07 4>
INTO! > | n2 P10| <
INTI\ <+» (P33 Pl | €
TO <> | P4 P2 | €
Ti <+» P35 P13 PES
WR\ <P |6 P14 | <4 Port 1
RDA <> |7 P | <4
PL6 | 4P
Reset =P RSTVVPD P1.7 0
Address Latch Enable <¢—— | ALE P20 | <P
P21 | 4P
External Memory Access ~——3» | EA\ 22| 4P Port 2
nR3| 49
PR4| 4P ( Address Bus)
PR35 | 4P
26| 4>
7| 4>

sUh 228 mIdmuamhindygruveslod 8051

-1y lunishsuvesviaelszaanamely 8051

~ U o ar L4 s o é 9
8051 fnesesadammeiognoludmivadawaddyanauiim Feestiididiu

¥
Junamssmsfmuadimizmsihauvssmiemsiinunuaaeandesiu lnelnd
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wdnineriduTaens9nSanoaidoudefiudyeio XTAL 1 oz XTAL2 wieufiud
durlszgdednuas ugii 2.20 vieeseziiudyguuinenaisuent &
Wadnuvesdygannimazidondi Puse A9Fydnualifiu p) wazmuves
ﬁagmmmﬁmf'rﬁuﬂfhmunmaaﬁe?faxamai’ (Oscillator Period) ATUNAIBDATAIAIADT
$1uau 2 muBend State (Adadnualifiu s) & seri I idudnariuguasine
govveslulnsnenInsawmed Wy msiidids (Fetch) n1508AATINMNIG (Decode) A3
dszaaana (Execute) uazmsioudeya (Write) seuaaadhumunmlugud 2.30 9asmm
404 State 91U 6ﬂ$w;zf§un'imw%u‘lcmﬁa (Machine Cycle) &arfus 1 Machine Cycle
921$17a1 12 Munmeeadamned Auweduledadaiuiiusnmiidesfigalumsyih
Falamdmils Fomnduddsfidudoumniededidnanm 2- 3 wedulsda

] J y
naiFlumsitddslasuedsduannsofiinldngas

CX12
T= (2.48)

Crystal Frequency

Tas  C:dumSuauuusdu lvfavesmds

Crystal Frequency : [Husianudvesnsaneadi ldiv 8051

XTAL2

thl ‘
:S RODLIUY Quarz o= 8051
190 Ceramic Resonator

3U# 2.29 uamamsl¥nIaaoaneusndadiiussadaainesniolu 8051
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dgyonaiesadamed (XTAL2)

Pl P2

Pl P2 Pl P2 Pl P2 P1 P2 Pl P2

JuUUueUUt

STATE1 STATE2 @ STATE3 , STATE4 , STATES ;| STATEG

s (67 N S 5 G L sH (66
| dojoy10 ALE nikuuydulmda l
le ol
1 1
! I
i 1
i |
I 1
| 1
| . : ; I
| 8IUIHAAIT (Opcode) gusdasidadaly I

s1 s2 s3 s4 ss S6

fotnnmasd RN didnna 1 lud sazlfianszuranauiu 1 uusdulefia u sids INC A Hludy

at
2.6 NOPANITNIUNY

] y
3UT 2.30 UAALNUATWIATAUTIUYOS 8051

HazdInuYBe9IaT State Tumsyiardandialud

¥
daununueansa@oudiu Block Diagram uerasmsynanvesszuy ldaad

Input Output
—’®—> Plant —————>

9ngil Fend
ndv 119 vy

Open loop fin 1 1Atins1iuee out put luvmsifSsuiouuazii
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lunsmuguitssuuannsahouldlugafidesns (Set Point) Aoalinisiiie out
put pavn 1Fdudeyalunisaaugu uie a1 Close loop Control sz¥in sz uuAIUgY

o o $ 1 a'sl o o s
mmmﬂmmxmwmqQﬂmaqmsuanumzm;ﬂ

Cis) Yis)

Ysp(s) Es) Control Plant
é. Q device " an v

A

‘Measurement
device

Tudmvesginsalntuguez l9ndnmssareszuuALAN (Compensation) ADATS
Wulgguantiavesszuunugudliguauianisasuaussinaue quauiamsasy
ausegaiie unsuaulansAsUausudnNLd Amdiimuaideanis

[ e 9/ s
mslfulsnuauiifvesszuuniuguads g ssawenuyla uazginsalyaisouny

J g L Q : v QI 1
TatufudnyuzvesszuuniuguuazdoimuanetuguauliRvesssuumuguidenis

gunsalyneriulioguatssiianloiu dedausu

MIYALFIUUUYNUT Lead Compensation
- mimwmmuumﬁu Lag Compensation
- MIPAFBLUUY P
- MITAYOLLY PI

- MIPATBULLY PID
[] i 4
vIndedonn il MIvAwsIUY Lead og Lag Compensation 92z d sy

LULNNTIWAUNISYBISTUUUALTINITONIAT Transfer Function 109521118 usiloannlu
] v 1 4
szupildaueTemin daulvgiines lains 1wt Transfer Function Yavuads liaansaldld
34iims1493% P, PI uag PID mauguszuy lnsdeseifunansnansuazendoanusig
yosdnaugulunsiSuudsndndae
4 o S o 9 - b d @ 1 o
MTBINIUANITTIIMNATIaB U NYBINITYIUMS Tagldan ldeinmsiasiaaus

nnasedia Y, Wisuisutudhmunensaiugu Y, uazadedygruniugu C(s)
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A4 re ' 4 v a
WeUTuamweesnszyau Insldmanuamamtoulumniugy €=y, -Y_ lumssadu
[ g (4 o z J ar oy ! =t L}

1o dmfuanuduiuives Es) uag CGs) 1 Jutusiiavsmniyauiiidnuasednls

4 a o a ¥y w
Fallag 3 yHam iU
& v
1. IT0IMILAUUUN (Proportional Control H3® P-Controller) ARygyininILANeL

wlifuasreanAmuAmamaou lumsmungy

C()=K.e(t)+Cs  (2.49)

A . w

o K, v Sasnismunuuuuii (Proportional Gain) ¥04ATEIAIUAY
C, Ain dygnudrvsuniomiugy dusdunlsesnveauniesniuguiile
1 d' a1 .
manuannaoulunsaIuguiin 0
A o . L
TBINIVAUULYN TINIOUTAIBATINIAIUAY 2 35 AB SAIINMIAILANULLA Uz
UOUMIAWANUUUN 108 PB = 100/ K, % LOUMSAIUALLULT Mol snaiuaaie
waenlunmsaugu i lddyanansuguiisigege

NIUFraes Netduvsunsosnuguuuui

Gels)= Ke (2.50)
2. m?mmuammu PI (Proportional — Integral Controller 139 PI Controller)

dyanunvguiinuduiuifumenusmamasulumsaiuguauauns

C(z)=KCg(r)+-I-<T-C-I Le(t)d()+C, (2.51)

i

A ' 4 L] o = - 1 Q‘
llo T, fip ANAINYBITNIINBUNTINTA (Integral Time Constant) M30FININSEY
AUBUNTINIA (Reset Time) vodnIosnunuuuL'le
FRINMITUGUBUNTINGA T, mneils FrnafinTemuguldlumsms
e N 1t Qr L4 d' o 1 lé
dygnumsnuguuuy lesulidwhdudygnaf lasunnmisiuguuuuiesadismils
b4 * (] ]
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550

”[-— 2N 2222N

10kQ
O/P Signal 4

2N 2907

+—
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" P% kK
0.1 oF

1] f—'—l

8§ 12 11 16
9 ——0 OP Q

TL 494
10 F—o0 0? Q
1 2 13 14 4

AL l I | I < DA A MICROCONTROLLER
s

2 3.13leFMiladygunTninn TL 494

DoNIL ridge Converterfil#iiuiasiidagivanass
Tumsadraunasie fhnssuaas il lumsadaussonluiessudma andndiuen

] y
ADYIZADIINITOONULILI0T Power Supply U Full bridge Converter vtasie 1l

usudunn Iifhnssueady 220v

usseinn Idhnszuanse 15v

ATTUAEWIWN 10 A

ANDAIAG 20 Hz

9INNYBHN1IBBAUUY Full bridge Converter #1173 AR UIUMIAINITIADI A1 1AsadD
1 d
T

1) n1t, : nanfiand luive Tl Q,fu Q, uaz Q, A Q, Hruwdourfu

VN tomey = 04T
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2) AIudATIIUYe MBIt A% (Np / Ns)

911

No [ Vintminy— 2V cetsary ]ton(mu)

N (Vout+Va) (T 12)
_B1o-2(2)}x20x107
- -6

(15+l)(50x10 )
2

=153

N

—£ =16

NS

uazmIIOM N, 1490

- (Vin(min) by 2Vce(.sal)) to'l(ml*) 3 108

N
. AB(max) .Ac
L (310-2(2))x 20 x 1078 x 103
- 1600 x 1.48
=258.446
N, =260700
SN, =17350u

=

a 3 =3 9/ 9 a A da a' o 3 a
muummsmaan‘l&muauﬂmmmmwmmmﬂwummusanmamuﬂgugmﬂuzw

9/ a a
sou nmunAoniidiy 17 seu

o 3 31
ML, : NITUATIgAN A TUY NN

nnmsfiaanszuannlugih tansaenvunmanesunin 1918y am
nodasjuRuLes 24 uazvuavesmIAMB A AU RsTiTumIanowasRuIu
o o 5~ ' 4
wesi 19 $ruam 3 idwiuuuudindenfiedesnms amnsanudnszualdgeiu

L d
4Hm C,: Aufutszy vionds

p,T \" -2V )
1 = 2 .

o
20 Vintmin) bonmay ~ L,

o{max)

ilesen p, =1V,
=10 X15=150 watt

2

AT AN -

— 2 %1078
1

A
HoIvIMn LF =



L R i s i e s bk Attt S

qu l. ~0.lmm ; L’ =20

47T X 1.48 X 260° y

14

107
01

=012 H

150X s0x10™ (310-2(2))20 X 10°*
L= +

2X08%X310X20%10° 0.126
=0806 A

I 04T)
Av
0.806 X20 x 10°°

N C, =

0.01

1.612X10° F

kd 1
Tumsdenidunulszqudenieldvhmsdensidafuilszghidvuin 4000 F § 19w 4
Aamvumiulddwesduiudssgaudiu 16000 F dseynsuidrfusemintlgugiivetiosiu
Lildifennu limnnasvesldnduimdnlundoutosaings

S)MIL, : @y 19m

w L, = ——(v° + %) (T -t v"—“’) !

on(max) V‘_.
41 o(mm)

~TMEET

50%10*-20X10° X 0.1)
4 ol

= 12004 H

_ (vo + VD)(T-toﬂ_ﬂ)t‘

AIO X Ztn-—x)

1N La(_ﬂ

&
Wewn v, = Al X ESR

v
Al =

...
o
ESR
0.1

so0x10”
=2

Ha¥ t =1 ms.

(15+1) (sox 10° - 20X 10“)x 10”

2X2%20%10°
= 6000 H

O(rmax)
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L 4
Atiumsadaeninn ¥ Tdinmdenldunumes syl E1 40 Has 4600nN® +
25% Whunuiil9iu Taemaai 1 fifunianeunsfunumuues 19 $wou 3 daiunuuiindes

medeams ansanunszumeninnung 10 A 18 Tasswrusevvesvaaafi 195y 35 1o

e W e A i S

L I e e

T R = W

TR omawel S ST TS S T

T

——

T YT TR

LR LI

R T RS, 'R (TERITE TN NRDTwO ew weE

Andlumarmumiloniuihy 3,755 1 E fAna 1o 20 ka2
6) C, : AuRuszevinm

91N

CO - 1 0 ton(max)
Vripple

_10x20x1078
0.1

= 2nF

= 2000uF

1 4
andunnmsfnstahmsdenddaiulsy e wivnidiueua 2,200 1L F unu

7) 1995 Snubber : WITFINYANITTINTSUA

Tavszvhimaden1vesqunainien ¥e43993 Snubber 1dduieaeidnnguii 3.14

U 3.14 UAN997 Snubber FMgATIINTSLUE

o D = Diode 1Un3 1N5404
C = Capacitor ¥U1 1 nF

R = Resister ¥118 560 2

4
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+Vin

VINMTBONUYUAINA AW ITOUAAINT Full bridge Converter TARIgIA

@@ -

2
Q3 DS

+V§ut
L fWV\_?_____;__...
ar Ll lps * Lo i
{ Ns1 Iy !
RN RS |
Np | ’
| I i ! ? b Co ;'F § Ry
" AN || Ns2 2
e (| |
* N\ |

Zﬂi 3.15 uan92395 Switching Power Supply ﬁ'd%ﬂ 910 Full bridge converter
iwmsqﬂﬂsnﬁ/’iﬁ"lmq 93 Switching Power Supply ‘7;?!%13 911 Full bridge converter
Q1,Q2, Q3 iag Q4 = Power MOSFET wo¥ IRFP 450
D1, D2 = Power Diode 18§ U1540

- L,=3755WH
- C,=1,600 LF

- C,=2200lLF

samsmaugululnsneulnsamesnszna 8051

3.7. lms‘éwmizﬂwmﬁmuﬁmwa

A 1 4 S/ o ¢ A o
unsiveuregunsalneuenidiiyluTasnen Insames tevimsuaasa

' . & 1 e ' &4 a o i ¥

£8£¥098 1A ( Display gap ) ysiztiudndiaudumin’ls Ssnesmissuwmeimaiilsenauday
v

2995 8BHAITI

- P
2495 Analog to Digital lusuwnidrluTnsaeuInsames 5914 1C 1wes ADCOS04
299508ATHA ( Decode ) 1MAVFTU 2 uaAsnane i u@YFIL 16 19 Seven-

é 4 J 4 :{ ey
Segment 1at1%IC 1wes MC14495 4 IC Aendndeemnsadieg Latch Soyn'ldsn
Ae
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Wi

-

4 v . 2 a '
- LED Module INDUAAAIQUAIY Seven-Segment #35in13A829937a10 11 Module 1Hu
{111 Common Cathode

mIendodIunanInanesa 1dengI 3.16

3

Lo N85

B g —

g
J PO.0 P1.0 A f
; \ PO.1 P1.1 B 5
c P0.2 P1.2 c 8¢
P0.3 P1.3 D 3
Sensor ADC0804 P4 P14 9% b
¢ PO.5 P15 —
|. P0.6 P16
P0.7 P17
. bcdefgabcdefd
} | IC1 / RN
: 8051 | |
+5V  o— S
P2.0 A
P22 C 8 g
—)— P2.3 0 ,% 7
Qe
i) XTAL1 P24 =35 e
P2.5 = 4
2 P26
XTAL2 P27 c
S - :
-t a

)
¥—)

3UR 3.16 uane2993 520 IUMIAIURY Seven-Segment

d
3.7.2mspunesinyve saaunIuguazszsanasTas s yeYeIoIMA

B kT Tmm o EWERRTMOR W RTIC A6 TS R

¢l o Y

A ' ¢ Y o -
LﬁUﬂ”ﬁ wauﬁaqﬂnsmmuuaﬂmmﬂu TﬂiﬂﬂuT‘V]ialﬁﬂi’ﬂﬂ"ﬂu']ﬂﬂi:lﬂﬁﬂﬁ

uazauAussszgesemaldng Taslimsiwerdygnaduynandnsieiusseerives

LI W )

¥0991M1# ( Sensor ) 1919 1u Tnsaou Insames Tariuees Analég to Digital Converter ( IC
lwes ADC0804) unzdaygaiitszuanaiadudl9gnaad12993 Digital to Analog Converter

(1C wef DAC0808 ) ieutnsdygyuiatasa 8 in dudygnueumenudadslaruguaim

v dat R . 4 a P
ahwveaiasfldlumsniugquuinavesnszuaein SwitchingPower Supply @eiesan idnngud

e e

3.12 uazgilfl 3.13
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' A ] [] . []
dumsuaauroudostrin u lnsaeu Insamesivhmalszulanauasarunussen

-

v ¥ ]
sesmnialinanifuglnsalnoueniu Ansanldenngid 3.17

PO.0 P1.0
PO.1 P1.1
PO.2 P1.2
ica PO.3 P13 IC7
ADC0804—— po 4 P1.4 DAC0808
PO.5 P15
PO.6 P1.6
PO.7 P17
- IC8
8051
+5V
P2.0
. P2.1
Jad P2.2
i P2.3
Vin(-) P2.4
P2.5
IC5 P2.6
ADC0804, P2.7
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317.3mieammv%%’ﬂsnédauuaﬂma
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waras Tdsunsumsviniau ldasde 1Us
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; PROGRAM DISPLAY 7-SEGMENT
;DESIGN BY THANAPONG WATTANAKUMTONKL

ORG 0000H
LIMP START
ORG 0100H
START:
MoV R7,#00H ;R7=INDEX
READ_INPUT:
MOV RO, PO ; RO= INPUT
CJINE RO, #037H,NOT_EQ1
MoV P1,#07H
MOV P2, #05H
NOT_EQ1:
JC COMPARE_AGAIN : RO<7.5
MOV P1,#0EH
MOV. P2, #0EH
LIMP START
COMPARE_AGAIN:
CLR C
MOV DPTR, #X
MoV A,R7
MovC A,@A+DPTR
SUBB A,RO
Jz ZERO
JNC LESS
INC R7
JIMP COMPARE_AGAIN
ZERO:
MOV DPTR, #Y_HI
MOV A,R7
MoOVC A,@A+DPTR
MOV P1,A
MOV DPTR, #Y_LOW
MOV A,R7
MOVC A,@A+DPTR
MOV P2,A
LJIMP START
LESS:
DEC R7
MOV DPTR, #Y_HI
MOV A,R7
MoOvVC A,@A+DPTR
MOV P1,A
MoV DPTR, #Y_LOW
MOV A,R7
MoOvC A,@A+DPTR
ADD A,#02H
MOV P2,A
LJIMP START
X: DB OOH,06H,012H,01AH,020H,025H, 028H, 02BH
DB »02EH,030H,032H,033H,034H,035H, 036H, 037H
Y_HI: DB 00H,00H,01H,01H,02H,02H,03H, 034, 04H
DB ,04H,05H,05H,06H,06H,07H,07H
Y _LOW: DB 00H, 05H,00H, 054, 00H, 05H, 00H, 05H,
DB 00H,05H,00H,05H,00H, 05H, 00H, 05H

END
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ATNN 4,1 ANUTFURUTIENINET, X, » L ¥8UAU Ferrite (POT Core Type) NAUA 1 kHz

, 10kHz , 20 kHz 11a% 30 kHz Y4 close gap

mm‘f’;

I* (mA.) 1 kHz 10 KHz 20 kHz 30 kHz
BV X | EBW | &) | BV | x| B2V | x, Y
5 0.19 | 3800 | 184 |368.00 | 375 | 75000 | 6.1 |1222.00
10 039 | 3900 | 382 | 38200 | 792 | 79200 | 1188 | 1188.00
15 062 | 4133 | 566 |377.33 | 1166 | 77733 | 17.72 | 118133
20 082 | 4100 | 7.64 | 382.00 | 1591 | 795.50 | 2387 | 119350
25 102 | 4080 | 962 | 38480 | 2015 | 806.00 | 3023 | 120920
30 142 | 4133 | 1167 | 389.00 | 2546 | 848.67 | 38.19 | 1273.00
35 148 | 4229 | 14.14 | 40400 | 29.69 | 84829 | 4157 | 118771
40 166 | 4150 | 1591 | 397.75 | 33.94 | 848.50 | 47.52 | 1188.00
45 191 | 4244 | 1838 | 40844 | 3748 | 832.89 | 5247 | 1166.00
50 208 | 4160 | 1979 | 39580 | 4172 | 83440 | s8.41 | 116820
55 233 | 4236 | 2227 | 40491 | 4525 | 82273 | 6561 | 119201
60 255 | 4250 | 2439 | 406.50 | 4949 | 82483 | 7424 | 123733
X, wds (Q) 41.18 391.71 815.10 1200.60
L i@t (mH) 6.5 6.23 6.49 637

* (ffush root mean square
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T By e

MINN 42 ANNFURNUTTENTN E-D, X, , L YBUAU Ferrite (POT Core Type) finU0 1 kHz

, 10kHz, 20 kHz 1a¢ 30 kHz YL gap=1 mm.

ﬂ'ﬂﬂ?;

I* (mA.) 1 kHz 10 kHz 20 kHz 30 kHz
E*(V) | X)) | E*(V) | x(Q) | E*(V) | X, | E*(V) | %Y
5 008 | 1600 | 076 | 15200 | 156 | 31200 | 226 | 452.55
10 0.16 | 1600 | 156 | 15600 | 3.8 | 318.00 | 467 | 466.69
15 025 | 1667 |. 229 | 15267 | 467 | 31133 | 693 | 461.98
20 033 | 1650 | 311 | 15550 622 | 311.00 | 792 | 395.98
25 042 | 1680 | 389 | 15560 | 7.92 | 31680 | 1167 | 466.69
30 051 | 1700 | 474 | 15800 | 962 | 32067 | 1414 | 471.40
35 061 | 1743 | 566 | 16171 | 1131 | 323.14 | 1697 | 484.87
40 068 | 17.00 | 651 | 16275 | 1273 | 31825 | 19.09 | 477.30
45 078 | 1733 | 735 | 16333 | 1485 | 33000 | 2192 | 487.12
50 085 | 1700 | 792 | 15840 | 1626 | 325.20 | 24.04 | 480.83
55 093 | 1691 | 891 | 16200 | 1803 | 327.82 | 2652 | 482.12
60 105 | 175 | 962 | 16033 | 1979 | 320.83 | 2828 | 471.40
X, mdo (Q) 16.85 158.19 320.24 466.58
L infit (mH) 268 252 2.5 2.48

* 1ifum root mean square
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15291 4.3 ATINAUNUSIENIN E-T, X, , L ¥83UnU Ferrite (POT Care Type) Nf2WA 1 kiz

, 10kHz , 20 kHz {1a2 30 kHz ¥e gap =2 mm.

ﬂ'n“?;
I* (mA.) 1 kHz 10kHz 20 kHz 30 kHz
E*(V) | X (€ | E*(V) | XD | E*(V) | X(€D | E* (V) | X(€D
s 006 | 1200 | 057 | 11400 | 120 | 24000 | 184 | 367.70
10 002 | 1200°] 120 | 12000 | 240 | 240.00 | 3.68 | 367.70
15 019 | 1267 | 177 | 118.00 | 360 | 24000 | 552 | 367.70
20 025 | 1250 | 237 | 11850.| 481 | 24050 | 735 | 36770
25 031 | 1240 | 297 | 11880 | 594 | 237.60 | 9.9 | 367.70
30 038 | 1267 | 354 [ 11800 | 7.35 | 24500 | 1117 | 372.41
35 045 | 1286 | 424 | 12114 | 877 | 250.57 | 13.08 | 373.76
40 050 | 1250 | 474 | 11850 | 976 | 24400 | 1450 | 36239
45 058 | 1289 | 537 | 11933 | 1117 | 24822 | 1662 | 36927
50 064 | 1280 | 594 | 11880 | 12.02 | 24040 | 1838 | 367.70
55 071 | 1291 | 665 | 12091 | 13.44 | 24436 | 2051 | 372.84
60 078 | 13.00 | 721 | 12007 | 1449 | 24150 | 2227 | 37123
X, wis (Q) 1260 118.85 242,68 399.65
L e (mH) 2.00 1.89 1.93 212

« ({fum root mean square
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, 10 kHz , 20 kHz uae 30 kHz YMS gap =3 mm.

i

k

b

i

]

|

H

i - . o 4 4
P il 44 AMUANRUEIENTN BT, X, , L Y83UNU Ferrite (POT Core Type) finamid 1 kiz
4

}

i

;

'

¢
f

ﬂ’J'mé
I* (mA.) 1 kHz 10 kHz 20 kHz 30 kHz

E*W) | X (€ | E*W) | X, (C) | E*(V) | X, | E* (V) | X, (D)

5 006 | 1200 | 052 | 10400 | 106 | 21200 | 1.5 | 31820

; 10 0:11 | 1100 | 103 | 103.00 | 212 | 212.00 | 325 | 32527

f 15 017 | 133 | 1-.66‘ 11067 | 318 | 212.00 | 481 | 320.56

i 20 023 | 1150 | 212 | 10600 | 424 | 212.00 | 650 | 32527

| 25 028 | 1120 | 262 | 10480 |~ 530 | 212.00 | 8.06 | 322.44

g 30 034 | 1133 | 318 | 106.00 | 650 | 21667 | 9.62 | 320.56

g 35 040 | 1143 | 375 | 107.14 | 764 | 21829 | 1131 | 323.25
§ 40 045 | 1125 | 424 | 10600 | 863 | 21575 | 1273 | 31820 |

f 45 051 | 1133 | 481 | 10689 | 9.76 | 216.89 | 1450 | 322.13

5 50 0.56 | 1120 | 530 | 106.00 | 1061 | 21220 | 1626 | 32527

% 55 062 | 1127 | 594 | 108.00 | 12.02 | 218.55 | 18.03 . 327.84

60 068 | 1133 | 651 | 1085 | 13.08 | 218.00 | 1945 | 324.10

x_nde () 11.35 106.42 214.69 322.76

L wiy (mH) 1.81 1.69 1.71 1.71

* ({fufln root mean square
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AN 4,5 ANUFURUTTENIN BT, X, , L ¥89UNU Ferrite (POT Core Type) i 1 kHz

, 10kHz , 20 kHz l1ae 30 kHz Y gap =4 mm.

80

ﬂ’:‘m?;
I* (mA.) 1 kHz 10 kHz 20 kHz 30 kHz
E*(V) | X, (€) | E*(V) | X | E* (V) | X,(€) | E*(V) | X,(£D)
5 005 | 1000 | 048 | 9600 | 099 | 198.00 | 156 | 31113
10 011 | 1100 | 099 | 9900 | 205 | 20500 | 3.9 | 31113
15 of6 | 1067 | 152 | 10033 | 311 | 20733 | 453 | 30L70
20 021 | 1050 | 202 | 101.00 | 410 | 20500 | 594 | 296.98
25 027 | 1058 | 251 | 10040 | .5.09 | 203.60 | 7.64 | 305.47
30 032 | 1067 | 304 | 10133 | 608 | 20267 | 933 | 31LI3
35 038 | 1086 | 354 | 10L14 | 721 | 20600 | 1133 | 315.17
40 042 | 1050 | 403 | 10075 | 820 | 20500 | 1237 | 309.36
a5 048 | 1067 | 453 | 10067 | 9.19 | 20422 | 1414 | 31427
50 054 | 1080 | 495 | 99.00 | 1018 | 203.00 | 1556 | 311.I3
55 059 | 1073 | 552 | 10036 | 1131 | 205.64 | 1697 | 308.56
60 065 | 1083 | 622 | 103.67 | 1237 | 20617 | 1838 | 306.41
X, mav () 10.67 100.39 204.35 308.54
L @8 (mH) 170 1.60- | 1.63 1.64

+ (um root mean square
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AT 4.6 AMUAURUSTENTW E-1, X, , L Y93UAY Ferrite (POT Core Type) HATE 1 kHz

, 10 kHz , 20 kHz Lag 30 kHz Y0E gap =5 mm.

mm?;
I*(mA.) 1 kHz 10 kHz 20 kHz 30kHz
E*(V) | X)) | E*W) | X | E* V) | X | E* (V) | x( D)
5 005 | 1000 | 047 | 9400 | 099 | 198.00 | 1.48 | 296.98
10 0.10 | 1000 | 095 | 9500 | 198 | 198.00 | 297 | 296.98
15 016 | 1067 | 148 | 9867 | 297 | 198.00 | 445 | 296.98
20 021 | 1050 | 194 | 9700 | 396 | 198.00 | 594 | 296.98
25 0.26 1040 | 244 | 9760 | 495 | 198.00 | 735 | 294.16
30 031 | 1033 | 289 | 9633 | 6.08 | 20267 | 877 | 292.27
35 037 | 1057 | 346 | 9886 | 7.07 | 202.00 | 10.47 | 299.00
40 042 | 1050 | 389 | 9725 | 806 | 201.50 | 11.67 | 291.68
45 047 | 1044 | 438 | 9733 | 9.05 | 20L11 | 13.44 | 298.56
50 052 | 1040 | 481 | 9620 | 989 | 197.80 | 14.50 | 289.91
55 0.58 | 1055 | 537 | 97.64 | 1103 | 20055 | 1626 | 295.70
60 062 | 1053 | 594 | 99.00 | 11.67 | 19450 | 18.03 | 300.52
X, infe () 10.39 97.07 199.18 295.81
L wilt (mH) 1.65 1.54 1.59 1.57

* (fueh root mean square
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A9 47 AuduRUTIENIN E-1, X, , L 989U Ferrite (POT Core Type) fin1udi 1 kHz

, 10 kHz , 20 kHz l16® 30 kHz Y2 gap =6 mm.

ﬂ'n!J?;

I* (mA.) 1 kHz 10 kHz 20 kHz 30 kHz
E* (V) | XD | B2V | x(Q) | B2V | XD | E* (V) | X,(€)
5 005 | 1000 | 047 | 9400 | 095 | 19000 | 145 | 28991
10 010 | 1000 | 093 | 9300 | 191 | 191.00 | 297 | 29698
15 045 | 1000 | 145 | 9667 | 289 | 19267 | 445 | 296.98
20 020 | 1000 | 194 | 9700 | 382 | 19100 | 679 | 29698
25 025 | 1000 | 240 | 9600 | 474 | 18960 | 735 | 2046
30 030 | 1000 | 283 | 9433 | 566 | 188.67 | 877 | 20227
35 036 | 1029 | 340 | 9714 | 679 | 19400 | 1047 | 299.00
40 040 | 1000 | 382 | 9550 | 7.64 | 191.00 | 1167 | 291.68
45 047 | 1044 | 438 | 9733 | 877 | 19489 | 1344 | 298.56
50 050 | 1000 | 481 | 9620 | 9.48 | 189.60 | 1450 | 289.91
55 056 | 1018 | 530 | 9636 | 1061 | 19291 | 1626 | 295.70
60 061 | 1017 | 594 | 99.00 | 1167 | 19450 | 1768 | 294.63
X, wae () 10.09 96.04 191.65 294.73
L wd (mH) 1.61 1.53 1.53 1.56

*+ 1flue root mean square




TEN wm i e

R ——

A1507 4.8 ANNTNRUTIININ ET, X, , L 48UnY Ferrite (POT Core Type) N4 1 kHz

83

, 10kHz , 20 kHz 1ta¥ 30 kHz ¥MU® gap =7 mm.

ﬂ'l'lll?;
I* (mA.) 1 kHz 10 kHz 20 kHz 30 kHz
E*V) | X(€D | BE V) | X (&) | E* (V) | X, | E* V) | x(€D
5 0.05 | 1000 | 047 | 9400 | 095 | 190.00 | 038 | 289.91
10 010 | 1000 | 092 | 9200 | 191 | 191.00 | 290 | 28991
15 015 | 1000 | 141 | 9400 | 290 | 193.33 | 431 | 287.56
20 020 | 1000 | 187 | 9350 . 382 | 191.00 | 580 | 289.91
25 025 | 1000 | 233 | 9320 | 474 | 189.60 | 735 | 294.15
30 030 | 1000 | 283 | 9433 | 566 | 188.67 | 877 | 292.27
35 036 | 1029 | 339 | 9686 | 679 | 194.00 | 1047 | 299.00
40 040 | 1000 | 375 | 9375 | 764 | 191.00 | 11.67 | 291.68
45 046 | 1022 | 424 | 9422 | 863 | 19178 | 1344 | 298.56
50 050 | 1000 | 474 | 9480 | 948 | 189.60 | 14.50 | 289.91
55 0.55 | 1000 | 523 | 9509 | 1047 | 19036 | 1626 | 295.70 1
60 059 | 983 | 594 | 99.00 | 1167 | 194.50 | 1945 | 294.63
x,_mds () 10.03 94.56 191.24 292.77
L wnfo (mH) 1.60 1.50 1.52 1.55

* 1ffus root mean square
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AW 4.9 ANUTURUTTENIN E-T, X, , L Y8UAN Ferrite (POT Core Type) ARMA 1 kHz

, 10kHz, 20 kHz Llae 30 kHz Y2 gap =8 mm.

ﬂ'nll?;

I* (mA) | KHz 10 kHz 20 kHz 30 kHz
E*V) | X | E*W) | XY | B* V) | X | Ex (V) | X (D)
5 005 | 1000 | 046 | 9200 | 092 | 18400 | 141 | 28284
10 000 | 1000 | 092 | 9200 | 191 | 19100 | 283 | 282.84
15 015 | 1000 | L4l | 9400 | 290 | 19333 | 431 | 287.56
20 020 | 1000 | 187 | 9350 | 3.8 | 19100 | 580 | 289.91
25 0225 | 1000 | 233 | 9320 | 474 | 189.60 | 721 | 288.50
30 029 | 967 | 283 | 9433 | 566 | 18867 | 877 | 292.27
35 035 | 1000 | 339 | 9636 | 679 | 19400 | 1032 | 294.9
40 039 | 975 | 375 | 9375 | 7.50 | 187.50 | 1131 | 282.84
45 045 | 1000 | 424 | 9422 | 849 | 188.67 | 13.08 | 290.70
50 049 | 980 | 467 | 9340 | 933 | 18660 | 14.14 | 282.84
55 055 | 1000 | 523 | 9510 | 1032 | 187.64 | 1591 | 28927
60 059 | 983 | 580 | 9667 | 1131 | 18850 | 1732 | 288.74
X, mio () 9.92 94.09 | 189.21 287.77
L iwf6 (mH) 158 1.50 1.51 1.53

* ifue root mean square
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2137991 4,10 AAUNUTTZNTW BT, X, , L Y9N Ferrite (POT Core Type) AinuA 1
kHz, 10 kHz, 20 kHz 1ta2 30 kHz Y< open gap

ﬂ'J‘]lJ?:l
I* (mA) 1 kHz 10 kHz 20 kHz 30 kHz

E*(V) | X, (€0 | E*(V) | x,(C) | E*(V) | XD | E* (V) | X(€D
5 005 | 1000 | 045 | 9000 | 092 | 18400 | 141 | 282.34
10 010 | 1000 | 091 | 91.00 | 187 | 187.00 | 283 | 282.34
15 014 | 933 | 141 | 9400 | 276 | 18400 | 42¢ | 28284
20 019 | 950 | 184 | 9200 | 368 | 18400 | s66 | 282.84
25 024 | 960 | 230 | 9200 | 460 | 18400 | 7.07 | 282.34
30 030 | 1000 | 276 | 9200 | 552 | 18400 | 849 | 282.34
35 035 | 1000 | 332 | 9486 | 665 | 190.00 | 10.18 | 290.92
40 039 | 975 | 368 | 9200 | 735 | 18375 | 1131 | 282.84
45 045 | 1000 | 424 | 9422 | 849 | 188.67 | 1273 | 282.84
50 049 | 980 | 460 | 9200 | 919 | 183.80 | 14.14 | 282.84
55 054 | 982 | 509 | 9255 | 1032 | 187.64 | 1556 | 282.84
60 060 | 1000 | 566 | 9433 | 1131 | 18850 | 1697 | 282.84
X, wde () 9.82 92.58 185.78 283.51

L 1m0 (mH) 1.56 147 148 1.50

* iffusi root mean square
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80.00 —

70.00

60.00
I —0— 1 kHz
; 50.00
> —X— 10 kHz
% 40.00
2 —A— 20 kHz
g 30.00
2 ~—— 30 kHz

0.00
10.00
20.00
30.00 -
40.00
50,00
60.00

current ( MA.)

319 4.2 uSsufouaauduius E-1 curve Younu Ferrite ( POT core

Type ) fiA9100 1 kHz, 10 kHz , 20 kHz uag 30 kHz Ymg close gap

50.00 +
45.00
40.00
Z X ——close gap
) 30.00
& —0—gap =1
= 2500 gap =1 mm.
>
§ 20.00 —X—gap =2 mm.
T 1500
10.00 —O—gap =3 mm.
5.00 ——gap =4 mm.
0.00 ; ; : {
g g g g g | #—opengap
s e 8 ¢ 8

current { mA.)

518 4.3 alSvufsuanuduRus E-1 curve ¥83UNU Ferrite ( POT core

N

Type ) Y close gap‘nuﬁﬂﬁ gap=4mm. U0 YL open gap AN 20 kHz



A9 411 AanuduRusseninaaumilenii (L) Ausses gap iR 1 kHz, 10kHz,
20 kHz ting 30kHz

gap ( mm.) L (mH.)
1 kHz 10kHz | Z20kHz 30 kHz

close gap 6.55 6.23 6.49 6.37
1 268 252 2.55 2.48

2 2.00 1.89 1.93 2.12

3 1.81- 1.69 1.71 1.7

4 1.70 1.60 1.63 1.64

5 1.65 1.54 1.59 1.57

6 1.61 1.53 1.53 1.56

7 1.60 1.50 1.52 1.55
1.58 1.50 1.51 1.53

9 1.58 1.49 1.50 1.52

10 1.56 1.48 1.49 1.51

11 1.56 147 1.48 1.50

12 1.56 1.47 1.48 1.50

13 1.56 1.47 1.48 1.50
open gap 1.56 1.47 1.48 1.50




inductance ( mH.)
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7-m T
6.00 g
5.00 -
4.00 +
3.00 4+
200 -~
1.00 -
'
i

0.00 + + + + t—t + T + 4

=] o~ - © @ =) o~ a

2 R 8

<)

[ =4

[}

a

)

fLHE gap (mm.)

—x— 1kHz

—O— 10kHz

—A— 20kHz

—{3— 30kHz

3Uf 4.4 uSoudouanuduiussenin L Ay gap Hnnd 1kHz

10kHz,20kHz wag 30 kHz




inductance (mH.)

TTHZ gap (mm.)

3Ufl 45 nfSswdsuanwduiuiszning X,
1kHz 10 kHz, 20 kHz 1as 30kHz

4.2M15NAABI9VT VUL

QAed

MINAD8Y
A998 4.6

open gap -¥X

il gap NNND

—X— 1kHz
—O— 10kHz
—&— 20kHz

—3~ 30kHz
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JUN 4.6 LARIMITABNITVUILE

T 2

28ufinmannesada laaTad Wemaunmmannusesdya uns ninnass Power
MOSFET lu9siasduenassy

HANIINAGBY
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1

Tek 2.50MS/s
L

amE L as T

Ch1 5.00V

218V

31U 4.7 uerasdeygIUNInUde Power MOSFET @2 1 1ia2 2 91 inphase fiu

C1 Freq
30.072kHz

C1 RMS
35.78V

C2 Freq
21.570kHz

C2 RMS
5.76 V

23 Mar 1998
02:14:17



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

0 | . . - . | PRSI e
""‘]’T’”(’T il SRR 7 c I TR R ¥

i : I ﬁ . ¢ : : I : C1 RMS
M AT R L ETING ] S5.99V

C2 Freq
29.931kHz

C2 RMS
=

TR 500V m S50V W20 Ops Chi 7 =75V 23 Mar 1998
02:21:06

311 4.8 uanadygIUNSn Power MOSFET @il 3 ua 4 i inphase 14
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Tek 2.50Ms/s 739 Acgs
|4 T

L Tfh Tf\ Al Y 1 30.086kHz

i y ﬁ Z ] L ! I . ] 1 C1 RMS
1 SR NI PR I e e ] (0 Pt It A P R X 2 R

vg.w.:gr.-;r.z-.:::g..-.w”:::.:;-v..':gj vm C2 Freq
; ‘ : ; - : - ‘ 1 30.120kHz

C2 RMS
5.78V

Chl 5.00 Vv 5.00vh M 20.0us Chl S —-1.6V 23 mMar 1998
02:26:08

j]!ﬁ 49 uﬂmﬁ'tyiymw?n Power MOSFET @97 1 it} 3 uag 2 iy 491 out of phase iU

430157AA89299311a9

ac

AFNIINAABDY

1. ABNIINANBIAIUN 4.10
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317 4.10 LaRINIIABI99TAAY

LA | a A @ A 7 s °o_ w
2. UuﬂﬂNﬁﬂWﬂﬂ@ﬁ“ﬁﬁIﬁﬁIﬂ‘ﬂ mamaﬂymzgﬂﬂammﬂummummaa'ﬂsmm

HANIINAADY
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C1 RMS
238.2V

C1 Freq
70.340kHz

03:02:42

JUH 4.11 uamsdyaaueviunyesasesdas

4.4M3NAABIAIUINADY

ad

I5NITNAAD

1. ABNIINANBIAIGLN 4.12
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5U% 4.12 299INMINAABITIULNADY

g e

tufinwaninesadalan Iml iomdaenausdu uaznszuafitdowdhdusnane
HIB5LHLHNUDITDIDINMANAUNIAY § mm

AHANIINAADN
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7

nDURAAANDA

~M10.0us Chi F =600V

1wfm does nec

cross ref

23 Mar 199¢
03:08:02

a ) v A E R et ' ' Y o q ¥
: L!ﬂ 4.13 Llﬁﬂ\iﬁﬂgfg’lt’uuiGﬂuﬂgﬂﬁﬂulﬂ'l?f’mtlﬂat)t}‘mﬁzU:‘,WI»WENEJ'lﬂ’Iﬁ 8 mm uﬁ’)ﬂ‘ﬂ"
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4.5 NINAABIUTIAAVDIUUINAN
msnaass luduvewsamaiminausoi 1 lny Mmsilaeuudase
umunma‘lﬂssauq udhmsawsdinesas q iy NI , Voltage nm'lmnﬂusmﬂ

=

unmaaﬂw‘lﬂmnumm mmmmumwalﬂmu

2] NUIIAAN Y

Force current NITYZYBIBINIAAN 4 ( A. rms.)

kg. gap=10 Gap=9 | gap=8 mm.|gap=7 mm. £ap=6 mm. | gap=5 mm. | gap=4 mm. £2p=3 mm. | gap=2 mm. | gap=1 mm.

mm. mm.

0.840 5.300 | 4.650 | 4.050 | 3.700 | 2.950 | 2.550 | 2. 120 | 1.420 | 1.000 | 0.570

1.400 6.700 | 6.000 | 5.200 | 4.550 | 3.650 | 3.400 2.650 | 1700 | 1.150 | 0.690

1.960 7.800 | 6.950 | 6.000 | 5200 | 4.150 | 3.650 | 2.920 1.950 | 1.400 | 0.780

2.518 8.900 | 7.750 | 6.800 | 5.550 | 4.600 | 4.050 3.250 | 2.150 | 1.450 | 0.850

3.078 10.100 | 8.500 | 7.300 | 6.100 | 4.950 | 4.350 3.500 | 2.560 | 1.600 | 0.900

13097 4.12 LAAIFIVBINTZIG ( ms.) NILHETOIBINAG 9 N4 AC

Force induce voltage M15¥HBI9INAAI 9 (V. rms.)

kg. gap=10 Gap=9 | gap=8 mm.|gap=7 mm. £ap=6 mm. | gap=5 mm. | gap=4 mm, gap=3 mm. | gap=2 mm. | gap=1 mm.

mm. mm.

0.840 44.500 | 40.500 | 36.500 | 35.000 | 29.500 | 27.500 23.000 | 18.000 | 15.500 | 12.000

1.400 56.500 | 52.500 | 46.500 | 42.500 | 36.500 | 35.500 29.500 | 23.000 | 19.000 | 14.000

1.960 65.500 | 59.500 | 54.000 | 48.000 | 42.000 | 39.000 33.000 | 26.000 | 21.500 | 17.000

2.518 73.500 | 67.000 | 61.000 | 52.500 | 46.500 | 42.500 36.500 | 29.500 | 23.500 | 18.500

3.078 80.000 | 72.000 | 65.000 | 58.000 | 49.000 | 46.000 40.000 | 33.000 | 25.000 | 19.000

A13199 4.13 UAAIAIYDY induce voltage (rms.) NTLHLFDIDINFAAIN q N4 AC




o o . o emam . - ——
E induce voltage ( V.)

R R L O TR

I current (A.)

99

——gap=10 mm.
E-F curve 91n0113nAQ83M3 AC
-0~ gap=9 mm.
—A— =
100 —— S — gap=8 mm.
P S————— = | —%—gap=7 mm.
— + T : i
3 Iy v - 1 AN
60 T . —X— gap=6 mm.
* - ,
40 T Py —-
T+ | ——gap=5mm.
20 =
. 1 — —O—gap=4 mm.
0 v l» 1
S 3 3 =8 —— gap=3 mm.
< v A v
o o - Y]
—gap=2 mm.
F force (N.)
—0—gap=1mm,
71N 4.14 n3WHaNITNABDS E-F curve M9 AC
1 gap=10 mm.
I-F curve 31nA15NAa8IN18 AC
—0— gap=9 mm.
—&— gap=8 mm.
W I
10 % zl :EI’ —X~ gap=7 mm.
I Pl
) e o 0 —X— gap=6 mm."
-y gap=5 mm.
i~
0 - ——0 | 7O gap=4 mm.
1] | ] ] ’
(] o o K -
S '-‘(%. 2 5 —+— gap=3 mm.
Q (o] - N
gap=2 mm.
F force ( N.)
~—O—gap=I mm. |

31 4.15 nsHanINATDY I-F curve 119 AC
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T g e

T St

i d T

[ S,

100

N 3
Force current M3zuoI0INIAAL 9 (A)
ke. gap=10 | gap=9 |gap=8 mm |gap~7 mm.{gap~6 mm.|gap=5 mm.{gap=4 mm.{gap=3 mm.|gap~2 mm | gap~1 mm.
mm. mm.
0.840 5.300 | 4.483 | 4.100 | 3.500 3.00 2300 | 2.100 | 1.550 | 1.000 | 0.400
1.120 6.100 | 5.100 | 4.670 | 4.000 | 3.400 | 2.633 2.400 1.800 1.167 | 0.400
1.400 6.767 | 5.733 | 5.267 | 4.500 | 3.767 | 2.900 | 2.750 | 2.000 | 1.350 | 0.450
1.680 7350 | 6.267 | 5.670 | 4.930 | 4.167 | 3.200 | 3.000 | 2.200 1.463 | 0.450
1.960 7.8467 | 6.630 6.200 | 5.330 4.500 | 3.400 | 3.200 | 2350 | 1.550 | 0.450
2.239 8367 | 7.217 | 6.500 | 5.670 | 4.767 | 3.700 | 3.400 | 2.517 1.650 | 0.450
2518 8.767 | 7.700 | 6.900 | 5.967 | 5.030 | 3.900 | 3.567 | 2.630 | 1.700 | 0.450
2.798 9.230 | 8.100 | 7.300 | 6.167 | 5.267 | 4.067 | 3.700 | 2.750 1.800 | 0.450
3.078 - 8.400 | 7.550 | 6.400 | 5.530 | 4267 | 3.900 | 2.900 1.800 | 0.450
#131991 4.13 HaRIAIYBINTTUATITLIL YOI IMAE
—{ gap=10 mm.
I-F curve 91A013M0894N19 DC
—0— gap=9 mm.
—&— gap=8 mm.
,-. 10 - —X— gap=7 mm.
. S AP =
A AU’ ! A LS G —
z L e e T x| TR gap6mm.
2 S e b e
K = s e gap=5 mm.
T 11
s (S
O | §
3 3 & 3 3 3 —+— gap=3 mm.
S 9 = S N &
o (o] -~ -~ N N
T gap=2 mm.
F force (N.)
—0— gap=! mm.

Sljﬁ 4.16 nsMuaaINamsINAana I-F curve N9 DC
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[] a o @ o o
'nfmumﬂummnmmumumaaﬂ oqUMIIN (3.1), (3.2) AW ITNNUIMIAIIUTUNUS

y
ITUIN MU (U usge Weudunanimaane i

AITNHAM INUIVTIHAN DC

Force current fiszuLYRILINAAN 9(A)
kg. | caleulate | calculate | calculate | calculste | calculate | calcutate | cacuiate | caicutate | calcuta | calcume
x=10mm. | x-9mm. | x-8mm. | x=7mm | x6mm. | x=Smm. | x~4 om. | x=3 mm. | x=2 mm | xel mm
0.000 | 0.000 | 0.000 | 0.000 | 0.000 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
0.280 3.546 | 3.192 | 2.839 | 2486 | 2:132 1.77? 1.426 1.072 } 0.719 | 0.365
0.560 5.014 | 4515 | 4015 | 3515 | 3.015 | 2.516 2.016 1.516 1.017 | 0.517
0.840 6.141 5.529 | 4917 | 4305 | 3.693 | 3.081 | 2.469 1.857 1.245 | 0.633
1.120 7.091 6.385 | 5.678 | 4971 | 4264 | 3.558 2.851 2.144 1.438 | 0.731
1.400 7.928 | 7.138 6.348 | 5558 | 4.768 | 3.978 | 3.188 2.397 1.607 | 0.817
1.680 8.685 | 7.820 6.954 { 6.088 | 5223 | 4357 | 3.492 2.626 1.761 0.895
1.960 9.381 8.446 | 7.511 6.576 | 5.641 | 4706 | 3.772 | 2.837 1.902 | 0.967
2.239 10.026 | 9.027 | 8.028 | 7.029 | 6.030 | 5.030 4.031 3.032 | 2.033 1.033
2.518 1 10633 | 9.573 | 8.513 | 7.454 | 6394 | 5335 | 4275 | 3215 | 2.156 | 1.096
2.798 11.209 | 10.092 | 8975 | 7.858 | 6.741 | 5.624 4.506 | 3.389 | 2272 1.155
3.078 11.757 | 10.585 { 9.413 | 8.242 | 7.070 | 5.898 4.727 | 3.555 | 2.383 1.212

A1719% 4.15 uasmInsziaAs I I nnTun s DC
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1. widr R muwessaswimsnWogtu FUNCTION sasvus gap uda R(x)

2. 11 R(x) W L gl FUNCTION 109rzes gap e L (0

e

N2
R(x)

L(x) =

> 1
3. AMUMIAIUT WANIURAZAN TR LNINAR

' 1 :
= 5 L(x)i*

gavineaunITuNgRazunldaInnis Partial Derivative waawwfiazanluarudmdniey

4.
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92c2 + 91g2 + SRc2

Riotal = Ror+ Ao +

R
- R +—2gi+(2mcl+mcz)

gl

Tagfwuahi (2R +R,) = R_,

- R = R 9{82 R
e “Yotal T gl + 2 + core

2

total

N2
p R
iRg[ + — + 9:{‘mm
NZ
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MONHIN A

N13¥1A R eluctance Y8 IUNUINAN

+ R ixt

—_— l

—_— m
o—" VY VY o :*ij

-
I
o
U w1 waranyatmIniees L

e R = aAmowdumauduacanldvu (Q)
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ADC0801/ADC0802/ADC0803/ADC0804/ADCO805
8-Bit uP Compatible A/D Converters

General Description

The ADCO0801, ADCO0802, ADC0803,- ADC0804 and

ADCO0805 are CMOS 8-bit successive approximation A/D

converters that use a differential potentiometric ladder—

similar to-the 256R products. These converters are de-

signed to allow operation with the NSC800 and INS8080A

derivative control bus with TRI-STATE® output latches di-

rectly drivifig the data bus. These A/Ds appear like memory
locations or 170 ports to.the mucroprocessor and no inter-
facing logic is needed. B
Differential analog voltage inputs atlow mcreasmg the com--
mon-mode rejection and offsetting the analog zero input
voltage value. In addition, the voltage reference input can
be adjusted to allow encoding any smaller analog voltage
span to the full 8 bits of resolution.

Features
= Compatible with 8080 wP derivatives—no interfacing
logic needed - access time - 135 ns
n Easy interface "to all microprocessors, or operates
*“stand alone™

= Differential analog voltage inputs
m Logic inputs and outputs meet both MOS and TTL volt-
age level specifications

" m Works with 2.5V (LM336) voltage reference

® On-chip clock.generator -

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

B No zero adjust regulred .

®°0.3" standard width 20-pin DIP package

" m 20-pin molded chip carrier or small outline package

m Operates ratiomstrically or with 5§ Vpg, 2.5 Vpg, or ana-
log span adjusted voltage reference

Key Specifications

u Resolution. 8 bits
® Total error =Y, LS8, £, LSBand =1 LSB
m Conversion time 100 ps

Typical Applications

M i
> 8 Ve
mat AL o W TRANSOUCER
CLKING 158 pF,
’ o o | ivenanr oesnen
» ] e ; PaDs |l )
rrocestn w = ], MO T e oRd
. ste )2 P ,>mnmuts i
+ : Ly A L
P 17 v VRer —o:::us::rlmn =
<+ ra el W 3 B
< oz s GND
W ;;7 TUHI5671-1
8080 Intertace Error Specification (Inciudes Full-Scale,
Zero Error, and Non-Linearity)
— 30 . . . - 40
part’ | TU /222500 Vpg | Vmer/2=No Connection
b - - "Number- Scale (No Adjustments) " (No Adjustments)
oo ; Adjusted| "'© o Adj !
e - M9 - .|ADCoBOt| £Y4LsBf . - v L o
103, -
£Tc. i K ADCO0802 ', LS8
ADC0803 | £, 158 A -
DATA I
.- A\{: - ~ |aDcoso4|- .- 1188 - -
J - ADCO80s| - - - - xrusa - -

TL/H/S671-31
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Absolute Maximum Ratings (Notes122)

it Military/Aerospace specified devices are required,

Storags Temperature Range

—65'Cto +150°C

]
E please contact the National Semiconductor Sales Package Dissipation at T4 = 25°C 875 mwW
Oftice/Distributors ior availability and specifications. ESD Susceptibility (Note 10) 800V
I Supply Voltage (V) iNote 3) 8.5V
Voltage rating Ratings (Notes 1& 2
; Logic Control Inputs -0.3Vto +18v Toergpeerature RgngRe gs« T) <Ta<T
y At Other Input angd Outputs -0.3Vto +0.3 ’ MINS TAS I MAX
i Lead Ter:; 'Zg‘g,der?ng“,%”seccnds) Vee+0.3V) ADC08B01/02LJ, ADCO802L1/883 —55'CSTA< + 126°C
g Dual-in-Line Package (plastic) 260°C ADC0801/02/03/041.CJ —40°C<Ta< +85°C
Oual-In-Line Package (ceramic) 300°C ADC0801/02/03/05LCN —40°C<TaL +85°C
i Surface Mount Pack ADCO804LCN 0°C<Ta<+70°C
\ ”v ace P°”" sa; age 4 25 ADC0802/03/04L.CV 0°C<Ta< +70°C
apor Phase (60 seconds) 8_ ¢ ADCC802/03/04LCWM 0°C<STA< +70°C
] i - Infrared (15 seconds) 22 Range of Veo 4.5 Vpg t0 6.3 Ve
** Electrical Characteristics
4 The following specifications apply for Voo =5 Vpg, Tiins TasSTiax and oLk =640 kHz unless otherwise specified.
i Parameter Conditions Min " Typ Max Units
3 ADC0801; Total Agjusted Error (Note 8) With Full-Scale-Adj. ny LS8
3 . - 2 (See Section 2.5.2) = .
t ADC0802: Total Unadjusted Error (Note 8} Vep/2=2.500 Vpe 37 LS8
ADCO0803: Total Adjusted Error (Note 8) With Full-Scale Adj. zv Ls3
(See Section 2.5.2) =7
E ADCO0804: Total Unadjusted Error (Note 8) VRgr/2=2.500 Vp¢ : *9 LS8
) ADC0805: Total Unadjusted Error (Note 8) Vgrep/2-No Connection +1 LS8
* VRer/2 Input Resistance (Pin 9) ADC0801/02/03/05 25 8. k{2
. ADC0804 (Note 9) 0.75 1.1 k2
Analog Input Voitage Range (Note 4) V(+) or Vi—) Gnd-0.05 Voo +0.05 Voc
E DC Common-Mode Error Qver Anzlog Input Voltage Ve =% LS&
H Range
Power Supply Sensitivity Vece=5Vpg £ 10% Over =Y +V LS8
; Allowed Vin(+) and Vin(~)
4 Voltage Range (Nots 4)
3
- -AC Electrical Characteristics
t The following specifications apply for Voo =5 Vp¢ and T, =25"C unless otherwise specified.
: Symbol Parameter Conditions Min Typ Max Units
1 Tc Conversion Time for k= 640 kHz (Note 6) 103 114 us
; Tc Convarsion Time {Note 5, 6) 66 731 Viok
« foLk Clock Frequency Vec=5V, (Note 5) . 100 640 1460 kHz
: Clock Duty Cycle {Note 5) 40 60 %
CR Conversion Rate in Free-Running INTR tied to W8 with 8770 9708 conv/s
Moge . \ CS=0Vpg, ok =640 kHz
WAL Width of WR Input (Start Pulse Width) CS=0 Vg {Note 7) 100 ns
tacc Access Time (Delay from Falling C =100 pF 135 200 ns
Edge of RD to Output Data Valid)
tiH, ton TRI-STATE Centrol (Delay C_ =10 pF, Ry = 10k 125 200 rs
from Rising Edge of RO to . (See TRI-STATE Test
Hi-Z State) Circuits) i
twie tRi Delay from Falling Edge 3C0 450 ns
of WR or RD to Reset of INTR < .
CiN Input Capacitance of Logic 5 7.5 pF
Control Inputs
Cout TRI-STATE Output .5 7.5 pF
Capacitance (Data Buffers) L
CONTROL INPUTS {Note: CLKIN (Fin 4) is the input of a Schmitt trigger circuit and is therefore specified separately]
Vin (1) Logical *1" Input Voitage Yeo=5.25Vpg 2.0 15 Voc
(Except Pin 4 CLK IN)
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AC Electrical Characteristics (contnues) y s UL
The following specifications 2pply for Vo = 5Vpg and Tyy € Ta S Tuax,. unless otherwise specnf'ed
Symbol I Parameter [ Conditions !r Min i Typ | Max l Units
CONTROL INPUTS {Note: CLK IN (Pin 4) is the input of a Schmitt tngger cxrcu:( ana is therefore specified separately]
Vin (0) Logical “0" Input Yoliage Vee=4.75Vpe . <08 | Voo
(Except Pin 4 CLK IN) :
(1) --. Logical *1" Input Current Vin=5Vpe - 0.005 1 rAcc
- (All Inputs) R = .
() . Loglcal "o lnpul Current Vin=0Voc “ -1 =0.005 HA6C
- (All Inputs) i Yoo . N
CLOCK IN AND CLOCKR - - -0 . - .
Vr+ 1 CLKI IN {Pin ay Posmve Gomg - . 2.7 3.1 35 _ Voe
.. Threshold Voltage . N X -
Vr— 1 CLKIN(Pin 4) Negative ' s —— 15 | - 1.8° 21 |7 v
Going Threshold Voitage
Vi CLKIN (Pin 4) Hysteresis ’ 0.6 1.3 20 Voc
(Vr+)—=(Vr-)
Vourt (0) Logical “0" CLK R Qutput lo=360 pA ' : 0.4 Voe
Voltage Vec=4.75Vpe
Vour (1) Logigal 1" CLK R OQutput lo=—360 uA ' 2.4 Voc
Voltage Vec=4.75Vpe .
DATA OUTPUTS AND INTR
Vout (0) | .. Logical “0” Output Voltage -
Data Qutputs ; louT=1.6 MA, Ve =4.75Vpc 0.4 Voc
INTR Qutput C lout=1.0mA, Yoc=4.75Vpc -0.4 Vee
Vout (1) .Logical *'1" Qutput Voltage lo=—360 pA, Voo =4.75 Vpe 2.4 Voc
Vout (1) Logicat oy Output Voltage lo=—10 uA, Voc=4.75 Vpgo 4.5 Voo
louT - TRESTATE Disabled Output Vour=0Vee -3 |’ nAoe
. Leakage (Ali Data Buffers) Vour=5Vos - % - 8- HADG
ISOURCE Vourt Short to Gnd, Ta=25"C 4.5 6 . mApc
ISINK Vout Short to Ve, Ta=25°C 2.0 16 mApG
POWER SUPPLY
lcc Supply Current (Includes fork =640 kHz,
Ladder Current) VRer/2=NC, Tpo=25'C
and C3=5V
ADCO0801 /02/03/04LCJ/05 L 1.1 1.8 mA
- ADCOB04LCN/LCV/LCWM - - 1.9 2.5 mA
Note 1: Absclute A Ratings timits beyond which damaga to the devics may ocwr DC and AC electrical spedﬁcauons do not apply when operating
the device beyond rts specified operating condrdons. .
Note 2 All voitages are maasurod with respoct to Gnd, unless otherwise specified. Tho ;" a A Gnd poim should arways be wed to the 1) Gnd. N . ,

Note 3: A zener diode exdsls. internally, from Vg to Gnd and has a typical braakdwn vonage ol7 Vpc.
Note 4: For Vint=)2" V.N(ﬁ-) the digital output code will be 0000 0000. Two on—chfntﬁodes are tied to each analog input (see block diagram) which wilt torward
conduct for analog input voltages one diode drop below ground or 6ne dicde drcn.craater man theVee suppry Be caretul, during testing at icw Vg levels (4. v,
as high level analog inputs (5V) can cause this input diode to . ly at . and cause erors for analog inputs near fuil-scale. The
spec allows 50 mV forward bias of eithe¢.giode. This means that as long as the analog Vin doos not exceed the supply vottage by more than 50 mV, the output
code will be comrect. To achieve an absoluta 0 Vpg to § Vpc input vonage rangs wﬂl therefors require a minimum supply vottage of 4,950 Vec over !amperatura
variations, Initia! tolerance and’ Ioading H X PO

Note 5: Accuracylsgumnteodnt‘ -&OkHzAthighardock‘“ cles accur “c-an‘,r" Forbwercioddrequonc’.ss.msdmycyclehmucanbe
extended 80 10ng a3 the mmnun ciock high tme interval or minimum clock low ﬂmn intervai is no less than 275 ns.

Note 6: With an asynchronous start puise. up to 8 clock periods may be required befc.(e e intemal clock phases are proper to stan tha convevsnon orocess. The
start request is internally latched, see Figure 2 and section 2.0.

Note 7: The T3 input is assumed to bracket the WH strobe input and therefore timing is dependent on the WH puise width, An arbitranly wids pulse wigth will hoid
the converter in a reset moce and the start of conversion is initiated by the low o high transibon of the WH pulse (see timing dizgrams).

Note 8: None of these A/Os reguires a zsro edjust (see section 2.5.1). To obtain zero code at othar analog input voltages see section 2.5 ana Figure 5.

Note 9: The Vper/2 pin is the center pomt of a two-resistor divider connectad from Veg:to ground., [n all versions of the ADC0801, ADC0802, ADC0803, and
ADC080S, and In the ADCCE04LCY, each resistor is typically 16 k2. in ail versions of the ADC0804 excapt the ADCOS04LCY, each resistor is typwcally 2.2 k.

Note 10: Human body model, 100 pF discharged through a 1.5 kR resistor.
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Loqlc Input Threshold Voitage

vs. Supply Voitage
T T T-see <Tag-125c ]
1 Dz
17 -
|
8 e ]
15 A
1
L
14
1
13 =

450 475 5.00 825

Vg = SUPPLY VOLTAGE (Vgc)

fcrx vs. Clock Capacitor

1000 —— - . -
151/ i
AV \\ Kx |[
NN T
‘\ RN
AVA
BN
TN~ 20k N
100 A }
10 160 1000
CLOCK CAPACITOR (pF) _
Output Current vs
Temperature
'
T fvec=5Voc] |
BNES T
DATA QUTPUT,_:
. BUFFERS. 1.
3 [ERBEEN
L] !sounce
$ K Vouy =24 Vpc
- .y ‘\
~ ¢ N -
.: <
o “Isiux
2 Vour * 04 Vo T
-§0°-25 8- 28 50 ‘715 100 128

T = AMBIENT TEMPERATURE (°C}

Delay From Falling Edge of

RD to Qutput Data Valid .
vs. Load Capacitance
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v 1
T3l L |
i
- i § —
Ky ! : T
% e e 4
g =
[N .
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o2 AN
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T¢. CONVERSION TIME {ue)
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Power Supply Current
vs Temperature (Note 9)
- 24
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f o ! T ‘"Wlu
E L] T .L‘c-gsv:
w S ADCSagq hmi= Voro o
= 18 1, Adg, B- A
= BLY 3
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=
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Full-Scale Error vs
Conversion Time
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CLK IN Schmitt Trip Levels
vs. Supply Voltage
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27

CLK 1N THRESHOLD VOLTAGE (V)

EEEE

a5 oS00 s2s
Vg - SUPPLY VOLTAGE tvgg)

5.50 -

| Effect of (Jnad]usted Ofitset Error
vs. Vreg/2 Voltage

Vinlel = Vid=r s ov. 4
L ASSUMES Vg » 2mV. 4
I THIS SHOWS THE NEED
rFOR A ZERD AGLIF * 1
[ THE SPAN IS REDUCED.

pEs

i

L[

OFFSET ENRDA (L$3:)
-
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EEY

AN
T

VRer2 Vpe)

Linearity Error at Low
VRer/2\Voltages

1 1T
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[
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TRI-STATE Test Circuits and Wavefcrms

tin tip, CL=10pF ‘oM toH, C_ = 10 pF
tec Vee
_.J‘ t e —.{ [ :.—
vee — T . Vee 1 Fm
n [ 4123 " L1 [ 0%
580 1w - GND 0%
4t pum LI DATA — -
Vou 41 uTPuT v ‘o
£0% (1] N
0AT2 ¢ DATA
ouTPUTS } "I' autryts /
oNn e —
t=20ns ) =20 0s TL/HIS671-2
Timi ng Diagrams'(Au timing is measured.from the 50% voltage paints)
START ”
CONVERSION
T\ vy
: T
__l o=
L] ) ——
— e ~3ysy”

THOTRUSY: Al
|

\- DATA 1S VALIG IN
\ OUTPUT LATCHES

ACTUAL INTERNAL
STATUSOF THE
CONVERTER
o 1TO 82 11y x : INTERNAL T :
{LAST DATA WAS AEAD) .[
i
{LAST-DATA WAS NOT READ) _'] | l INT ASSERTED
|
__1I }.._. V2 ok
Output Enable and Reset INTR
iNTR RESET
iRTR Sk
g \ —d gy |-
f"
1]
DATA _
ouTPUTS ==
TL/HISET1 4

Note: Read-strobe must occur 8 clock periods (8/1cy ) after assertion of interrupt to guaranitse reset of INTHL
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Typical Applications (Continued) LIRS N N S

6300 Interface Ratiometric with Full-Scaie Adjust

i
Yor

3 ¥ac)
- L o o
' 08 * - .
- m_————
- e . ! !
[ 23 'L Yee T '
vaal 3 + Vgl L !
= . $ -f-r . ] <a }
o, oY EC—— | ; S . : A ! ;» 1.
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s W e ! ‘) we |
| | 1L I
. C0ATA ‘ ' Sa |
~ t 1) |
. -r Vintt Vas : = :
=, : . - e
= 0PTIONAL
. 75 AQIUST .
3 2 WO\ _Note: before using caos at Vin or Vagr/2,  F .
sae‘sﬁection 2.3.2 Inout Bypass Capactors.
Absolute with a 2.500V Reference Absolute with a 5V Reference
veg -~ Voo
% Vagt clg v::»"
Q
R e
4 | |
Ommmd vyttt vee O——Jviatet vee 1 |
! A | !
e 1 g LI beo n i
T : : NLE 1
A/D = ‘: Hl i~ i !
3 o —t O |
- 1. I
i
v 4,
- . 2508 Voo . ‘B LaR
o——vii Yrert Oo——f Vi) Vagpt p——d ! :
I -
by [ e
s ] orTionaL
AGH F3 AQIUST
“For low power, see also LM385-2.5 = S \Y & e

Zero-Shift and Span Adjust: 2V V<5V Span Adjust: V< V<3V
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Yin Tt I
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<
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Typical Applications (continued)

Directly Converting a Low-Level Signai

A uP Interfaced Comparator

ves
Sgel
. Vinisd Yeo l O~ vimtot Yex
Vix l b L
g P S
L L 3
WS Vins Sizay e n A
2S5
Yini=} Vags y o Ay O———Vii-) Yrgpd
- . e
0 ﬁ: taf Ags
I s = =
18 Vor WAy AN AN . Fer Vi +)>Vin(-)
1
vos Qutput = Frgx
" i " VRep/2=256 mv For Vind #)<Vin(—)
Output= 00uex

1 mV Resaolution with uP Controlied Range

Vage/2=128 mv
1LSB=1mv

veo
4Vge)

T

Voac<VinS{Vpac+ 256 mV) 1V Y a8
1
i v
T Vigit) A
Yie
a0
1207 948 !
D]
1500 Vg
MCAD.DAC™
y F—t Vini=} Yagr:2}
B[00 EF

0<Vpgac <2sv

N
‘]LJ

iuf

_L' ;
T

500 vpe

A \M1E

s

Digitizing a Current Flow

1] )
Vet AN ——a 104D {24 FULL-SCALE}
svgei O VAA- -
0 . Yoo l
. T Vel N
 Vint-t Ve Ay,
l . -
Hn 100F on _L
s =
n I
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17 Uasa
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P
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Typical Applications (Continueq)

Self-Clocking Muitiple A/Ds

iRy

LR IN

*Use a large R value

to reduce loading
at CLK R output.

B Omreed CLE R
txm Vo
A Qi tixn
Afg s
g LU

17 NORE THAN S ADOITIONAL
Arfhy, USE A CMOS SUFFER NOT T2)

Self-Clocking in Free-Running Mode

Ot Vi 0}

O] ¥yl

LR R

oxm

15095

L

100 kHz S o S 1460 kHz

1

External Clocking

LK &

a0

uP, Interface for Free-Running A/D

aaq
2

RESET

1-5TAGE
nkaay cre

40 ctxa

x|

3eazenc
vol°

Ataoy
moun
“After power-up, a momaentary grounding
of the WH input is nesded to guarantas operation. —‘{ !—“' erx}
“ve! ] ' l PREVENTS RO
OUAING /0
OATA UPOATE
r(
e 2x Mgy g}
Operating with “Automotive” Ratiometric Transducers
P

¢ & Ratiometric with Vpep/2 Forced .

I 1 N 2]
|
:: EL . X0R
¥
xom 108 Vini) Vee X
ne = o 3 Vint)
En0 ‘b Vnd-)' 3 —'h‘" ¥
i 3 I: T

‘: > 10 '.J. = 3.

j: = } ]
- - LTI —
Yner | { p
e v‘“J n - vint
° £3 ] [ .
1uf
‘ [ Y 2mn = s r .
“Vin(=)=0.15 Ve A J I

15% of Voo < Vxpr<85% of Vee

TWH/IS6T1-7
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Typical Applications (continueq)

xP Compatible Differential-input Comparator with Pre-Set Vqg (with or without Hysteresis)

Handling £ 10V Analog lnéuts

O V13gio}

O] Vintt

a2

il
om

suuT

1
|
I}
1
1713848 I
1
]
!

-*Sed Figire 5 to select R value
DB7 = 1" for Vin{ +)> Vin{ =) + (Vagr/2)
Omut clrcuitry within the dotted area if
hysteresis is not needed

-
=

[]
i
]
P,
]
]
: 5
]
]
v '
= | %
I_L11 :
< v onvey
e | i VJ’ 1 ¢

Low-Cost, uP Interfated, Temperature-to-Digital Converter

Vit

—

Vint)

~o

Yoo

LMa3s

*Beckman Instruments #694-3-A10K resistor array

Yee
18V}
Q
Vialo) Yeo
18
T 19uf
a0
fvge
T, 10m
- v e 2 TaMax

Tad i Vini~) nerd i‘n‘

uP interfaced Temperature-to-Digital Converter

veo
s Vpgl
A {
v‘v‘v
1000
o A1 Venlod Yeo
- L
amvers'e, . _l:
Nevir 4 Ba %
na 10 uf]
- . v
R n
: TAME O eed Vit Vage >
A _l_. >
Ai
“Clrcuit values shown are for 0"C<Ta< + 1268°C I 1L
e = 3: e

**Can catibrate each sensor 10 allow easy replacament, then
A/D can te calibrated with a pre-set input voltage.

TL/H/5671-8
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i Typical Applications (continueq)
Handling +5V Analog Inputs

Yer
L3703

= o e
0

Vinis) Ve

;_‘1:\:“.!

_’___ vint)

‘Beckman Instrumants # 634-3-R 10K resistor arrav

T U e ST, Wy o

TL/H/3671-33

il

L

i uP Interfaced Comparator with Hysteresis
]

3 Vinle) wsz

+
Ve 08§ p—p- QUTIYT
= AJD

.

]

i

I

Vit VRgr? ._-L
“VRgr
= I b CLX Ofe—]
11
. i
i ]
>
<
j!
= TUL/H/5671-35

Analog Self-Test for a System

Read-Only Interface

u? BUS

- o~
8
L—ﬁc <] QATA

BTN/
L
caTals : — : STARTS Niw

ouTPUT COnvERsion TL/H/5671-34

Protecting the Input

Yes
(5 Voo)
18 Voo
cr A
P Sl ] a7
A=AV, (+) Vee—2,
> aL pg L. 71 3
x I
=15 Voo = -

0

Diodes are 1N914

gk (&)

= TL/H/S671-9

A Low-Cost, 3-Decade Logarithmic Cor)verter

[
Vintd
o
Ol
]
sysTEm | O— CRANNEL
o¢ TEST ANALSG ~D
POINTS | Ol Mux
04081
O
Vini=)
Ll
O ._r

r I

PORT OF ub -

I

CHARNEL
SELECT

TL/H/S671-36

108
AN Vit
v vy 2 10V
a
an
“Yinnney 199
Finvge) WA vt age
™ ™
A — P AAA
“YvAXngp ™ "o
19 Ve) N
I.
< 1uf
) j: ) I-

*LM389 transistors TL/H/5671-37

A, 8,C.D = LM324A quad op amp
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Typical Applications (continued)

3-Decade Logarithmic A/D Converter

A,8,C, D= LM324A

~Yiy
18wV 10 ~19V)

(] .

-
2EN0 ADJ

k]

fo=20 Hz

Uses Chebyshev implementation for steepaer soli-off
unity-gain, 2nd order, low-pass filter

Adding a separate filter for each channel increasas -
system response time il an analog multiplexer

is used

Output Butfers with A/D Data Enabled-

17 Ln

"
VWA Yinlet
108
A Yinit
S
>

A0

Yagp2

p—O—AAA———] Vinis!

A

LT B

4 - 1ué
> 1
’"I
A

Multiplexing Ditferentiai inputs

-
v (O= .
emf Vial®)
10—
.
O—
-enr] o . -
o CHaNNEL
£ OIFFERENTIAL v
O—i MUX
gu,{_ 04082
O
* -
o—
ey | Vinil
7 1‘ Pmn-u
= “NESA SELECT;
R ————
FRON QUTPYT
POAT OR P

]

Aa

]

5
e

_-L_oi'u

TAISTATE®
JUFFERS

*A/D output cata is updated 1 CLK period
prior to assertion of INTR

TOu?
ATA SUS

Alncréasing Bus Drive and/or Reducing Time on Bus

[T —.
f0ur
oATA OuT 0ATA SUS

ol S - TRESTATES

- R L otd BUFFERS
s
g

?H Tﬂ
- i TL/H/S871-10

*Allows output data to set-up at falling edge of &35
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Typical Applications (continued)

Sampling an AC Input Signal

iy MAX

X
TER hovi
SRt > noro Viglo
vy e

tht

46100008 I
40

L
CONTAOL

S
| 1

LOW-PASS, MUL THPOLE
FILTER

-

( E L1
Note 1: Oversample whenever possible (keep {s > 2f(—60)} to eliminate input frequency folding

(aliasing) and to allow for the skirt response of the filter.
Note 2: Consider the amplitude errors which are introduced within the passband of the filter,

70% Power Savings by Clock Gating

“:t.l X
e ? LK I

Voo

AR
- T gn 0

—id 1] )
LKA 172 o0 Ty
s x o
eI
. 11
T0 A0 {Complete shutdown takes = 30 seconds.)

Power Savings by A/D and Vger Shutdown

Veo
Q (5Voe)

Ve

hd .
. > -
<
.om
I s’

aF CONTAGL
s
wR

a
3] I AD GATA OuTPUT M PRt im‘uu
Vreed
. - s e e emaaen a
- - - - as2s AN - B Tl NP
= 1

*Usa ADCC801, 02, 03 or 05 fer lcwest power consumption.
Note: Logic inputs can be driven to Vg with A/D supply at zero volts.
Buffer prevents data bus from overdriving output of A/D when in shutdown mode.

ars

TUH/S671-11
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Functional Description

1.0 UNDERSTANDING A/D ERROR SPECS

A perfect A/D transter characteristic (staircase waveform) is

shown in Figure 1a. The horizontal scale is analog input
voltage and the particular points labeled. are in steps of 1

LSB (19.53 mV with 2.5V tied to the Vrgg/2 pin)..The digital
output codes that correspond to these inputs are shown as
0—1, D, and D+ 1. For the perfect A/D, not only will center-
value (A—1,A,A+1,. .. .)analpginputs produce the cor-
rect output ditigal codes, but also each riser (the transitions
between adjacent output codes) will be located + !4 LSB
away from each center-value. As shown, the risers are ideal
and have no width. Correct digital output codes will be pro-
vided for a range of analog input voltages that extend + 1,
LS8 from the ideal center-values. Each tread (the range of
analog input voltage that provides the same digital output
code) is therefore 1 LSB wide.

Figure 14 shows a worst casae error plot for the ADC0801.

All center-valued inputs areguaranteed to produce the cor:’

rect output codes and the adjacent risers are guaranteed to
be no closer to the center-value points than- £/ LS8. In

Transter Function

DIGITAL DUTPUT CODE

:
A=l A Asy
ANALOG INPUT (Vyy) -

other words, if we apply an analog inpuf equal to the center-
value =7, LSB, we guarantse that the A/D will produce the
cormrect digital code. The maximum range of the position of
the code transition is indicated by the horizontal arrow and it
is guaranteed to be no more than Y4, LSB..

The error curve of Figure 1c shows a worst case error plot
for the ADCOB02. Here we guarantee that if we apply an
analog input equal to the LSB analog voltage center-value
the A/D will produce the correct digital code.

Next to each transfer function is shown the corresponding
error plot. Many people may be more familiar with error plots
than transfer functions. The analog input voltage to the A/D
is provided by either a linear ramp or by the discrete output
steps of a high resolution DAC. Notice that the error is con-
tinuously displayed and includes the quantization uncertain-
ty of the A/D. For example the error at point 1 of Figure 1a
is +14 LSB because the digital code appeared 4 LSB in
advance ‘of the center-value of the tread. The efror plots
always have a constant negative slope and the abrupt up- -
side steps-are always 1 LSB in magnitude.

Error Plot .

stisy”

o NN T
NN

ERROA

Y 0 O

-~~~z

]
i)
=188 L A
A=t A Asy

ANALOG INPUT [Vpyy)

a) Accuracy= +0 LSB: A Perfect A/D i

Transfer Function

-
H INE
3
=0t
2 1y 8
5 : rad]
3
S o r 41
= ) ¥
= — H
e [ H
S0-1 ' !
! I :
T H \
. H i
A=t A A

ANALOG INPUT (V-

Transfer Function

DIGITAL OUTPUT CODE

A=t A Aeg
ANALOG INPUT (Vi)

~ b) Accuracy= +1, Ls8

A [

¢) Accuracy=t LSB

Error Plot

s
+J/4 158

25

A=t AL Ast
ARALCG INPUT {Vyy)

. Error Plot

ERROA
-

T

)

|

;I

1

I

-

)

|

H
-

H

JER—
[-]
e
s
=
H

-1152
A=t A Aet . ° .

- ANALDG INPUT (Yyy)
TL/H/5671~12

FIGURE 1. Claritying the Error Specs of an A/D Converter
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Functional Description (Continued)
2.0 FUNCTIONAL DESCRIPTION “ e e

The ADC0801 series contains a circuit equivalent of the
256R network. Analog switches are sequenced by succes-
sive approximation logic to match the analog ditference in-
put.voltage_[Vin(+) - — Vin(=)] to a corresponding tap on
the R network. The most significant bit is tested first and
after 8 comparisons (64-clock cycles) a digital 8-bit binary
code (1111 1111 = full-scale) is transierred o an output
latch and then an interrupt is asserted (I (INTH makes a high-
to-low transition). A conversion in process can be interrupt-
ed by issuing a second start command. The device may be
operated in the free-funning mode by connecting INTR to
the WR input with CS=0. To ensure start-up under all pos-
sible conditions, an external —ﬁ pu|se is required during the
first power-up cycle. o

On the hlgh-to-low trankition of the WR input the |merna|
SAR latches and the shift register stages are reset. As ldng
as the CS input and WR input remain low, the A/D will re-

main in a reset state. Conversion will start from-1 to 8 clock

periods after at least one of these inputs makes a low-to-
high transition.

(A

A functional diagram of the A/D con;ene_r is shov(m in Fig-
ure 2. All of the package pinouts are shown'and the major
logic control paths are drawn in heavier weight lines.

The converter is $tarted by having TS5 and WR simulta-
neously low. This sets the start flip-flop (F/F) and the resuit-
ing “1" level resets the 8-bit shift register, resets the Inter-
rupt (INTR) F/F and inputs 2 “1" to the D flop, F/F1, which
is at the input end of the 8-bit shift register. Internal clock
signals then transfer this “1"* to the Q output'of F/F1.-The
AND gate, G1, combines this *1” output with a clock signal
to provide a reset signal to the start F/F. If the set signal is
no longer present (either WR or CS is a “1”) the start F/F is
reset-and the’' 8-bit shift régister then carr have the “1”
clocked in,-which starts the conversion process. If the set
signal were to still be present this reset pulse would have
no effect {both outputs of the start F/F would momentarily
be at a “1” level) and the 8-bit shift register would continue
16 be held in the reset mode. This logic theretore allows for
wide'CS and W _ﬁ  signals and.the converter will start after at
least one of these signals. returns high and the lnternal
clocks again provide a reset signal for thestart E/F. ]

- e

M
+

“17 = AESET SHIFT REGISTER
“0" e BUSY AND QUIESCENT STATE

3

] I LADOER
YReen 4 ANQ

AGNO

INPUT PROTECTION
FOR ALL LDGICINPUTS
INvUT ik
TO INTERNAL
CIRCUITS
Wany €0
1
23 ._l \
% 4
" '{‘" CONVERSION
& et il .
4 S | |
—
“ <—
< . IF RESEY » "0~
- AR l—rg M7
Al LATCH SHIPY
wote) [ aecisten | RESET
<+ [ -—
< re—
Wi

R 153 4

a

tLxa
3y
LE o .

LATEH 1

Vinge) G

y Jr d lv Y

[

¥ v

QUTPUT LA]

Vine-i C

TRISTATE®

TCHES

: xm"E m E

cedbLL)

é.
P

L

NI WIS T

- DIGITAL QUTPUTS

TRISTATE® CONTROL
~17» QUTPUT ENABLE

—] 1 2 v
L

33 IR

——1 L— l;‘|h¢L, . ’

o - - . -—

Note 1: T3 shown twice lor clarity,
Note 2: SAR = Successive Apprc:dmabon Reglstar

ey

.. pestT |
’ TUH/E671-13

FIGURE 2, Block Diagram

PP T



-

- w

W m TERP RE TR TR SGAMNN

e

-

S T T W NI TG Y

L3

e

T T W T

TFT TS THGT et T dmeem wy e mwn oo b wwmon e o o

Functional Description (continued)

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

Note that this SET control of the INTR F/F remains low for
8 of the external clock periods (as the internal clocks run at
'/a of the frequency of the external clock). If the data output
is continuously enabled (CS and RD both held low), the
INTR output will still signal the end of conversion (by a high-
to-low transition), because the SET input can control the Q
output of the INTR F/F &ven though the RESET input is
constantly at a 1" level in this operating mode. This INTR
output will therefore stay low for the duration of the SET

signal, which is 8 periods of the external clock frequency-.

(assuming the A/D is not started during this mterval)
When operating in the free-running or continuous conver-
sion mode (INTR pin tied to WH and C3 wired low—see
also section 2.8), the START F/F is SET by the high-to-low
transition of the INTR signal. This resets the SHIFT REGIS-
TER which causes the input to the D-type latch, LATCH 1,
to go low. As the latch enable input is still present, the O
output will go high, which then allows the INTR F/F to be
RESET. This reduces the width of the resulting INTR cutput
pulse to only a few propagation delays (approximately 300
ns).

When data is to be read, the combination of both C3 and
RD being low will cause the INTR F/F to be reset and the
TRI-STATE output latches will be enabled to provide the 8-
bit digital outputs.

2.1 Digital Control inputs

The digital control inputs (CS, RD, and WR) meet standard
T2L logic voltage levels. These signals have been renamed
when compared to the standard A/D Start and Output En-
able labels. In addition, these inputs are active low to aliow
an easy interface to microprocessor control busses. For
non-microprocessor based applications, the C3 input (pin 1)
can be grounded and the standard A/D Start funcdon is
obtained by an active low pulse applied at the WR input (pin
3) and the Qutput Enable function is caused by an active
low puise at the RD input (pin 2)..

2.2 Analog Differential Voitage Inputs and
Common-Mode Rejection *

This A/D has additional applications ﬂexlbxhty due to the
analog differential voitage input. The -Vin(—) input (pin-7)
tan be used to automatically subtract a fixed voltage value
from the input'reading (tare correction): This is aiso useful in
4 mA-20 mA current loop conversion; In addition, common-
mode noise can be reduced by use of the differential input.

The time intérval between sampling Vin(+) and Vin(—) is 4-
a clock periods. The maximum- error voltage due to this

slight time difference between the input voltage samples is
given by:

4.5
AVeIMAX) = (Vp) (2mtem) (H; ).

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

As an example, to keep this error to 1, LSB (~ 5 mV) when
operating with a 60 Hz common-mode frequency, fem, and
using a 640 kHz A/D clock, fo k. would allow a peak value
of the common-mode voltage, Vp, which is given by:

Vo = [AVenax (fek)]

(27rfem) (4.5)
or
_bx 10—3) (640X 103)
(6.28) (60) (4.2)

which gives

Vp=1.9V.
The aliowed range of analog input voltages usually places
more severe restrictions on input common-mode noise lev-
els.

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

2.3 Analog Inputs:
2.3.1 Input Current

Normal Mode

Due to the internal switching action, displacement currents
will flow at the analog inputs. This is due to on-chip stray
capacuiance to ground as shown in Figure 3.

A
W &

! ekt e
i w
! 2
L f
| E
I Om

—
| TIME

. |
fs euaRge | ron

Vinish
!

Ioiscuance | - '°r"!.(7
—— 7 .
Vit -
= ! RN

fonof SW 1 and SW2 = 5k
r=ron CsTRAY = S k2 X 12 pF = 60 ns.

FIGURE 3. Analog [nput Impedan:nce -
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Functional Description (continved)

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

Fault Mode

If the voitage source applied to the Vin(+) or Vin(~) pin
exceeds the allowed operating range of Voo + 50 mV, large
input currents can flow through a parasitic diode to the Vec
pin. If these currents can exceed the 1 mA max allowed
spec, an external diode (1N914) should be added to bypass
this current to the Veg pin (with the current bypassed with
this diode, the voltage at the V\n(+) pin can exceed the
Vg voltage by the forward voltage of this diode).

2.3.2 Input Bypass Capacitors

Bypass capacitors at the inputs will average these charges
and cause a DC current to flow through the output resist-

. ances of the analog signal sources. This charge pumping

action is worse for continuous conversions with the Viy(+)
input voltage at full-scale. For continuous conversions with
a 640 kHz clock frequency with the Viy{+) input at 5V, this
DC current is at a maximum of approximately 5 uA. There-
fore, bypass capacitors should not be used at the analog
inputs or the Vres/2 pin for high resistance sources (> 1
kQ). if input bypass capacitors are necessary for noise filter-
ing and high source resistancs is desirable to minimize ca-
pacitor size, the detrimental effects of the voitage crop
across this input resistance, which is due to the average
value of the input current, can be eliminated with a full-scale
adjustment while the given source resistor and input bypass
capacitor are both in place. This is possible because the
average value of the input current is a precise linear func-
tion of the differential input voltage.

2.3.3 Input Source Resistance

Large values of source resistance where an input bypass
capacitor is not used, will not cause errors as the input cur-
rents settle out prior to the comparison time. If a low pass
filter is required in the system, use a low valued series resis-
tor (< 1 k) for a passive RC section or add an op amp RC
active low pass filter. For low source resistance applica-
tions, (< 1 k), a 0.1 uF bypass capacitor at the inputs will
prevent noise pickup due to series lead inductance of a long
wire. A 1001} series resistor can be used to isolate this ca-
pacitor—both the R and C are placed outside the feedback
loop—from the output of an op amp, if used.

. 2.3.4 Noise’ . © - .
The leads to the analog inputs (pin 6 and 7) should be kept
as short as possible to minimize input noise coupling. Both
noise and undesired digital clock coupling to these inputs
can cause system errors. The source resistance for these
inputs should, in general, be kept below 5 kQ. Larger values
of source resistance can cause undesired system noise
pickup. Input bypass capacitors, placed from the analog in-
puts to ground, will eliminate system noise pickup but can
create analog scale errors as these capacitors will average
the transient input switching currents of the A/D (see sec-
tion 2.3.1.). This scale error depends on both a large source

resistance and the use of an input bypass capacitor. This
error. can be eliminated by-doing a full-scale adjustment of
the A/D (adjust Vpgp/2 for a proper full-scale reading—see
section 2.5.2 on Full-Scale Adjustment) with the source re-
sistance and input bypass capacitor in place.

2.4 Reference Voltage

2.4.1 Span Adjust

For maximum applications flexibility, these A/Ds have been
designed to accommodate a 5 Vpg, 2.5 Vpg or an adjusted

voltage referance. This has been achieved in the design of
the IC as shown in Figure 4.

Vee Vaer)

20 °

Sy
Vaern O— .
BEF DIGITAL

]_ amcunTs
}_

DECODE

i ANALOS

E]

t CIRCUITS
< %
< }—
\

AGND |3 0GND |70
LI 777

: : TUH/S671~15
FIGURE 4. The VFSEFERENCE Design on the IC

Notice that the reference voltage for the IC is either % of
the voitage applied to the Ve supply pin, or is equal to the
voltage that is externally forced at the Vper/2 pin. This al-
lows for a ratiometric voltage reference using the Vg sup-
ply, a 5 Vpc reference voltage can' be used for the Voo

. supply or a voltage less than 2.5 Vpc can be applied to the

VRrer/2 input for increased application flexibility. The inter-
nal gain to the Vrer/2 input is 2, making the full-scale differ-
ential input voltage twice the voltage-at pin 9.

An example of the-use of an adjusted reference voltage is to
accommodate a reduced span—or dynamic voltage range
of the analog input voltage. If the analog input voltage were
to range.from-0.5 Vpc 10-3.5 Vpc.instead of OV to 5 Vpg,
the span would be-3V as shown in Figure 5. With 0.5'Vpg
applied to the Vin{(—) pin o absol e-offset, the reference
voltage can be made equal to, % of the 3V span or 1.5 Vpe.
The A/D fiow will encode the Vin(+) signal from 0.5V to 3.5
V with the 0.5V input corresponding to zero and the 3.5 Vpg
input corresponding to full-scale. The full 8 bits of resolution
are therefore applied over this reduced analog input voltage
range.
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Functional Description (continue)

*Add it Vage/2 £ 1 Vpg with LM358
to graw 3 mA 1o ground.

SV I vyt max
35V)

vinl+)

o .V"‘(') Mi% SPAN = 3V
- (.5v} -
e —

LS e e
T

a) Analog Input Signal Example

Voc
~ZERO-SHIFT

o—'— Vinlsh

A [}
VRer?
i -
Vint-)
AN
- {18vpel
+

ADJ

»
3 5 AR U B P A/
ADJ l

TL/H/S671-16

-b) Accommodating an Analog Input from

0.5V (Digital Out = = 00ygx) to 3.5V
(Digital Out=FFugy)

FIGURE 5. Adapting the A/D Analog input Voltages to Match an Arbitrary Input Signal Range

2.4.2 Reference Accuracy Requirements

The converter can be operated in a ratiometric mode or an
absolute mode. In ratiometric converier applications, the
magnitude of the reference voltage is a factor in both the
output of the source transducer and the output of the A/D
converter and therefore cancels out in the finai digital output
¢ode. The ADC0805 is specified pamcularly for use in ratio-
metric applications with no adjustments required. In abso-
lute conversion applications, both the initial value and the
temperature stability of the reference voltage are important
factors in the accuracy of the A/D converter. For Vggr/2
voltages of 2.4 Vpc nominal value, initial errors of =10
mVpg-will cause conversion errors of +1 LSB due to the
gain'of 2 of the VRer/2 input. In reduced span applications,
the initial value and the stability of the Vagp/2 input voltage
become even more important. For example, if the span is
reduced to 2.5V, the analog input LSB voltage value is cor-
respondingly reduced from 20 mV (5V span) to 10 mV and
1'L.SB at the Vgeg/2 input becomes 5 mV. As can be seen,
this reduces the allowed initial tolerance of the reference
voltage and requires’ Cerespondmeg less absolute change
with temperature variations. Note that spans smaller than
2.5V place even tighter requxrements on'the lnmal accuracy
and stability of the reference source.

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

2.5 Errors and Reference Voitage Adjustments

2.5.1 Zero Error

The zero of the A/DL does not require adjustment. If the
minimurn analog input voitage value, Vingminy. is not ground,
a zero offset can be done. The converter can be made to
output 0000 0000 digital code for this minimum input voitage
by biasing the A/D V(=) input at this Vingming value (see
Applications section). This utilizes the differential mode op-
eration of the A/D.

The zero error of the A/D converter relates to the location
of the first riser of the transfer function and can be mea-
sured by grounding the Viy (~) input and applying a small
magnitude positive voitage to the Viy (+) input. Zero error
is the difference between the actual DC input voltage that is
necessary to just cause an output digital code transition
from 0000 0000 to 0000 0001 and the ideal ¥, LSB value
(/2LS8 = 9.8 mV for VREF/2,=2~500 Voc)

2.5.2 Full-Scale -

The full-scale adjustment can be made by applymg a differ-
ential input voltage that is 1'% LSB less than the desired
analog full-scale voltage range-and then adjusting the mag-
nitude of the Vrer/2 input (pin 9 or the Vg supply if pin 9-is
not used) for a digital output code that is just changing. from
1111 1110 to 1111 1111,

- \



W P g

L T R I

WY e — TR e

Eaialidt ]

e on

e

Functional Description (continueq)

2.5.3 Adjusting for an Arbitrary Analog Input Voltage
Range .
If the analog zero vonage of the A/D is shifted away from
ground (for example, 10 accommodate an analog input sig-
nal that does not go ' ground) this new zero reference
should be properly adjusted first. A Vin(+) voltage that
equals this desired zero reference plus ¥, LS8 (where the
LSB is calculated for the desired analeg span, 1 LSB =ana-
log span/256) is applied to pin 6 and the zero reference
voltage at pin 7 should then be adjusted to just obtain the
00ngx to 01ex code transition,
The full-scale adjustment should then be made (with the
proper V(=) voltage applied) by forcing a voitages to the
Vin(+} input which is given by:
G [ (Vmax — VMIN)]
Vin(+) fsadj = Vyax—1.5 | —~=—MN |
N (+) s adj = Vyax—1. [ 256

where:

Vmax=The high end of the analog input range
and

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

The VRer/2 (or Vce) voltage is then adjusted to provide a
code change from FEngx to FFgx. This completes the ad-
justment procedure.

2.6 Clocking Option

The clock for the A/D can be derived from the CPU clock or
an external RC can be added to provide self-clocking. The
CLK IN (pin 4) makes use of a Schmitt trigger as shown in
Figure 6.

-/
CLX R
19 \
f =
R CLK=YTRC
cuxing |> A=, R=10kQ
4
[
l A/D
TL/H/S871-17

FIGURE 6. Self-Clocking the A/D

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

2.7 Restart During a Conversion

' the A/D is restarted (TS and WR go low and return high)
during a conversion, the converter is reset and a new con-
versior: is started. The output data latch is not updated if the

conversion in process is not aliowed to be compieted, there-
fore the data of the previous conversion remains in this
latch. The INTR output simply remains at the “1" level.

2.8 Continuous Conversions

For operation in the free-running mode an initializing pulse
should be used, following power-up, 1o ensure circuit opera-
tion. In this appfication, the T3 input is grounded and the
WH input is tied to the TNTR output. This WR and INTR
node should be momentarily torced to iogic low following &
pawer-up cycle to guarantee operation.

2.9 Driving the Data Bus

This MOS A/D, like MOS micreprocessors and memories,
will require a bus driver when the total capacitance of the
data bus gets large. Other circuitry, which is tied to the data
bus, will add to the total capacitive loading, even in TRI-

‘STATE (high impedance mode). Backplane bussing also

greatly adds to the stray capacitance of the data bus,

There are .some alternatives available to the designer to
handle this problem. Basically, the capacitive loading of the .
data bus slows down the response time, even though DC
specifications are still met. For systems operating with a
relatively slow CPU clock frequency, more time is available
in which to establish proper logic levels on the bus and
therefore higher capacitive loads can be driven (see typical
characteristics curves).

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

Finally, if time is short and capacitive loading is high,-exter-
nal bus drivers must be used. These can be TRI-STATE
butfers (low power Schottky such as the DM74L5240 series
is recommended) or special higher drive current products
which are designed as bus drivers. High current bipolar bus
drivers with PNP inputs are recommended.

2,10 Power Suppiies

Noise spikes on the Vcc supply line can cause conversion
errors as the comparator will respond to this noise. A low
inductance tantalum filter capacitor shoulid be used close to
the converter Vg pin and values of 1 uF or greater are
recommended. If an unregulated voltage is available in the
System, a separate LM340LAZ-5.0, TO-92, 5V voltage requ-
lator tor the converter (and other analog circuitry) will greatly
reduce digital noise on the Vg supply.

2.11 Wiring and Hook-Up Precautions R

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

A single point analog ground that is separate from the logic
ground points shouid be used. The power supply bypass
capacitor and the self-clocking capacitor (if used) shoutd
both be returned to digital grcund. Any Vrer/2 bypass ca-
pacitors, analog input filter capacitors, or input signal shield-
ing should be retumed to the analog ground point. A test for

praoper grounding is to measure the zero error of the A/D

converter. Zero errors in excess of Y4 LSB can usually be
traced to improper board layout and wiring (see section
2.5.1 for measuring the zero error).

3.0 TESTING THE A/D CONVERTER """ =

There are many degrees of complexity associated with test-

ing an A/D converter. One of the simplest tests is to apply a
known analog input voitage to the converter and use LEDs
to display the resulting digital-output code as shown in £ ig-.
ure 7. B

For ease of testing, the VgEFIZ (pin 9) should be supplied.

with 2.6R0 Vpc and a Ve supply voltage of 5.12 Vpe:

should be used. This provides an LSB value of 20 mV.

if a full-scale adjustment is to be made, an analog input
voltage of 5.090 Vp¢ (5.120-1%, LSB) should be applied to
the Vin(+) pin with the Viy(—) pin grounded. The value of
the Vrer/2 input voltage should then be adjusted until the
digital output code is just changing from 1111 1110 to 1111
1111, This value of VRer/2 should then be used for ail the
tests.

The digital output LED display can be decoded by d:vrdmg
the 8 bits into 2 hex characters, the 4 most significant (MS)
and the 4 least significant (LS). Table | shows the fractional
binary equivalent of these two 4-bit groups. By adding the
voltages obtained from the “VMS" and “YLS" columns in
Table |, the nominal value of the digital display {(when
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FlGURE 7 Basic A/D Tester

. space |s shown -in Figure- 10»—-~ 4o tem e emeen

e LT emy et

VRer/2 = 2.560V) can be determined. For example, for an
output LED display of 1011 0110 or 86 (in hex), the voltags
values from the table are 3.520 + 0.120 or 3.640 Vpc.
These voltage values represent the center-values of a per-
fect A/D converter, The effects of quantization error have to
be accounted for in the interpretation of the test results,

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

5.

*~tal words.

A basic A/D tester that uses a DAC and provides the error
as an analog output voltage is shown in Figure 8. The 2 op
amps can be eliminated i a lab DVM with a numerical sub-

. raction feature is available to read the ditference voltage,

“A-C", directly. The analog input voltage can be supplied
by a low frequency ramp generator and an X-Y plotter can
be used to provide analog error (Y axis) versus analog input
(X axis).

- For operation with a microprocessor or a computer-based

test system, it is more convenient to present the errors digi-
tally. This can be done with the circuit of Figure 9, where the
output code transitions can be detected as the 10-bit DAC is
incremented. This providas ', LSB steps for the 8-bit A/D
under test. If the resuits of this test are automatically plotted
with the-analog input on-the X axis and the error {in LSB's)
as the Y axis, a useful transfer function of the A/D under
test results.-For acceptance testing, the plot is not neces-
sary and the testing speed can be increased by establishing
internal limits on the allowed error for each code.

4.0 MICROPROCESSOR INTERFACING

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

4.1 Interfacing 8080 Microprocessor Derivatives (8048,
9085)

This converter has been designed-to dlrectly interface wnth

- derivatives of the 8080 microprocessor. The A/D can be

mapped into memory space (using standard memory ad-
dress decoding for TS.and the MEMR and MEMW strobes)
or it can be controlled as an i/0 device by using the 7O R

and 7O W W strobes and decoding the address bits A —
A7 (or address bits A8 — A15 as they will contain the
same 8-bit address information) to obtain the TS input Us-

-ing-the 1/0O space provides-256 additional- addresses and

may allowa simpier 8-bit address decoder but the data can
only be input to the accumulator. To-make use of the addi-
tional -rpemory reference instructions, the A/D should be
mapped into memory space. An example of an A/D in l/O
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Qacren
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OAC

ANALDG INPYT o 4
VOLTAGE

100X ANALOG
ERRGR VOLTAGE

VANALOG OUTIUT

1GITAL A/D l.m‘ﬂEl m OtGITAL
INPUT TEST QuUTIYT
g TL/H/S5671-19
FIGURE 9. Baslc "Digital” A/D Tester
- TABLE |. DECODING THE DIGITAL OUTPUT LEDs
, OUTPUT VOLTAGE
FRACTIONAL BINARY VALUE FOR CF =R YALUES
HEX BINARY -« WITH
% VRep/2=2.560 Vpg
! MS GROUP LS GROUP VMS GROUP* | VLS GROUP*

Flt 1 1 1 15/16 - 15/256 4.800 0.300
E [t 1 1 o0 778 - 7/128" 4.480° 0.280
D |1 1t 0o 1 13716 13/256 4.160 0.260
c |1 1 0 o 34 | 3/64 ~ e i 3.840 0.240
B {1 -0- 1 1{- g . 11716 . 1/zse 3.520 0.220
A {1 0 1 o0 5/8 »’ 5128 © - 3.200° 0.200
9 {1700 1 . ens g 9/256 2/880 J.. 0.180
8 {1 0 0 of12 © 1732 ~ 2/560° - 0.160
7 10 1 o1t . 7116 : 7/258 2.240, . 0140
6 [0 1..1 o0 °3/8 .. - 3/128, T 1920777 | 0120
5 o010 1T 5/16 - 2/256: 1.600 T 0100
4o 1 070 174 1/64 S 1/280 " 0.080
3 o o 1 1 /18 3/256. 0.960 © 0.060
2 o o 1t o 1/8 17128 77 0.640 0.040
1 0o 0o o 1 1716 . 1/256 0.320 0.020

0 [0 0 o o 0 0

*Display Output=VMS Group + VLS Group
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Functional Description (continueq)
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i ——.o Wt N . 082 -——-——» oaz(1n*
ANALOGO 7 Vints) (L] ———» o83 9*
INPuTS - 3 Vine-) 084 —-————> 084 (51°
—E':L_" a0 o ——-—————b oS (11”
= O{VRen o8s —-———-Nm ao*
0 GAD [13) —p 087 01"
1Y
o
T .
E L] . i BS oot A 015 (36}
b B e —q AD4 (39}
7 °’:;‘s" 83— g a013 (30
n COMPARATOR 82 fmme g AD1237)
n g 2011 (a0)
] { L B g ADIO (1)
T .
777

TL/H/8671-20

Note 1: *Pin numbers for the DP8228 system controiler, others are INS8080A.

Note 2: Pin 23 of the INSB228 must be ted to + 12V through a 1 k2 rasistor to generate the AST 7
instruction when an interrupt 1$ acknowlecged as required by the accompanying sample program.

FIGURE 10. ADC0801~-INS8080A CPU Interface

SAMPLE PROGRAM FOR FIGUHé ;0 ADC0801-INS8080A CPU INTERFACE

0038 €3 0003 RST 7: JMP LD DATA
. . L)
[} ° ° - i "y
0100 21.00 02. START : LXI H 02008 ;HL pairwill point to
3 ;data storage locations
0103 310004 RETURN : LXI SP 0400H ; Inttialize stack pointer (Note 1)
0106 7D ’ MOV AL ; Test #of bytes entered
0107 FE OF . CPIOFH : g It#=16. JMP to
0109 CA1301 . JZ CONT ;user program
010C D3 EOQ - - OUT EOH s Start A/D
OlCE FB EI- ; Enable interrupt
010F 00 LOOP: Y NOP . ;Loop until end of
0110 C30FO1_ . - .. - JMP LOOP ; codversion-
0113 s - CONT:: .. T
. ] N ) - .
. e " * ‘{Userprogramto . - - - 3
. ., .* ", processdata) .
L] L N . L2
L] : L ] . ' L] L] M :
0300 DB EQ LD DATA: INEOH" ' ;Load datainte accm:mlatox
0302 77 ) HOV M, A _ :Store data
-0303 23 s . INXH ; Increment storage pointer
0304 C3030L A JMP RETURN

Note 1: The stack pointer must ba dimensioned because a RST 7 instuction pushes the PC onto tha stack.
Note 2: All address used were arbitrarity.chosen. . .
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Functional Description (continued)

The standard control bus signals of the 8080 C‘; RD and .
WR) can be directly wired to the digital control inputs of the"
A/D and the bus timing requirements are-met to aliow both

starting the converter and outputting the data onto the data

bus. A bus driver should be used for larger microprocessor

systems where the data bus leaves the PC board and/or

must drive capacitive loads larger than 100 pF.... .

4.1.1 Sample 8080A CPU lnterfacing Clrcuitry and
Program

The following sample program and associated hardware
shown in Figure 10 may be used to input data from the
converter to the INS8080A CPU chip set (cqomprised cf the
INS8080A microprocessor, the INS8228 system controller
and the INS8224 clock generator). For simplicity, the A/D is
controlled as an I/0 device, specifically an 8-bit bi-direction-
al port located at an arbitrarily chosen port address, EQ. The
TRI-STATE output capability of the.A/D eliminates the need

'

for a peripheral interface device, however address decading -

is still required to generate the appropriate CS for the con-
verter.

TR R e -

_ Itis important to note that in systems where the AID con-
vertér is 1-of-8 or less 1/0 mapped devices, no address
decoding circuitry is necessary. Each of the 8 address bits
(AO to A7) can be directly used as CS inpits—one for each
1/Q device.

4.1.2 INS8048 Interface

The INS8048 interface technique with the ADCO801 series
(see Figure 11) is simpler than the 8080A CPU interface.
There are 24 1/0 lines and three test input lines in the 8048."
With these extra I/0 lines available, cne of the 1/0 lines (bit
0 of port 1) is used as the.chip select signal to the A/D, thus
eliminating the use.of an external address decoder. Bus
control signals,RD, WR and INT of the 8048 are tied directty
to the A/D..The 16 converted data words are stored at on-
chip RAM locations from 20 to 2F (Hex). The RD and WR
signals are generated by reading from and writing into a
dummy address, respectively. A sample interface program
is shown below.

'

e ) T
vie oeole L] PO T‘“’
Py on = .
1 1 S
o8z 4 —{om
.11} :—“ L1
o84 {4 lon
oes -‘: Bloes
1 - 1 .-
o4 |4 2 ons
31048 g7 |4 Llosr accoset
150 9%
g 106
DR ATt
1 3 — 4
I rad b LN . -
14 :" - iNTR 1
hl 3 ) &
" Lyl acnol
s 0GKD
ANALOG [ 1V :
ves NPUT | Vi) =
g £ |

TU/H/567F-21"

FIGURE 11, INS8048 Interface
SAMPLE PROGRAM FOR FIGURE 11INS8048 INTERFACE

0410 IMP
- - .ORG
04-50 JIMP
R ORG
99 FE ANL
81 - MOVX
8901 START: . % ORDL
B8 20 MOV
B9 FF uov
BA 10 T : Mov
23 FF AGAIN: MOV
99 FE ANL
91 MOVX
05 EN
96 21 LOOP: JNZ
EA 1B DINZ
00 NoP
00 Hop
L - .« .*ORG
81 INDATA: - , Movx
Ao . . . MoV
18 I . INC
8901 ORL
27 ‘CLR
93 RETR

.. 108 s Program starts.at.addr 10
3H
..SOH ; Interrupt jump vector
o8 - ; Main program
Pl, #0FEH ; Chip select
A, @RY ;Read inthe lst data:
s O] B ; toreset the intr .
Pl, #1 ; Set port pinhigh - "
#20H :Data address .
R1l, #0FFH ; Dummy address ’ .
R2, #10H ; Counter for 16 bytes”
A, #OFFH _;Set ACC for intr loop’ -
Pl, #0FEH ; Send CS (bit 0 0f P1) .l
@Rl A : Send.WR out :
y+ -~ -.; Enable interrupt
LOOP . Wait for interrupt
R2, AGAIN ¥ ;If16 bytes are read
. ;go to user's program
S0H - §lel e i
A, @RL:- ; Input data, CS still low ~
€RO, A ; Store inmemory )
RO .. ;s Increment storage’ ccunter
Pl, 1 . s Reset CS signal
A - -+ ;Clear.ACCto gst out.of.c.

:tha.intermpt loop ... rar it
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Functional Description (continues)

4.2 Interfacing the Z-80

The 2-80 control bus is slightly different from that of the
8080. General RD and WR strobes are provided and sepa-
rate memory request, MREQ, and 1/0 request, IORQ, sig-
nals are used which have to be combined with the general-
ized strobes to provide the equivalent 8080 signais. An ad-
vantage of operating the A/D in 1/O space with the Z-80 is
that the CPU will automatically insert one wait state (the RD
and WR strobes are extended one clock period) to allow
mora time for the 1/0 devices to respond. Logic to map the
A/D in I/O space is shown in Figure 13.

[y AB 2 Ny
LTS . A/
w1
1 MMmMcI- TL/H/S671-23

FIGURE 13. Mapping the A/D as an /0 Device
for Use with the Z-80 CPU

Additional /O advantages exist as software DMA routines
are available and use can be made of the output data trans-
fer which exists on the upper 8 address lines (A8 to A15)
during 170 input instructions. For example, MUX channel
selection for the A/D can be accomplished with this operat-
ing mode. i

4.3 Intertacing 6800 Microprocessor Derivatives
(6502, etc.)

The control bus for the 6800 microprocessor derivatives
does not use the RD and WR strobe signals. Instead it em-
ploys a single R/W line and additional timing, if needed, can
be derived fom the $2 clock. All I/0O devices are memory
mapped in the 6800 system, and a special signal, YMA,
indicates that the current address is valid. Figure 14 shows
an interface schematic where the A/D is memory mapped in
the 6800 system. For simplicity, the T3 decoding is shown
using '~ DM8092. Note that in many 6800 systems, an ai-

ready decoded 375 line is brought out to the common bus at
pin 21. This can be tied directly to the T3 pin of the A/D,
proviced that no other devices are addressed at HX ADDR:
4XXX or 5XXX.

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

In Figure 15 the ADCOB01 series is interfaced to the MEBCO
microprocessor through (the arbitrariiy chosen) Port B of the
MC8820 or MCE821 Feripheral interface Adapter, (PIA).
Here the CS pin of the A/D is grounded since the PIA is
already memory mapped in the M6800 system and no TS
decoding is necessary. Also notice that the A/D output data
lines are connected to the microprocessor bus under pro-
gram control through the PIA and therefore the A/D RD pin
can be grounded.

A sample interface program equivalent to the previous one
is shown below Figure 15. The PIA Data and Control Regis-
ters of Port B are located at HEX addresses 8006 and 8007,
respectively.

5.0 GENERAL APPLICATIONS

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

5.1 Muitiple, ADC0801 Series to MC6800 CPU Interface

To transfer analog data from several channels to a single
microprocessor system, 2 muitiple converter scheme pre-
sents several advantages over the conventional multiplexer
single-converter approach. With the ADCO801 series, the
differential inputs allow individual span adjustment for each

* channel. Furthermore, all analog input channels are sensed
simultaneously, which essentially divides the microproces-
sor's total system servicing time by the number of channels,
since ail conversions occur simuitaneously. This scheme is
shown in Figure 16.

» AT @*[01°°

AAA

< A o ()

VWA

uf

anaLoc O
1XPUTS O~

29

=ad
? ABC

T As oY fias
OB e 08 1 (311
on —-—-—»“ o1 a2 (29¢
082 ———»ﬂ oz 2 IR

D83 % 03 [ (A"

Yeo
cxn bl

u
o e - DA 04 (29} {32] .

1
nu“: os an {30
088 g 06 0 {0}

1 -
087 ——-—-——;‘ o7 as Ui

-‘—-——.4 A1z an ()

2
—04-—1 anan (R

3 1
< At g4 (d)

Note 1: Numters in parentneses refer to MCE6800 CPU pin out.

Note 2: Number cr letters in brackets refer to standard M6800 system comman bus code.

4
17 oMwen2 —-bq—q ats @ (3

3
P VMA (9) [F)

/Lﬂlﬂ mf eIy
414243

TL/H/5671-24

FIGURE 14. ADC0801-MCE800 CPU Interface



CERETRe o w R SATTTREE TR SR ATRRCLTgRTER W TR S

v TR TR TR TEE W ST e T8 e WEE VRS T genss TS

D

Functional Description continueq)

0010
0012
0015
0018
0018
00lcC
001D
001F
0022
0024
0027
0028

0024A.

002¢C
002E
0031
0033
0034

0036
0038
0038
003D
Q03F

-

SAMPLE PRdéﬂAM FOR FIGURE 14 ADC0801-MC86800 CPU INTERFACE

DF 36
CE00 2¢
FFFFF8
B75000
OE

3E

DE 34
8C 02 OF
2714
B7 5000
08

DF 34
20 F0
DE 34 -
B6 50 00
A7 00
3B
0200

00 00
CE0200
DF 34
DE 36

39

DATAIN

CONVRT

INTRPT

TEMP)

TENP2
ENDP

SIX
LDX
STX
STAA
CLI
WAL
LDX
cPX
BEQ
STAA
INX
SIX
BRA
LDX
LDAA
STAA
RTI
FDB

FDB
LDX.
SIX
LDX
RTS

TEMP2
#$002C
SFFF8
35000

TEMP1
#3020F

ENDP

$5000

TEMPL
CONVRT
TEYPL
$5000

X

$0200-

$0000
#$0200
TENPL
TEMP2

; Save contentsof X
: Upon TRQ low CPU

; Juzps to 002C

; Start ADCOBOL

iWait forinterrupt

; Is final data stored?

; Restarts ADCO801

; Read data

;StoreitatX

s Starting address for
;data storage

;Reinitialize TEMPL

; Retura froam subroutine

; Touser's program

Note 1: In order for the microprocessor to service subroutines and interrupts, the stack pdinter must ba dimensioned in the user's program.

LI
1
. < 2 Jes
10k
AW
1 U/
- Vee —ZLOSV
1oAm cexafl
7 Lo wa 080 12 LN PP
B 17 TN
CLKIN 0stf— >{ra1
Solmm 24 pazps L P
15 13
ANALEG O— : Ving) oBs = e lie
INPUTS Vinie) o[ .
150 9F = U AGNOD 08S 15, P8S
3 1
¢ O=—f Vges2 D8s ‘: ::: PB6
1
L0 6o - 08 >pe
P

FIGURE 15. ADC0801-MC6820 PIA Interface

Pta

TL/H/S671-25
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Functional Description (continueq)

SAMPLE PROGRAM FOR FI/GURE 15 ADC0801-MC6820 PIA INTERFACE

0010 CE 00 38 DATAIN  LDX
0013 FFFFF8 STX
0016 B6 8006 LDAA
0019 4F CLRA,
0014 B7 8007 STAA
001D B7 80 06 STAA
0020 OE CLI
0021 C6 34 " LDAB
0023 86 3D LDAA
0025 F78007 CONVRT ° STAB
0028 B7 8007 STAA
0028 3E - WAL
002C D240 . R LDX
002E 8C 02 OF o cPX
0031 270F. BEQ
0033 08 .. INX
0034 DF 40 STX
0028 20 ED . BRA
0033 DE 40 INTRPT 1DX
0034 B6 80 06 LDAA
003D 4700 STAA.
CO3F 3B RTI
0040 02 00 TENPL FDB
0042 CE 02 00 ENDP LDX
0045 DF 40 STX
0047 30 RTS
PIAORB EQU
PIACRB QU

The following schematic and sampie subroutine (DATA IN)
may be used to interface (up to) 8 ADC0801's directly to the
MCB800 CPU. This scheme can easily be extended to aflow
the interface of more converters. in this configuration the
converters are (arbitrarily) located at HEX address 5000 in
the MC6800 memory space. To save components, the
clock signal is derived from just one RC pair on the first
converter. This output drives the other A/Ds.

All the converters are started simuitaneously with a STORE
instruction at HEX address.5000. Note that any other HEX
address of the form 5XXX will be decoded by the circuit,
pulling all the TS inputs fow. This can easily be avoided by
using a more definitive address decoding scheme. All the
interrupts are ORed together to insure that all A/Ds have
completed their conversion before the microprocessor is in-
terrupted. ’ '

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

£80033 ; Upon IRQ low CPJ
SFFT3 + Jumps to 0038
PIAORB ;Clear possible IRQ flags
PIACRB
PIAORB ; Set Port Bas input
#334
#33D
PIACRB s Starts ADCO801
PIACRB . . . .. .
s Wait for interrupt
TEMPL -
#S020F .+ Isfinal datastored?
ENDP
TEMPL
CONVRT
TEMP1
PIAORB ; Read data in
X ;: s StoreitatX
30200 ; Starting address for
;data storage
#80200 ;Reinitialize TEVP1
TEMPY
; Return from subroutine
$8006 ; Touser's program
28007

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

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

The differential inputs of the ADC0O801 series eliminate the
need to perform a differential to single ended conversion for
a differential transducer. Thus, cne op amp can be eliminat-
ed since the differential to single ended conversion is pro-
vided by the differential input of the ADC0801 series. In gen-

" eral, a transducer preamp is required to take advantage of

““the full A/D converter input dynamic range.
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Functional Description (continueq)
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Note 1: Numbers in parentheses refer to MCE800 CPU pin out.

Note 2: Numbers of lefters in brackets refer to standard M6800 system common bus code.

ADDRESS
0010
0012
0015
0018
001B
0olcC
001D
0020
0022
0025
0027
0029
0024
002C
Q02E
002F
0031

.QG-LOQ—‘ ananifl

[
2O g ate 2 .

FIGURE 16. Intertacing Muitiple A/Ds in an MC6800 System
SAMPLE PROGRAM FOR F/GURE 16 INTERFACING MULTIPLE A/Ds IN AN MC6800 SYSTEM*
MNEMONICS

HEX CODE
DF 44 .

CE 0024
FFFFF8
B7 50 00

- OF

3E
CES000
DF 40
CE0200
DF 42
DE 44

39

DE 40
A6 00
08

DF 40
DE 42

DATAIN

INTRPT

SIX 4
LDX
STX
STAA
CLI
WAI
LDX
SIX
LDX
STX
LDX
RTS
LDX
LDAA
INX
STX
LDX

TEMP

- #§0024
© $FFF8

$5000

#35000
INDEX1
#30200
INDEX2
TEMP

INDEX1
X

INDEX1
INDEX2

COMMENTS

§
—04—4 ns ol

; Save Contentsof X
s Upon IRQ LOW CPU

., i Jumps to 0024

;StartsallA/D's"

s Wait for interrupt

; Reset both INDEX
;land2to starting

; addresses

;Return from subroutine

; INDEX1 — X

iReaddatain fromA/Dat X

; Increzent X by one

:X — INDEX1
; INDEX2 — X
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\gunctlonal Description (Continued)

SAMPLE PROGRAM FOR F/IGURE 16 INTERFACING MULTIPLE A/Ds IN AN MC6800 SYSTEM

ADDRESS HEX CODE MNEMONICS COMMENTS
0033 A7 00 STAA X ; Storedataat X
0035 8C 0207 crX #30207 ; Have all A/D's beenread?
0038 2705 BEQ RETURN ; Yes: branch to RETURN
0034 08 INX s No:increment Xbycne
C03B DF 42 STX INDEZ2 ;X — INDEX2
003D 20EB BRA HIRPI ; Branch to 0024
QO03F 3B RETURN RTI
0040 5600 INDEX1 FDB 5000 ; Starting address for A/D
0042 02 00 INDEX2 FDB $§0200 s Starting address for data storage
0044 0000 TEMP FDB $0000

the stack pointer must be dimensioned in the user's program.

Note 1: In order for the microp to service ines and i

For amplification of OC input signals, a major system error is:
the input offset voltage of-the amplifiers used for, the

preamp. Figure 17 is a gain- of 100 differenuat preamp | -

whose offset voltage errors will be cancslled by a zeroing
subroutine which-is performed by the INS8080A microproc-
essor system. The total allowable input offset voltage error
for this preamp is only 50 uV for Y4 LSB error. This would
obviously require very precise amplifiers. The expression for
the differential output voltage of the preamp is:

. 2R2
Vo = [Vin{+)=Vin(—)] {1 + ET] +

M

SIGNAL GAIN

. 2R2
(Vos, — Vos; — Vosg = IxRx) (1 i 31—)
A - A
DC ERROR TERM GAIN

where ly is the current through resistor Rx: All of the offset
error terms can be cancelled by making =IxRx= Vog1 +
Vosa — Vosg. This is the principle of this auto-zeroing
scheme.

The INSB080A uses the 3 |/O ports of an INS8255 Pro-
gramable Peripheral Interface (PP1) to control the auto zero-
ing and input data from the ADC0801 as shown in Figure 18.
The PP is programmed for basic {/O operation (mode 0)
with Port A being an input port and Ports B and C being
output.ports. Two bits of Port C are used to alternately open
or close the 2 switches at the input of the preamp. Switch

SW1 is closed to force the preamp’s differential input to be
.zero during the zerojng subroutine and then opened and

" SW2 is then.closed for conversion of the actual differential

input signal. Using 2 switches in this manner eliminates con-
cern for the ON resistance of the switches as they must
conduct only the input bias current of the input amplifiers.

Output Port B is used as a successive approximation regis-
ter by the 8080 and the binary scaled resistors in series with
each output bit create a D/A converter. During the zeroing
subroutine. the voltage at V, increases or decreases as re-
quired to make the differential output voltage equal to zero.
This is accomplished by ensuring that the voltage at the
output of A1 is approximately 2.5V so that a logic 1" (5V)
on any output of Port B will source current into node Vy thus -
raising the voltage at Vx and making the output differential
more negative. Conversely, a logic 0" (0V) will puil current
out of node Vy and,decrease the voltage, causing the differ-
ential output to become more positive. For the resistor val-
ues shown, Vy can move 12 mV with a resolution of 50
wuV, which will null-the offset error term to ¥, LSB of full-
scale for the ADCO801. It is important that the voltage leveis
that drive the auto-zero resistors be constant. Also, for sym-
metry, a logic swing of OV to 5V is convenient. 7o achieve
this, a CMOS buffer is used for the logic output signals of
Port B and this CMOS package is powered with a stable 5V
source. Buffer ampilifier A1 is necessary so that it can
source or sink the D/A output current.
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FIGURE 17. Gain ot 100 Differential Transducer ﬁreamp
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A flow chart for the zeroing subroutine is shown in Figure
19. 1t must be noted that the ADC0801 series will output an

all zero code when it converts a negative input [Vin(—) 2.

Vin(+)1: Also, a logic inversion exists as all of the I/0 ports
are buffered with inverting gates.

Basically, if the data read is zero, the differential output voit-
age is negative, so a bit in Port B is cleared to puil Vx more
negative which will make the output more positive for the
next conversion. If the data read is not zero, the output volt-
age is positive so a bit in Port B is set to make Vx more
positive and the output more negative. This continues for 8
approximations and the differential output eventually con-
verges to within § mV of zero.

The actual program is.given in Figure 20. All addresses
used are compatible with the BLC 80/10 microcomputer
system. In particular:

Port A and thé ADC0801 are at port address E4

Port B is at port address E5

Port C is at port address E6

PP! control word port is at port address E7

Program Counter automatically goes to ADDR:3C30 upon
acknowledgement of an interrupt from the ADC0801

5.3 Multiple A/D Converters in a Z-80 interrupt
Driven Mode ’

In data acquisition systems where more than one A/D con-
verter (or other peripheral device) will be interrupting pro-
gram execution of a microprocessor, there is obviously a
need for the CPU to determine which device requires servic-
ing. Figure 21 and the accompanying software is a method
of determining which of 7 ADC0801 converters has com-
pleted a conversion (INTR asserted) and is requesting an
interrupt. This circuit allows starting the A/D converters in
any sequence, but will input and store valid data from the
converters with a priority sequence of A/D 1 being read first,
A/D 2’second, etc., through A/D 7.which would have the
lowest priority for data being read. Only the converters
whose INT is asserted will be read.

The key to decoding circuitry is the DM74LS373, 8-bit D
type flip-fiop. When the Z-80 acknowledges the interrupt,
the program is vectored to a data input Z-80 subroutine.
This subroutine will read a peripheral status word from the
DM741.8373 which contains the logic state of the INTR out-
puts of all the converters. Each converter which initiates an
interrupt will place a logic “0’" in a unique bit position in the
status word and the subroutine will determine.the identity of
the converter and execute a data read. An identifier word
(which indicates which A/D the data came from) is stored in
the next sequential memory location above the location of
the data so the program can keep track of the identity of the
data entered. ’ )

OPEN SWt
CLOSE sw2

PREANP 1S ZEROED
AND PROPER INPUT
CONVERSIONS CAN

BE DONE

FIGURE 1

CLOSE SW1
OPEN SW2

INITIALIZE SAR
BIT POINTER
REGB=X'T0

I

INITIALIZE SAR
COOEIN REG C
REGC=XTF

.

OUTPUT FIRST
SAR CODE
TOATE-x'10

= >

START A/r AND
READ DATA

“OR” REG 3 WITH
REG C TOCLEAR
BT INPCRT B
WHEN REAPPLIED

SHIFT 1IN REG 8
AIGHT TO POINT TO
NEXT 8IT

!

YES

~“EXCLUSIVE—OR~
REG B WITH REG C
. TOSET NEXT BIT .
. INPORTS

!

OUTPUT NEW SAR
CODE TO PORTB.

9. Flow Chart for Auto-Zero Routine

L2l P
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3000  3ESO VIS0

3002 D3E7 Out Control Port % Program PPI

3D04 2601 MVIHOL Auto-Zers Subroutine

3006 7C MOV AL,H

3007 D3ES QUT C ; Close SW1 open SW2

3D09 0680 XVI B 80 ;Initialize SARbit pointer
3D0B  3E7F MVIAT7F ;s Initialize SAR code

3boD 4 MOV C,A Return

3DOE D3ES QUT B 1 Port B= SAR ccde

3D10  31AA3D LXI SP 3DAA Start ; Dimension stack pointer
3D13 D3E4 QUT A ; Start A/D

315 T IE

3D16 00 NOP Loop : Loop until INT asserted
3D17 C3163D JMP Loop

3D1A  7A MOV A,D Auto-~Zero

3D1B €600 ADI 00

3D1D CA2D3D JZSetC ; Test A/D output data for zero
3020 78 MOV A,B Shift B

3D21 F6CO .ORI 00. ; Clear carry

3D23 LF RAR ;Shift "1" inBright one place
3D24 FEOQO CPI 00 ; IsBzero? If yes last

3D26 CA373D JZDone ; approximation has beenmade
3D29 47 MOV B,A

3D24 C3333D JUPNew(C .

3peD 79 MOV A,C Set C

3D2E B0 ORA B ;Set bit inC that is insame
3ID2F  4F MOV C,A ;positionas"l"in3

3D30 €3203D JMP Shift B

3D33 A9 XRAC New C ;Clearbit inCtkhat isin
3D34 C30D3D MP Return ; same positionas "1"inB
3D37 47 MOV B,A Done s then output new SAR code.
3p38  7C MOV ALH ; Open SW1, close SW2 then
3D39 EEO03 XRI 03 ; proceed with program. Preamp
3D3B D3ES QUT C ;isnowzeroed.

3D3D 4 Normal

e
.
Program for processing
properdata values
3C3D DBE4 INA
3C3F EEFF XRIFF

3C41 57 MOV D,A
3C42 78 MOV A,B
3C43 ESFF ANI FF

3C45 C21A3D JNZ Auto-Zero

3C48 C33D3D  JMP Normal
Note: All numencal values are i

Read A/D Subroutine

;Read A/D data
; Invert data

; IsBReg=0? If not stay
; in auto sero subroutine

FIGURE 20. Software for Auto-Zeroed Differential A/D

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

The following notes apply:

1) it is assumed that the CPU automatically performs a RST
7 instruction when a valid interrupt is acknowledged (CPU
is in interrupt mode 1). Hence, the subroutine starting ad-
dress of X0038.

2) The address bus from the 2-80 and the data bus to the Z-
80 are assumed to be inverted by bus drivers.

3) A/D data and identifying words will be stored in sequen-
tial memory locations starting at the arbitrarily chosen ad-
dress X 3E00Q.

4) The stack pointer must be dimensioned in the main pro-
gram as the RST 7 instruction automatically pushes the
PC onto the stack and the subroutine uses an additional
6 stack addresses.

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

HEX PORT ADDRESS PERIPHERAL
00 MM74C374 8-bit flip-fiop
01 A/D1
02 A/D2
03 A/D3
04 A/D 4
05 A/DS
06 A/DS&
07 A/D7

This port address also serves as the A/D identifying word in
the program.
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0038
0039
003A
003B
003E
0040
0042
0044
0045
0046
0048
004B
004C
004D
004E
0051
0052
0055
0057
0059
0054
005B
005C
005D
0060
0061
0062
0063
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0BJ CODE
ES

cs

F5

21 00 3E
OEOl
D300
DBOO

47

79

FE 08

CA 6000
78

1F

47

DA 5500
0ocC

C3 4500
ED 78
EEFF

FIGURE 21. Multipie A/Ds with Z-80 Type Microprocessor
{NTERRUPT SERVICING SUBROUTINE

TEST

NEXT

LOAD

DONE

SOURCE
STATEMENT
PUSHEHL

- PUSH BC
.~ PUSH AF

LD (HL) ,X3E00
LD C, X01
OUT X00, A
INA, X00
LDB,A
LDA,C
CcP, X08
JPZ, DONE
LDA,B
RRA

LD B,A
JPC, LOAD
INCC
JP,TEST
INA, (C)
XOR FF

LD (HL),A
INCL

LD (HL),C
INCL

JP ,NEXT
POP AF
POP BC
POPHL
RET

COMMENT
; Save contents of all registers affected by
s this subroutine. y
; Assumed INT mode 1 earlier set.
; Initialize memory pointer where data will be stored.
;Cregisterwill be port ADDRof A/D converters.
; Load peripheral status word into 8-bit latch.
; Load status word intc accumulator.
; Save the status word,
; Test to see if the status of all A/D's have
; been checked. If so, exit subroutine

; Test asingle bit in status word by looking for
;a"l" tobe rotated into the CARRY (an INT
;isloadedasa®™l®), If CARRY is set then load

; contents of A/Dat port ADDRinCregister.

; I£ CARRY is not set, increment Cregister to point
;tonext A/D, thentest next bit instatus word.

;1 Read data frominterrupting A/D and invert

; the data.

; Store the data

; Store A/Didentifier {A/D port ADDR).
;s Test next bit instatus word.
; Re~establish all registers as they were

;before the interrupt.

s Return to oricipal program
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Ordering Information

TEMP RANGE 0°CTO 70°C 0*'CTO 70°C 0°C TO70°C —40°C TO +85°C
+ Y, Bit T ADCO801LCN
Adjusted )
=1, 8it ADC0802LCWM ADC0802LCV ADCO0802LCN
ERROR )
Unadjusted .
=1 Bit ADC0803LCWM ADCO803LCV ADCC803LCN
Adjusted
£ 18it ADC0804LCWM ADC0804LCV ADCO804LCN ADCO0805LCN
Unadjusted
PACKAGE OUTLINE M20B—Small Outiine V20A—Chip Carrier N20A—Molded DIP |

TEMP RANGE

—40°C TO +85°C —-55°CTO +125°C
* 1/, Bit Adjusted ADC0801LCY ADCO0801LJ
ERROR + /4 Bit Unadjusted + ADCO0802LCJ ADCO802LY,
.. %% Bit Adjusted ADCO0803LCJ ADC0802LJ/883
e + 1Bit Unadjusted ADC0804LCY *
PACKAGE OUTLINE J20A—Cavity'blP J20A—Cavity DIP
Connection Diagrams
ADC080X ADCO080X
Dual-in-Line and Smail Qutline (SO) Packages Molded Chip Carrier (PCC) Package
_ NN/ £ 383 3
G 204~V (OR Veer) T11 1% i
RO—2 194—CLKR 6
WR—3 18 =080 (LS8B) CLKR — DBS
CLKIN—{4 17}-081 Vec (OR Vaer) — D86
iNTR—{5 16 —082 cs I— DB7 (MSB)
Yi(+)—16 15}—~083 L) — 0 GND
V(=) =17 14 =084 WR — VRer/2
AGND—{8 134—085
Vaer/219 12{—086 = g 3 AP
Sl 0 =
DGND—{10 11087 (MSB) ¥lzgzxg o
(%3 > >> <
: TL/H/5671-30

See Ordering information

TL/H/5671-32 .
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General Description

The DACO808 series is an 8-bit monolithic digital-to-analog
converter (DAC) featuring a full scale output current settling
time of 150 ns while dissipating only 33 mW with =5V sup-
plies. No reference current (IgerF) timming is required for
most applications since the full scale output current is typi-
cally %1 LSB of 255 Ingr/ 256. Relative accuracies of bet-
ter than =0.19% assure 8-bit monotonicity and linearity
while zero level output current of less than 4 pA provides
8-bit zero accuracy for Ipgr2 2 mA. The power supply cur-
rents of the DAC008 seties are independent of bit codes,
and exhibits essentially constant device characteristics over
the entire supply voltage range.

The DACO0208 will interface- directly with popular TTL, DTL
or CMOS logic levels, and is a direct replacement for the

tor . ‘

DAC0808/DAC0807/DAC0806 3-Bit D/A Converters

MC1508/MC1408. For higher speed applications, see
DACD800 data sheet.

Features

u Relative accuracy: +0.19% error maximum (DAC0808)

® Fuil scale current match: =1 LSB typ

u 7 and 6-bit accuracy avaitable (DAC0807, DACOSOG)

®m Fast settling time: 150 ns typ

m Noninverting digital inputs are TTL and CMOS compati-
ble :

" m -High speed muitiplying input slew rate: 8 mA/us
" = Power supply voitage range: 4.5V to £18V

m Low power consumption: 33 mW @ =5V

Block and Connection Diagrams

Dual-in-Line Package

Isl [}
A2 AL A3 A8 ] i
? ? ? ? ? ‘? i semorend U 1L compensanion
! '
conthat CUPRENT SWITCHES o Order Number {7 N 'i"'"'"
DAC0808, DAC0807, Yee=— [—Vaest
p 4
] 2R LAOOER | I 1as CIRCUIT l»—e L] or DAC0806 fo =) nacosss vee
See NS Package wsg A1 = TERIES L ag use
v l I Number J16A, K1 "
REF{s) a1 p—A7
APN CURRENT O vee M16A or N16A o
SOURCE PAIR 23— ALIP
Vagri.) O—
REFERLNCE b0 comren a4 LIV
CURRENT AWr
J’ TL/H/5687-2
Vie TL/H/5687 -1
§mall-0utline Package
Yeo 1t ©16p=a8 LSB
Vm-(')—l 15—=a7
Yogr (=313 1ap—ad
COMPEMSATION—14 13]—As
NG (NOTE 2)—15 125—As
cHD—{s 11}=a3
Y7 10f—a2
048 S—At us@
TL/HISSG?-H.
Top View
Ordering Information
ACCURACY QPE-F_lATING TEMPERATURE ORDER NUMBERS
RANGE J PACKAGE (J16A)* N PACKAGE (N16A)* | SO PACKAGE (M16A)
DAC0808LCN{ MC1408P8 DACO0808LCM
7-bit 0°C<TAL +75°C DAC0807LCJ| MC1408L7 | DAC08071CN| MC1408P7 DACO807LCM
6-bit 0°C<TA< +75°C DACO0806LCJ| MC1408L6| DAC0806LCN | MC1408P6 DACO0806LCM

*Note. Devices may ba ordered by using either order number.
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Absolute Maximum Ratings (Note 1)

It Milltary/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.
Power Supply Voltage . -
Vee +18Vpe
Ve -18Vpe
Digital Input Voltage, V5-V12 —~10Vpgto +18Vpe
Applied Output Voltage, Vo =11 Vpcto +18 Vpc
Reference Current, |44 5mA
Reference Amplifier Inputs, V14, V15 Vee Ves

Storage Temperature Range”
Lead Temp. (Soldering, 10 seconds)
Dual-In-Line Package {Plastic)
Dual-In-Line Package {Ceramic)
Surface Mount Package
Vapor Phase (60 seconds)
Intrared (15 seconds)

Operating Ratings
Temperature Range
DAC0808LC Seriss

~65"C o +150°C

260°C
300°C

215°C
.220°C

Tmin < Ta < Tumax
0<Ta < +75°C

Power Dissipation (Note 3) 1000 mwW
ESD Susceptibility (Note 4) 18D

Electrical Characteristics
(Vee = 5V, Veg = —15Vg¢, Vree/R14 = 2 mA, DACD808: TA = —55°C to + 125°C, DAC0808C, DAcoeo7c DACO0806C, T

= 0°C to +75°C, and all digital inputs at high logi¢ level uniess otherwise noted.)

Symbal Parameter. Conditions - Min Typ Max Units
€ Relative Accuracy (Error Helatwe (Figured4) - * %
to Full Scale lg)
DACO0808LC (LM1408-8) >0.19 %
DAC0807LC (LM1408-7), (Note 5) =0.39 %
DAC0806LC (LM1408-6), (Note 5) +0.78 %
Settiing Time to Within 1/, LSB Ta=25C (Note 6), 150 ns
(Includes tpy 1) (Figure 5)
tpLm teul | Propagation Delay Time . Ta = 25°C, (Figure 5) 30 100 ns
TClo Output Full Scale Current Dritt =20 A ppm/°C
MSB Digital Input Logic Levels (Figure 3) .
Vin High Level, Logic “1" 2 Voc
ViL Low Level, Logic 0" 0.8 Voc
MS8 Digital Input Current (Figure 3)
High Level Vil = 5V 0 0.040 mA
Low Level " Vi = 0.8V -0.003 -0.8 mA
l1s Reference Input Bias Current (Figure 3) -1 -3 uA
Qutput Current Range (Figure 3)
Vegg = —8V 0 2.0 2.1 mA
. VEg = —158V,Tp = 25°C 0 2.0 4.2 mA
lo Qutput Current Vaer = 2.000V,
R14 = 1000Q;
(Figure 3) 1.9 1.99 2.1 mA
Output Current, All Bits Low (Figure 3) 0 4 pA
Qutput Voltage Compliance (Note 2) E £ 0.19%, Ta = 25°C oL
VEg= —5V, lngp=1mA : - . —055+04 . Vpe
Vg Below —10V . - . .—=50, +04 Voe
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Electrical Characteristics (Contnueq) : : -~
(Vecc = 5V, Vez = —15Vpc, VRer/R14 = 2mA, DACO0808: T = —55'C.to +125C, DACOBOSC DA00807C DACOBOGC TA

=0Cto +75‘C and all digital inputs at high logic level unless otherwise noted.)

Symbol Parameter Conditions Min Typ Max Units
SRlpgr | - Reference Current Slew Rate (Figure 6) - 4 -8 -1 = 1 mA/us
Output Current Power Supply ~5V € Vgg € —16.5V 0.058 2.7 nAINV
Sensitivity ~
Power Supply Current (All Bits {Figure 3) . .
Low) - . .
Icc ’ “23 22 mA
leg - } —-43 |[° " —-13 mA
Power Supply Voltage Range . Ta =.25°C, (Figure 3) -

Vee - o - . P 4.5 -50-..1 .55 4{° Vpc
Ves . ' -435 —16 " -165 |° Vpe
Power Dissipation ’ -

Al Bits Low Vee = 5V, Vgg = ~5V . 33 170 mw

veres Vce = 5V, Vgg =—15V * 106 305 . mw

All Bits High Vog = 15V, VEg = ~5V 90 mw

. Vee = 15V, Vge = =15V 160 ) ComW

Note 1: Absolute Maximum Ratings indicate fim:ts beyond which damage to the device may occur. OC and AC electncal specificatons do not agply wnen operating
the device beyond its specified operating conditions.

Note 2: Range control is not required. ‘

Note 3: The power dissipation must be at d tempera and is di by Timax. @4, and the ambi P Ta. The

allowable power dissipation at any temperature is Pp = (Tymax — TA)/ 8,4 or the number givenin the Absolute Maixmum Ratings, whichever is lower. For this
device, Tyuax = 125°C, and the typrcal juncuon-to-ambi of the dual-in-line J package when the board mounted is 100°C/W. For the cual-in-
line N package, this number increases to 175°C/W and for the.small cuttine M package this number is 900°C/W.

Note 4: Human body model, 100 pF discharged through a 1.5 k{2 resistor.

Note 4: All current switches are lested to guarantee at least S0% of rated curent.

Note 6: All bits switched. .

Note 7: Pin-out numbers for the DALO8OX represent the dual-in-line package. The smail outline package pinout ciffars from the dual-in-iing package.

Typical Application
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. . TUH/5687-3
L : FIGURE 1. + 10V Output Digital to Analog Converter (Note 7)
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Typical Performance Characteristics
Voo =SV, Vez 2 ~15V, Tp = 25°C, unless otherwise noted <

1g = OUTPUT CURHENT (mA) I - LOGIC INPUT CURNERT (A)

POWEN SUPPLY CURRENT (mA)

Logic Input Current vs

Input Voltage .
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. Vi - LOGIC INPUT VOLTAGE (V)

Output Current vs Output
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Typical Power Supply
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Typical Power Supply

Current vs Temperature
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Reference Input
Frequency Response

5 K
B
. PR l
S ¢ 8
5 TR N
5 -
g TN NN
5 [ \
E EREETITAY
3R €
3 } | NIN
= |
-12 17
-14 ;
~18 LT .
LR &} 1 3 1
t ~ FREQUENCY (4H2)
TL/H/S687-5

Unless otherwise specified: R14 =
R15 = 1 k2, C = 15 pF, pin 16 to
Veg: RL = 509, pin 4 to ground.
Curve A: Large Signal Bandwidth
Method of Figure 7, VRer = 2 Vp-p
offset 1 V above ground.

Curve B: Small Signai Bandwidth
Msthod of Figure 7, Ry = 2500, Ve
= 50 mVp-p offset 200 mV above
ground.

Curve C: Large and Small Signal
Bandwidtn Method of ‘Figure 9 (no op
amp, Ry = 500), Rg = 500, Vger
2V, Vs = 100 mVp-p centered at OV.



¢ o -
ol
Vg O \
T* A T
> - >
i “" “" $
“¥at O N
come O-12

YT\

vy 1Y)

TL/H/5687 -4

FIGURE 2. Equivalent Circuit of the DAC0808 Series (Note 7)
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Test Circuits

Al O—f ‘vﬂl’

oigTat | MO~ acooe
WIS} gg o]  SERNMS —

Vi anq 11 apply to inputs A1-A8.
The resistor tied to pin 15 is to temperature compensate the
bias current and may not be necessary for all applicatio.s.

- Al A2 A3 A4 A5 A6 A7 A8

o=Kl—t—t—t—t =t —t— L —
2 4 8 16 32 64 128 256
Vaer

here K & —=—

where R4

and Ay = 1" if Ay is at high level
Ay = “0"if Ay is at low level

3
TUH/5587-8 .
FIGURE 3. Notation Definitions Test Circuit (Note 7)
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FIGURE 4. Relative Accuracy Test Circuit (Note 7)
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FIGURE 5. Transient Response and.Seming Time (Note 7)
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'Test Circuits (continued)

Vee ~ y Vee ,
Y- :
< - R1& & RIS
. 13
. : 5 18
ar . A *VRes gL
5 14 v — A2 O=—r
. VREF : RS
- w—ﬂ—O,k o L o] 1
7 15 Iy ' 20— :
9
T 7 2 pacsses
3| oacos . ’ a8 0-Y
= : — o
1 i ° A3 O—
Ry .
1 o SCOPE- 5, i\l |___/ .

SLEWING

SEE TEXT FOR VALUES OF €

TIME
o 1o
&t AL a Vee ;
. TL/H/5687-10
FIGURE 7. Positive Vrgr (Note 7)
TL/H/5687-9

FIGURE 6. Reference Current Slew Rate Measurement (Note7)

Vee
R14x A15
N
s 14
Mo At
L]
A20-7 W Ms =
410 —O—AMy——0 “vpee T
MO=T sac |2
ol L
10
A6 —
T loL 1L
410—
a8 O—

SEE TEXT FOR VALUESOF €

Vee
TUH/5687-11

FIGURE 8. Negative Vrer (Note 7)

Application Hints ’
REFERENCE AMPLIFIER DRIVE AND COMPENSATION

The reference ampiifier provides a voltage at pin 14 for con-
verting the reference voitage to a current, and a turn-around
circuit or current mirror for feeding the ladder. The reference
amplifier input currrent, 114, must aiways flow into pin 14,
regardless of the set-up method or reference voitage polarity.
Connections for a positive voltage are shown in Figure 7.
The reference voltage source supplies the full current 144.
For bipolar reference signals, as in the muitiplying mode,

e
»A2 O—
ol
A4 ‘
o
Aloi 3
ol

AEO'E'

Vs

Rs v

g R4
Vagr ) )
¢ l’u :
15 1 X .

rl—‘o.'gc

When Vg =0,114 =2.0mA

BACDEQE
SERIES

12 v N \'
e A
= S

R14.

- . TUrissee7-12
FIGURE 9. Programmable Gain Amplifier or- '
" Digitat Attenuator Circuit (Note 7) R

R15 can be tied to a negative voitage comresponding to the
minimum input level. it is possible ta eliminate R15 with only
a small sacrifice in accuracy ‘and temperature drift.

The compensation capacitor value must be increased with
increases in R14 to maintain proper phase margin; for R14
vafues of 1, 2.5 and 5 kQ, minimum capacitor values are 15,
37 and 75 pF. The capacitor may be tied to either Ves or
ground, but using Veg increases negative supply rejection.
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NNational Semiconductorﬁ'ﬁ

LM555/LM555C Timer

General Description

The LM555 is a highly stable device for generating accurate
time delays or oscillation. Additional terminals are provided
for triggering or resetting it desired. In the time delay mode
of operation, the time is precisely controiled by one external
resistor and capacitor.. For astable operation as an oscilla-
tor, the free running frequency and duty cycle are accurately
controfled with two external resistors and one capacitor.
The circuit may be triggered and reset on falling waveforms,
and the output circuit can’ source or sink up to 200 mA or
drive TTL circuits.

Features

n Direct replacement for SE555/NE5S55

® Timing from microseconds through hours

# Operates in both astable and monostabie modes

m Adjustable duty cycle

® Qutput can source or sink 200 mA

# Output and supply TTL compatibie

W Temperature stability better than 0.005% per *C
# Normally on and normally off output

Applications
m Precision timing
® Pulse generation

.® Sequential timing

= Time delay generation
® Pulse width-modulation
=B "Pulse position modulation
8 Linear ramp generator

Schematic Diagram
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TL/H/7851-1
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Absolute Maximum Ratings

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

Stofdgg Temperature Range ' —65Ctlo + 150°C
Solderihg information

Dual-in-Line Package

Soldering (10 Seconds) 260°C
Small Outline Package =
Vapor Phase (80 Seconds) 215'C
Infrared (15 Seconds) 220°C

See AN-450 "Surface Mounting Methods and Their Effect
on Product Refiability” for other methods of soldering sur-

Supply Voitage + 18V
Power Dissipation (Note 1)
LMS55H, LMS55CH 760 mwW
LM555, LMS55CN 1180 mW
Operating Temperature Ranges
LMS55C 0°Cto +70°C
LM555 —-55°Cto + 125°C

face mount devices.

Electrical Characteristics (r, = 25°C, Veg = +5V 10 + 15V, unless othewise specified)

.. Limits -
Parameter - Conditions LM555 LM555C Units
" Min Typ Max Min Typ Max
Supply Voltage - A5 18 4.5 16 3
Supply Current Voo = 5V, R = = 3 . 5 3 6 mA
" Veo = 15V,R = = 10 12 10 15 mA
(Low State) (Note 2)
Timing Error, Monostable
{nitial Accuracy 0.5 L %
Drift with Temperature Ra = 1k to 100 kQ2, 30. 50 ppm/°C
C = 0.1 pF, (Note 3)
Accuracy over Temperature 1:5 1.5 %
Drift with Supply 0.05 0.1 %IV
Timing Error, Astable
Initial Accuracy 1.5 2.25 %
Drift with Temperature Aa Rg = 1kto 100 kQ, <0 150 ppm/°C
C = 0.1 uF, (Note 3)
Accuracy over Temperature 2.5 3.0 %
Drift with Supply 0.15 0.30 %IV
Threshold Voltage 0.667 0.667 x Veo
Trigger Voltage Vg = 15V 4.8 5 5.2 5 '
Veg = 5V 145 | 1.67 1.9 1.67 v
Trigger Current 0.01 0.5 0.5 0.9 pA
Reset Voltage 0.4 0.5 1 0.4 0.5 1 \
Reset Current 0.1 0.4 0.1 0.4 mA
Threshold Current {Note 4) 0.1 0.25 0.1 0.25 unA
Control Voltage Level Vee = 15V 9.6 10" 10.4 9 10 11 \
Veg = 5V 2.9 3.33 3.8 2.6 3.33 4 \
Pin 7 Leakage Qutput High 1 100 1 100 nA
Pin 7 Sat (Note 5)
Output Low Voo = 15V, 17 = 16 mA 150 180 mV
Output Low Vog = 4.5V, 17 = 45 mA 70 100 80 200 mv
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Electrical Characteg‘istics TA =25C,Veg = +5Vio+ J,SV- {unless othewise speciﬁed).(éor:ﬁnued)

Limits e
Parameter Conditions LM555 LM555C
Min Typ Max Min Typ Max
Output Voltage Drep (Low) Vee = 15V .
lsink = 10 mA 0.1 0.15 0.1 0.25 \
ISINk = 50 mA 0.4 0.5 04- | 075 vy -
Ising = 100 mA 2 2.2 2 2.5 v
Isink = 200 mA 25 25 \
Veg = 5V ~
ISINK = 8 mA 01 | 025 vi -
- IsiIng = 5 mA - 0.25 0.35 -V—
Qutput Voltage Drop (High) | Isource = 200 mA, Voo = 15V 12.5 12.5 v
' IsouRce = 100 mA, Vo = 15V 13 13.3 12.75 13.3 Vv .
Vee = 5V 3 3.3 275 3.3 vy -
Rise Time of Output 100 100 ng
Fall Time of Output 100 100 ns2 .
Notas 1: Foroperating at elevatsd temperatures the device must be derated above 25°C based on a +150°C function D and a thermal

tesistance of 164°c/w (T0-5), 106°c/w (DIP) and 17Q°c/w (S0-8) junction to ambient.

Note 2: Supply current when output high typically 1 mA less at Voo = 5V.
Note 3: Tested at Voo = 5V and Vg = 15V.

Note 4: This will determine the maximum value of Ry — Rg for 15V operation. The maximum fotal (Ry + Rg) is 20 M2,
Note 5: No protection against excessive pin 7 current :s necessary providing the package dissipation rating wdl not be exceeded.
Note &: Refer to RETS555X drawing of mifitary LMS53H ang LM555J varsions for spectications.

Connection Diagrams
Metal Can Package

Top View

TL/H/7851-2

Order Number LM555H or LM555CH
See NS Package Number HO8C

Dual-In-Line and Smail Outline Packages

TUH/7854-31 ~

1 ]
GHD ——d— .
b
TRIGGER e DISCH‘AHGE
OUTPUT et p— THRESHOLD
S__ cownTaolL
pESEY VOLTAGE
Top View
Order Number LM555J, LM555CJ,
LM555CM or LM555CN -

- .. See NS Package Number.JOBA, MOSA or NOSE
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Typical Performance Characteristics
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Applications Information

MONOSTABLE OPERATION
in this mode of operation, the timer functions as a one-shot -
{Figure 1). Tha external capacitor is initially held discharged
by a transistor inside the timer. Upon application of a nega-
tive trigger puise of less than 1/3 Vg to pin 2, the fiip-flop is
set which both releases the short circuit across the capaci-
tor and drives the output high.

5V 70 «15V

O +¥,
Ir RESET -«
| T- A
— 1
TRIGGER DISCHARGE
NORMALLY €\ O——r2 ?
~on~Loa0 S M
HR:
[ Lasss o |THRESHOLD
| .o CONTROL
ouTrUT VOLTAGE
0 T T
NOAMALLY ' 1
- * LOAD v
0FF~ L0 Tn"‘ .

oy

TL/H/7851-5
FIGURE 1. Monostable .

The voltage across the capacitor then increases exponen-
tially for a period of t = 1.1 Ra C, at the end of which time
the voltage equals 2/3 Vcg. The comparator then resets
the flip-flop which in turn discharges the capacitor and
drives the output to its low state. Figure 2 shows the wave-
forms generated in this mode of operation. Since the charge
and the threshold level of the comparator are both directly
proportional to supply voltage, the timing internal is inde-
pendent of supply.
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. TUH/7851-6
Vee = 5V Top Trace: Input §V/Div.
TIME = 0.1 ms/DiV. Middle Trace: Output SV/Div.
Ra = 9.1k Bottom Trace: Capacitor Voltags 2V/Civ.
C = 0.01 uF

FIGURE 2. Monostable Waveforms
During the timing cycle when the output is high, the further
application of a trigger pulse will not effect the circuit so
long as the trigger input is returned high at least.10 ps be-

fore the end of the timing interval. However the circuit can .
be resst during this time by the application of a negative- -

pulse to the reset terminal (pin 4). The output will- then re--

- . -
Wherwthe reset function is not in use, it is recommended. .
that it be connected to Vg to avoid any possibility of false
triggering. ’

Figure 3 is a nomograph for easy determination of R, C
-values for varicus time delays.

NOTE: In monpstable operation, the trigger should be driv-
en high tefore the end of timing cycle.
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FIGURE 3. Time Delay
ASTABLE OPERATION

if the circuit is connected as shown in Figure 4 {pins 2 and 6
connectad) it will trigger itself and free run as a multivibrator.
The external capacitor charges through Ra + H? and dis-
charges through Rg. Thus the duty cycle may be precisely

set by the ratio of these two resistors.
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FIGURE 4. Astable
In this mode of operation, the capacitor charges and dis-
charges between 1/3 V¢ and 2/3 Vgg. As in the triggered
mode; the charge and discharge times, and therefore the-
fredu‘_ency are independent of the supply voltage.

main in the low state untll a trigger pulse is again applied.. -~ __



Applications Information (Continued)

Figure 5 shows the waveforms generated in this mode of
operation.

wifesny

7 A,
TUH/T851-8
Vee = 5V Top Trace: Cutput 5V/Div.
TIME = 20 ps/DIV.  Bottom Fracae: Capaciter Voltage 1V/Div.
Ra = 3.9.x0 ’
Rg = 3kl
C = 001 pF

FIGURE 5. Astable Waveforms .

The charge time (output high) is given by:
lau ty = 0.693 (R4 + Rg)C
And the discharge time (output low) by: >
tz = 0.693 (Rg) C
Thus the total period is: '
T=1 + 13 = 0.693 (Ry +2Rg)C
The frequency of oscillation is:
1 - 1.44 |
t= 3= @iszraC
Figure 6 may be used for quick determination of these RC
values.
Rg
Ra + 2Rg
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{Ra +2R) \LQ\\
.00t !
[ S I, 10 100 & 0k 100k
1 - FREE-RUNNING FREQUENCY {Hz)

TL/H/T351-10
FIGURE 6. Free Running Frequency

FREQUENCY DIVIDER

The monostable circuit of Figure 1 can be used as a fre-
quency divider by adjusting the length of the timing cycle.

The duty cycle is: ‘b=

€ ~ CAPACITANCE (uF)

Figure 7 shows the waveforms generated in a divide by

thres circuit.
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TL/H/7851=11
Veg = SV Top Trace: input 4V/Div.
TIME = 20 us/DiV. Middle Trace: Output 2V/Div,
Ra = 9.1k Bottom Trace: Capacitor 2V/Div.
C = 0.01 uF
'FIGURE 7. Frequency Divider

PULSE WIDTH MODULATOR

When thetimer is connected in the monostable mode and
triggered with a continuous pulse train, the output puise

. width can’be modulated by a signal applied to pin 5. Figure

8 shows the circuit, and in Figure 9 are some waveform

examples.
T ro
) ! BISCHARI g ™
TRIGGER O—12 ? HARGE
LMESS5 s THRESHOLD,
MODULATION
INPUT
CUTPYUT O——q) SO —hee
‘ ——
“TL/H/7881-12
FIGURE 8. Pulse Width Modufator
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TU/H/7851-13
Voo = 5V Top Trace: Modulation 1V/Div.

TIME = 0.2 ms/DiV. Sottom Trace: Output Voitage 2V/Civ.
Ra = 9.1 kN2
C = 0.01 pF

FIGURE 9. Pulse Width Modulator

PULSE POSITION MODULATOR

This application uses the timer connected for astable opera-
tion, as in Figure 10, with a modulating signal again applied
to the control voltage terminal. The pulse position varies
with the modulating signal, since the threshold voitage and
hence the time delay is varied. Figure 771 shows the wave-
forms generated for a triangle wave modulation signal.
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Applications Information (Continued)
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FIGURE 10. Pulse Position Modulator
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Vee =5V Top Trace: Modulation Input 1V/Div.

TIME = 0.1 ms/DIV. Sottom Trace: Qutput 2V/Div.

Ra = 3.9kN

Rg = 3k

C = 001 pF . & 1
FIGURE 11, Puise Position Modulator

LINEAR RAMP

When the pullup resistor, Ra, in the monostable circuit is
replaced by a constant current source, a linear ramp is gen-
erated. Figure 12 shows a circuit configuration that will per-
form this function.

TL/K/TE51-14 ,

5
D )
TRIGGERO—] 2 7
LMSSS 5]
QUTIYT Ommmd 3 H
1

TUH/7851-16
FIGURE 12
F/éure 13 shows waveforms generated by the linear ramp.
The time interval is given by:
_ 2/3VccRe(Ry + Rg) C

: T=
P1Vec —.Vee (Ry + Ro)
Vgeg = 0.6V

| %

- | §
L L .

A E 1]
TL/H/7881-17
Voo = 5V Top Trace: input 3V/Div.

TIME = 20 us/DIV. Middla Trace: Output 5V/Civ.
Ry = 47 k0 Bottom Trace: Capacitor Voltage 1V/Div.
Ry = 100 kN .
Rg = 2.7k0
C = 001 pF

FIGURE 13. Linear Ramp

50% DUTY CYCLE OSCILLATOR
For a 50% duty cycle, the resistors Rp and Rg may be
connected as in Figure 74. The time period for the out-



Applications Information (continued)

put-high is the same as previous, ty = 0.693 R C. For the
output low it is tp =

Rg - ZRA]

/ + Rg)|C in | =

(Ra Ra)/(Ra a)] n [ZRB —y

Thus the frequency of oscillationis { =

O *Vee
su
4 ' m
2 ]
LMSSS '8

P
-

QUTPUT Ot 3 5

L
- I :}_‘

FIGURE 14. 50% Duty Cycle Osclllator

Il 0tuf

Q.01

Note tgxat this circuit will not oscillate if Rg is greater than
1/2 Ry, because the junction of R, and Rg cannot bring pin
2 down to 1/3 Vg and trigger the lower comparator.

ADDITIONAL INFORMATION

Adequate power supply bypassing is necessary to protect
associated circuitry. Minimum recommended |s 0.1 pF in
parallel with 1 pF electrolytic.

Lower comparator storage time can be as long as 10 us
when pin 2 is driven fully to ground for tnggenng This limits
the monostable pulse width to 10 s minimum.

Delay time reset to output is 0,47 us typical. Minimum reset
pulse width must be 0.3 us, typlcal .

Pin 7 current swntches within 30 ns of the output (pin 3)
voltage,
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&National Semiconductor "

LM741 Operational Amplifier

General Description

The LM741 series are general purpose oparational amplifi-
ers which feature improved performance over industry stan-
dards like the LM709. They are direct, plug-in replacements
for the 708C, LM201, MC1433 and 748 in most applications.

The amplifiers ofter many features which make their appli-

* cation nearly foolproot: overload protection on the ifiput and

output, no latch-up when the common mode range is ex-
ceeded, as well as freedom from oscillations.

The LM741C/LM741E are identical to the LM741/LM741A
except that the LM741C/LM741E have their performance
guaranteed over a 0°C to +70°C temperature range, in-
stead of ~55°C to +125°C.

Schematic Diagram

& 9

orzb———r—-lgms
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5
0
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7
08 09 J
Q14
3 2 INVERTING :
NON=INVERTING
p at Q2 RS
INPUT INPUT S 3k 3 |
- R7 a1s
45K
-
a3 30pF|  R8 R
A N o4 7.5K 2
]
}/'—' 6
L Q7 Q15 OUTPUT
R10
S
a7
Lo Q10 \l
as att 02:/i Qz0
OFFSET NULL — S _OFFSET
NULL
R R3 R2 > R4 S 12
1K 350K Sk T 5K O S o
g 4

TL/'H/9341-1

Ottset Nulling Circuit
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TU/H/9341-7
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Absolute Maximum Ratings .
it Mih.ary/Aerospace “specified” devices are required, please contact the National Semlconductor Sales Office/
Distrit -1tors for availability and specifications.

(Note 5)
LM741A LM741E LM741 LM741C
Supply Yoltage *22V +22V +22V 18V
power Dissipation (Note 1) 200 mW 500 mwW 500 mW 500 mwW
Citferential Input Voitage +30V =30V +30V 30V
Input Volitage (Note 2) =15V £15V +15V =18V
Output Short Circuit Duration Continuous Continuous Continuous Continuous
Operating Temperature Range - ~55°Cto +125°C 0°Cto +70°C —-55'Cto +125°C 0*Cto +70°C . .
Storage Temperature Range —65°Cto +150°C —-65°Cto +150°C —-65'Cto +150°C -55°Cto +150°C
Junction Temperature 150°C . 100°C 150°C 100°C
Soldering Information
N-Package (10 seconds) 260°C 260°C 260°C 260°C
J- or H-Package (10 seconds) 300°C 300°C 300°C 300°C
M-Package : : -
Vapor Phase (60 seconds) 215°C 215°C 215°C- 215°C
Infrared (15 seconds) 215°C 215°C 215°C 215'C
See AN-450."Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soidering
surface mount devices.
ESD Toleranca (Note 6) 400V 400V 400V 400V
Electrical Characteristics (ote3) -
Parameter Conditions LM7“A/LM7“E. =l LM741C Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Input Offset Voltage Ta = 25°C
Rg < 10k 1.0 | 5.0 201 60| mv
Rg < 500 081! 3.0 mV
Tamin < Ta < Tamax
: Ag < 500 40 mv
Rg < 10k 6.0 7.5 mV
Average Input Offset .
Voltage Drift } 18 BVIC
= 3 = + -
lnp_ut Offset Voltage Ta = 25°C, Vg = £20V +10 £15 ~15 =y
Adjustment Range
Input Otfset Current - ;Ta = 25°C 3.0 30 20 | 200 20 | 200 nA
Tamin S Ta € Tamax 70 85 500 300 nA
Average Input Offset .
Current Drift- O3t~ - nA/"C
Input Bias Current Tp = 25°C 30 | 80 80 | 500 80 | 500 |- nA
TamiN S Ta < Tamax 0.210 1.5 0.8 uA
Input Resistance Tp = 25°C,Vg = £20V | 1.0 | 6.0 0.3 2.0 0.3 2.0 MQ
TamiN < Ta € Tamaxe - R _ :
Vg = +20V 05 MQ
Input Voltage Range Ta = 25°C" +12| £13 \
¢ Tamin £ Ta € Tamax +12 | £13 v !
Large Signal Voltage Gain | Tp = 25°C, R 2 2k s
Vg = £20V,Vo = =15V | 60 . V/mv
, Vg = £158V,Vg = 10V 50 | 200 20 | 200 VimV
Tamin < Ta < Tamax, !
Ry 2 2kN, )
Vg = £20V,Vg = £15V| 32 vimv |
Vg = £15V,Vg = £10V 25 15 V/imVv |
Vg = £5V,Vo = +2V 10 V/mV }
|
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Eiectrical Characteristics (Note 3) (Continued)

Note 2: For supply voltages less than 15V, the absalute maximum input voltage is equal to the supply voitage.
Note 3: Unless otherwisa specified, these specifications apply for Vs - ~|5V —55‘C s TA s +125'c {(LM741/LM741A). For the LM741CILM741E these
specifications are limited t0 0°C < Tp £ +70°C.
Note 4: Calculated valus trom: 8W (MHz) = 0.35/Rise Time{us).. . . . .
Note 5: For military specifications see RETS741X for LM741 and RETS741AX for LM741A.

Note 6: Human body model, 1

.5 k{1 in senes with 100 pF.

: 741 LM741 "
Parameter Conditions LM741A/LMT41E Lm74 74i¢ Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
QOutput Voltage Swing 1 Vg = 20V
Ry 2 10kQ 16 v
RL 22k 15 v
Vg = =156V
AL 2 10kN *12 14 +12 | £14 v
Ry 2 2kQ =10 13 +10 | £13 v
*Qutput Short Circuit Ta = 25°C 10- | 25 | 35 25 25 mA
Current Tamin € Ta S Tamax 10 40 mA
Common-Mode Tamin £ Ta € Tamax
Rejection Ratio Rg < 10k, Vo = 12V 70 90 70 90 d8
Rg < 509, Vo = 12V 80 95 ds
Supply Voltage Rejection | Tamin € Ta S Tamax.
Ratio Vg = £20VtoVg = x5V
Rs < 500 86 | 96 d8
Rg £ 10k 77 96 77 96 dB
Transient Response Ta = 25°C, Unity Gain
Risa Time 025] 08 0.3 0.3 ns
Overshoot 60 | 20 5 5 %
Bandwidth (Note 4) Ta = 25°C . 0.437 | 1.5 MHz
Slew Rate Ta = 25°C, Unity Gain 03 0.7 0.5 0.5 Vips
Supply Current Ta = 25°C 1.7 2.8 1.7 2.8 mA
Power Consumption Ta = 25°C
Vg = 220V 80 150 mw
Vg = %15V 50 85 50 85 mw
LM741A Vg = 20V
Ta = Tamin 165 mw
Ta = Tamax 135 mw
LM741E Vg = ®20V
Ta = TamiN 150 mw
Ta = Tamax 150 mw -
LM741 Vg = 18V
Ta = Tamin 60 | 100 mw -
Ta = Tamax 45 | 75 mwW
Note 1: For operation at &l d I ires, these devk must be derated based on thermal resistance, and Tj max. (listed under “Absolute Maximum
Ratngs™). T| = Ta + (614 Po). :
Thermal Resiastance Cerdip (J) DIP (N} HOS8 (H) 50-8 (M)
1 {Junction 1o Ambient) 100°C/W 100°CrW 170°C/W 195°C/W
8i {Junction to Case) N/A N/A 25°C/W N/A
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Connection Diagrams

Metal Can Package

ofFser NuLL (7

INVERTING INPUT

®

3) 9 oFFSET NULL

NON=INVERTING INPUT

TUH/9341-2

Order Number LM741H, LM741H/883°,
LM741AH/883 or LM741CH
See NS Package Number H08C

Duat-In-Line or S.0. Package

o/
OFFSET NULL—{ 1 8L~NC
INVERTING INPUT —] 2 . 1 o M
NON~INVERTING =1 3 6 -—0UTPUT
iNPUT
V4 5 f—OFFSET NULL

TL/H/§341-3
* QOrder Number LM741J, LM741J/883,
LM741CM, LM741CN or LM741EN
See NS Package Number JO8A, MOSA or NOBE

Ceramic Dual-In-Line Package

NC —11 U 14— NC
w2 . 13b—nc
+OFFSET NULL —{ 2 12}—ne
~IN— 4 11p—VYe+
a5 10 b= our
V-8 9~ OFFSET NULL
ne —7 Py
TL/H/9341-5

Order Number LM741J-14/883°, LM741AJ-14/883*"
_See NS Package Number J14A.

*also avuiiabl_o per-JM38510/10101
“*also avaiable per JM38510/10102

Ceramic Flatpak

t 10
NC I:2 [ _T': NC
+OFFSET NULL T FE—"x¢
3

=iNPUT, : LM741W 7: Ve

=

+HINPUT :I 6:1 outPUT
v- t:__ [ 1 -OFFSET NULL
TU/H/9341-6

Order Number LM741W/C83
See NS Package Number W1CA
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MC14495-1

HEXADECIMAL-TO-SEVEN SEGMENT LATCH/
OECODER LED DRIVER

The MC144S5-1 is constructed with CMOS enhancement-moce
devices and NPN bipoiar output drivers in 3 monolithic structure. The
crrcuit provides the functions of a 4-bit storage latch. The cecoder 1§
implemented utlizing a3 mask-programmable ROM. With a 5-volt power
suogty, 1t can be used without resisior interface to Crive seven segment
LEDs. The senies cutout resistors of, typically, 290 chms are internal
10 the Cevice. ’

Apghcatons mclude MPU sysiems disolay cnver, nstzument Cisplay
arver, compulter/calculatcr display driver, clockert cisplay cnver, and
varous clock, watch, and tmer uses.
® Low Logc-Circunt Poweer Dissicaton
® rugn Corrent-Sourcing Quiouts wiin interndl Limiting Resisiors
® Latcn Siorage of Code .
® Syogty Yoitage Range=4 510 13 v
CMQCS !nout Switcming Levals
Stancard ROM Provides Hex-i0-Seven Segmeni Decoding
Otner AGM Cpuions Avanable Uzon Pequesi 1Ceniact your Motorola
Saes Olhicel
Chip Comptexty: 187 FETs otus 9 NPNs or 49 Zauwvalent Gates

CMOS MSi

(LOW-POWER COMPLEMENTARY MOS)

HEXADECIMAL-TO-SEVEN
SEGMENT LATCH/DECODER
LED DRIVER

e e o

P SUFFIX OW SUFFIX
PLASTIC 07 sSC
CAaSE &8 CASE 733G

ORDERING INFORMATION

MC 12982 Plastic Ci?
MC183650 ¢ SOG Paccage
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MAXIMUM RATINGS (Voitages relerenced to Vss!

Raung Symbol Vatus Unn Ths Cevice Contans CICuFY 10 Croiect tne
=T Sceowy vatage Vo J51m-18 v wouts against camage cue IC n-q": state
- veitages ot elecing leidy; however, (1S aC-
Inzui Verage. M incuts Vin -GS0 vop+ds M wises a3t narmal Irecautons te iacen 19
1 SC Cur-en: Orain cer Inzut Pin | 10 mA avore acoucatton st any voitage mugrer han
I Ccesung Temosrature Aange Ta 23 t0eEs o masvmum cated voilaGes 10 Mg MugA -
| Ceerace T " " cesance crcut. For procer ooeration it 1§
Sizrage Temgerature Aange Tsig -£5 w0+ 150 C recommenced that Vi, and Vgy; 3t £9n-
Maumum Contnuous Outout Power | Popmay: mw stanad to the range Vsg ¢ [V in & Vgud!
1Scurcet per Quiput @ 25°C M £ Voo
Ping1,2.3,12,13, 14,15 EY
Sy d 100
= PCtamax = 'OH VOO VOH!
ELECTRICAL CHARACTERISTICS (vehiages refe-enced 10 Vsgl
- Voo - 40°C. | 25°C 35°C
Charactenstic Symoot v Min |7 Max l Min ! Tyo 4 { Max Min | Max T unn
noul w ifage O Laved Vi, J
wo¥3lao0r52 0 | R . s - 15 - | 238 15 - 1.5
ivy=330r 10 . 10 - T30 - 450 .0 - 3.0
Wgs138cr15W 1S . - 40 - 500 10 - &0
Wo=G30r23V) # Vin 5 15 - 35 2.75 - 35 - R
Wg=10cr33V) 10 7.0 - 10 5.50 - 7.0 - |
=15 0r 135 VI '5 1.0 - 1.0 7| 8.25 - 1.0 -
Qutzut Voitage: a=g, N+ You 5 - 0.1 - Q 0.5 - 0.65 '.'
V= V50 o % lour=0 yA 19 - 0.1 - 0 0.05 - Q.C5
s - 0.1 - 0 Q05 - 0.05
Quiout Onve Ycliage: a~g, N+ Vo Y Vi
Vign= 0ma 40 - 40 4.8 - 40 -
ou= 50 i 2.45 - 2.4 3.0 - 2.5 -
HICER LY 1 13 - 08 ik - - -
Haue Imiy : 1c 99 - 30 3.9 - 9.0 - o
o= SmA i 74 - 1.2 80 - 5.3 - :
e = 10 mE , 54 o 58 57 - XY L
RDERENLET H 53 - 44 53 - 3105 -
Bop= 9 mal i3 140 - e 148 - 14¢ - 'i
Qs Smae | 12.2 - 12e | 130 & IR - ‘
gy = 10 mA) | 199 - 10.4 1.7 - 9.6 = !
g = 1S mA) l 3.7 - 8.8 10.3 - o .38 - 1
. Ior =0 mAl 8.5 - 1.2 %] - §3% - H
| tign =25 mAl f 74 - 5.6 71 - 36 - \
Cutout Sink Curesns: ) i oL T
Ve =04 V1 ! 3 - - 0.3 100 - - - H
WoL=0.5W l 10 - - <t - 3 4 - {
Wor=15W | 15 - - 0.5 125 - - - ;
tnout Current (L Cewvice) | 15 - +0.1 C- =0.00001| =0.1 - -1.0 O
Incut Current (P Cewice) kn 15 - £0.3 - 20.00001| £9.3 - 7 =0 aA
; 'rout Capacitance Cin - - R = 5.0 78 | - - FE
{ Guiescent Currert ino 5 - 0.2 - .08 3.25 - 0.2 R
| e =000 VD, lqur=0ur 10 - 15 - 040 | t'm | - 19 !
et Package 15 - 30 - 085 | 2%0 - w0 i !
, 1512t Supoly Currery®*? [ 5 T =419 gA/kH2 ~ D0 [P
U iQynamic pius Creescenr, 10 IT = (3.8 pA/KHDI ~IGD t l
| Pur Pacrager 15 17 =15.7 pA/%H2t + 100 l !
1 W, =50 oF o at cutouts, ai l .
tutless switchingi i

170 caiculate 1012) suoply current at loads other than 50 pf: IT(Cy = 17150 oF1 +3.5x 10~ 3¢ - 50 voo!

wiiere: |7 is n pA cer packagel Cy in pF, Vpp m V, and in kHz is input Irequency. -
* *Thie lormulas given are for the typical characterstics ony at 25°C.
frata tabelied “Typ™ is not (o be usad for design purposes but is intended as an i

of tha (C’s periormance.
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SWITCHING CHARACTERISTICS iC, =50 of, T2 = 15°C) 4
; T T
; ' Voo _ .
Characteristic ;. Symbdol v Min Tvpl Max . Unm
Output Rise Time, 2 ~g. b+ Outputs (Figure 1 H iTLH ! t ng
| I I R 50
N w0 - [T 30
! 1 | - 2 200
Outcut Fail Time, 3~g, h+y Qutouts tFgure 1) ' 1THL ' as
i s | - 13 15
' o ! - 13 75
i 195 l - 11 235
Quteut Falt Time. § Outcut ' 1T hy, ] ns
1Figures 3 ang 4) t S ‘ - 0% 2
' 0 ! - ey) t
19 - 0 5
Precagauon Oetay Time, 4. 3. 0. Dica-y 3Lk ns
h - Qutputs tFigure 21, ' s - $35 1200
. 0 - ko] 0
5 t 5 - 0 500
H IR 1A - 70 80 S
i . 10 - 35 *C
. 15 - 2.0 3Q
Progagauon Oelay Time, A, 8, C. G 10 Suiswt ; [F1%4 i as
{Figures J ana 4! P 5 - 1.0 3.0
4 10 - 8.0 0.0
: 5 - D 10.0
R 308 5 - 200 1500 as
10 - 00 1900
. 15 - pes] 50
P:szagaton Deay Time. LE 10 a=g, n -1 Quizuts . PLH ~s
tF.qure 5) : 5 - 1300 3000
‘ 0 - sy -x]
15 - 30 Baey)
sey ¢ 5 - 60 60 s
1 - §¢ 'S0
i5 - 52 Q
Preoagauon Oetay Time, LE 10} Qutout s - »$
iFigures 4 ang 6) 5 - 120 0
10 - 3.0 20
15 - 6.0 H
348 3 - 12.0 25 »S
10 - 50 'S
15 - 40 10
Setvp Time, A, 8, C, O 10 LE (Figure 7} ] u E e 35 - as
] 1€ 65 E -
) . \ 15 85 PSS -
Holg Tme, LE to A, B. C. D (Figure 7} ' . 5 125 B - as
. i 10 75 ] -
! 'S 75 % -
Laten Enabte Pulse Wiaih, LE IFigure 1 [ 5 S25 ng - ns
. 0 20 ) -
k 'S 140 i3 -~

T0ata ta0eheq “Typ™ 15 not 10 be used lor Cesign purboses ui 5 intended as an maicaton of tne 1Cs potential pericrmance.
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INPUT/QUTPUT FUNCTIONS

SEGMENT DRIVER (a, b, ¢, d, o. !, g. h+i; PINS 12,12, 34
15,123, 4

The szzment dnivers are emutter-lotlower NPl iransisters
79 timn tne cutbur current, a.resistor, tvoicatly 290 onms, s
niegratec internally at each output. Therelore. external
25151018 are NOL recessary when crving an LED at tne
sucow voltage ol Vo = 3.0 voits

QUTPUT (j: PIN 11)

This open-drain output 1s acivated {goes low) whenever
inouir A8, C, and O are all set 12 3 logic one. Otherwise the
outpyi is in the high-impedance state. Ses the trutn tabie.

INPUT DATA (A, 8, C, O; PINS 5, 6, 9, 1O

Thenouts A, 8. C, and D are led 13 a 4-but latch wrreh 15
cantrolled by the Laich €nacte ngut

LATCH ENABLE (LE: PIN T}

The ca1a on inguts A, 8, C ana D will pass througn the
latch ana will be decoded immeaiately wnen LE is low. In tis
mode of operation the circuit is perferming the function of 3
convenuonal decocer/driver. The data may be loaced into
the latcn when LE =low and will be laiched with the nsing
2dge of L,Z. The data will remain stored as tong as LE s high,

SWITCHING WAVEFORMS

»
Figure 1
]
_..{ 1, f._ — iy —
Sament , W%
Qutouts 10%
Figure 3

4 8,Cc.o

Figure 4
veo
20x
Quiout .
Unaer
Test

ISCDF

Figure 2

Segment
Qutouts

Fiqure 5

A,8.C0

/___
LE m
iz i

TPHL

Segment
Outouts
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- 0%
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i
W%
: Quiput 0% *
- . TYPICAL CIRCUIT ® Vpg~5.0V
Vopa30v
i6 2 {
s, 12 ~1
5 !
12
<
18
3 g g
15
MC 12451 =
1
Cdq -
2
PN
D 1o noee
7 A 11 2 - A through F
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13 — 1 {Coen Dran) )|: S
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MOTCROLA TLd%%
. TLA95 |
Specifications and Applications SWITCHMODE
Information PULSE WIDTH MODULATION
CONTROL CIRCUITS
SWITCHMODE

PULSE WIDTH MODULATION
_ CONTROL CIRCUITS

The TL494 and TL495 are fixed frequency, pulse width modu-
lation control circuits designed primarily for Switchmode power’
supply control, These devices feature: .

¢ Complete Pulse Width Modulation Controt CIrCulU’y
a® On-Chip Oscillztor With Master Or Slave Gperation
o On-Chip Error Amplifiers
¢ On-Chip 5 Volt Reference
o Adjustable Dead-Time Control
s Uncormmitted Output Transistors For 200 mA Source Or Sink
e Output Contro! For Push-Pull Or Single-Ended Operation
® On-Chip 33 Volit Zener (TL49S Only)
e Qutput Steering Control {TL485 Only)

SILICON MONOLITHIC
INTEGRATED CIRCUITS

N SUFRX
PLASTIC PACKAGE
CASE 648-05

J SUFFIX
CERAMIC PACKAGE
CASE 620-02

PIN CONNECTIONS

TL494 TL495

Non.nv Non-tny
tnput 1 Py ]

g | Non-inv Inv 2
£ Jinput Input
Compen.

Non-iny E
Input

""E E]xm PWM Comp[3
Input Input Input
Compen’
[ 1]
"waonoE 14| Vegt Time] ¢
Input Conrod
Dead Oulpul
Time { * Cantrol c-;E
%0 e
0 ez, crouna[7]
.
Ground| 7 Eu C|E - n|ia
o3 e o e
View}

N SUFFIX
PLASTIC PACKAGE
CASE 707-02

4 SUFFIX
CERAMIC PACKAGE
CASE 726-01

ORDERING INFORMATION

The TL494C/435C are specified over the commercial bpgming
range of 0°C to 70°C. The TL494V/4951 are specified over the in-
dustrial range of — 25°C 10 85°C. The TL434M is spec:fed over the
full military range of - 55°C to 125°C.

Yemperature

N Device Range Package
TL484CN 0 To 70°C Plastic DIP
TLA94CJ " 0To 70°C Ceramic DIP
TLAS4IN - 25 To 85°C Plastic DIP
TL&S4L) - 25 To 85°C Ceramic DIP
TL494MY -55 To 125°C | Ceramic DIP
TLA9SCN 0 Yo 20°C Plastic DIP
TL495C) 0To 70°C Ceramic DIP
TL49SIN -25 To 85°C Plastic DIP
TL4951S ~25 To 85°C Ceramic DIP
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Description

The TL494 495 are fixed-frequency pulse width mod-
ulation control circuit, incorporating the primary build-
ing blocks required for the control of a switching power
supply. {See Figure 1.) An internal-linear sawtooth os-
cillator is frequency-programmable by two external
components, Rt and Ct. The oscillator frequency is
determined by:

¢ - 1.1
osc Rt e CT

Output pulse width modulation is accomplished by
comparison of the positive sawtooth waveform across
capacitor CT to either of two control signals. The NOR
gates, which drive output transistors Q1 and Q2, are
enabled only when the flip-flop clock-input line is in its
low state. This happens only during that portion of time
when the sawlooth voltage is greates than the control
signals. Therefore, an increase in control-signal ampli-
tude causes a corresponding linear decrease of output
pulse vadth. {Refer to the timing diagram shown in Fig-
ure 2.) R
The control signals are external inputs that can be fed
into the dead-time control, the error amplifier inputs.
of the feedback input. The dead-time control compar-
ator has an effective 120 mV input offset which fimits
the minimum output dead time to approximately the
first 4% of the sawtooth-cycle time. This would result
in a maximum duty cycle on a given output of 6% with
the output control grounded, and 48% with it connected
to thexreference line. Additional dead time may be im-
posed on the output by setting the dead time-control
input to a fixed voltage, ranging between 0 to 3.3 V.
The pulse width modulator comparator provides a
means for the error amplifiers to adjust the output pulse
width from the maximum percént on-time, established
by the dead time control input, down to zero, as the

voltage a(ﬂhe feedback pin varies from 0.5t0 3.5 V. Both
error amplifiers have a common-mode input rafige from
-0.3Vto (Vce —2V), and may be used 0 sense powar-
supply output voltage and current. The error-amnplifier
outputs are active high and are ORed together at the
non-invening input of the pulse-width modulator com-
parator. With this configuration, the amplifier that de-
mands minimum output on time, dominates control of
the loop.

When capacitor Cy is discharged, a positive pulse is
generated on the output of the dead-time comparator,
which clocks the pulse-steering flip-flop and inhibits the
output transistors, Q1 and Q2. With the output-control
connected to the reference line, the pulse-steering flip-
flop directs the modulated pulses to each of the two
output transistors alternately for push-puil operation.
The output frequency is equal to half that of the oscil-
lator. Dutput drive can also be taken from Q1 or Q2,
when sjngie-ended operation with a maximum on-time
of less than 50% is required. This is desirable when the
output transformer has a ringback winding with a catch
diode used for snubbing. When higher output-drive cur-
rents are required for single-ended operation, Q1 and
02 may be connected in paraliel, and the output-mode
pin must be tied to ground to disable the {lip-flop. The
output frequency will now be equal to that of the
oscillator.

The TL494.495 has an internal 5.0 V reference capable
of sourcing up to 10 mA of load current for external bias
circuits. The reference has an accuracy of =5% with a
thermal drift of less than 50 mV over an operating tem-
perature range of 0 to 70°C.

The TL495 contains af on-chip 39 volt zener diode for
high voltage applications where V¢ is greater than 40
volts, and an output steering control that overrides the
internal contro! of the pulse-steering flip-flop. (Refer to
the functional table shown in Figure 3.)

FIGURE 3 — FUNCTIONAL TABLE

Inputs fout
Output Steering . Output Function \ =
Control Control ¥ ose
Grounded Open Single-ended P.W.M. at Q1 and Q2 1
At Vief Open Push-puil operation 0.5
At Vet V1 <04V Single-ended P.W.M. at Q1 only 1
Al Vyef V1>24V Single-ended P.W.M. at Q2 only 1 '

See Enginesring Bulletin EB100 for further information. .
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MAXIMUM RATINGS (Fuil operating ambient temperature range applies-unless otherwise noted.)

Rating Symbaol TUSM | TLASUITIASSI | TLASMC/TIASSC | Unit
Power Supply Voitage Vee 42 42 42 v
Collector Output Voltage Ver. Vo2 42 42 42 v
Collector Output Current (each transistor) ic1.icy 250 250 250 mA
Amplifier Input Voltage Vin Vee + 3.0 Vee + 3.0 Vee + 30 v
Fower Dissipstion @ Tp < 45'C Pp 1000 1000 1000 mw
Operating Junction Temperature Ty 150 150 150 °c
Operating Ambient Temperature Range TA -85 to 125 -2510 85 01070 °C
Storage Temperature Range TS,L -6510 - 150 -65t0 +150 - 6510 +150 *C
THERMAL CHARACTERISTICS
Characteristics Symbol | J Sutfix Ceramic Package | N Sutfix Plastic Package Unh
Thermal Resistance, Junction to Ambient RajA 100 80 ‘CW
Power Derating Factor. VRWA 10.0 12.5 mwsC
Derating Ambient Temperature TA 50 45 *C
_RECOMMENDED OPERATING CONDITIONS
TLASA/TLAIS
p— ConditionValue Symbol Min Typ Max Unit
Power Supply Voltage vee 7.0 15 40 v
Coliector Output Voltage Vel Vez - 30 40 \
Collector Output Current {each transistor) ey g2 — - 200 mA
Amplifier Input Voltage Vin -03 - Vee - 2.0 v
Current Into Feedback Terminal I . — - 03 mA
Reference Output Current lraf —_ — 10 mA
‘Timing Resistor Ry 1.8 30 500 k0
Timing Capacitor cr 0.47 1.0 10,000 nF
Oscillator Frequency fose 1.0 40 200 kM2

ELECTRICAL CHARACTERISTICS (Vce = 15V, foge = 10 kHz unless otherwise noted.}
For typical values T4 = 25°C, for min max values Ta is the operating ambient temperature range that applies unless otherwise

noted.
TL434M TL4S4C, VTL495C,)
Charscteristic Symbol | Min | Typ | Max | Min | Typ | Max | Unit

REFERENCE SECTION

Reference Voltage Vref 475 5.0 5.25 475 5.0 525 v
{ig = 1.0 mA)

Reference Voltage Change with Temperature AVief (aT) —_ 0.2 2.0 - 1.3 2.6 %
{ATA = Min to Max} -

Input Regulation Regline - 2.0 25 - 2.0 25 mV
Vee = 7.0 V10 40 V)

Output Regulation Regigad - 30 15 -— 3.0 15 mV
{io = 1.0 mA to 10 mA)

Short-Circuit Output Current Ise 10 35 50 - 35 - mA
{Vief = OV, T7 = 25°C)
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ELECTRICAL CHARACTERISTICS (Ve = 15V, fogc = 10 kHz unleas otherwise noied.)

For typical values Ty = 25°C, for min/max values TA is the op

Nand 1

xphetn,
-

P

perature range that applies unless otherwige

i
noted. ;L -
TLAS4M TLAS4C, VTLA9SC, |
Characteristic Symbol | Min | Typ | Max | Min | Typ | Max | Unit
OUTPUT SECTION Lo
Collector OH-State Current ICtot) -~ T 20 100 - 2.0 100 LA
(Vec = 40V, Veg = 40 V)
Emitter Off-State Current IE{otn) -— — -150 —_ —_ -100 nA
(Vee = 40V, Ve = 40V, Vg = 0 V) .
Collector-Emitter Saturation Volage Vsa(C) - 11 15 - 11 1.3 v
Common-Emitter
(Vg = 0V, ic = 200 mA}
Emitter-Follower Vsat(E) - 1.5 25 - 15 25 v
Ve = 15V, Ig = - 200 mA)
Output Control Pin Current - loct - 10 - - 10 - pA
Low State -
Voc < 04V) i 5
High State 10CH - 0.2 | .35 - 0.2 3L ma,
VOC = Vyetl
Output Voltage Rise Time (Tp = 25°C) t - |, 100 200 - 100 200 ns
Copmon-Emitter {See Figure 13)
Emitter-Follower (See Figure 14) — 100 | 200 - 100 200 ns
Output Voltage Fall Time {T = 25°C) i - 25 | fo0 - 25 100 ns
Common-Emitter (See Figure 13) .
Emitter-Follower (See Figure 14) - |40 100 - 40 100 ns
TL4S4 TLa95
. Characteristic Symbol Min i Typ Max Unit
ERROR AMPLIFIER SECTIONS :
Input Offset Voltage Vio - i 2.0 10 myv
Vo (Pin3) = 25V) !
Input Offset Current o —_ ]r 5.0 250 rA
(VO (Pin3) = 25V) .
Input Bias Current g - i 0.1 1.0 A
Vo (pin3) = 25 V) '
Input Common-Mode Voltage Range Vicr -03 ! - Vee - 2.0 v
(Vee = 7.0Vto 40 V) i
Open-Loop Voltage Gain Ayor 70 95 - dB
{avp = 30V, Vo =05t035V,
RL = 2.0 k1)
Unity-Gain Crossover Frequency fc - 350 - kHz
(Vo = 0.5t03.5V, R = 2.0kN)
Phase Margin at Unity-Gain om - 65 - deg.
(Vo = 0.510 3.5V, R = 2,0 kf}}
Common-Mode Rejection Ratio CMRR 65 90 dB
(Vee = 40 V)
Power Supply Rejection Ratio PSRR —_ 100 - d8
(AVee = 33V, Vg = 25V, R = 2.0 kn)
Output Sink Current lo- 0.3 0.7 - mA
(VO (Pin3) = 0.7V}
Output Source Current o+ =20 ~-40 - mA
VO (Pin3) = 3.5V)
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ELECTRICAL CHARACTERISTICS (Ve = 15V, fogc = 10 xHz uniess otherwise noted.)
For typical vaiues T = 25°C, for min‘max values Tp is the opersting amb!e'qt temperature range that azplies unless otherwise

@

noted,
TLASUTLASS i
Characteristic Symbol Min [ Typ | Max Unit
PWM COMPARATOR SECTION (Test Circuit Figure 12)
input Threshold Voitage VTH - 35 45 "
{Zero duty cycle)
tnput Sink Current - 0.3 0.7 - mA
V(pin3) = 07V)
DEAD-TIME CONTROL SECTION (Test Circuit Figure 12)
Input Biss Current (Pin 4) hg (OT) - -20 -10 pA
(Vin = 010 5.25 V)
Maximum Duty Cycle, Each Output, Push-Pull Mode OCmax %
{Vin = 0V, CT = 0.1 uF, Ry = 12 k1] 45 48 50
{Vin = OV, CT = 0.001 uF, RT = 30 kN) _— 45 50
Input Threshold Voltage {Pin 4) VTH v
(Zero Duty Cycle) - 28 23
{Maximum Duty Cycle) 0 - —_
OSCILLATOR SECTION
Frequency fosc - 40 - kiz
{Ct = 0.001 uF, RT = 30 kD)
Standard Deviation of Frequency® ofose -— 3.0 - e
{CT = 0.001 uF, RT = 30 k1)
Frequency Change with Voltage Mose (AV) - 0.1 - %
(Vee = 7.0V10 40V, TA = 25°C)
Frequency Change with Temperature SMose (aT) &, S 12 .
| (ATA = Tiow 10 Thigh} (T = 0.01 uF. Ry = 12%)
TL49S
Characteristic Symbol Min 1 Typ | Max Unit
STEERING CONTROL i
Input Current Low IsTL - -25 - 200 HA
(V(p;n 13) = 0.4V}
input Current High ISTH HA
V(Pin 13) = 24V} - “ s 200
(Vipin 13) = Vref! Z 75 -
ZENER CHARACTERISTICS
Zener Breskdown Voltage vz —- 33 —_ v
iz = 2.0 mA)
Sink Current 1RZ - 0.3 - mA
{V(Pin 15) = 1.0V}
TOTAL DEVICE
Standby Supply Current Ice mA
(Pin 6 at Ve, All Other Inputs and Qutputs Open}
(Vee = 15V) - 5.5 10
(Vee = 40V) — 7. 15
Average Supply Current —_ _ 7.0 - mA
(V{Pin 4) = 2.0 V) (See Figure 12.) ‘
{CT = 0.001, R = 12k, Vo = 15 V) .

* Standasé devistion is & of the

distribution about the mean as derived from the formuls. o =
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10. OSCRLATOR FREQUENCY (M1

DT, PERCENT DEAD TIME, EACH OUTPUT

YCE {SAT). SATURATION VOLTAGE (V)

FIGURE 4 — OSCILLATOR FREQUENCY
versus TIMING RESISTANCE

FIGURE 5 — OPEN LOOP VOLTAGE GAIN AND PHASE
- varsus FREQUENCY

1g, EMTTER CURRENT {mA)
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FIGURE 6 — PERCENT DEAD TIME versus FIGURE 7 — PERCENT DUTY CYCLE versus
OSCILLATOR FREQUENCY DEAD-TIME CONTROL VOLTAGE
; v ! ]vslv‘ 2 B i; - . v ! Y —
Ve = : o =
| Voo = Vret : d 'V " \\ VoC = Viel
! Ve = 0V 'T ! I. i 3 NCy = 001
s i : ! gl 3 N Ay = 10% _]
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10, OSCILLATOR FREQUENCY (HZ} D242 TIME CONTROL VOLTAGE (V)
FIGURE 8 — EMITTER-FOLLOWER CONFIGURATION, FIGURE 9 — COMMON-EMITTER CONFIGURATION
OUTPUT-SATURATION VOLTAGE OUTPUT-SATURATION VOLTAGE
versus EMITTER CURRENT versus COLLECTOR CURRENT
18 '3
15— Vee = 15V — £ 12} vog = 8V —o
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=
16 — g L~
¥ = gy /
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FIGURE 10 —~ STANDBY-SUPPLY CURRENT _
versus SUPPLY VOLTAGE ' . ~

icc. SUPPLY CURRENT {mA)
ks . -~
s
T~

4 $0 10

FIGURE 11 — ERROR AMPLIFIER CHARACTERISTICS

Error Amplitier
Under Test

Feeddack
Termunal
(Pin 3)

Otner Ercor
Amplifier

FIGURE 13 — COMMON-EMITTER CONFIGURATION
TEST CIRCUIT AND WAVEFORM

15V
Ry
68
v,
¢ c
Each CL
Output Q 15 of
Transistor
E
Wy ———r 90%
vee
0% 0%
e
|3 1 ft—

15 2 » 0 I
Ve, SUPPLY VOLTAGE W)

FIGURE 12 — DEAD-TIME AND FEEDBACK CONTROL

JTEST CIRCUIT
Ve =15V
$150 $150
W w
vee
O—————{ Dead Time (3] Output 1
Test .
Inputs \ L
O————— Feedback =

AT Cc2 Quiput 2
ET——_: Cr €2 B 3N
{1

3 Sieenng __7__0 10pen)
F l—-)-l Error  Control } TL495
I . )‘ VZl—— o (Gpent f ONtY
=i ) Ref
Output Out

50 k Controt

“H g

FIGURE 14 — EMITTER-FOLLOWER CONFIGURATION
TEST CIRCUIT AND WAVEFORM

1ty
)
Each
Output Q
Transistor
VEE
E
A C
68 I 15 pf
90% — 0%
VEE
-l
'IO%J 0%
—— 1 tf f—
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Vo
) To Output
Voltage of
a1 :: System
1

R2 :; POSITIVE OUTPUT VOLTAGE
R
'—L VO = Vief 01 "i;'l

o

FIGURE 16 — DEAD-TIME CONTROL CIRCUIT

" NEGATIVE OUTPUT VOLTAGE AT

Ay
Vo = - Vrel gy

FIGURE 17 — SOFT-START CIRCUIT

I Veef

Vo

To Output
' Voltage of
System

1 to 250 mA

. Output /s
Control s l I -
R b S Cs
Output Veef 4 ! E ‘ Output Veet a3 J’
o—iQ o3 e o—iQ o34
R c i \
T T Ry :‘ S Rg
6 5} .
30k I 0.001
- T 80 '
Max % on Time, Each Quiput = 45— Ry _‘,
4 -]
Rz :
o .l
.
AGURE 18 — OUTPUT CONNECTIONS FOR SINGLE-ENDED AND
PUSH-PULL CONFIGURATIONS
.
)
§
Cy 4 ¢t
© ] 0
Cor:rut:l | : 2 t Output —°
1 to 500 A _f-: Control
. C2

I C2
—o

Qg

Single Ended Configuration

a—
{ale
——0

Push-P.ll Configuration

.
atfhk naren, 2=

It 250 mA
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RGURE 19 — SLAVING TWO OR MORE CONTROL CIRCUMTS

FﬁUREzO—OPERATDNVﬁTHV|N>40VUSNG

”~ INTERNAL ZENER (TLASS ONLY)
Vret ks
R '/
6 s o
AT
5 Master «
Cr
Ry cr sV
I & Ref
= = 2 Rz
Vet ? ]
J AT Slave
(Additional
5 4 Circuits)
FIGURE 21 — PULSE-WIDTH MODULATED PUSH-PULL CONVERTER
+Vin = 80020V
O
12 +Vp = 28V
1 P INag34 g =02A
+ Vee Py o)
PR 22
™ Y Ly ks
3k 3 3 —~ _J
A Comg - TLasa *1.50 t
001 0.017% 15 95 |
3 4.7k :: +| 50
16 Iy Tasv
1+ OC Veey DT Ct Ry Gnd Et E2 .1.
13] 14 4} S 6 7t 9| 10 IN4934
e q 2403
4.7 k 4 b3
3 10 ;= 2:15k <
47k % W0ks 0.001
o 4 o
Al capacitors in uf
Al
L1— 35mH@03A ]
T1— Primary: 20T C.T. #28 AWG
Secondary: 1207 C.T. #36 AWG
Core: Ferroxcube 1408P-L00-3C8
TEST CONDITIONS 5 RESULTS
Line Regulation Vin = 80to 20V AtmVv 0.0%
Load Regulation Vin = 12.6 V,lo = 0.2 to 200 mA 50mV  0.02%
Ovutput Ripple Vin = 126V, lp = 200 mA 40mVF-P PARD.
Short Circuit Current Vin = 126V, R = 0100 250 mA
Efficiency Vin = 126 V,lp = 200 mA 2%
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AGURE 22 — PULSE-WIDTH MODULATED STEP-DOWN CONVERTER

+Vin = 101040V TIP 324 1o mH @ 24 +VQ = 5.0V
[os SN O
o =10A
4
<
a7
150
4y
129 8] 1 P
Vee 1 €2 compl 3 odiM
2
) "5 1k 5.1k
> 5. .
50 TLas4 +Ho 2 WA )
sov T Vret 14
15 - 500 L7
- R Z MRES0 1oy
16 51k
Cr Ry D.T.0.C.Gnd E1 E2
s |6 |4 3]7]s]w0 L s¢
} Twov
$ 150
0.001 T 9k
. ¢ o)
201
o
All capacitors in pF
TEST CONDITIONS RESULTS

Line Regulation

Vin = 10V10 40V

14mVv  0.28%

Load Regulation

Vin = 28V.lp:= 1.0 mAto 1.0 mA

30mV  $C8%

Output Ripple Vin=28V,igp = 1.0A 65 mVP-P  PARD.
Shon Circuit Current Vin = 28V.R = 010 1.6 amps
Efficiency Vin = 28V,lp = 1.0A 1%
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A.E. Fitzgerald,Charles Kingsley,Stephen D. Umans “Electrical Machinery”,Sm
Edition McGrall-Hill Book Company
I.Boldea,S.A.Nasar, “Linear Motion Electromagnetic System”,John Wiley &
Sons, 1985
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