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ELECTROCARDIOGRAM ON TOUCH SCREEN
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ABSTRACT

F

! This thesis is study from the electrocadiogram on touch screen design and implement.

Describe electrocadiogram pass amplifier and clamp circuit , then we defined the components of 8 bit

J
analog to digital converter. The. trend graph and heart rate are displayed on touch screen and

c;ontroled by 8031 Microcontroller. This project can severe as guideline for further research and

cgevelopment for biomedical electronics instrumentation.
¥
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JU [:d 4 A 1 &
375000 ueANIAlGIEMITes Muamahauiitandiuld 4 gluuy amarmanzanluns1¥
u
427 Tassafumsdunesid Mcs-s1 aunseiudyanudumeisldldts 5 vilalasezdiu
o b= s g 2 a ~ d a = ~ A Ao =
Fyapuduwmeisaiifannmousn 2 il sasfiferinmelude 3 wila  delidygnudu
ar o H i A Q o ©° 1] Qo -~ )
wossdamatu  Mcs-s1  szazminhaullsuasuiisdsiegdu o TdsunsuuTasdu
o A L ] - ] \J ¥ 1 - as =
17033UA (Interrupt service routine) fioglumizsnrmsidunianing Jusgiuriavesdygrudy

ar ar A
wes S ddanalugilh 4.8
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FFFFH
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002BH ~—— TF2 + ExF2 Bumaiiudlnimod 2
8 lust fiawizlu MCS-51 vrawafiniu
0023H RI+ Tl Bwmaiiudveimeindonn
8 Tud foyauuveyniy
_ 001BH - ~<—JF1 dumeiudlndued 1
8 Tud
0013H ~——1E1 dwandNldnmaneiin o
: 8 lud
0000BH TF0 Suwmafiudlmbined o
8 lud .
000GH : — ,S‘ ~——IE0 Sutnad FUfnwuanviin o
00COH e

4 9 M ] o L) = LR -
1" 4.8 uarasdunidandasanuiveelusunsuuImsdunmessuauaaryialy Mcs-51

4.3 M3AITOYAILUIYNSY RS-232
4 o v o o an V- S 4 o ¥
desudoyanmesulasdyanusudonduainea hiinein 1 ves 3031 Aemifoya

awpanminnudasmsiduveniale @isudfezdidoyauuueynsu rs-232 Tlfamieaas

a o A -4 ar o 1
ygevadur Fwoamnsofmualisudeyansafumasgumsdald
A o -4 U )
mslFunesafoansfoyaunveynasulu Mcss1 muzadmuanshauldendwes

Taluiames 1Fuame scoN  Tasfmuald mlulnua 1 fio fssfudideyanisas 10
in UszrsudlediaSuduvosdoya 1 1a dduilu o wmwe) dadoya 8 ia Tnsvzdiladiganou
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uardindugavesdoyadn 1 da @auilu 1 aue) Fwaasluzli 4.9
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mmwayalwemwmim 9600 UANDIUIN Iﬂﬂfﬁlﬂiﬂﬂ"muﬂ1ﬂﬂ1ﬂ5ﬂﬁ'mﬂ51‘ﬁ\ﬂumﬂ1$

§
A o 7 @ 1 é Q,l v
Hop MWl¥lInwes 1 Tnua 2 WodmuaadnsIsds Boud rate) ¥ Iagnalismswine
as L] \J ar Q’: J A 1 A
doamsdanmsdurila dnfusmnmdesmsmasiidesInan 1S awes 1w THI Ao

*

MO A a o
' OTHI=256-[{ 2" X anwtesagammoinly) / (32 X 12 X baud rate} ]

2 o
nindeyadissdu awsedmualulysunsylddad

MOV SCON,#50H ; lwesademseynsuihaTnua 1
. Mov T™oD,#208 ; Wluwei 1 WuTnua 2 Wedmundasinsd
' MOV THI,#FDH ; fmuadidasinisch S 600 TadeTurii
| sEmR TR . Wlndwed 1 Swihaw

4.4 Wda3m19n (Flow Chart) sansvumumsmaumeslysunsu

. } 4 »
E Tidmnsnuansiursumshauvesllsunsy dseaoudeTddimninaagaadl

‘ - MAIN PROGRAM
! - INITIAL SYSTEM

- INTERRUPT PROCESS
aﬂ‘lﬂazuﬂmmma’mwa
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|

&
=

-
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Initial system

A 4

, il

YY) P 4

Suveyanianesanin
g v N ] A = FFH i
umluaccuazasie aoun1lue ACC l

AMUUADATINSIAUTDY
A ¢ FFH o
+ale
A 4
whasieyalu acc

Whiludoyaflsuumamaniasodusir

A990yaNn | Sexal port AT RS-232

y

/ Display Data
J /
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INITIAL PROGRAM

1¥aM SCON Wieha

Serial Port 11 Mode 1

y

¥AA1 TCON 14Timer 1 lu
Mode 119U boad rate 9,600

4

wam IE W1¥ INT0 iy
ar - PR 4
Yo usnessUamouenuar i

Timer 0 Sunoss1d cpuld

A

a1 TCON MWaseaeu
@ ar Al e
szaudogaiv INTO 910
High 11U Low tindunes 31

4 - L4
iwaneia 1 Thiduyaneia

Sudogann A/D Converter

Y

1aa1 TMOD 1 Timer 0

Yiamaihs Counter

Y

A
1AM TH iWofimua

AusuAUIRLA Timer
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fudoyann AD Hunesal
wuluacce

asedlu Acc hile
Ty FFE w3l

A # FFH

wlasseyalu Acc
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asmaova luiino1

1

v

Clear TRO Trmex0
NYANY Clear 01H

4

Wihidoyafivuanwa
NNIDTTUUA R

A 4

t99yaN 19 Sexiel Port
fu RS-232

==

ﬂﬁ"U‘d Main Program

W n AN
Sasimsidusoniale

1¥0 TRO Timex0
331 1%¥A 01H
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3
wamhvefee iaasnalay

GP-Pro2 Software

\

%9 Tag file H1¥1AuA

N-Tag (Numerio Display)

T-Tag (touch Pancl Input)

A 4

AMUANITININYaY

p|
msuanasgUns maatiio

(Tend Graph Display)

4

tuninlwdaeaslu Bas file

wASRS

4

9 ['4
Mmsniuaned Bas file

Tifulumizsnnudwesse

r

adfoyann 8031 lulee Tanld

4
RS-232 LAZNTINFANITFOUAD

A

a
Run mode IHouaninsHiaz

sanmaduveniale
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a
unin s
SOUANIHATTUUANAY

51 malyanailosnu

E @ ar - 9/ ar o .
souananaszuudude lulassnuldidenldse opP-250 Tasvdszuududt(Graphic Panel

td
Unit) 3 Wy uead@ uuy TuTulnsuugInua (Monocirome blue mode LCD) szuerawadiy 2 dfe
Fihuazfu g0 320 x 240 g8 Tmbomwiimoelufiodnsey @Fash EPROM) §117U 256 Ala
o as s ° 9 1 o A 2 b A
Tuv molusessuuduia aunsodmuamslfiussuuaig 181ddnse Wenahvaduuudioga

o ) YA A
0VTUAY WYWAN (Main menu) IHaanazUi 5.1

MAIN MENU
.
f
,
=
SELF.DIAGROSIS
.

o »
3% 5.1 BumAIynan

y
+ iywdnlszagudlgdiudngaell
B A‘ v o ') 9 ar dy
1 aySudumsians (Initialize ) gunsolfauladed
. o 4 o 4 4
11 Amuaszuy (System set up) M muanmFudumshauvamivododiania
[ =) ] = A as  as o LY L '3
fmualiiiidoanso Lillidoadlioduiaes (touch buzzer sound) AMMUATHARIY (pass word) fNUA
o P! o  a 9 | -] o ~
o uees 1Mt (Base Files) Nozuaneanmanaduda Iduluui@emy wie luuisTaam
L 4
-y -] A o e 1]
Fu0a (BCD:Binary code decimafimuaiufiszuudmsumssumiomsdoudoya
o “ ! ° A s
1.2 AmuansAasdienisusn (Setup /o) fmuamsdsaisvesnuqUasameusn Tae
annsafmuaanus wesmsdedoya @aud rate), Anuevesteya 7 wie & da, Snueiou
- . =) a adya . . y ) <t Adv-a =] 4 v A
iin (stop bit) 1 w30 2 iia, WiTAla (parity bi) 4 A w3 lULMTALN, WEAMITONABTOMS
(Communication interface) 11wz l¥ RS-232C S0 RS-422 uazamnsodonInuamsdudauuy 1
w30 2 9 ld
1.3 A1Mualead (PLC Setting) 1Hunsfimuaiusad® ( PLC: Programable Logic Control )
9 o A adeyt o o y et o
MWassiufiuead 1% Fadhdgunalumslsnunliniueads

L4 FuAmiaeAIISUTUAY (Tnitial memory) szvmsaudoyalumizenrusinelue
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L5 Amuanar (Set up time) MWimuana luvauaamalinssfunarlegiulasuendly
a - & =
Tu,au,0.8,92 Tug, 1
° ° a |
1.6 fmuanih1on (Set up screen) M¥fmuamnuavseisuduiinsgauaanadiusaninusn,
[ o as et Y o et A 124 9 o &
fmuavuiagadnys tvinamudeans, smualitinse lulideanuifsuuaainnuranaavaz
AN TR
U A 1
2 npryae¥eyaviiee  (Transfer screen data) Wudiuhinaawanisdeteyann
b - ' 1 =) o d J ar ] 0
aoutiawes ludiuvewenwnldlusunsy GPPRO-2 Wounmiauld delddamhsaruswes
: v A4 4 v 4 v
vouaana lasvzuanadonnuuondlodadoyamiuda
d g . . v Y _a ' ¢ P
8  WYATINAEUIIANIF (Self-diagnesis) 1FnsrvasudeAanainludiuvesnsauad 18
J s Qs o 1 o A
uf mansrdagaduda, msasiadalaundousy (DRAM), iamisanusinezuaasfeyauuss,

[ '3 4 4 -} a =} d” Y ar 1
L’ﬁﬂﬂm‘uwmmsﬂmmﬁzqﬁ)ﬂLmmﬂ‘luﬂaé’mmmwﬂwmmzugﬂﬂiwaﬂ waglnyaaeiyu-as

a8 A 1 A r = =1
FynnuueuRs-232C LAy RS-422 Nrsilpuiumafanudanmaszuandonnuyusndion
4 sngERsmhoe Run) Huaasdoya sonuusoduda lasdoyadsndrufveglug
d Q o ) -9
uupvos\Wdwa vazfivilnuanisyiiey maldonanain 999sUARIT9AINYDNANYRANEIR

%

, (error massage)ﬁ'd AE1 19U

IILEGAL ADDRESS IN SCREEN DATA (00B :0C1 :191)
]
l meﬁmamﬁz
amAananafi
= ] & (=] o (] ] o - ar [] 5 O
mnete ywdunsayadiuvaslvan ganuluglsveiniisanuiudsiiumbenniun

UBITTUY (System area) M IINAMsFoUNUAUBOIMUIWAT I (overlap of address)

5.2 MsdeaITR R ITILFRTT

5.21 Semsfnnedeas

msAndedemsszneeduATALUAUAToIMEN (Host machine) 92gAAILRUNNAUATES
NELIGE ﬂfh';ﬁﬂfnsuﬁmwanuﬂaﬁnﬁ'ﬂéﬁagaﬁﬁmnﬁu'l‘ﬁuwu'wﬂ11m°waweﬁnﬁ'm:gﬂﬁam
Tasddamsfondoyanndunfomdn  vasfofusedudiannsodideyanduhiidunias
nin 'l lasmsaovaussdedidanisdudeonai 1dnndanismansedudadudunioandniing

= 9/ 1] a as ‘5’ a ’ -3 2 A a v A ar =
uaﬂl,ﬂaaumau.aszmuﬂuTﬂumﬁawummﬂmmmumsxvu qﬂnmsmmﬂamsmgﬂw 52
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¢ AuAToMAn

P - - P
U TANOUN IUN0T

A fuoad
. . AOUNANOITIUYRNA
OITTUUTUNTY | -

=l

miwnrudimely

wuuaTmsIsEIY

Fudoyadoms

A\

foyavossay < :;c:ﬂd %//%
=

A Lol 1 A ar a
714 5.2 MIAAADABMITVONDISVURUAT

e i o T s

5.2.2 HHILATTNI1¥DITZVY
: mizennuswesssumiludadenarlunsuaneudoyasrninsedudafudiundos
nan fx‘mnu"wmmtﬁwhuf':ﬂzmsqatjluﬁm‘uamﬁwmm'ﬁwmalmaﬁuﬁ'ﬂ HATMIUAAINAUULD
iﬁuﬁ'dﬁzfuag'ﬁ'uﬂmgaﬁxﬁnatjluf{uﬁn‘mﬁr swavemthsa s wesszuLE A 2048
dumda wiseandiu 3 diudesiio
M iR uToYate352UY (System Data Area)
: -nﬂ’:tjmmﬁ‘lﬁtﬁuﬂayaéams (User Area)
mizen s iiiudoyasiadfien (Special Relay Area)
 dausanlumben s uensdoglil 5.3

O3
. 10| ihuveyayedszuy
20

dudoyadems

<
Mudoyafiadia

ik
2047

d -3 s °
E'LIYI 53 mnﬂuazﬂumuwhqq‘uaa'nu"wmmilwaaszuu
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v d 1 J = o o/ dy
whivesdudgezlinshaudad
-MwAINSIALTeYavees LYY

1 :r dé = ar o [
dnidhuitunas ldaugudeyatsninaauzauiawainveseduds TnoTuudaz

fumisvaatoyaszgaiimua Pmed

. -miwarwinfudeyadonts
J c:l U dy ] Aal t.:l ar 1 o o @ a A ar E
, Wi ludwuihzdludundeyaszgauannfasudussniedudadudunsoman lasth
y a o o A Y H Y o o ' ' oo dad w

winldnouiaumesdudunsomdn luduusnszdasimuatisduniwaamitenusminudoya
‘A a = 3/ q’:’ = | A a S v A 3w v
foms Mzgadsudoyaall mmhudouTsunsuuunianouiumeindniwehuiues Idaunse
1 . 3 ddo ] o A d & 1
deteyalhuuiiuiismua iy mizeanudfidudeyademsdouuda

1 a  ar o d g Je o =3 A

AIUNIMUTIN oA ﬂsld’f'ﬁu"wﬂ11mmﬂu‘1’|’aya§amsﬁlumsﬂmuﬂum (Tag) \#0

9 9 Aw vo ' ° y o dd w A
szuantoyadoyan 1dsuuT (Data Transfer) vwavaInzganu iy Mmirearuinuveyads
M5 WU 2032 AWHUa

[] o A g v =) S a
MUIANNTIUALTOLY AT DI NIAY
4{ a ] dy 9 o P=} o a 2 A0 t (] 0 @ A
wuludiisslfdueouzvosmiimuuese  Faliduwmisng lumbeanuiiagln

54

¥
2032

' toa T lusuing

d 2034

. 2035 | 1 Second Binary Counter
AR5 namunuvsuiiiniid
2037 tsoalilusuinn

] 2038 | fadmminesvodinlrd

i . 2039

tseq 13 lusunn

2047

o
‘]JTI 54 u.fmanmammmmﬂmﬂuasLaawm;

5.2.3 gﬂxmuﬁﬁalumsﬁmiaﬁams
;
Funioandn swansadoudeyassuumisarmdweszuy Taol¥ddadiou (Wnte

b
command) ua:mmsnmumanamnﬁmﬂmwmwaaswun uim‘l‘rmmmu (Read command) ‘Nil

o o
sduuudaeg Al
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1. M3WgudyaauunIeANITIveTTUY
A Yo o o 9/ I | [} ] do ] °
gol¥dudon Yoyavzgadiouaruudumis Admualilumieanuswesszuulae

o & a = d’
swaztﬁﬂmmmmwauumu

ESC (1Bh) syanSud ( Start code }
W (57h) faudou _

- Address 1 nomnsaisudg
C (4 bytes) 1 :

s Datal

L (4 bytes)

Data 2 k
(4 byzes)

Lt g

3,

CR (0Dh) miloundy ¢ Carriage retum )

as 1 1 A’ A 1 - - 1 A 1
Frety  Widsudoya 1a2¢ uaz 1458 vngasudunmizsauidumish 100 yumize

AUV IVBITEUY

ity frdudeu. OMATTI00 foya 1 Yoyn 2 ilondy |
l N/ & et B i ; |
esc|[w] [ofloffs][«] [1]all2lic] [1l4]5]B] |
qlunyvesidaiiou
e T T dwmbs T
migniui mizenrun

100 XX [XX 1000 1A 2C
101 XX |{XX [::>101 14[58

nszm
fdudou
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2. psgudeyasiavitsaud wesszuy

4 aye & o ; . o d o . .
delimdsmdeyaszoadmumnamizeanusingadmualilumiearudweszuy Ing

-} o a 1 o o J
YT IDYAVYTINTTIDIUUAIU

ESC(1Bh) | sWesudu
R(52h) L T
Addl’css P
(4 by‘tes) “ﬁﬂlﬂfﬂﬁmu,

Numberof ]

words toread

CR (ODh) ddloundy |

g 1 1] l \J Q' L4 ] [-d -4 1 CI l o
AVYNIYU 11?01“%’91‘.6 2 A1 1RO UNITINR U NS IR EIN 100 TunugANSIUBITTUY

9 ]
AUWAUS

mienIme

100

101

—n |
g P

JUuyyvemaIg

oS Ui fideem |

. Autyrds
wienITud
2C 100 1A]2cdN
s8] L0 101 [ 14584 amviv
asem
fdaemu
8 Number of
s 100 words to read oy,

ESC

R

(O]

[N S e )BLAT 28 1

6

al lofloflof 2| |R

A Q'I 1 Q’l A A'I e A [ 1 Qs e s \ A o Q'l
dafdid 1 Mds wduwmaduniemanditeeduda divsvzdsdoyaguiiudid

-] ] s 9 as A ar P~ [-3 a': Q [- -
ﬂ'lﬂ't)l]ﬁﬁﬂﬁl]lﬂlﬁﬂ’]tﬂiﬂﬂﬁﬁﬂ TnoswaziBoavosmdsnaouiaIl

e

ESC(1Bb)

sanSudy

A4

fifanou

Datal
(4 bytes)

Daa2

(4 byres)

CR (ODh)

Ailoundy
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a 1 -4 Q’ a - ] A 1 o
dredau  Mddeya 2 dumliTassmivnambeanuhidumisi 100 Tumbeanugives

U
fuimda Ammla
minawd - i
100 1Al2¢c) . 100 1A}2C4 N |
to1 [1al58] 00 101 141584 pouse
: nssh u‘
frifaomu o ]
jUsuyvesmidimaou
. . foyal doya 2 . .
S‘ﬁ’c’{lgué’]‘u Mawau - r——y————' mﬂauﬂan

ESC A ll"AZC Lif4ilf 5B CR

5.3 MR mMAITAeIiee

mwﬂﬂﬂdmﬁmﬁﬂsmm‘fyunmawﬂunamfnmﬂ15Lﬂ%ﬂuuﬂaqfiwmi'a;gaﬁussqat_ﬂu
#UwATE (word address) Tagvzpmiulilufiuoad FaluTaseani 19l Tnsnou Inawmeddasm
Foyafiozuanansmadu fviale llfimizenami luseuanana

HANNIIMN

Foyalumbenrust fgadmualhegnduiSsnaudasfidmun Wlulidd -Fie) 1n-
fufvzuanasiunmasmideios lunadunmarlazgadmualasliéi Lﬁa%y‘agﬂﬁﬁ-@uﬁz
fmuauda dThegnfonuu il @l Taenmamennsofadan sl ¥gen s i
Fuimieanusfifudeyaveudunmiszfivtoyatoyavesduns i ldnaody  Taosmaugs
 qaiidunsminieres szuanuuelddodlifu 20 dunie 20 ¥ea feyaveadunsmiitegluses
usnffedoyalu Idndludeyaus ndeTaoszSosnmumnomuiindu 3T lidios. damshau
vesveemnsauidnyusaIaeeniiu 3wy fai

1. 1uuUnf (Normal Display)

doyalumizsaiusu sumisfisimal? Fugnduennusaniidmualinnesurassa
siliteyalumizsaniriigniadiuduns doyaseuaingaitiisiiu o natuiignatnty
it a3 lumbenaud Tﬂmﬁ’uﬂﬂﬂﬁgﬂq'uﬁaﬂmﬁaﬂmfngﬂmﬂ'lﬂluﬁﬁmaﬁf‘hnuﬂ
1 dlensmgnmnunugaveusauaawa dunsmredemnfezgauandiudoyausnlumineda

1 Fauaaalugalil 55
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] ] ] 3 P
] : AR I %

25| [ 4 60] | 40 | 20

Sumsiaacna | 30l {

A =y -y
510 5.5 uamamslowdunsiiuuuled Taslinalmeen
2. nuuMWN3 ALY (Pen-Recording Mode)
Y 1 o o w-r ] U as doe b
foyalumizonrwdr 1 dwmisfidmuals FgaduiSsnawdasidmualinneeumas
o ' o_a a ety &
wa sz lideyalumisanusiiignnaduduns deyavziSunagaididdiu o miufgn
oo ' ] o 3/ o o 4 A =
anllgandmuas Blumbheaud doyadanfzgnuanseennisesqiiunmiiesnmdiams

A -] o A
ffmuall dwansluzli se

: -] -] -] — ] 1
| B2 PR N AN
~ LN i W/ WY

LB T .

- g ~ [ 30] | 23] | 60| [ 40] | 20)

7171 5.6 uamavgumMAT Moo Taofida e
3. suuuanuiluya (Block Display Mode)
foyalumizsnudr awdey nzgﬂtfnmué”msﬁﬁmuﬂ'l%' mmfuﬂzgﬂmmﬂmﬁ’uﬂﬂﬂ
, doriioq Iﬂﬂi’t’ﬂgﬂﬁsmmzﬂuxﬁ’uﬂﬂﬂuu‘aauﬁmmatfm:t_mL?Uﬂ'l'r’r’amxi‘lwﬂq W uazdsewnse

§
° ’ A u v o cl
' Amua i IMuananinnsesnnesuaamaladndie Fdiedumsihauuaadlugli 5.7

' N %
o 7 \ .
[l | 1 1 } 3
Hic 3 § ; : 3
El ] ] I q )
5 g 5 S 3 ]
B ] i 3 = 3
5 = m 4 1 B )
a P F] i E q
g ¢ - Py = L4 - P
En GG {imnes $Fmmes
. ! Foyanidou o
aousfim rotuile aouzid aausilen
a1 i 2 dhut dh s
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gll'ﬂ 57 u'cmamsnNmmawaxmmmmsﬂuw
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wugmeg * 1 ﬂumuawmammmmﬁum‘s’ﬂmﬂa{ ATURUAD UL

5|
* 2 muneaved i udeyatisuaaina
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TagrwazBonusanms imuadiiTamainiuguanue ddal
dgadmualilisudiu 1 waneta Whmsuaasdayansdaudvudeyaluniisanus
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unii 6

MINATDUNMINMAIUYDI0T

81 manTvnadyananauiviniile (ECG Preamplifier )

81.1 2993n58InNEM

A Qo \J A °. - - Q7 A 1

Wommsnaaou NeIsaImINIRLLLesHames aunsofwadygnusuniu v

A a d =) a
AT 50 1F50F  TAEATNINANDUAUDIATIND ( Frequency Response ) 1AW 50 Fadidnan
da ds v o o 3 v oy ¢ 4 o S qy
#Buynvonsesasssnauddwdrhnstiudanudumulineniyndiga  wdwminlitlou
1 a d o J 7 = = A’: J =< o o o a1 ¢ Ay v [
aduynihIflddueniyngeganifouninn dwd o 8 1 Aladsad Jadueniynnld wdnivn
o = a a ¢ d 4 -~ a a 4

NansransuausInLd nmsneassdouduym 20 fadlian Naawd o ta 1 Aladsad 14

¥ as o d
IATINTVHINAITNN 6.1

aMwd Vo T~ dasinisveny a0 Vo a5 TV

(Hz) M) (dB) (Hz) Q) (dB)
0 0 oc 50 02 20.00
2.25 4.0 46.02 57 0.6 26.02
35 4.5 4740 §0 0.2 32.04
4.0 4.6 47.23 62 12 35.56
4.8 4.8 47.60 71 1.8 39.08
55 4.8 47.60 80 1.8 39.08
6.5 46 4723 90 1.8 39.08
11.5 44 46.85 105 1.8 39.08
20.5 42 46.44 110 16 38.06
23.0 4.0 46.02 130 12 35.56
25.0 3.8 45.57 150 1.0 33.97
30.0 3.4 44.60 180 0.8 32.04
325 32 44.08 350 06 29.54
38.0 26 42.28 450 0.5 27.95
41.0 16 38.06 850 0.3 23.52
45.0 0.6 29.54 1k 02 20.00

o d
ATNN 6.1 ATTNUAAINANTTADUIUDINNUD
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;**************************************************************

.
14

START PROGRAM

;**************************************************************

N
ORG
SJMP
ORG
CLR
SJMP
ORG
SJMP

ORG

EQU
0000H
INIT_SS
0003H
EX0

INT

0O00OBH

COUNTER

30H

01H

;**************************************************************

.
!

INITIAL PROGRAM

;**************************************************************

INIT SS:ACALL DELAY

SCON, #50H

TMOD, #20H

TH1, #0FDH

TR1

ETO

EXO0

ITO

SET MODE 1

; TIMER 1 MODE 2

BAUD RATE 9,600

; TIMER 1 ON

SET INTERRUPT
SET INTERRUPT TO

SET INTERRUPT INTO



MOV

MOV

CLR

CLR

CLR

SETB

TMOD, #06H
IP.1
THO, # (256-2)
TLO, #(256-2)
P1, #0FFH
00H

01H

P3.5

P3.5

COUNTER MODE 2

SET PIORITY OF TO

SET PORT1:INPUT PORT

FIRST START TO A/D

;**************************************************************

.
!

;*********************

WAIT:MOV

JNC
ACALL
SETB
SETB

SJMP

CLR

RET

MAIN PROGRAM

C,00H
WAIT
TRANS
EXO
P3.5

WAIT

TRANSFER DATA

SERIAL PORT RS232

SBUF, A
TI, %,

P3.5

.
1

.
!

i

*****************************************

WAIT FOR INTERRUPT INTO

JUMP IF C = 1

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

START & ALE TO A/D



;*************************************************************

.
1

INTERRUPT PROCESS

;*************************************************************

INT:

RETURN:

COUNTER:

SETB

MOV

CJINE

JB

SETB

SETB

RETI

:CLR

CLR
PUSH
MOV
MOV
DIV

MOV

MOV
MOV
POP
RETI
RETI
INC

RETI

00H

A,PL

A, #0FFH, RETURN
0l1H,HR

TRO

01H

TRO
01lH
ACC
A, #96H

B,N
B, #64H
32H,A

33H,B

ACC

; JUMP IF A # #FFH

; JUMP IF BIT = 1

START COUNT PLUSE

STOP COUNT PLUSE



,
..............................................................

3
...............................................................

DELAY :MOV R2,#20H
DELAY1:MOV R3,#10H
DJNZ R3,$
DJNZ R2,DELAY1
RET

END



National
Semiconductor
LM1524/LM2524/LLM3524

Voltage Regulators

Regulating Pulse Width Modulator

General Description

The LM 1524 series of regulating pulse width modulators
contains all of the control circuitry necessary to imple-
ment switching regulators of either polarity, transformer
coupled DC to DC converters, transformerless polarity
converters and voltage doublers, as well as other power
control applications. This device Includes a 5V voltage
regulator capable of supplying up to 50 mA to external
circuitry, a control amplifier, an oscillator, a pulse width
modutator, a phase splitting flip-flop, dual alternating
output switch transistors, and current limiting and shut-
down circuitry. Both the regulator output transistor and
each output switch are internally current limited and, to
flimit junction temperature, an internal therma! shut-
down circuit is employed. The LM1524 series will be
available in the 16-pin dual-in-line J package with either
a military, industrial or commercial temperature range.

Features

m Compiete PWM power control circuitry

w Frequency adjustable to greater than 100 kHz

® 2% frequency stability with temperature

= Total quiescent current less than 10 mA

® Dual alternating output switches for both push-pull
or single-ended applications

® Current limit amplifier provides external component
protection

®» On-chip protsction against excessive junction temper-
ature and output current—thermat limit

® 5V, 50 mA linear regulator output available to user

- Block and Connection Diagrams
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REFERENCE
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| W TO AL
e st 0—| L wrenascincimay

ERROR

AMPLIFIER -
2
1 RPUT O~
| = r W
1
o, -
. 4
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Dual-In-Line Package
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-1 SENSE —L‘ F‘lcﬂllEnﬂll
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TOP VIEW

1

Order Number LM1624J, LM2524J
or LM3524J
See NS Package J1I6A

Order Number LM2524N or LM3524N
Ses NS Package N16A




Absolute Maximum Ratings

Input Voltage 40V Maximum Junction Temperature”
Reference Voltage, Forced 6V {4 Package) 150°C
Reference Qutput Current 50 mA (N Package) 125°C
Qutput Current (Each Qutput) 100 mA Storage Temperature Range —65°C to +150°C
Qscillator Charging Current {Pin 6 or 7} 5 mA Lead Temperature {Soldering, 10 seconds) 300°C
Internal Power Dissipation (Note 1) w
Qperating Temperature Range

LM1524 -55°C to +125°C

LM2524/LM3524 0°C t0 +70°C

Electrical Characteristics
Unless otherwise stated, these specifications apply for Ta = —55°C to +125°C for the LM1524 and 0°C to +70°C for the
LM2524 and LM3524, Viy = 20V, and f = 20 kHaz.

TMis2a
PARAMETER CONDITIONS LM2524 LM3524 uNITS
MIN | TYP | MAX | MIN | TYP | MAX

Reference Section

Output Voltage 48 80 5.2 4.6 5.0 54 v
Line Regulation VIN = 8—40V 10 20 10 30 mV
Load Regulation IL=0-20mA 20 | 50 20 | 50 mv
Ripple Rejection f=120 Hz, To = 25°C / 66 66 d8
Short-Circuit Output Current VREF =0, TA=25°C 100 100 mA
Temperature Stability Over Operating Temperature Range 03 1 03 -1 %
Long Term Stability Ta=25°C 20 20 mV/khr
Oscillator Section
Maximum Frequency Ct=0.001 uF, RT =2k 350 350 kHz
Initial Accuracy RT and Ct constant 5 5 %
Frequency Change with Voltage " VN =8-40V, Ta = 25°C %
Frequency Change with Temperature| Over Operating Tempersture Range 2 2 %
Output Amplitude {Pin 3} Ta=25°C 3.5 3.5 v
Qutput Pulse Width (Pin 3) CT =0.01pF, To = 25°C 0.5 0.5 ) Hs
Error Amplifier Section
Input Offset Voltage Vem = 2.5V 0.5 S - 2 10 mV
Input Bias Current VeMm = 2.5V 2 10 2 10 HA
Open Loop Voltage Gain 72 80 60 80 d8
Common-Mode Input Voltage Range | Ta = 25°C 1.8 3.4 1.8 34 v
Common-Mode Rejection Ratio b Ta=25°C 70 70 ds8
Smatl Signal Bandwidth Ay =0dB, Ta=25°C 3 3 MHz
Output Voltage Swing TA = 25°C 0.5 38 0.5 3.8 v
Comparator Section
Maximum Duty Cycle % Each Output ON 1 45 45 %
Input Threshold {Pin 9} Zero Duty Cycle 1 1 v
Input Threshold {Pin 9} Maximum Outy Cycle a5 35 v
{nput Bias Currént . -1 HA
Current Limiting Section
Sense Voltage Pin 9= 2V, V(pin 2) — 190 200 210 180 200 220 mvV
V(Pin 1) 2 50 mV, Ta = 25°C
Sense Voitage T.C. 0.2 0.2 mv/C
Common-Mode Voltage -1 1 -1 1 v
Output Section {Each Output) .
Collector-Emitter Voltage 40 40 v
" Collector Leakage Current VcE = 40V 0.1 50 0.1 50 uA
Saturation Voltage Ic=50mA 1 2 1 2 v
Emitter Qutput Voltage Vin= 20V,’|E = —250 nA 17 18 17 18 v
Rise Time Rg=2kR, Ta=25°C 0.2 0.2 s
Fall Time RCc = 2k§1, TA = 25°C 0.1 0.1 Hs
Total Standby Current Vin =40V, Pins 1,4,7,8, 11 8 10 8 10 mA

and 14 are grounded, Pin 2 = 2V,
All Other Inputs and Outputs Open

Note 1: For operation at elevated tempaeratures, devices in the J packsge must be dersted based on a thermal resistance of 100" C/W, junction
to ambient, and devices in the N packege must be derated based on a thermat resistance of 150" C/W, junction to smblent.

10-132
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$CL45288 %

CMOS DUAL MONGSTABLE-
__ MULTIVIBRATOR

FEATURES

Two Indapendent Muitivibrators on One Chip
Triggerabile from Leading- or Trailing-Edge
Pulse

Retriggerable

Resettable

Q and Q Buffered Outputs Available

Wide Range of Qutpuf Pulse Widths

L4 R & R X 2

DESCRIPTION

The SCL45288 Dual Multivibrator provides
stable retriggerabie/resettable one-shot operation
for any fixed-voitage timing application. Timing
for the circuit is controlled by an external resistor-
capacitor combination (Rx-Cyx). Adjustment of
these components permits generation of output
pulse widths from nanoseconds to minutes.
Leadingedge and trailing-edge Trigger inputs are
provided, and both positive-going and negative-
going pulses are available from complementary
outpuTts.

Timing pulses may be terminated at any time
by applying a low logic level to the Reset input
Cp. ’

FUNCTION TABLE

INPUTS QUTPUTS
Co{A|B|al @
L | X X | L |H
X |H X |L |H
X | X |L |L |H
H (t [H (TS
H | L U ur

H = High Level {Steady State)
L = Low Level (Steady State)

t = Transition, Low-to-High

{ = Transition, High-to-Low

X = lrrelevant (Inc. Transitions)
J 7= One High-Level Pulse

1= One Low-Level Puise

CONNECT!ION DIAGRAM
(alt packages)

Vpp 2T 2Tz 2€p2A 28 2 T

! ! | S N S| L
16 15 14 13 12 11 10 39
$CL45288

1 2 3 4 5 6 7 8
I
1Ty 1T 1Cp 1A 1B 1Q 78 vgg

Add suffix for package:

C 16-pin Cerdip
D 16-pin Ceramic
E  16-pin Epoxy
F  16-pin Flat

H Chip

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage Vpp-Vgg 3t 15 Vde

Operating Temperature TA
C, D, F, H Device -55 to +125 ©C
£ Device 40 to +85 ©C

BLOCK DIAGRAM
{one of two duvices)

Cx* Rx
[ S
A - TY T2 '
IN qp———0(Q
Bin Sf——og
co Q

RESET 7

Ay and Cx sre sxternal comoonents.




sCcL45288

SCLA45288 PULSE WIDTM VS Ry, Cx. Vpp

“
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{5 o, Y/ /
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4 v
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2 ;” '/ I:o. 7 V/ t5v % 18 /;// had
15
a4 | A 4 A .
e 853 T e . L0 ‘83 2 ) 2 a8 T 4 83 LK)
e 10° 10 10 w0t ! 1w’ o 10
PULSE WIDTH (Seconas} .
LOGIC DIAGRAM
S E 0 _JOT ¢ I
: T T T ; i i 1
FOR ALL VALUES OF Vpp 3V 70 18V -
= 110 : E : 2 ! S
5 | = i/ i
O : Y =
g 1.05 /,
S 0 ;,/ =
o s
2 0ss il
TRIGGER 5 b 7~ !
LATCH o 1
rm———— Z 090 = Y
1 [ ] | :
088 MY 7 Ol ]
o N e, b T ‘ -80 43 -0 [} 20 49 60 0 m 10 g
:. Ta. AMBIENT TEMPERATURE (9C)
*STANDARD INPUT PROTECTION AT THESE POINTS - N
Normalized Puise Width versus Temparature

Notes:

There is no effective maximum limit on Ry;
recommended minimum value for Ry is 1KQ.
There are no restrictions on the vaiue of Cy.

For proper operation all unused inputs should
be tied to a logic level. The mode point (T2} of a
unused haif of device should be tied high through
an external resistor to Vpp.



ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS!

<

SCL45238 "

Typical P-Channel
Source Current Characteristics

H A k]
PARAMETER Voo | conNOITIONS |—TLow b Tuick_ | ynies
(vdel Min. | Max. | Min. | Typ. | Max. | Min, | Max,
QUIESCENT DEVICE ool
OCURRENT § |Vin=VesorVoo | — 5 - {oos 5| — {150 lpade
10 | Al valid input - 101 - |01 10} - | 300
- 20 | combinations - 20 - 102 20 - 600
NOTES: ' Remaining Static Electrical Characteristics are listed under “SCL4000B Series Family Specifications™
TLow = -55°C for C, D, F, H device. :
= 40°C for E device.
Taign = +125°C for C, D, F, H devics.
=+ 85°C for € device.
DYNAMIC CHARACTERISTICS (Cy = S0pF, Ty = 25°C)
Cx | Rx Voo R .
PARAMETER {pF) (kD) vae) ) Mis. Typ. Max, Units
PROPAGATION DELAY TIME [y
o .
| Fomaos N T 5 - 270 540 s v
10 - 90 180
15 - 70 140
- 1000} 10 5 - 510 1020 -
10 - 170 340 s
15 - 120 240
From Cq 15| 5 5 - 270 540 © ns
10 - 90 180
15 - 70 140
. 1000/ 107 " 5 - 550 1100 ns
10 - 300, 600
18 - 250 500
OUTPUT TRANSITION TIME glg
trme
A5 5 = 130 260 ns
10 - 65 130
18 - 50 100
Note: TOutout | tepp | -
15| 5 5 - 130 260 ns,
10 - 85 130
15 - 50 100
1000| 10 () - 270 540 ns
10 - 240 480
A 18 - 220 440
MINIMUM INPUT PULSE WIDTH PWir
A or 8 input - - -] - 70 140 ns
10 - 30 60
15 - 25 50
OUTPUT PULSE WIOTH MATCH APW,.
Same package 1000| 10 5 L + 15 +18 %
10 - £10 *20
15 - *10 +20
Different dackages 1000 10 5 - - *50 %
10 - - +50
. 15 - - +50
Yoo DRAN VOLTAGE (Vdc)
20 18 -16 <14 12 -10 3 5 4 2 0 |
T 1 g T
Vg =5 Vde 5 %
7 O P g
[~] [
Vog =—10 Véc <] 15 2 ]
1 20 = £ 25 Ves = 15 Ve,
o ,
_25 b3 [T} 20 3
Vo =15 Vde 3 z - 1 -
¢ z =15 s Vea = 10 Vde
= S 10 = t
3 3 5% L V=5 Ve T =25 C
tewe] ¥ T S ,
AT 0 2 4 6 8 10 12 14 16 18 20
Voe. ORAMN VOLTAGE (Vdc)

Typical N-Channel
Sink Current Characteristics
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AC TEST WAVEFORMS

90%. —1
A 50% ; 10% / \ 50% Voo
_'i Pwi, "—-l - l—- Y - ‘ {
. |
50% Yoo
|
— P f
| I |
co i | 90% L
VYoo
- ] = ?
t
p— e et | e B
o jf so% sO% 50% ?:%
T v '
H trLH
——-! g—-—-wHL e =t -i l— ‘Tr-.!ti
¢} | i {
- \sox [ 50% ’ ‘::" ’
APPLICATIONS INFORMATION
é Cx Ryx Cx Ry
o |—-T—~vv~ Yoo = ik AN AN~ V5o
T - T2 T T2 ’
Vss Vss
A Q
= QUT IN o b QUT
% SCL45288 8 IRIrTees T
—q o——
B a
Voo TCD
Fo = Voo
Voo
s UYL
TR i o
) = b= ton ’ }"_ T _"1
Astable Operation Connection for Non-Retriggerabla Opaeration
. Cxy Axy . C‘, sz
AAN—= Voo il A A A e 1T
v n " T v T " T2
ST A I
A o3} A Q2 out
% SCLa5288 % SCL45288
8 ar 8 02
o
Voo

c,_,T
Voo

Co
Voo

at | H

p—T"
azm

— v
i B

T2 peome

Astable Multivibrator with Adjustable Period and Duty Cyche



Loglc Products

DESCRIPTION

The ‘14 contains six logic inverters
which accept standard TTL input signals
and provide standard TTL output levels.
They are capable of transforming slowly
. changing input signals into sharply de-
fined, jitter-free output signals. In addi-
tion, they have grealer noise margin
than conventional inverters.

Each circuit contains a Schmitt trigger
followed by a Darfinglon level shifter and
& phase splitter driving a TTL totem-pole
output. Tha Schmitt trigger uses positive
feedback o efiectively speed-up siow
input transition, and provide ditlerent
input threshold voltages for positive and
negative-going transitions. This hystere-
sis between the positive-going and ne-
gative-going input thresholds (typically
800mV) is determined internally by resis-
tor ratios and is essentially insensitive to
temperature and supply voltage varia-
tions.

PIN CONFIGURATION

7414,

LS14

Schmitt Triggers

Hex Inverter Schmitt Trigger

Product Specification

- TYPICAL PROPAGATION .| TYPICAL SUPPLY CURRENT
. DELAY ** . (TOTAL)
7414 - 1508 31mA
74LS14 150 ° 10mA
ORDERING CODE
PACKAGES Viom VISR, Tam O to + 0
Plasic DIP N7414N, N74LS14N
Plastc SO 7 N74L514D
NOTE: P 2
For miormabon regardng dewmces pr o Mitary Specifi poe the Sy Mitary Products
Deta Manuat. y i
INPUT AND OUTPUT -LOADING AND FAN-OUT TABLE
PiNS DESCRIPTION <. - 7¢ 74L8
A Inputs 1 1Sl
Y Outpat 10ut 10LSul

HOTE:

Where 8 74 unt 10ad () 8 underslood 10 be 40uA lyy Bnd = 1.6mA ig, and 74LS unit load (LSul) s

20uA 1y and -0.4mA Iy,

LOGIC SYMBOL

s
A

LOGIC SYMBOL (IEEE/IEC)

w] Yee

T

i ¢
. P bt
"_,,- .
~Har L
L i)
|8I.U 12




SCL4020

ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS'

E] S 7
PARAMETER VoD | coNDITIONS | TLow Be THIGH | ynins
{Vdel . Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE CURRENT|lgp 5 {Vin=VgsorVep| - 5 - { 0.05 ) - 150 {nAdc
10 Al valid input -1 10 - o1 10 | -~ | 300
15 |combinations — 15 - 0.2 20 - 600
OUTPUT HIGH (SOURCE] tom
CURRENT . .
C. D, F, H device 5 |Von-=4.6V 015! ~ }{-0.12 [-05 - |-008] - |mAde
10 |Vou = 9.5V -037| - |-03 |-1.15 - |-0.21 -
15 {Vou =13.5V -1.26 - |-1.0 145 - {-0.69 -
Vin=Vss of Voo
E devics ’ - 5 |Von =46V -0.14| - [|-0.12 {-0.5 - |-010| = |mAde
10 {Vou = 9.5V -0.35 - 03 |-1.15 - |-0.25 -
- 15 [Vou =135V  [-12 | - |-1.0 |45 - j-085| -
Vin=Vss or Voo
QUTPUT LOW (SINK) fou
CURRENT ~
C.D, F, H device | 5 |Vou =0.4V 045} — fo12i05 | --!008] - |mAde
10 Vg = 0.5V 037| - |03 1.0 - | 0.21 -
15 Vo = 1.5V 1.25 - 1.0 5.8 - 0.69 -
V\n =Vss of Voo
E device 5 VoL =04V 0.141 - (01205 - | 0.10 — imAdc
10 [Vgr =0.5V 035 - |03 1.0 - | 0.25 - |-
15 (VoL = 1.5V 1.2 -~ |10 |58 - | 085 -
Vin*Vss ar Vop
NOTES: ! Remaining Static Electrical Characteristics are listed under “SCL4000B Series Family Specifications”.
TLow *-55°C for C, D, F, H device.
= .40°C for E device.
Tuign = +125°C for C, D, F, H device.
=+ 85°C for £ device.
DYNAMIC CHARACTERISTICS (C, =50pF, T, =25°C)
Voo : ’ I J
PARAMETER vde) l Min, I Typ. Max. Units
CLOCKED OPERATION
PROPAGATION DELAY TIME
Clock to Q1 tpLm. trrL 5 - 1 200 400 ns
. 10 - 100 200
15 - 80 160
Qo Qg +1 AteLn. tene S - 150 200 ns
10 - 75 150 *
15 - 60 120
OUTPUT TRANSITION TIME trLm. trHL 5 - 180 380 ns
10 - 30 180
15 - 65 130
MINIMUM CLOCK PULSE WIDTH PWer 5 - 100 200 ns
- 10 - 50 100
15 - 40 80
MAXIMUM CLOCK FREQUENCY for 5 20 - 4.0 - MHz
10 4.0 8 —
15 5 10 -
MAXIMUM CLOCK RISE AND FALL TIME tecLs ticL 5 15 - - us
10 15 - -
15 5 - -
RESET OPERATION
FROPAC‘EATION DELAY TIME . oy 5 - 300 600 ns
10 - 150 300 .
15 - 120 240
MINIMUM RESET PULSE WIDTH PWa 5 - 150 300 ns
10 - 75 150
15 - 60 120
RESET REMOVAL TIME trom 5 - 250 500 ns
. 0 | - 125 250
15 ~ 100 200




SCL4020AB

Vo, DRAIN VOLTAGE (Vdc)
.20 18 <16 -14 12 10 8 & 4 -2 0 —_
A} ! SI Yic 5 =~ ﬁ
s =< oz £
| 1 0, = - Ves = 15 Vi —
Vs =10 Vd a5 2 = 12
L] 202 £ 10 —~ =
Ves =15 Ve 8 5 = 8 Vos = 10 Vde
2 Z oA ;
z S A
B < 2ppA4 _Vm=5VdIc— T,=28
T=29C4 £ s Lo
T 1 A= 0 2 4 6 8 10 12 12 16 1
Vou. ORAIN VOLTAGE (Vdc)
Typical P-Channel Typical N-Channel
Source Current Characteristics . Sink Current Characteristics
TIMING DIAGRAM
. 1 2 a 8 1G .32 64 128 256 512 1024 2048 4096 8192 16,3849
s Mg N B i O st 16 ption 5 i U s O i i U i 16 M O R 5 B 5 i O B Y
Heset .——1 % : g )
ai Y .y a - ") e 0} P2 04 P Rerfi VA RN i N0 ) 2SS 0 Bl 1S U, '
Qs ﬂ_l___L_L—I_.'L_L | I R N
as TN 7ULY Lk, WP Al I " In BTS2 "R T
as . f—\_ AN LA gl o o LN WL | 1 R T
a7 raaa AN\ VA g8 nogivnad ) RICAGLE s
a8 = e TR WP sy g i 4 “Dalin | B b SN
Qs Sy X I "L W e
aio JTTIE A L2 y 1L =18
an : . ‘e il iy | ¥ S I
a1z I B W N A
a3 7. 1

Qs 1

TYPICAL COUNTER STAGE
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ADC0808, ADC0809 8-Bit 1P Compatible A/D Converters
with 8-Channel Multiplexer !

General Description Features
The ADCC808, ADC0809 cata acquisilion component is & »- Easy intecface (0 &il microprocessors
monolithic CMOS device with an 8-bit analog-to-digital con- B Operates ratometrically or with 5 Vpg or analog span |

vertes, 8-channel multipiener and MICTOproCessor compati- adjusted voitage referance

bie control logic. The-8-bt A/D converter uses successive  m No zero of full-scale adjust requiced

approximation as the conversion tachnique. The convertsr  m. G-channel mulliplexer wilh address logic

features & highimpodmchoppwsmbiizod COMPMAIOR, 8- g OV to SV input range with ingle SV power supply

zssﬂvolugodividuwmu-bgswitchmarnnm- .mmmwmmm

sive approximation register. The g-channel muitipiexar can : . A
_dirocttyaccessanyots-smgle-ondodanalogsvgna!& [ ] Slan.dardhormem.:ormfndod%-pn OiP package

Tbedmaemwsmcnoodfmextm:mam!uﬂ- » 287 “""F"‘““ " package

scale adjustments. £asy intertacing 10 MICTOPIOCESSOMS is Key Speciﬁcations

provided by the iatched and decoded muitipiexer address - .
inputs and latched TTL TRI-STATE? outputs. = RAesotution 8 Bits
The design of the ADC0308. AQC080S has been optimized  ® “Total Unadjusted Error z%LSBand 21158
by incorporating the most cesirable aspects of severai A/O u-Single Supply 5 Voc
conversion techmiques. The ADC0808, ADC0809 offers high a-Low Power 15 mW
speed, high accuracy. srecimal. temperatwre dependence, B Conversion Time 100 ps
excellent long-term accwacy and repeatability, and con- -
symaes minimal powes. These featwres mahe (his- devce-
ideally suited to applcations from process and machine-
control 1o consumer and automotive appiicatons. For 16-
channel muiliplexer willy COMMon output (sampie/hoid port)
see ADCD816 data sheet (See AN-247 lor more informa-
tion.) .
Block Diagramy :
stamr cuece
) > b mmans wivi.d WA | .
°-1 ! ] {ND 08 CoRvERTIOR
Lol | CONTAGE & tamas """ pattanurn
| ]
X 1 } l
Oy § CHARDELS ' '
e e e !
et TMIICHES SAR ! 4
e | : =
COMPRAATON -
Oy l ‘ ThES =0
| :uu: —0-{ | re
ouiry aur e «
Sy H e vrreTs
| 1 utth - :
‘:‘ smicn IngE l
Ot 1
1 HT AQDNESS {o——< ooatss L - . {
L LATCN 1 ﬂ :
200MS  omd 2100 ]
LATEN (NARE reontn MR ATUSTOR LAODER l s“ Ordorino
1 1 | i information
[ b e —em = l

)
atM-) sureut

veg SN0 AtHe)
(nast

L/ 58T2-1




Electrical Characteristics (contnue
Digital Leveis and DC

45V<VcosS.5Y,

~55"C<TaS +125°C unless otherwise noted

ADCO808CC, ADCO808CCN, ADCO808CCV, ADCO809CCN and ADCOBOSCLYV, 4.75< Vo £5.25Y, —-40°C<TAL +85Cun-
less otherwise noted
Symbol Parameter [ Conatons | Min | Typ | M [ unes
CONTROL INPUTS
Vingy Logical *1~ Input Voltage Veg—1.5 v
Vi) Logical “0” input Yoltage 15 v
g1y LO@‘"'V"HMC{I’M‘( V=15V 1.0 nA
(The Control Inputs)
oy Logcal “0™ Input Current Viu= 0 -1.0 A
(The Control Inputs)
e Supply Current foux = 640 kHz 0.3 <X ] mA
DATA OUTPUTS AND EOC (INTERRUPT)
VouTih Logical “1™ Output Voltage o= ~360 pA Vg —0.4 v
VouTioy Logca! 0™ Output Voitage lg=1.6mA 0.45 v
— Cogeal 0~ O VoltageEOC | _lo=12mA | 0.45 v
lout TRI-STATE Output Current Vo= 5V 3 uA
Vo=0 -3 A

Eiectrical Characteristics

Timing Specifications Voc = Vagr(+)™ V. VReF(~)

=GND, =ty =20 ns and Ta=25°C unless otherwise noted.

Symbol Parameter- Conditions Min Typ Max Units
tws " Mirimum Start Putse Width (Figure 5) 100 200 ns
tWALE Minieum ALE Pulse Width (Figure 51 100 200 ns.
ty Minimum Adaress Sat-Up Time (Figure 5§ 25 S0 ns
[ Minknum Address Hoid Time (Figure 5} 25 50 ns
) Analog MUX Deiay Time Rg=0Q (Figxere §) 1 25 kS
From ALE
1. g OE Control to Q Logic State q-SODF,HL-10k(thnd) 125 250 ns
typte oM OE Control to H-Z CL-1OpF.RL-!Ut(F:g:n8) 125 250 ns
te Conversion Tune . = 640 kHz, (Figure 5] (Note 7) 90 100 116 1S
te Clock Frequency 10 640 1280 KHz
teoc EOC Delay Time (Fixre 5) 0 84+2uS Clock
Penods
Cin Input Capacitance At Conrol Inputs 10 15 pF
Cout TRI-STATE Output At TRILSTATE Outputs, (Nots 12} 10 18 pF
Capacitance

Note \:Mcwm“m

he Sewcse beyond #8 ]
Mznwnmmmnm.mmm
M:Ammmm.mvahcmmmnwwwd1vw

Noe & Two on-crw cxoces are Hed
reaier an the Yoo succly, The
wmmlmmv.umm
4,900 Yoo over
Mtfﬂu“mdmmcmwm.“
W.lmumm-mmwummmmw.

rounl

wmum—nomus-ﬁ'wvta

mtw-umw-umwmwudw

vSe tamowrsire decencence (Figure 6). See carsgrach 4 &
mhmmamuurwanmmmmmmdeoc
mtmmmimfwm.Lsuln‘.

w3eC sfows 100 MV foreard tuas of ether GOOS. Thas means
numrommwwxnsvxmwwn
" loaong.

mmwnnmmm.mmmmwmmmmw

mms..m:.mo‘wuonmunmamm
anmv-u-ananm«tawo.svmtsvwmmm

The tras CLITONt vanes Grecty with CIoCk recuency end Nas




Functional Description

msmtummmwmmmm
mbumdmmdeGmmbw-&o—Nghm
sﬂionolmommchmm

TABLE]

SELECTED ADDRESS LINE
ANALOG CHANNEL c 8 A
INO L L L

INt L t H

IN2 L H L
IN3 L H H

IN4 H L L

INS H L H

ING H H L

IN7 H H H

CONVERTER CHARACTERISTICS

The Converter

The heart of this single chip data acquisition system is its 8-
bit analog-lo-digital converter. The comverter is designed

CONTROLS FAGM ZAR.
L

zowmmwvmmmmn
widowdtmmmTMcommuispamﬁomd
into 3 mayor sections: the 256R lacder network, the succes-
sive approomation regester, and the comparator. The cone
verter's digtal outputs are positive true.

The 255R lacder network spproach (Figure 1) was chosen
over the conmventicnal R/2R ladder because of its inherent
mm-dwmmlmmmnmmm
Morwidwispuﬁawwimpommhdoudbopfno-
back control systems. A nOn-mMonotonic relationship can
cnusoo.uhmmﬂbouustmphi:lam'mm
W.N&mekdoosnotmb‘nv”
tions on the reference voitage.

The botiom resistor and the top resistor of the ladder net-
Mthruom(mumvmamrmm
the network. The ditferenca in these resistors causes the
mmmwbosymmouicdwimmomm-
full-scale points of the transter curve. The first cutpt tren-
sitjonocanmmomlogsignuhnrucmd+‘/,wa
amwmmﬁonsomwmlwalcm
up 1o full-scale.

The successive approximation register (SAR) pertorms 8 it-
erations 10 approximate the input vottage. For ety SAR type
converter, n-ilerstions are required for an n-bit converner.
szmawﬁcﬂcmvhous-ww.lnmo
ADCD808, ADCO809, the approximation techmnique it ex~
tended to 8 bits usng the 256R network.

REFEH) Oinm—ny T *

e 1}

%R 1
: j_\.

11 ] \j— N—
<
P O—

.

.\—.‘,

18
e COMPARATOR.
iyl

AR Ot

TU W 58722

FIGURE 1. Resistor Ladder and Switch Tree




Functional Description (Contrwed

The A/D cormvertsrs SUCCeSSive SPPITXITIAUON register
(&mhm«mmmmdmmm
mmmmummmfm.cgoot
mmmmAmhmmu
iﬂmwmdummmm%
mmmumwmmm
of-caw«n’on(quamzomscmumodhm
Mmmmmmmmw
MWWWW@WMO
memmwmmwdmm
The most important section of the A/D corverter is the
W.nummmampommm
mmmncyolmmm.ltbmm

= FULLSCALE
< tAROR 1288

= ROMLIREARITY » 172 428
-

A% 08TPUT COOE

SORLINCAMTY = -1/2 138
ZENG CRACR = ~1/4 138

MA@ NN
Vi AS FRACTION OF PULLICALL

Vin

FIGURE 2. 3-81t A/D Transfer Curve

compareior drift which has the greatsst influence on the
mﬁmdeAmmmu
mmmmmm:-mumm
verter requirements. -
The chopper-stabilized compasator converts the OC Input
mmmmmmmammw.
Wmmmﬂmo«mmm
mamunocmmnmmodbymom
W.Tﬁamakumom&‘A/DMmm
imwtmum,mtmdﬁnwmm
oTOMn.
lemnwmmamlammu
mmnmmpmsmhm1n.

INFINTE RESOLUTION
" PERFECT CONVERTIN
e 2188 10EAL 3817 CORVERTIR

w oL, . A

S in | wmaowsteo~}

2 - EAROR ‘s

£ AvsOLUTE

a2 m ACCURACY -

2 m s
. GUANTIZATION
- tARSR
- Vin

TR LR R R
Vo AS FRACTICN GF PULLICALE

FIGURE 3. 3-81t A/D Abeclute Acsurscy Curve

FIGURE 4. Typical Efror Curve-




Connection Dlagrams

Ousi-in-Line Package Moided Chip Carrier Package
< o O
s N 3839LL%
n-42 27 =t [ I O
S 2sb-wo 28 24 28 22 2t 10 19
"4 28}a00 & w—q2¢ -7
N1 -3 2upacos 27 i7j-rhss
START =48 asb-ac0 Lt P 164 Yaer (=)
e np-uc i | X )
3s 21p=2""uss M2 w27
QUTPUT DHARLE —{9 20p-2"2 fade 13f~c0
aox—{10 up-23 N —s 124=Vaoy (*)
o N
Yor (4} 112 v - 2-%s8 $587 % 8
{14 16 p=Yeer (=) 2= § 3 >
741 15f-27t ;
O
TUHISATR=0 1T §
Order Number ADC0808CCN, ADCO803CCN, Rvserz-iz
ADCO808CCd or ADC0808CY Grder Number ADCOSOSGCY or ADCO809CCY
See NS Package J28A o N28A See NS Pachage V28A
Timing Diagram

- P AL
....,_—..F:_}... Y&

}.—
7
L 3 sa soeem

Yo

gepr——t—te i
e T - T i
Ol
DS X
—te

- I ) j—

FIGURE S




Appilcations Information (Continuad)

"

113 Voc

Vee
REFL)

L

- 10.F

3L
TARTALUM

P CuG

REFL-)

FIGURE 12 Typicai Reference and Suppty Clrcult

- . =
- l‘
_A/wi—- Ve
P I LLLA PPN -
nge e ‘o)
L8128 .
g I BIGITAL QUTRUT
PROPGATIONAL TO
" Sour ANALOG IapyT
" 125V <, Vin -_;}J!‘l
114 i L)
125%
nEFl-)
5V
REFERENCE g L8
s—wv-I—t a%0 Ra Ry
*ReSOMeInG Wansoucers
NUHISEI2-9
FIGURE 13. Symmetrically Centered Reference
3.0 CONVERTER EQUATIONS 4.0 ANALOG COMPARATOR INPUTS .

The umsiﬁmbommmimntcodnanndNH is gven

N 1
Ve {Nm-»-"m-ﬂ{g';; zvm} +Vaer( - @
The center of an output code N'is given by:
@

N
Vm[(V.m..—Vm-ﬂ[E] :V“ﬁ} *Vagsg-)
The output code N for an asbitrary input are the intsgers
within the ranye:

Vigg =V =
N-_L"__.'ﬂ-)—-.mgwm
Vaergs) = Vuer-)

whaere: Vi = Vaitage at comparator input
VReR +)=Voitage at Ref( +)
VRer(-)= Voitage at Ref(—).
Vyyg = Total unadjusted eror voltage (typically
Vagr(+) 513

3

The dynamec comparator input current is caused by the peri-

odic switching of on-chip stray capacitances. These are

connecisd altemately to the output of the resistor ladder/

swiich tree network and to'the compasator input as past of

the operation of the chopper stabilized comparator.

The average value of the camoarator input curent vares
directly withh clock frequancy and with Vi &3 shown in Fig-
ure 6.

If no fiter cagacitors are used at the analog inputs and the
agnal SOUTe impedances are low, the comparator input
axrent should not Introduce converter eors, as the tran-
sient created by the capacitance discharge will die out be—
fore the carmparator cutput is strobed.

it input filter capacitors ar8 desired for noise reduction and
sgnal canaitoning they will tend to average out the dynamic
comparator nout current. [t will then take on the character-
istes of a OC tras current whose affect can be predicted

conventionaily.




Typical Application
F12v] )
._]
0 kb —t CLE ot
JUL LIS 5000V —dq ¥ 1.4 WTERAMPT
STEBtt REFt)
(AD4-ADIN® LIV~ Vgs(-}
= p———> o7 [ -]
START 1 ———p o
AR ALE 2—1 ST ]
ADE =—dq A Z'“"'—"’m
Apcoms
A01—8  ,ocsse UI—P®
A02~C ] B
1~V p——p 000 18
!VMYT .
Vee layf—Ym$
GNo -
-
GROUNS = L ANALOG
YT AANGE
.
Vi }

'mmwumns&wmmmn.w

MICROPROCESSOR INTERFACE TABLE

TLS8T2-10

.

S et n tt 2t 2 20 2 e 2 j‘unn.m'm"’m‘-’lf

PROCESSOR READ WRI INTERRUPT (COMMENT)
8080 MEMR MEMW INTR (Thre RST Cecst)
8085 AD WR INTR (Thns AST Cercunt)
zZ-80 RD WR iNT (Thru RST Circust, Moca 0)
SC/MP NRDS NWOS SA (Thru Sense A) i
6800 VMASSZIR/W | VMAedeR/W TROA or IRGB (Thru PIA)
Ordering Information
TEMPERATURE RANGE - 40rClo + 85°C -55Cto - 125°C
cwor L2 LSB Unadjusted | ADC0808CCN ADCO0B08CCV ADC0808CCJ ADC0B08CJ p
+ 1158 Unadjusted | ADCOS0SCCN ADCDB09CGV
Package Outine N2BA Moided OIP V28A Moided Chwo Camer | J2BA Cetamc DIP J28A Cararmc CIP
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Switchmode Pulse Width
Modulation Control Circuit

The TL4g4 is a fixed frequency, pulse width modulation control circuit

designed primarily for SWITCHMODE power supply control.

This device features:

Complete Pulse Width Modulation Control Circuitry

On-Chip Oscillator with Master or Slave Operation

On-Chip Error Amplifiers

On-Chip 5.0 V Reference

Adjustable Dead-Time Controi

Uncommitted Output Transistors Rated to 500 mA Source or Sink
Output Control for Push-Pull or Single-Ended Operation

e Undervoltage Lockout
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ORDERING INFORMATION

Temperature
Device Range Package
TL494CN Plastic
0°to +70°C
TLA94CY : Ceramic
TL494IN Plastic
—25°to +85°C
TL4041 Ceramic
TL494MJ ~55°10 +125°C Ceramic
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TL494

MAXIMUM RATINGS (Full operating ambient temperature range applies, uniess otherwise noted.)

Rating Symbol | TL4gaC | TL4sal | TL494M | Unit
Power Supply Voltage veo 42 v
Collector Output Voitage Vg1, Ve2 42 Vv
Collector Output Current {Each transistor) (Note 1) | Ilct.lc2 500 mA
Amplifier Input Voltage Range VIR —0.310 +42 v
Power Dissipation @ To s 45°C PD 1000 mwW
Operating Junction Temperature Ty °C
Plastic Package 125 —
Ceramic Package 150
Storage Temperature Range Tstg °C
Plastic Package -5510 +125 —_
Ceramic Package —651t0+150
Operating Ambient Temperature Range Ta 010+70 | ~2510+85 | ~-551p +125 °C
NOTES: 1. Maximum thermal limits must be observed.
THERMAL CHARACTERISTICS
Characteristics Symbol N Suffix J Suftix Unit
Therma! Resistance, Junction to Ambient RgJA 80 100 °Cw
Derating Ambient Temperature TA 45 50 °C
RECOMMENDED OPERATING CONDITIONS
TLA94
Conditjion/Value Symbol Min Typ Max Unit
Power Supply Voltage Vee ] 7.0 15 40 A
Collector Cutput Voltage Ve, Vez —_ 30 40 Vv
Coliector Outpit Current (Each transistor) 1. lc2 - - 200 mA
Aragined Input Voltage Vin 0.3 - Vorn-2.0 v
Current Into Feedback Terminal b —. —_ 0.3 mA
Reference Output Current Iret ~ - 10 mA
Timing Resistor Rt 1.8 30 500 kQ
Timing Capacitor Ct 0.0047 0.001 10 uF
Oscillator Frequency fosc 1.0 40 200 kHz
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ELECTRICAL CHARACTERICISTICS (Vgg = 15 V. C1 = 0.01 uF, AT = 12k, unless otherwise noted.)
For typical values T = 25°C, for min‘max values T is the operating abmient temperature range that applies, unless otherwise noted.

TL494C,) TL494M
Characteristics , Symbol Min | Typ I Max | Min I Typ | Max Unit
REFERENCE SECTION

Reference Voltage (Ig = 1.0 mA) Veef 4.75 5.0 5.25 4.75 5.0 5.25 \

Line Regutation (Vog = 7.0 V10 40 V) Regline -— 20 | 25 | — 2.0 25 mV

Load Regulation (Ig = 1.0 mA 1o 10 mA) Regigad — 3.0 15 — 3.0 15 mvV

Short Circuit Output Current (Vigf = 0 V) Isc 15 35 75 15 35 75 mA

OUTPUT SECTION

Collector Off-State Current Ic(off) — 20 100 — 2.0 100 pA

(Ve =40V, VCg = 40V) X
_| Emitter O#f-State Current IE(ot) —_ —_ -100 — — -150 A
Voo =40V, Vo =40 V. VE=0V)

Collector-Emitter Saturation Voltage (Note 2) "
Common-Emitter (Vg =0V, I =200 mA) _. . Vsat(C) — 1.1 1.3 — 1.1 1.5
Emitter-Follower (Vg = 15 V, Ig = =200 mA) Vsat(E) - 1.5 25 —_ 1.5 25

Output Control Pin Current
Low State (Vo 0.4 V) locL — 10 - —_ 10 —_ pA
High State (VOG = Vrel) = locH = 0.2 35 - 0.2 3.5 mA

Output Voltage Rise Time tr . ns
Common-Emitter (See Figure 12) —_ 100 200 —_ 100 200
Emitter-Follower (See Figure 13) -— 100 200 — 100 200

Output Voltage Fall Time {1 ns
Common-Emitter (See Figure 12) — 25 100 —_ 25 100
Emitier-Follower {See Figure 13) - 40 100 — 40 100

NOTE: 2.Low duty cycle pulse techniques are used during test 1o maintain junction temperature as close to ambient temperature as possible.
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TL4S4
Characteristics Symbol Min [ Typ Max Unit B
ERROR AMPLIFIER SECTION
Input Offset Voltage (VO (Pin 3) = 2.5V) Vio — 2.0 10 mvV
input Offset Current (VO (Pin 3) = 2.5 V) o — 5.0 250 nA
Input Bias Current (VO (Pin 3) = 2.5 V) s —_— -0.1 -1.0 uA i
Input Common Mode Voitage Range (VoG = 40 V, Ta = 25°C) VicR -0.3to Vgg-2.0 v
Open-Loop Voltage Gain (AVo =3.0V,Vp =05V 1o 35V,R =2.0kY) AvoL 70 95 —_ dB
Unity-Gain Crossover Frequency (Vo = 0.5V 1035V, RL =2.0kQ) fc- - 350 — kHz
Phase Margin at Unity-Gain (Vg =0.5V103.5V, RL =2.0kQ) Om - 65 — deg.
Common Mode Rejection Ratio (Vo =40 V) CMRR 65 90 - dB
Power Supply Rejection Ratio (AVgc =33V, Vp=25V. R =2.0 kQ) PSRR —_ 100 - ds8
Output Sink Current (VO (Pin 3) = 0.7 V) lo— 0.3 0.7 — mA
Output Source Current (VO (Pin 3) =3-5V) lo+ 2.0 —4.0 — mA
PWM COMPARATOR SECTION (Test Circuit Figure 11)
Input Threshold Voltage (Zero Duty Cycle) VTH - 2.5 4.5 A
Input Sink Current (V(pin 3) = 0.7 V) lj= 0.3 0.7 — mA
DEAD-TIME CONTROL SECTION (Test Circuit Figure 11)
Input Bias Current (Pin 4) (Vpin 4 =0V 1o 5.25V) 18 (DT) — =2.0 -10 pA
Maximum Duty Cycle, Each Output, Push-Pull Mode DCmax %
(VPin 4 = 0 V, CT = 0.01 pF, Ry = 12kQ) 45 48 50
(VPin 4 = 0 V, CT = 0.001 pF, Ry = 30 kQ) L 45 50
Input Threshold Voltage (Pin 4) VTH A
(Zero Duty Cycle) —_ 2.8 3.3
(Maximum Duty Cycle) 0 — —
OSCILLATOR SECTION
Frequency (CT = 0.001 pF, Ry = 30 kQ) fosc = 40 — kHz
Standard Deviation of Frequency® (CT = 0.001 uF, RT = 30 kQ) ofgse —_ 3.0 — %
Frequency Change with Voltage (Vo = 7.0 V 10 40 V, Ta = 25°C) Afgge (AV) - 0.1 —_ %
! Frequency Chanae with Temperature (ATA = Tiow 10 Thigh) Afgsc (AT) — — 12 %
| (Cy=Cut yF AT =12K0) : | !
UNDERVOLTAGE LOCKOUT SECTION
rTurn-On Threshold (Vg increasing, iref = 1.0 mA) [ Vin 5.5 6.43 7.0 | v ]
TOTAL DEVICE
Standby Supply Current (Pin 6 at Vref, All other inputs and outputs open) icc mA
(Vcc=15V) - 5.5 10
(Vcc=40V) - 7.0 15
Average Supply Current — mA
(CT =0.01 pF, Ry = 12k, {V(Pin 4) = 2.0 V) — 7.0 —
- Vgg = 15 V) (See Figure 12)

* Standard deviation is a measure of the statistical distribution about the mean as derived from the formula, ¢
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APPLICATIONS INFORMATION

Description

The TL494 is a fixed-frequency pulse width modulation
control circuit, incorporating the primary building blocks
required for the control of a switching power supply. (See
Figure 1.) An internal-linear sawtooth oscillator is frequency-
programmable by two external components, Rt and CT. The
approximate oscillator frequency is determined by:

For more information refer to Figure 3.

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 ransistors Q1 and Q2, are enabled only

when the fiip-flop clock-input line is in its low state. This’

happens only during that portion of time when the sawtooth
voltage is greater than the control signals. Therefore, an
increase in control-signal amplitude causes a corresponding
linear decrease of output pulse width. (Refer to the Timing
Diagram shown in Figure 2.)

The control signals are exiernal inputs that can be fed into
the dead-time control, the error amplifier inputs, or the
feedback input. The dead-time control comparator has an
effective 120 mV input ofiset which limits 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 96% with the output control grounded, and 48% with
it connected to the reference line. Additional dead time may be
imposed on the output by setting the dead time-control input
to a fixed voltage, ranging between 0 V10 3.3 V.

Functional Table

Input/Output fout
Controls Output Function T;; =
- — g} — e ——— e - ————
Grounded Single-ended PWiM @ Q1 and G2 1.0
@ Vief Push-pull Operation 0.5

The pulse width modulator comparator provides a means
tor the error amplifiers to adjust the output pulse width from the
maximum percent on-time, established by the dead time
contro! input, down to zero, as the voltage at the feedback pin
varies from 0.5 Vto 3.5 V. Both error amplifiers have acommon

mode input range from 0.3 Vo (VCc—-2V), and may be used
to sense power-supply outpul voltage and current. The
error-amplifier outputs are active high and are ORed together
at the noninverting input of the pulse-width modulator
comparator. With this configuration, the amplifier that
demands minimum output on time, dominates control of the
loop.

When capacitor CT 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-pull operation. The output frequency is
equal to half that of the oscillator. Output drive can also be
taken from.Q1 or Q2, when single-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 currents are required for single-ended operation,
Q1 and Q2 may be connected in parallel, and the output-mode
pin must be tied to ground to disable the flip-flop. The output
frequency will now be equal to that of the oscillator.

The TL494 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 internal accuracy of £5.0% with a typical
therma! drift of less than 50 mV over an operating temperature
range of 0° to 70°C.

Figure 3. Oscillator Frequency versus
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Figure 4. Open-Loop Voltage Gain and Phase
versus Frequency
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Figure 6. Percent Duty Cycle versus
Dead-Time Control Voltage
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Figure 10. Error-Amplifier Characteristics
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Figure 14. Error-Amplifier Sensing Techniques
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Figure 17. Output Connections for Single-Ended and Push-Puil Configurations
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Figure 19. Operation with Vijn > 40 V Using
External Zener

Figure 18. Slaving Two or More Control Circuits
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Figure 20. Pulse Width Modulated Push-Pull Converter
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TEST CONDITIONS RESULTS O
Line Regulation Vin=10Vtio 40V 14 mV 0.28%

Load Regulation

Vin=28V,lo=1.0mAt0 1.0A

3.0mV 0.06%

Qutput Ripple Vin=28V,lp=1.0A 65 mV P-P P.AR.D.
Short Circuit Current Vin=28V,R;_=01Q 16A
Efficiency Vin=28V,lp=1.0A 1%
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Figure 21. Pulse Width Modulated Step-Down Converter
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TEST CONDITIONS RESULTS
Line Regulation Vin=80Vtod40V 3.0mvV. 0.01%
Load Regulation Vin =126V, g = 0.2 mA to 200 mA 5.0mV  0.02%
Sv'pul Tippis Vi = 126V, ig = 200 ma “0my PP FaBD,
Shorl Circuit Current Vin=126V,R =0.1Q 250 mA
Efficiency Vin = 12.6 V, Ig = 200 mA 72%
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