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ABSTRACT

This thesis is a design and construction of the digital three channels wire
telemetry ,intended for transmission of human electrical signal ICU telemetry monitoring
system. The use of digital transmission makes the lower noise than that of the analog system.
The system is based on TDM. Almost of the circuit components are -easily available in local

market in Thailand. The data rate is 6,400 bps can be applied in wireless transmission.
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Processe Actuator
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fc ANN fc-ts fe fs foets AINA

117 2.4 () uanselaniuvesdygymhignegy

() TlAATUNAIINNITGY INA Frequency foiding
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fudounnudveamsduitaeiiusuTemanisdouivvesalansunualy (£ - f. =
4 1 @ 1Y ) G a
f. ) uaznsnlfounduvesdygamdimsgaguidunioudn1d
) [} d A a 9/ ar v 2 o 9/ ac
nnnguimsdu £, > 2f. fitensvianisdouivvesailaaiy 3o ld 2 33 Taoms
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Frequency lilodaygnagrifounduuiduidundsngaguuduaaslugin 2.5 ezivuh
A7 Aliasing 0199UANA19IAA DAL T1ln
Anti aliasing filter 3¢ 0aaTUAUANNGTIINAR Aliasing Frequency Tuvaizndes
t o Y a a d’ as Ja (d‘ 9/ ] ] Q v =1
T IWiRansAamouvesdyya lunuuadainlnuuas Taasnuuiudrlunis iaasen
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2.4 Quantzing theory
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o P

Quantzing Husurunsinasunasdyeusuaeniludynui hideiios

v u
* v

E 4
(discrete signal) ¥aIMIgy TAUAIUATTUIUMIINIRT (Coding) 90 Iy Tudoioniy
aglugiidwdemsiszmaneziudadiuduiuifudyonueuaon iy Tugivessaly
w15 (Binary) Wudu mminevinavesdyapuewiasnuaziadtaean 1ds1nn1s Quantize

o o
wwouns e 18ns1uaae Quantize transfer function 43 2.6
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8 101 Hos

5 100

4 o1 — tn

3 010

2 001

1 000 £

1.252.5 3.75 5.0 6.257.508.75 100 tmé’uﬁu‘qn (V)
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aingunsuaasififudimudniuifussnindygiaeuaeniivinaegsznin 0

v v

= (4 . s ot a 4 o = A
S0 +10 Taavi gn quantize uaz encode Wuswaluun 3 1in 14 8 524U 970 000 A3 111 B

mn1uszuu1uu1‘s’sﬁ"dﬁﬁmauﬁazﬂ'mzLmuumﬂvmﬁnumunmamaanueiazd1ﬁ1ﬂuﬁﬂﬁ1u
fusmiduaina Taomgeqavessiadiaea fio yadwidu 1 senhiudygrueuaeniayaina
auday (1 -2") Tavn dusuauiinvessadsnoa nassHaRsaoauAazinuiiy 1 sy
VARV AYBITYYIUOUIABN UL AN weighting yosswawiiaty midae 2° 1w M
muanavesdyanuewasniiu 10 T s¥e 1011 sunuvinady g ueUIRENBUN

= Ry x2) + (ax2) + (Ax2) + (1x2) |

n

2

A%

input

10 { Ax2)) + (0x2) + (1x2') + (1x2) |

4
2

o r

oo 1Y . (Y ' =t .
yad iy iinuafuns I wansfer function ugyl ouusnldun ANUAZIBYA (resolution)

Q
*

y99 quantizer Fefmualdnininnuiinvessfiadinoa nio snnsmApAntevesiu
£& (step) MUNUONTENBURN I UdAdhlaszn s udumnaeaeniuf 2°
$nnuauzeniinmnualdnndwauiin fenhiy 2° aoue wiu asdl ADC 8
iin quantizer 9z ioinn 256 wamz  uag 12 Tl 4096 wouz  dedAumnaves
owraen  1ulADZUNTUUAAY transform function LIHURAULNTZAY (Decision point %30
Theshold level) dyguoutasnazisaun @ - 1) qaflegii: 0.625, 1.875, 3.125, 4.375,.
5.625.6875 uaz 8.125 Tav szwhagadendniihudygpuonaenduiasiiusiadiaea 1
A0IUL é’fq1fufhmthf:s):ﬁ'mﬂ%'uﬂs,q‘lﬁ'gnﬁ'am1nﬁqﬂrﬁauﬂawmmammaan’Iﬁ’maﬁ'u
AT quantized useAUT 1.25, 2.50, 375, 5.0, 6.25, 7.2 uaz 8.75 1aan Fugananmalu
ﬁhq'uaﬁnulnuniuamaanﬁuﬂﬂmmuztmﬁwgnﬁﬁmaﬂﬁi}'u i gnvashudutlatiawnsa
Usanauihuduasadaoms Touduszningauiozyaow gAnIna Yo HaATADD

L3

1 4
s 1 | A ar aa
aonuzgate dunailummgufududunssivzdesiugaiinanueynizauasaa

2.5 Quantizer Resolution and Error
Jundazanuzvesdyanufiaoasniynizimuvinavesdyaueuasnsiladi
wiklughadng seuingauteszdy  Sendaudng funnanils Analog Quantization
w30 NilAIBUMY (Quantum) W38 1 LSB (Least Significant Bit) veamsulasdggu

Frethaluzll (n) afudude 125 Taar Hldnn
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Q = FSR/2 (2.4)

FSR fio 'Nmnmnauamimuamaan (Full Scale Range)

n fio SuatiinvessHaalaea

=1 ] o Yo a v o o 9 9
Pnaumsezmiu msudailiswauinnaunavenudunszanas  uazildA
as a [] Y o 3 [] 1
fyQIUDUYNVDI Quantizer e lUaaeatevoidygiueuIann  NISIMUTNUYDIHAAN
a an L4 [] & o 3/ A o = ]
vmau1aaﬂEmwﬂtta:mﬂaatamwmﬂu‘ma sandoaldilugliudes dwd (v Goah

[} L 4 13
Quantizing Error 31 Error A0 1 ¥ndyanuewasnudaaiiusiadinea 1 aoe fuie

Error utﬂuﬁiiu‘ﬁ'lﬂ‘ll’l’)\i Quantlzmg mmmsuf’f‘lﬂn‘lﬂuanmnmsmmm')uu‘n
Y94 Quantizer 11111‘1ﬂ‘ll‘u ua:mmwn Error ‘D.,OUS.M’J‘N 0 - Q/2 Eror mwuﬁ‘luﬁuuma

ﬁtymgmamaanmmﬂmnmwmmuﬂuwaﬂ

Snyazfafdues Eror munsofinssiludyanusuniumadunm Falia Q Vp-

1 4 L4 ' 5 a 4
p uazsunduiugud i1 ms (root mean square) 1 Q2V3 FevzdommisTinsizipladu

S NGLY

2.6 sasuavimiumsiasudeya

]
&

@ @ d'A o -:; 9/ 1 s = =t t .
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Binary Taofiswalunifamusgagaozunudygaemaen FSR x(1-2) Taav iy wn
Fynaewaendiumaa (FSR) whiiu 20 Taari dwiy ADC vine 12 n s¥a 1111 1111
o 12 e
1111 9sUNUAYYIUDUIABAYUIA 20X(1-2 ) M50 19.9951171 T2an
Y L] [ ' o 9y <4 A
wonvnsdalnisssuadinan  dadlimslidszunluinsuuudug  Tumsudas
o ' o = ’ a1 a A4y
Foyana 1aud sovidaluus , 2's complement , BCD Fumnzsilaiivonuazanumugy
anfu @y BCD mnzdmiunsuaaaiudauavnhing niededhduataoaiiines sWa
L 4
2’s complement mngdminnssnnamndiamaniaotn dmivszuusevidaluuiSiiu
) » N [}
mngdmsumIndaduynitiiagwuinuasyeay 3N 2.7 UAA Transfer function ¥R
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‘

s1Uf 2.7 etaq Transfer function ¥94 ADC 3 1 A l¥swasoridaluuis
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o a ° o P ﬂ o ' A ' a 9/ e
AUDUWNTIVIY ADC A9 MIAIUUAYUIUYNUINNIDAVDINIAYD 'nﬂ‘v 0-5 I')ﬁ‘YI 139 0 -

10 Taavt uadilugreauesld 2.5 84 -5 Taa wae -10 Taa ihanasgu

2.7 2995 Sampling circuit

2995 Sampling circuit Yuiidlfiamefu ADC fosedaiien  uagaldian Tl
YUY Data distribution , Sampling scope , DVM , Reconstruction filter U@Ge dUINDN
nouimediiudu

94995 Sampling Tﬂuﬁyugmuﬁ'mﬂuqﬂnsnfn?mwslﬁuusaé’u (Voltage memory) 314
ginsalsmdwyAeduiuilssy

Tugil () HAAIITAUGIUYES Sampling BlaNMIBRINTaINFozdedyanaissduith
Yuduinlsey cérmﬁm?ﬁymuf;uiﬂu Sampling pulse FHMIAAABAINTUALATYTZIUTIAY
uBaf1# Sample wniu Boni Aperture time Y899993 Sampling
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Sampling gate Hominn1Fluamdqs 15U 1 Sampling CRO , Vector voltmeter , RF

vector impedance meter , Microwave- DFM
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2.7.2 Nmifuuuu Non Inverting Close Loop
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-~ Vaamand wlasdryaa | sbie | uiasnsda serial data
CH3 MUX) (ADC) (P/S)
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2
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- CY A o U as s aa [ a 9/
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c.
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N L
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3.3.1 nanmailesauveimsiafmdnaduuuiniaiaal (TDM)
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3.8.2 1907iafmdnlaamsuuaa (TOM)
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A 1 9/ 4 Y i. o= o 1 Py
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3.4 manasdyauenaeniiuataea (ADC)

8.4.1 Hugmvesmsuasteyn
mstilasdeyaluilegiivh laverdvgnsamedtaen Feeglugilvedled Tau
t 4 []
FanouTW ( Silicon chip ) mariszgaussylugiinszilemie DIP gunsallumsnldvudeya
- 9/ ddy [} [ o aa
#lomaluladil Wy .esulasdyanusuaeniiudyanudlasa ( ADC ) , sl
s aa 2 a i o o a o
dyguadasadiueuiasn ( DAC ) Fanihesmnueieiinnngnaisq u5im
9 a v o 99 o Yy a df a a
Tumsih ledmaihmlszgndldon  Sufludesfinnudtugnitsadumsudas
[y 9/ 9 1 2 a 1 9/ o J
Fyaudoya  Tasezldnandariiadng vedoya  onglilumsueasdagnaiugu 3
wuuiideaddn

Tug1i 3.9 dunsuansdygiueinaen ( Analog signal) TutiaveansfiiEng Moy

v o
1 4 v

o 9y o dy A A P=1 a 2w 9/ o4 () P ()
AUIAN mﬁtytymm.!1aanugmaEJn‘uunﬂunamm‘nﬂmmﬂmumgm‘ueyan%:‘luﬂmuaa 120

710 3.10 uansFyguidonmsgy ( Sampled signal ) Wewoasdunionszuasznyld
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-
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o u
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- e s

-

e bt

o AP

-

— T

30

allllol

51 3.10 nermadrygy i 1dInmsgu ( Sampled signal )

Y

117 3.1 namedyyauATaoa ( Digitized signal )
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Tunndamaniansausndyanuowasniaq eemiluariTudin ( Harmonics )
veandy Sin , Cos 181a0M3¥ Fourier Series Sdygnaniuriumsguinudassi i
815 Tuilnvesdyanauiamel Fuhisadumsonfisinsulasdygundu o
AN AN YOI I ﬁin'm"ﬂﬂmsfiuadwﬁaummzmnn’hﬁauﬁwmmm?}qqqmm
Fyga Wy Tdynaung 50 - 100 B3 Arasezld Apc Afidannsduednley

2 x 100 1850 = 200 185N

Fyanuewasniidunueaiiianssdudng luven  uardygraduaviiliesn

v, 1 4 ¥ [
wuaas U UIMIAY °lumsquﬁmmmﬁﬂzﬁmwﬂwmﬂmﬂ'ﬁu vingUn 312 dyw
punaeniia 0 - 7 Than uadyouASADa 3 3 finftldoenumiueziimi 0,1 2.3 4.5 .6 uaz

7 muut’m’qumgmamaannum 2.56 Than ihan

wxnuhmATneaiildeenininisevegluta 2 - 3 yadudu T W] e dyanw

auin

A& Tuiifva s f1 v 0.1 ,2,3.,4,5,6,7 139 2 (2 =8) teslidwanu 2.56

I'm'nuaeﬂmti‘lu 111 A0 3 ﬁﬂzﬁmswﬂwmﬂm -112Q ma Q Ao Quantizing Error

11 7} _
110 6}
1
101 5f :
Ly
100 4} b
by
011 3Ff S
A O
o102 -»:Q:<_: t v~ DECISION
oot 1Ff b 7 L LEVEL
000 0 R Ced
0.5 1.5 2.5 3.5 4.5 5.5 6.5
s ANALOG LEVEL (NQ)  ANTIZING
TT\I\I\I\T\I\I\ ERROR
—a2 NNNAN NNV

21]1:"1 3.12 Quantizing error
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SIGNAL
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N
’, I N SAMPLED SIGNAL

0 MJ\LJ J,J/.,/L'r

SAMPLED AND .-
HELD SIGNAL (=T

4
7’

S

s 3.13 uarmsgdygnu

o

A) analog signal B) sampling pulse C) sampled signal D) sampled and hold signal

Fofianmadnetuniwesmamlardyaiae msmlaclutaanis mazihlu
msulasdqeniuezdedifinalumsuladluthe udidygmeuaoniithuniuss w14
Tunnq ‘lugﬂ*ﬁ 3.10 naasn1squdyuTaon13199993 Sample and Hold Feosiinnsld
nanlunsnlfoudyanatlitn iy uadaeaitldesnunfagiunll  udduden
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] - 4 1 Yy d ° 9 P o o
{UANITIADANNUNYDINIG qu“l'nf_mﬂﬂ:qnmnuﬂmunam'lmum‘sxﬂauuﬁtymﬂmuaz

o a o a4 dvd J [ .
nads W luszuy msdanafidelliifonii n1sda Aperture time

[

sin 3.14 waaensiasuilavestanm T,

aumsi1Flumsia Aperture time qaqa uazawazBoavesdyanaiiquesn Idein

r o= AVV , (3.1)

o o 9
uazaumsnezinlyns

TA= AV/V*12af = r/2=nf (3.2)

4 A a A 4 . . A a

die AV/V Aeanuazidua, f An ANUDYIGATU Fourier series 1Y r D ANUAZIDYA
o v d o

yoadnyuzveanai1a lunsudasdygu

o 9) = LY v ] 2 a ' - o
swavesdoyanl¥fudiulngezidiu Bep lussuunuguaes dillaes o 0 v 1
1A o s s’ o & A 0’ s T Y o o et
uadlerinnlssnouiunaisg aa Tasiikdaiminluuaazndn dezmunsauaasduavii
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v ﬁ n o A A o o Y o 9 oy ﬂ n ] 9 ﬂ
@UMANG 1Y 2 U WDITUUUAUAYIIN O %319\91']'(@7]'101]?111 U2 -1 1Y oudd
a L4 1 o a
ADC v11a 8 10 0 - 10 Taant oz 1dAwssdudunngagailu
E

10V x (255/256)

It

10V x ( 0.996 ) = 996V

wIodoudiuaunis tdilu

FS M n n
E =E x(2 -1Y/(2) (3.3)

FS
Tat  E f® Full scale input voltage

M
E fio Maximum voltage in desired rang

AR uveIinanga dnusnezmiden

LSB n M (G4
E = (1/2 YXE ¢
Scale +10VFS Straight Binary Complemented Binary
Ms8 Lse MSB LSB
+FS—1LSB +9.95 1Mt 1 0000 G000
+%FS +7.50 1100 0000 0011 1111
+WFS +5.00 1000 0000 [OARIEARAI
+%FS +2.50 - 0100 0000 101t 1111
+WFS +1.25 0010 0000 1101 1111
+1LS8 +0.04 0000 0001 1111 1110
0 0.00 0000 0000 111

@15799 3.1 U@ Unipolar Coding

PINsNi 31 aeasmavagiuaedildnamsulasdyanueuwaeniiuaiaealu
] o d 1 o Y v > o 1 ]
$2u39Au 10 Taan MswailonSundnedunilan Unipolar coding AI961ITU 21NAITNDL

' v a o (4 v a ] a [
wuwseauiindiga ( LSB ) dhu 0.04 Toarl yaqnaussduduyiezin/aou’ly 0.04 Toan
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v ] 1 4
ildevuaesiemiymasumly 1 daiulugsd o - 10 Taaiesldan 256 A1 uatus

o o P o [ -] ° ' Y o
AUl -10 09 +10 Toan (20 T2an ) NezAMHIUAWTIAY LSB sonuilu 0.08 17an

A

Seole 25YT8 Ortaet §imacy 71 Complomont
Ms8 1S3 Mss  LSB

+F3-1L58 «4 %8 i NN ot 111t
+uFS 378 1110 0000 ot10 000
+WFs +*2.50 100 0 0100 0000
-] ]+-] 1000 0000 0Xg 000
-WFs -250 0100 00 1100 000
-wrs -37% co19 0000 1010 0000
-FS + 1158 -4 98 ooco 001 1000 00OV
-fS -500 o 0o 1000 000

A13197 3.2 HAALOLFset Binary Bipolar Coding

P - o o o .o a
MINA 3.2 uaaduemyn +5 lavussdyguildennisulas Aemy 10000000
o 14 : 1 o ’ o J J [ 4
uaznsedu -5 Taande 00000000 atiuluriwssduuineziiduay 127 1 AwsAUGIAN

y
a o . 1 o
FHuhl18de +4.96 Tan  wfiavesnsidisWauuuiioiSondn Offset binary HATYINAITWA

’ P v a1
HaAdaY 2 s complement oz laninmsuan 1 l‘i’l"lﬂU'lJ'Vla‘NfIﬂ‘UfN complement U

»
MUV

AIBUN 2 s complement 494 11010101

ot s
2T fA[Y 11010101
complement 00101010
, +
+f11 1

2 s complement 00101011

SHaAUVY 2 s complement v&isz Tumilumsuanaunislu cpu Tasasa

+FS 11111111 +9.92V
+Zero 10000000 4004V
~Zero 01111111 -0.04V
~FS 00000000 -9.92V

A157199 3.3 UAAY t Zero Coding
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o 9 [y . P 3 U [y 79 9 1
AT 3.3 uaAInIT IAWSIAY Bipolar HTTINTOANWIAY O Tranvidluen

v [ g [ A A sd
s 1ad1? Wy e1vazidon 10000000 130 01111111 unu 0 Taannld

3.4.2 manasdyanaenaenudyanandaea
( Anaog to Digital Converter : ADC)
= 3 P ] v a 9/ ' o aa
ADC ﬁ‘.lmaiﬁnhuﬂmnszuﬂmausmuauwn"lnnmmi‘lummtaugmaemun
's v o £ ﬂ o A ' A - S P 9 o a 4
wIMUN . AU ADC 9 UAAYDUITENIUATOIUDAN Yllﬂ'llﬂﬂ"lﬁﬂﬂl'll'lﬂ‘l]ﬂﬂllﬂ’llﬂﬂ‘i
b 4 y ]

dnsesfiugiuues Apc Wuiidwiummouuuiitionld ¥y Sucessive Appoximation ADC
Counter type ADC , Tracking ADC , Parallel (Flash) ADC llag Integrating ADC %auumﬂu
Single slope converter A Dual Slope Converter mfnyuﬂna”nmswaumvmm ADC uuy

Sucessive Appoximation ADC maamnLﬂumuﬂn"muszuwaammuu

Sucessive Appoximation ADC
» a oS Yo a /a4 <
195 ADC  wilail uaawiionlumsiszgnafidesnisanuinhunanwa:
1 9/ o o g s o LY o o
ABUINQ mIsasaduiunuunimes i ludnuuznsfleundy  vaealaszun

suAagy

Analog e AAN —

input

Comparator Digital

output

End of
Start Conversion

Conversion

7171 3.15 ufenlABZUNIUYBA Sucessive Appoximation ADC
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9 d' 1 a d’ P & . =) 4 Iy
wifiaeg u ADC wilatl  neuwiiniaeidzasoniSouiivuieninnein DAC Ay
PUIABNBUNN Vin 10 WiNnez 1LIAIAY Sucessive Appoximation Register (SAR) Fuiilulo®

. ae . . W Vo = A o 9/ d'd’
MSI (Midium Scale Integrated circuit) fldsumsosnuuuiuimsmerimini laomne

L

A

1.0

0.75 (10

(101)

o
§ Anulog Voltage(v)

0.5 7 109 (100)

0.25 A1

Diggtal o'utput‘

o3

CLOCK T,
START -J_

ECC

gﬂﬁ 3.16 timing diagram Y93 SAR

MngtiaaIrnmMIhuYes SAR llszduewaon 0.625 Taan 0o clock 1
11l 1 gn 9zl MSB (Most Significant Bit ; n 4 ) i 1 yniindudenuiiugud DAC o

e L4 at o =
nJaumamvgwum SAR ﬂuamaamﬂ?uumuunuamumu‘lmamaanauﬂﬂ

. y 1 (=) o = .’J [
thnamsnSoufeuiineunusimesveninfoonhdunni Wasdimiudy 1 13 udd
} 4 } 4
wnnteeiiimiudy o smiuinisnaaeuiinda i lasinldidy 1 manaswvetaes
-~ o ) t & o a z 1 R = Y]
Snnfedmndannn i itimiuiy o uadniooniildas 1 1B udmeaeviinda s

nssuTidanansunsuyniin wiewndueninnezareiy vin lifiu 1 LsB



B I T S

Y

=~

38

o (] . . . ° 9 :} a o J . a
#1061991031 timing diagram fmuaiAuRVmAalia | Tran uagA1ved Vin N9zm
4 1 4
i1 0.625 T’Jﬁ'ﬁ 115NNV SA ADC ﬁ:lﬂuﬂﬂﬂi)ﬂﬂwlﬁ
d' v o da ¥ 1 da o 1 04
1) nan t, 2993 SA ADC vz ldfuradisudu mluiimass Bl szl 1 oo
o 2 s da s
wnvazilezdiu 100 tazaTsanaveuenynAA 0.5 T

2) MINATBUITUAATI Vin > Vou 8§ uaz Bl widaldidiu 1 nazduewimniums

) K]
o

b 4
quasain fdsnadiu 100 og
o aa o o o 9a L4 d’d
3) finn v, Teamed B2 gnidmidiu 1 ildTmeninwilu 110 &1 vou luvairiife
4 dd, . s c’: P o o s o a d o 3 o
0.75 Taaw nsdiil Vin < Vout #0ufitoninnuns lach dmiy B2 AezSidmitiu o ldien
wnidlu 100
a a o . d' a .’f I’ an va (]
-4y v ¢, finf 3 veuemiwhnezgnidmidiu 1 Asiweniyniiidfe 110 A1ves Vour
d : P ) a d
feziiiu 0.625 T2av1 Ao Vout = Vin 01 latch voaiin 3 szgaidiaiiiu 1
[} y
sy finm 1, AANs Overflow YuumhlidnaeuTnsaadndyg u Eoc Wun

1 4
MYAMIMNIUTN

snsediiiu 3 in aApc nanlumswdoudyanuesldly N+l = 341 = 4 clock
ar z o H 4 s é o t
pulse  watudld 8 dinfi 2 MEz AezlnanlunsnBoudygranlszina 2 ms Faiudugo

uin

CALIBRATED WEIGHTS
r\/\_/-\
0o o
wow ¥
2 . (N
¢ , UNKNOWNWEIGHT
SCALE /
PAm/ \sz

a P (] - o o’ o
§1J'VI 3.17 u’dmﬂ1511]?uumu'umsmammjaumumumun

3 1 d [ 1 4 ]
maiiaves sa oiwelasmsldmudaimindigd  delihminilinswdey

4
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d': Y] (] d' 1 o |d' s Y & d'l
YUY 1u*uiu:'numuﬂqummnmqnumaagmmﬂnmmuq WDHINUNYDITNADIYWIN
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. * 1 d
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A v v & d d da '
&sududenisid w2 adldlusu die wx > w2 WufosFBoaneun  uaih
d o dy § dy ﬂ A o a -] ] °y v o [] d' d o
wx < W2 Wufestmdne  aitisadiuniosdadulslunsdenaniminiesld dmih
i 4
[y ! t o o o Y] o @
nl¥tu sa apc 18 Aemsqumamimnindes esnfSoudisuusadn udnhdygiu

d a = I'd
Ti¥ansosgatinlusdmnes

SUCCESSIVE - wnoxxwmou REGISTER
CLOCK O——- et Ao
7
START . . EoC
G PULSE
CIPR PULSE
A
JATCHE
LYY IMIVIYINe—— 0
LA 5
LAY YN—— o
W VoV o S,
LA 5
¥ N
0
Eour ODUHITAL-TO-ANALOG
CONVERTER

‘lJ‘le 3.18 uarAUfion 1ABZUATY Successive Approxunatxon ADC

o 1 @ g4 ) [y
Tl‘lﬂ‘Ua‘E)ﬂllﬂE):uﬂﬁl muﬂsznaunannmvwiﬂﬂmmmﬁUumuuuimu , DAC |,

Control logic , Shift register , Output latches LIQ¥ Successive Approximation Register (SAR)

A Yar @ o o 9 a o [] LY =Y -:; 1w A
de'ldsuwadisudu  yaq dnezondamltiilu o {ndi 1 svdeduiingegaves
DAC
A Ao od ' a d d’d o ¥ daa o P
dlofiwadi 1 Wnandni 1 Hnvegnidadiushge fiduynues DAC Aezdifuiu
' &£ i a ' o 1 d
10000000 H3BAASIANA H1 Vin AdIMBURNTIAMTIAULINNTUS M YNYOI latch A9z
gty 1
' ' A o . 4
At Vin Weundueminm lach finhi 1 Aezgridaldilu 0 2995 SA ADC fAeziflou
arlimen 1 0 udandulusy vin il udmacdeum Vin sunszisiiiinganoieziia

b 4
Overflow Ju
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fvmanfoundasdyaa Taodou 18 ludy 12 LsB Tudngaihevesmsufoudygn
FSnsalomynizeomnuinuiunniin usuuuvss eniymesnuuuueiynsy

1 4 ]

1995 ADC suuilennsomauld 2 Tnua fio Tnuaiinnulasdasy (Free run) uas

Tnuafise MdA start conversion MAnwuen nafilFlumsnaounasdyyald 1) gn
w o oS d aa o 4,
yoawad clock 1At clock gausnezldlunsTidaidmaeinwlu  uazguawveszuveziy

agfiuguawyes DAC luszuuiiiuetints

3.4.3 2omlasdygraenaentudyauhtnea

L‘ IN-0 8 msb2-1 21
ANALOGINPUTCH1 27 > 22
-1 2.3 _frw
ANALOGINPUTCH2 o8 24—
-2 25 T~ TO MC74HC165
1 2-6
14
— IN-3 27 |—
ANALOGINPUTCH3 5 wo2-8 (10
IN4 ;
EOC
+5V —ws u 25
4 ADD-A 22
3 - oo
% s ADD-C o
— ] N7
AIE |22
(2]
= L ety ENABLE {2 TO USAQLCT4ECOR)
3 3.6V START
T g 10 FROM 2-COUNTERMMCTAHC390)

517 3.19 urarnssasdyanuendeniludygyudlaea

. ' ¥
shosuaas3qUft 319 Twnaestiesld Apcosos shnsudaedynuddasadiy
» *
Fyruewaenia 3 Yeadygna TavemnsnifenAmeainsd (Address) Y83 ADC0809 11D

4

donldvosdanu lddamsn



o ——

41

SELECTER ADDRESS LINE
ANALOG CHANNAL o B A
IN1 L L H
IN2 L H | L
IN4 H L L

A5 190 3.4 HAAIAUIDARTAYDIADCO809

o 4 ' ] P o 9/ by o
aYYIUBUIND ﬂl'ﬂ'ﬁ’lV!YI‘Uﬂdﬂﬂﬂllﬂu‘ﬂlmﬁzﬁfﬂ‘rﬂgﬂﬂiUi'mﬂll'lzﬂlllm? %zmmuﬂm

as
o
o

o an ) 4 & o aa Y
ﬁ‘lu o 'lﬂlﬂilﬂﬂfliﬂtlvl'ﬂ‘]f Ul a3 ADC0809 ‘Nl'ﬂui‘l‘lﬂﬂ%ﬂﬂﬁ‘lJU'lﬂ 8 Un

ansaunuszavdnar ithd 256 szdu vindaaufSoudioy o-s Taani ezgnuraq

14
NnFYYIUAI
sWaasaoa = (Fyanud x 256) /5 Taan + AManuamaniow

1 4 a ' YY) -] an 2 1t
ﬂ'Iﬂ’J'IiJﬂﬁ'lﬂ!ﬂﬁ?)Ulﬂu‘ﬁiﬂﬁﬂﬂ‘llﬂiﬂ'lillUQiZﬂU’d’qu’nﬂl'ﬂuTﬁﬂﬂlﬂuﬂ%ﬂﬂﬁ °§~111.Iﬂﬂ
: 1 4 +
lﬁﬂ\i Lwi135ﬁ"cmNmﬂaaﬁﬁ1u1ulﬁutnwmw1ﬁu mmmﬂmmﬂﬁamzﬁmszm'm 0-0.5

Trav nsemowiluseaudnarl] 0-0.5x5256 Tnani

1 4 v ¥
Yo% U27 femnsaudasdyanaldte 8 dea Taodtmiwmlumsulas Tuitezld
uf 3 vosdyann Tasmsneasiiaueansadunnyes ADCOS09 fivl A , B uaz C (Heann
. - y v 3 ¥ o 2
Fyanaduymidludynalifiniale Sdimmadunn Sdhisuludeldeesumulas uoud

1aa# (Sampling-Hold)

A A & ﬂ o a day a 2 da
lllﬂllﬂ'fgﬂg'lﬂl START %4l u’dﬂgﬂpmu‘mﬂ‘m'lﬂmmnm Q vaq'lamTuTua‘tﬂtna nu

Snumuzdluwaduaug 1§ ADCOg09 sxEuhimswasuduanaouiasn (Analog) Fauilu

v

o Ao A& o0 d '
atgtmmnuﬂaummnmw‘lé’mmwwmuawusn
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484 ADCOS09 T Do-D7 Hammuiluamudumugs uadieins dygraewaenity

Fyqruasaeande dyanaueniymyean EOC nazw OE sxfimanzTadndlu 1 vihldn
o @ an 9/ o LY

po-p7  Sidyraeeniiusiadiaealiidnssnumsulasdygpanuuvinuhiiueynsy

Taoldlo® 7415166 an

4 a d. 1 [ 13} L 1 o <4 o d'
Feluaomz Tadnfidautu “1” dndnezgaflouldivled mcr4HC123A Yimihi
Surees InTuaaida welflumsadawaduaug luninled MC74HC165 fiv7 shift data 39

14 ¥ ] [ v
vuziszidoyamnsoogic 8 in (n A-B) wieuiiesihmsideudoyasenuniv QH My

s

A yu I s
eniym  Feveuiidygramedunmuunusgrifadfiffudygraeniymuuueynsy

9

worh ldalfamlunga

FROM EOC&EN(ACD0805)
—1* 7108
13 -q A 5 I-—{+:a'f
B ‘
T 2 % sanra 1
R16 bd Cent TsA 2 L d sers .
4 [ T RextCext 2 3—| CLE INH
0.1aF ] Cll CIX
| MCT4HCIZ3A MCIAECOSA o SERIAL SIGNAL
g iﬂl - g OUTPUT
L
\/ + B w |pT
1
DIGITAL 8 BIT FROM ADC0809 T}
= F
— G
B
MC74BC165 |8
FROM Q6(CD4040) <

-

317 3.20 uamaesasdyyranuuvuiiuueynsy
»
s o 9 e 9 - A ' ' ] = s
dmivdodmualumsld  Abcosos fe  iieegluszningransnld sudygiu
as . aa o a 3 o a & 1cded = P
awaenifudyaudlaea Fyanuduyndsdivinaniivie hinlinsnAsuudauiis
4 e y i 4 4 o i
dnos FaRld1dvunsdlil diesndyanaiiheduiale Eco) Tanutdszuna 0.5-200
ad ' : ' o a da ¥ =~ it ; ad A A
Ffnvinin uadyapauiniiugunm ADcogos finudtal.124 wanidin wismoy
13 ¥ .
fuude @ luszuhamsdoudyaaniug dygnadihadudals @ce) unulilims

o o
ffoumnlasvesvinadyanuing
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3.5 MIMMUATYAINAILAY
$.5.1 2egsfufianand
2vesfuiiadygnaunimaiuingoziiiuiees  Astable multivibrator Feamnsa
sonuuazadeinldnngUnaing luplwunssanesfiuanduiusenld udlaondn
Tngeiequda Afensiinaes RC AWA1 RC time conltant Fufannfiuilszquazaodszy
vosufiusrgrumanud uIuINAeI WAL 1%u NImFmans Buneiinedinn Wudu ud

g v : i Y] 3 L4 ]
Titvendndunmzinsezamiandunssanes lavldduneimesinnuaz299s RC ad

1 4
sauNUASAAaMUY
10.24MHx
.ﬁ.
Inn
1 CRYSTAL 1K
La A
I'_ 4 s @c §- TO N-COUNTERQMCT4EC350)
MC74EC04 MC74HC04 MC74BC04

P o a ol
719 3.21 HARINITAUUANNUD

<

HANNIIMITIUUDII9DT

Tuanrzusn fvuald ve=o0 s 1ddnyazszaulasnitlu
vin = [{1 g })
[{P% 1] ey a o 'd
Vout = “1”  awnuauiAvedunesnos
Tuanizfiass donnaniazusn Vout = “17 MIN1452AUNT 10U VoutsVee 34
& dv ° 9 éﬂ [ o ol o Yo o o [ o 9
usadusilszimihmdlunvdetonssdunesdadszyiiuduiulszy  duned@adiumu
WRC. A& ' 2 B o . e 2 A 14
AUANMT Ve=Vee(l-e ) tiloratriu ldszoenilaamsadu Ve = Vin Imgadiusutenngs

[ a L4 o | d 9 2 A = dva o o P
M +V, YoIdUNDIRDIINAINTIANUBY =mmemﬂauuaunasmasmm:u]asuﬂm’zzma

Tadn 11714

({12}

Vout

[ 191

Vin = 1
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a s ¢ a o o ¢ o o
¢AN9T  RC  UABUNDIINBIDBNNNTOYY i3 dyyaneniymesnundiu lhiad;

Foyanadmmasuinh I 1Fnude Tl

8.5.2 290TMIANNAD
a 9} aa ad =Y o : Af 9 [ o
Juamusiueiadins 1dnuassaltaeasidanseindiu lashuguua sxaell
Fyrannrguivetlewdindyanunsedu (Triggen) IrugUnsailszianledataealinu
o A s 14 1 c o 9 M o
adanasnm el lddyananeniynang lunesmui ldeenuuuniofmuaed uaz

: e s 4 2
T liludesifiduanauninmdnqedifiesnnuifoiniy

1 o d' a o 9 9 o =Y d'l d'
LlﬂiHSZUUﬂ‘liﬂ’N‘lqud‘] ﬁmmmmﬁ‘lunzﬂaﬂwﬂfgfgmmwmmamzLi‘lu

¥ruednsaiaaladmitalussuy o ldaunsammihiveuiuludanuanisdinimse

9

¥ o

»
ganhdyauRn Ay snvedeailinmuilugunmdeiuvesdyyiu luszuudioud
a o ¥ ' v LY Rt } 4 o

esmsawdizgmindintoud Tymludnpusilld Tasdnyuzyesieins

arEeziiiaees ModulusN Counter Wuind iy fdpamamsaudldiadauiiu s v

o da o da v 1 d 4

veadyaruanutiay fezflounrutidndirimes Modulus-5 Counter ez ldarutau

1] vy

Fdoansfludy Taomsldnusiuinsesms N wwoglugiveslediiamnsmiunselfan

1otaazainsinga wu'led HD14017 Wudu

are 1024 wonzdin  Aldnnnesduiiannudzgainndled

MC74HC390 1A USAYMTAH Modulus-10 Counter 4@z USB 11m1i1#i Modulus-2 Counter 9
ei 1 n'. d' -!'l 9/ s - = []

1¥n e 1.023 wnngein fiv1 208 mieldiiudyguuniiniveslod ADC0809 dauw 2

nwuin 4

Vo = o G ISR P
QC v®8d USB ﬂsgnﬂauluﬂu cD4040 lo® U7 Wmsms 2 N1 Q6 TUAININD

"s320 Aladin  eldiiudyananniinivesled Mc74HC165 uazdMNNTRITYIUAY

ndezgmiliiingled Us Snflv1 3 el 6662 B3 wetloulit HD14017 To%

vo 1y eswadmdndaely
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3.8 MIVENLTYYIUMUBINYN

8.6.1 3seTUFUvnauazsTaUTaIs ( Amplifier )

- o

o o . P Y a 4 a
Foyyaildnnnesnssnnutendhled L4 Fuluaesvowiiisasins
s 1 hR24R23) Tasoninneziiunasuvesdyn unvinin (Non-inverting) JEMIN
ar aa d' a ] [} o = o d’ [
Fyyrudtasauuuoynsuiildanled McraHcies Tasiumsuiwseduislddyapanm
o o o o a 1 o = = 1 [} o A
2 Tavnazdygaiadmindosdygnuiiivedled HDI4017 Tagrhunisutausadudeld
ar a0 ¢ o 9 & v Y an 1 @ a dv .’J
Fuygadie 3 Tad mideunsadeuszdudeyaataeavestesdyanaiiltulunuaald s
y o o a 1 o 1 a o ar a ] o 4 °
Tant luvasiitinadms ndesdunuit uasd hifidygpaadmIndesdyanain whidde
aa ] o - oA A 1 A M A - s/ a4 [y dv o
yadsasavesresdyaudualifviududenm 2l ddyauveyaiidouszaviun s

Taari dandnergnmin il idifiudyanudnday

FROM Q1(CD4017)

FROM QEH(MC74HC165) N

R21 30K
a0 :2 vl
30EL 20] Ro3 20K
ov.2 JN

3V

R19)R20
20;

—-— oo g
- O —~ o
aguea ™

311 3.23 UerA995 Summing Amplifier

3.7 MIa31939950ATS
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R1,R2(VR),R3,R3,R6,R9
R4,R7.R10
R5,R8,R11
R12.R13 R16
R15R14
R17,R20
R18,R19,R24
R21,R22,R23
R25,R26

R27

aufinjszy
C3
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C5,C7,C9
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ADCO809
CD4017B
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d J
numsgUnisininms

gilnsalmshadasia
100K MC74HCOBA
24K MCT4HCI65
33K MCT74HC390
1K . TLO62
24K TL431
30K 1N4148
20K
SOK  buq
27K CRYSTAL 10.24MHz
5K AN 2 M4

d
i RCA

10uF 16V
22nF
220uF 16V
0.001uF
0.1nF

Ul
uo
U7,U8
T4
U4

U6
U2
Us,u10,U11
T1,T2,T3
Q1
D1,D2

Q2
SW1
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numsgilnsaimadial

Auiuszy

C1,C2,C5,C6,09,C10,C13,C14 2,200uF 25V
C3,C7,C11,C15 10uF 25V
C4,C8,C12,C16 0.1uF 50V
Qﬂn‘safms‘f’;aﬁ’am

Q1,Q4 BRIDGE 1A 100V
Q2 7805

Q3 ’ 7905
Q5 7815
Q6 7915
Buq

TANSFORMER 9-0-9 volt ,12-0-12 volt
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4.4 manjasdygramsnsailueriaen ( DAC)
X Y
4.4.1 Wuguveamsuasdan
) lsio w o Yan ey s A o o -
pAC Wuiluginsaiiddgimivialiasaneufiunedivonloaduginisl nioe
soutaenduq  aaedumslfu DAC WU sTuunaamauuseam sruudunssmide

{udu fidiey pac fuifudinlszneuiiddnlu Apc Hlduegiuileqiv

3/4FS

1/2FS

"/4FS ...,

T T T T T T T
000 001 010 011 100 101 10 111

TTRRBUNN

= du Lo a o
11N 4.7 namansuaeslanduvued DAC 3 Inaungu]

o ' o Aana a [ 1 [
mn;ﬂ%zmuﬂmﬂmmaﬂuw‘n 1 word ‘azu‘llmli‘luuimuamaaﬂ 1 A1 anHUENIT

. v 2
$82995 DAC $udail

Voltage
output

- d
51U 4.8 uarasuaen lapzunTNUBL DAC
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Y o o & Y a J:; a & o t o o
WalvdAguss DAC fie susdaindiaiugudlvasin Fafisau n gainusuou
= o - J ' d’ o 1 o a a2 Y oo It a LR P
luuidlin  aindinarilszaasoussaudusinnaniudinunsseusdisameimag 1
weight Ausa luwiTioninm
o a 4 o 4 { 4 . a
iMiesuenld e srhmihindounszuaiign weight Tagavesdmans ity
Y] o o o1 o v s 4 v a
useauowmeniiduRuideny 1u DAC 11129951 Digital resister 8§ Iusiaie Latch sHadu

wn B¥luvazi pac Mdvhmsnloudiudygrusuiaen

4.4.1.1 DAC uyuy Binary weight ladder
msvaneitl  dnvusdiudegl Tesadng s1 - s4  gamunuilla-dadae
sHaRInoa  Ihonaapusaudduiniuesssmasd M R, 2R, 4R, ... DR 14 DAC

uuy 4 1in 195 Famesitlu 10K, 20K, 40K uaz 80K iHudy

1' i ................ <
.St R
MSB -l Iy
2R Vo
P e AAA— —
LTS
] e i :
4R { -
3R
—nara)
LS3 °"""""—-""——"S4§ ‘\/\/\/—

31 4.9 DAC 111 Binary weight ladder

[ - ot J @ aa S J o 1] a
AR TAADIN weight MausHaAsaeanmuvy winhlinszuad S dmaosidh s
o 1 o 1 { a 3 ] s a
funeudoetuent arasdrournmes 2 mwe R Aiudin 9y mnuseaudedadiu 10
1 4 ]
Thant ludredwil  aszuadidudadumuezidiu 1.0, 0.5, 025 uaz 0.125 mA AUEIAY

sououilieniynezimihinldounssuasu ididuus dueninm

Vo= (Veg/2 ) (85,+4S,+25,+8S,) (4.1)

; Sclosed = 1,Sopen = 0
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4.4.1.2 DAC uuy R-2R ladder
uf DAC Wy Binart weight 9219 damesiios 4 Afay  uAn1snda DAC
rd ' a a aa o da 1 oA o
wwuiliduilgmigunnnalumssdauudnleddeadugiuuuianine MIda99suLY R-2R

AlFF RN MUY 2 A

+5V
RS RE=2R
X
R8=R
+
R10 R7=2R -
®
2R = 10K
25V R=a10K  RajoK

511 4.10 2995 DAC 111 R-2R ladder Y414 4 1N
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st intsfanonI I u81189noA U993 Ladder #3070 Ladder aan31ianl 2
=1 1 . . . o ' a 3 J H
R 9ztiu183 switch input resister (2R) wouth lvzfuguesiFaunesseniregade R-2R 0

Aaf usdueMynzIiv-aanusHadsaoa fi

AV= Ve /@2 -1) “2)
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o L4
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N
Vo= (Vegr/2 ) (8S,+4S;+25,+8S) (4.3)

; Sclosed = 1,Sopen = 0
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4.4.2 2901nlasdyanaddaeaiiludyanaeuiasn

( Digital to Analog Convertor : DAC)
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NNational Semiconductor

ADCO0808/ADCO0809 8-Bit uP Compatible A/D Converters

with 8-Channel Multiplexer

General Description

The ADC0808, ADC0809 data acquisition component is a
monoalithic CMOS device with an 8-bit analog-to-digital con-
verter, 8-channel multiplexer and microprocessor compati-
ble control logic. The 8-bit A/D converter uses successive
approximation as the .conversion technique. The converter
features a high-impedance chopper stabilized comparator, a
256R voltage divider with analog switch tree and a-succes-
sive approximation register. The 8-channel multiplexer.can
directly access any of 8-single-ended analog signals.

The device eliminates the need for external zero.and fuil-
scale adjustments. Easy interfacing to microprocessors is
provided by the latched and decoded multiplexer address
inputs and latched TTL TRI-STATE® outputs.

The design of the ADC0808, ADC0809 has been optimized
by incorporating the most desirable aspects of several A/D
conversion techniques. The ADC0808, ADC0809 offers high

Features

m Easy interface to all microprocessors

m Operates ratiometrically or with 5 Vpg or analog span
adjusted voltage reference

® No zero or full-scale adjust required

8 8-channe! muitiplexer with address logic

o OV to 5V input range with single 5V power supply

% Qutputs meet TTL voltage levei specifications

& Standard hermetic or molded 28-pin DIP package

W 28-pin molded chip carrier package

X ADCOB08 equivalent to MM74C949

m ADCO0809 equivalent to MM74C949-1

Key Specifications

R Resclution
u Tota! Unadjusted E

cror

8 Bits

=% LSB and +11S8

speed, high accuracy, minimal temperature dependence, ® Single Supply 5 Vpe
excellent long-term accuracy and repeatability, and con- m Low Power 15 mW
sumes minimal power. These fealures make this devfca = Conversion Time 100 ps
ideally suited to applications from process and machine .
control to consumer and automotive applications. For 16-.
channel multiplexer with common output (sample/hold port)
see ADCOB16 data sheet. (See AN-247 for more informa-.
tion.)
Block Diagram
START [{K:]4.4
- ™ — 177771
9 0f
° | CONTROL & TINING — " (INTIRRUPT)
|
o | l !
o—{ scuaameLs : I
2 ARALOG INPUTS — MuLTIRLERING {
O—1 SWITCHES SAN I
| | o
Ot
: LOMPARATOR : p—0
o— ° TAl- —Y
! et (=2 bsnroun
PieTh g 81T QUTPUTS
o——f | \aten 0
~ 1 | wreen 2
—o
O | I 2
* : SWITCH TREE :
° |
31T AODRESS 4 O— ADORIESS !_ — |
=1 “urew ] ﬂ |
ADDRESS A3 |
DECOOER
LATCH ERABLE 136 RESISTOR LADDER ! SI:: O':‘d:ur::‘g
'or
|

Yer SN0 REF(e)

REF(~) OUTPUT
EMASLE
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Absolute Maximumm Ratings (otes122)

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

Supply Vottage (Voe) (Note 3) 6.5v

Voltage at Any Pin ~0.3V to (Ve +0.3V)
Except Control Inputs

Voltage at Control Inputs =0.3Vto +15v
(START, OE, CLOCK, ALE, ADD A, ADD B, ADD C)

Storage Temperature Range ~65°Cto +150°C

Package Dissipation at T, = 25°C 875 mw
Lead Temp. (Soldering, 10 seconds)
Dual-In-Line Package (plastic) 260°C
Oual-In-Line Package (ceramic) 300°C
Molded Chip Carrier-Package
Vapor Phase (qo_ seconds) 215°C-
Infrared (15 seconds) . 220G
ESD Susceptibility (Note 11) 400V

Electrical Characteristics

Operating Conditions (Notes 18 2)

Temperature Range (Note 1) TMINSTA < Tppax
ADC0808CY ~55"C<Ta< +125C
ADC0808CCJ, ADCOB0BCCN,

ADCO080SCCN —40°C<Ta< +85C

ADC0808CCV, ADC080SCCV -40°C < Tp < +85°C
Range of V¢ (Note 1) 4.5Vpc 10 6.0 Voo

Converter Specifications: Vec=5 Voc=VReF+. VRer(~)=GND, TM.NSTAsTMAx 8nd for =640 kHz unless otherwise

stated.
Symbol Parameter Conditions Min Typ Max Units
ADC0808
Total Unadjusted Errqr 25°C 1 LS8
(Note 5) Tamin 10 Tpax . *Y, LS8
ADC0809
Total Unadijusted Error 0°Cto 70°C +1 Ls8
{Note 5) Tamin 10 Timax 1Y LSB
Input Resistance From Ref(+) to Ref(—) 1.0 25 kN
Analog Input Voltage Range | (Note 4) V(+) or V(~) GND-0.10 Vec+0.10 Voc
VREF(+) Voltage, Top of Ladder Measured at Ref( +) Vee Vec+0.1 v
Vv +V, -
—F‘E‘i)z—ﬁi—l Voltage, Center of Ladder Vee/204 | Veer2 | Veer2+04 | v
VREF(-) Voltage, Bottom of Ladder Measured at Ref(~) -0.1 0 \
N Comparator Input Current f. =640 kHz, (Note 6) -2 +0.5 2 HA

Electrical Characteristics

Digital Levels and DC Specifications: ADCO808CJ 4.5V<Vce<S5.5V, —55°C<TA<+125°C unless otherwise noted

ADCO0808CCJ, ADC0808CCN, ADC0808CCY, ADCO80SCCN and

less otherwise noted

ADCO0B0SCCV, 4.75<Vce<5.25V, —40°C<Ta< +85°C un-

Symbol l Parameter Conditions Min Typ Max I Units
ANALOG MULTIPLEXER
lorr(+) OFF Channel Leakage Current Vec=5V:Vin=5YV,
Ta=25C 10 200 nA
Tumin to Tmax 1.0 pA
lorr(-) OFF Channel Leakage Current Vec=5V, ViN=0, .
Ta=25C -200 -10 nA
TuiN t0 Tmax " -1.0 pA
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Electrical Characteristics {Continued)

Digital Leveis and DC Specifications: ADCOBDBCJ_4.5VSVCCSS.5V. —~55'CSTa< +125'C unless otherwise noted

ADCO0808CC., ADCO808CCN, ADCOBOBCGI, ADCO809CCN and ADC08039CCV, 4.755Vcr£5.25V, —40°C<TA< +85°C un-
less otherwisa noted

Symbol l Parameter Conditions l Min ] Typ l Max Units
CONTROL INPUTS
Vingny Logical “1" Input Voltage Vec—1.5 v
Vineoy Logical “0" Input Voitage 1.5 v
gty Logical "1" Input Current Vin= 15V 1.0 HA
(The Control Inputs)
hngoy Logical “0” input Current ViN=0 =10 pA
(The Control Inputs)
lee Supply Current fotx =640 kHz 0.3 3.0 mA
DATA OUTPUTS AND EOC (INTERRUPT) .
Vout(1) Logical “1" Qutput Voltage ) lo= ~360 uA Veg—0.4 v
Voutio) Logical “0" Qutput Voitage lo=1.6 mA . 0.45 v
Vourig Logical “0" Output Voltage EOC lo=1.2mA : 0.45 v
lout TRI-STATE Output Current Vo=5v . A 3 RA
. Vo=0 ~3 ) . BA
Electrical Characteristics .
Timing Specifications VCC=VREF(+) =5V, VRer(-)=GND, t!= =20 ns and To =25°C unless otherwise noted.
Symbol Parameter Conditions ' Min Typ Max Units
tws Minimum Start Pulse Width (Figure 5) i 100 200 ns
twaLe Minimum ALE Pulse Width (Figure 5) 100 200 ns
ts Minimum Address Set-Up Time (Figure 5) 25 50 ns
t Minimum Address Hold Time (Figure 5) , 25 50 ns
to Analog MUX Delay Time Rs =00 (Figure 5) 1 2.5 usS
From ALE
tH1. tHo OE Control to Q Logic State Ci =50 pF, Ry = 10k (Figure 8) 125 250 ns
tiH. loH OE Control to Hi-Z Ci=10pF, Ry = 10k (Figura 8) 125 250 ns
te Conversion Time fe = 640 kHz, (Figure 5) (Note 7) 90 100 116 us
fe Clock Frequency 10 640 1280 kHz
teoc EQC Delay Time (Figure 5) 0 8+2uS Clock
Periods
CiN Input Capacitance At Control Inputs . 10 15 pF
Cour TRI-STATE Output At TRI\STATE Outputs: (Note 12} : 10 15 pF
Capacitance

Note t: Absolute Maximum Raungs indicate fimits beyond which damage to the device may occur. OC and AC electrical scecifications do not apply when operating
the device beyond its specifiad operating conditions,

Note 2 Af voltages are maasured with respect 1o GND, unjess othewise specified, .

adiust.

Howaever, if an aff zoro code is desirad for an anak input other than 0.0V, or il g narrow M-scaloapansﬂm('orexampln: 0.5Vt 4.5v tult-scale} the refarence
puu:ummhauummlintooromolmci‘:fnppushbllzodcampmlm Thablammvamsdlrocuy\ﬂmdod:hmqwhn

tktte tomperatre dependence {Figure 6). See paragraph 4.0,

Note 7: The outputs ormuam:@wmmmmmcm-mndwmnoeoc

Nﬂh&:Humanbodymodol, 1mwwmar.smm
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Functional Description

Multiplexer. The device contains an 8-channel single-end-
ed analog signal multiplexer. A particutar input channel is
selected by using the address decpder. Table | shows the
input states for the address lines to selsct any channel. The
address is latched into the decoder on the low-to-high tran.
sition of the address latch enable signal.

TABLE !

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

IN1 L L H
IN2 L H L
IN3 L H H
IN4 H L L
iNS H L H
IN6 - 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-to-digital converter. The converter is designed

to give fast. accurate, and repeatable conversions over a
wide range of temperatures. The converter is partitioned
into 3 major sections: the 256R fadder network, the succes-
sive approximation register, and the comparator. The con-
verter's digital outputs are positive true.

The 256R ladder network approach (Figure 1) was chosen
over the conventlonal R/2R ladder bacause of its inherent
monotonicity, which guarantees no missing digital codes.
Monotonicity is particularly important in closed loop feed-
back contro! systems. A non-monotonic relationship can
cause oscillations that will be catastrophic for the system.
Additionally, the 256R network does not cause load varia-
tions on the reference voltage.

The bottom resistor and the top resistor of the ladder net-
work in Figure 1 are not the same value as the remainder ot
the network. The difference in these resistors causes the
output characteristic to be symmetrical with the zero and
full-scale points of the transfer curve. The first output tran-
sition occurs when the analog signal has reached + 2 LSB
and succeeding output transitions occur every 1 LSB later
up to full-scale,

The successive approximation register (SAR) performs 8 it-
erations to approximate the input voltage. For any SAR type
converter, n-iterations are required for an n-bit converter.,
Figure 2 shows a typical example of a 3-bit converter. In the
ADC0808, ADC0B09, the approximation technique is ex-
tended to 8 bits using the 256R network.

CONTAOLS FROM S.AR.
1
REF(s) o_I /‘ : ‘*“*\ :
1%R
A N—
.
. .
A
3 . \—....._._
. 10
2568 . . COMPARATOR
.
R . D .
. .
R . .
.
%R S N— .
4>

REF(-} o—-‘

TL/H/5672-2

FIGURE 1. Resistor Ladder and Switch Tree
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Functional Description (continved)

The A/D converter's successive approximation register
(SAR) is reset on the positive edge of the start conversion
(SO pufse. The conversion is begun on the falling edge of
the start conversion pulse. A conversion in process will be
interrupted by receipt of a new start conversion puise. Con-
tinuous conversion may be accomplished by tying the end-
of-conversion (EOC) output to the SC input. If used in this
modse, an external start conversion pulse should be applied
after power up. End-of-conversion will go low between 0
and 8 clock pulses after the rising edge of start conversion.
The most important section of the A/D converter is the
comparator. It is this section which is responsible for the
ultimate accuracy of the entire converter. It is also the

e FULLSCALE
-2 ERROR= 12188

“ 1ot
-]
e 100
2
5 o >
e - HONLINEARITY s 1/2 188
S 0| pop—i-s
2 = - NONLINEARITY = -172 LS8

001 [~

~= |+~ ZERO ERAOR = -1/8 LSB
oo Lt Vin

T I IR AN W IN
Vi AS FRACTION OF FULL-SCALE

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

QUANKTIZING
ERAOR

VOLTAGE

comparator drift which has the greatest influence on the
repeatability of the device. A chopper-stabilized comparator
provides the most effective method of satistying all the con-
verter requirements.

The chopper-stabilized comparator converts the DC input
signal into an AC signal. This signal is then fed throught a
high galn AC ampfifier and has the DG level restored. This
technique limits the drift component of the amplifier since
the drift is a OC component which is not passed by the AC
amplifier. This makes the entire A/D converter extramely
insensitive to temperature, long term drift and input offset
errors.

Figure 4 shows a typical error curve for the ADC0808 as
measured using the procedures outiined in AN-179.

INFINITE RESOLUTION

"t PERFECT CONVEATER
1 12 LSS 1DEAL 3-81T CONVERTER
o rom_, [
g w1 | umAowusTEDTL.3A
RAON
‘S ERRon L_-l uss
= . ASSOLUTE
3 m : ACCURACY
g wm _1nLse
g QUAANTIZATION
00 *© EAROR
] Vix

U213 21 M1 40 ;A s
Vin AS FRACTION QF FULL-SCALE

FIGURE 3. 3-Bit A/D Absolu.te Accuracy Curve

RAEFERENCE LINE

TL/H/5872-3

FIGURE 4. Typical Error Curve
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Connection Diagrams

QUTPUT ENABLE —
CLOCK —

START —
£0C =

Vaer (4)—
GND —

Dual-in-Line Package

N3 —
N4 —1
NS —
e —
N7 —

275

G, N D W e N

s

-

Vee

- - N

277

28 N2
271

26 f~ND
25[—400 A
24400 B
23f=a00 ¢
22f=aLe
21}=2""uss
20{—~2"2
19f=2"3
18-
17}-2"4s8
161—lper ()
15]-27¢

TL/H/S872-11
Order Number ADC0808CCN, ADC0O809CCN,

ADC0808CCJ or ADC0808CJ

See NS Package J28A or N2BA

Timing Diagram

l——\n——-
t

Molded Chip Carrier Package

<« @ O
2 Q o - oM
22g84dLNN
| T I |
25 24 23 22 2% 20 19
Mo—26 13-2-‘
Nt—{27 17p-2"%s8
N2 {23 16|~ Yar (=)
LR 15p-2"%
e {7 =27
NS—3 13}=6xD
NS4 12 .—Vnﬁ-(b)
N5 6 7 8 9101
rerriird
[ S AL - M
8L dES
I3 z o
-
=
=]
5
>
(=)

TL/H/5872-12

Order Number ADC0808CCYV or ADC0803CCV
See NS Package V28A

START

waue—| ]
L—r—-—- STABLE ADTAESS
4BOAESS $o% (m
[} -
1’——0-—-—l' |
e A 1 T stam X
T T
Lse™
COMPARATOA ¥
et I '
#0900 x
] |
outrr / \—
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e
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X
! % 1
ouTeurs —_—— - -
TL/H/5672-4
FIGURE S
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Typical Performance Characteristics

T
fe = 1200 kH2

(4} /

2
-
z M-uum
¢
£
£ 08
-1 (o= 1200 &Mz
-18 A
o s 25 1 s

Vin iV}

FIGURE 6. Comparator ljy vs V|N
(Vee= Vagr=5V)

Taeast

S
el |
L

[] 12§ 5 118
Vin (V)

TYPICAL Ropy (k12

TUH/S872-5

FIGURE 7. Multiplexer Roy vs Viy
(Vec=VRer=5V)

TRI-STATE Test Circuits and Timing Diagrams

[STTR T tin, CL=10pF tH1, CL =50 pF
Ve tg Ll
Vee
ouTPYT ’:"“
ENABLE "
Y] 10%0°)
ouTPUT R
ENABLE tn-
1% 104 Vou o
l ouTPUT
- - - GNT
toH: tHo ton, C, = 10 pF tii0, CL =50 pF
Voo Vee —ly Y
0% 30%
oUTPYT
108 ENABLE ’:”‘ 0%
outrur 3%, oo _] ‘ e
ENABLE e F=—ton tHo
[ o Vee —
I' ouTPyT /— %
—— — VOL —_—
Tun/sser2-8
FIGURE 8
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NNational Semiconductor

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

Converters

General Description

The DAC0800 series are monolithic 8-bit high-speed cur-
rent-output digital-to-analog converters (DAC) featuring typi-
cal setlling times of 100 ns. When used as a multiplying
DAC, monotonic perfarmance over a 40 to 1 reference cur-
rent range is possible. The DACO800 series also features
high compliance complementary current outputs to allow
differential output vqitages of 20 Vp-p with simple resistor
loads as shown in Figure 1. The reference-to-full-scale cur-
rent matching of better than + 1 LSB eliminates the need for
full-scale trims in most applications while the nonfinearities
of better than +£0.1% over temperature minimizes system
error accumulations.

The noise immune inputs of the DAG0B00 series will accept
TTL levels with the logic threshold pin, V¢, grounded.
“~anging the V¢ potential will allow direct interface to oth-
:: logic families. The performance and characteristics of the
sevice are essentially unchanged over the full 4.5V to
+ 18V power supply range; power dissipation is only 33 mW
with +5V supplies and is independent of the logic input
states.

The DACO0800, DAC0802, DACO800C, DAC0801C and
DACO0802C are a direct replacement for the DAC-08, DAC-
08A, DAC-08C, DAC-08E and DAC-08H, raspectively.

Features
n» Fast settling output current 100 ns
8 Full scale emor +1LS8
# Nonlinearity pver temperature 20.1%
= Full scale curcent drift +10 ppm/*C
® High output compliance -10V to + 18V
= Complementary current outputs

u interface directly with TTL, CMOS, PMOS and others

B 2 quadrant wide range multiplying capability

=
[
]

Wide power supply range +4,5Vto £18V

Typical Applications

DIGITAL iNPYTS

mMsB
81 82 81 84 85 05

':'“‘
in

Low power consumption 33 mW at 5V
Low cost
;ﬂlv
100
—o
Vour T0 20 Vpp
0
TUM/5886~1

FIGURE 1. +20 Vp.p Output Digital-to-Analog. Converter (Note 4)

Ordering Information

Non-Linearity Temperature

Order Numl;ers

Range J Package (J 16A)*

N Package (N16A)" SO Package (M16A)

+0.1% FS 0°C<sTa< +70°C DACO0802LCJ | DAC-09HQ | DACO802LCN | DAC-08HP DAC0802LCM

+0.19% FS | —55°C < Tp € +125°C | DACO800LJ

DAC-08Q

+0.19% FS 0C < T s +70°C DAC0800LCJ | DAC-08EQ | DACOBOOLCN | DAC-08EP DAC0800LCM

+0.39% FS OC<STps +70°C

DACO0801LCN | DAC-08CP DACO0801LCM

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

i Miiitary/Aerospace specifled devices are required,
please contact the National Semiconductor Sales
OfficesDistributors for avallability and specitications.

Supply Voltage (V* — V=) +18V or 36V
Power Dissipation (Note 2) 500 mw
Reference Input Differential Voitage

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

(vVi4,vi5) - V-tovt
Reference Input Current 5mA
Logic Inputs V= to V- plus 36V
Analog Current Qutputs (Vg= = ~15V) 425 mA
ESD Susceptibility (Note 3) T8Dv

Storage Temperature

Electrical Characteristics tne following specifications apply for Vg

—-65'Cto +150°C

Lead Temp. (Soldering, 10 seconds)

Dual-in-Line Package (plastic)

Dual-In-Line Package (ceramic)

Surface Mount Package
Vapor Phase (60 seconds)
Infrared (15 seconds)

260°C
300°C
215°C
220°C

Operating Conditions (Nota 1)

Min
Temperature (Ta)
DACO0800L ~59
DAC0800LC [+]
DACOD801LC 0
DAC0802LC 0

Max Units
+125 *C
+70 *C
+70 *C
+70 *C

= =15V, lper = 2mAand Tyn € Tp <

Tamax unless otherwise specified. Output characteristics refer to both Iyt and foyT.

. DACO0800L/
Symbol Parameter Conditions , DACOs02LC DAC0800LC DACs0ILC Units
Min | Typ [ Max|Min| Typ | Max | Min| Typ | Max
Hesolution 8 ) [} 8 ] 8 8 8 8 Bits
Monotonicity ' 8 8 8-l a(, 8 8 8 8 8 Sits
Nonlinearity *0.1 =0.19| *0.39] %FS
ts Settling Time To + 1/, LSB, All Bits Switched 100 | 135 100 | 150 ns
“ON" or “OFF", T =25'C
DAC0800L 100 | 135 ns
DAC08COLC 100 | 150 ns
tPLH, Propagation Delay Ta=25C
tPHL Each Bit 35 | 60 . 35 60 35 60 ns
All Bits Switched 35 60 35 60 35 60 ns
TClgs  |{Full Scale Tempco =10 | =50 =10 | =50 210 | =80 jppm/*C
Voc Qutput Voltage Compliance}Full Scale Current Change -10 18 ) =10 18 | —-10 18 v
<1, LSB, Royr>20 M Typ
IFs4 Full Scate Current VRer = 10.000V, R14 = 5.000 k1| 1.984] 1.992 {2.000{1.94] 1,99 | 2.04 |1.94] 1.99 | 2.04 mA
R15=5.000 k). To = 25°C
lesg Full Scale Symmetry lrsa—lrs2 z051=40 =1 | =8.0 =2 | =16 | uA
I25 Zero Scale Current . 0.1 1.0 0.2 2.0 0.2 4,0 pA
Irsr Qutput Current Range V- =-5V 0 20 211 01 20 | 21 0 20 2.1 mA
V- = —~8Vio -18V 0 20 |a2] 0 2.0 4.2 0 2.0 4.2 mA
Logic Input Levels
Viu Logic “0" Vic=ov 08 0.8 0.8 v
Vin Logic 1" 2.0 2.0 2.0 v
Logic Input Current Vie=ov
| Logic 0" ~10VSVinS +0.8V -20[-10 -20} -10 -20| -101 pA
™ Logic “1" 2VSViN< + 18V 0.002( 10 0.002| 10 0.002| 10 | wA
Vis Logic Input Swing V== —15Y -10 18 | —10| 18 {—10 18 v
Viur  |Logic Threshold Range  |[vs= £15v —-10 13.5{~ 10 13.5 [~ 10 135] v
l1s Reference Bias Current -10}-3.0 =10} -3.0 =10]| =-3.0| pA
di/dt Reterence input Slew Rate | (Figure 12} 40| 80 40{ 8.0 401 8.0 mA/ps
PSSIFE + |Power Supply Sensitivity*  [4.5VsV+ <18V 0.0001] 0.01 0.0001]{ 0.01 0.0001} 0.01 | %/%
PSSlgs- |- —4.5V<vV-<igy 0.0001| 0.01 0.0001{ 0.01 0.0001f 0.01 | %/%
lngr=1mA
Power Supply Current Vg= L5V, lqgr=1 mA
I+ 23 | 38 23 | 38 23 | 38 mA
(d -43|-58 ~-43] —-5.8 —43]| =58} mA
Vg=5V, =15V, lgge=2 mA !
i+ 24 | 38 24 3.8 24 3.8 mA
- ~6.4}1—7.9 -64| -7.8 -64] ~78| mA
Vs= 15V, lpgr=2 mA
I+ . 25 | 38 25 | 3.8 25 | 38 mA
1— ~6.5|-78 -65| ~7.8 -65| -7.8| mA
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Electrical Characteristics (continueq
The following specifications apply for Vg = £ 15V, Ipgp = 2 mA and Tuin € Ta < Tumax uniess otherwise specified. Output

characteristics refer to both loyr and loyT.

DACO80OL/
Symbol Parameter Conditions DAC0802LC DACD80OLC DACOBOILC Units
Min | Typ | Max | Min { Typ | Max | Min | Typ | Max )
Pp Power Dissipation =5V, lngp=1mA 33 48 33 48 33 48 mw
SV.—15V.Ingr=2 mA 108 | 136 108 | 136 108 | 136 mw
=15V, lngr =2 mA 135 { 174 135 | 174 135 | 174 mwW

Note 1: Absotute Maximum Ratings incicate limits bayond which damage 10 the device may occur. OC and AC stectncal spectiications do not 2pply when operating
the device beyond its specified operating conditions,

Note 2: The maximum function temperature of the DAC0800, DAC0801 and DAC0802 ls 125°C. For g at devices in the Dual-in-Ling
J package must ba derated basad on a thenmal resistance of 100"C/W, junction-to-ambient, 175°C/W for the moided Dual-in-Lins N package and 100°C/W for the
Smail Cutfine M package. . ‘
Note % Human body model, 100 oF discharged through a 1.5 ki} resfstor,

Nots 4: Pin-out numbers for the DACOB0X represent the Oual-In-Line package. TKe SmnuAOuuim package pin-out differs from the Dual-in-Une package.

Connection Diagrams

Dual-In-Line Package Small Qutline Package
‘ ()
Wit Ao gE PN U 2 comensaTion v 1618 L5
ot 2 Vagri) Yaer(*)~2 1518,
1 ™ Varri Vaer(=}— 3 14},
. 3 COMPENSATION —{ 4 1348
four n THRESHOLD CONTROL, Y, — § 12}-8
MS2 Bt -2-' -E-II (L] .IBLC 6 i 8‘
[ " T~} %3
7 = =7 10f-s,
? 18
13— [ w8 98, uS8
ll—'~ .'—n
TL/H/5588-14
TL/H/5886-13 TOP View
Top View
See Ordering Information
Block Diagram (Note 4
-} 8
v Yic o [}] o " L1} " w n
T" ?l TI Tl TI Tl Tl Tll Tn Tu et
] i ] | 1 1 1
has
T 4 Tlour
1 Re °
s T

4
¥agetd o

7
A=
-
LT
7T
5
-\_OJ-'_O— =1
o
L
N

Vagsi-) O‘l

TL/H/5888-2
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Typical Performance Characteristics
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Igg - QUTPUT CURRENT fmA)

1g - QUTPUT CURRENT (mA)

1g ~ OUYPUT CURRENT {ma)

Full Scala Current
vs Reference Current
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Output Current vs Output
Voltage (Output Voitage
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Nots. B1-88 have Identical transtsr characterls-
tics. Sits are fulty switched with less than ¥ LSB
arror, at less than 100 mV rom actual threshe
old. These switching points are guaranieed to lie
batween 0.8 and 2V over the operating tempera-
ture range (Vic = OV).
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Typical Performance Characteristics (Continueq)

Power Supply Current Power Supply Current Power Supply Current
vs TV vs "V vs Temperature
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T FE |mru|m:1-nj—‘ : : R
AR : i ]
I} - T = i 11 £, ] i
H H Ve -1V
? $ T iL g 4 1T ingr =1 @k 7T ‘_E, ¢ bd T -1
= . — - s 4
E : i E 3 [ I-.vni'"uul' Clma | -E- [ |
3 s - ®
; ! - P . - i3 Ve 13V
e 2 0 I* ] ¥ 1o 2 e} |
i Pl g L, [T
EEEN . | : OO
TR 0 -2 -4 -6 -3 ~10-12-1-16-1-28 -5 50 100 150
Vee POSITIVE POWER SUPPLY (V) ' ¥ <NEGATIVE POWER SUPPLY (V) Ta - TEMPERATURE ca
s TUMH/S688-4
Equivalent Circuit
i 1
e 1 2 3 . 3 s ? )
13 . s 1] ] n v
Ay
Tvgg

-

. 14|
Yagr
H

%? ol

<
I
_q_‘;.

A\

y

A

Ya
R

¢
§

K
i

“vagr oY

COwr "

use e

?
SIS
ke
Jo el J
T, Wk,

%
Y.

T o

;
]

N . . FIGURE 2
Typical Applications (Continued)
DIGITAL INPUTS
s [t lgg = = VRer X E
St B2 A) 34 93 85 27T M RArer 256
g+ ig = lgg for all

er — Vagp “s DEOOEEIER) [ logic states
":lt‘: For hxed reterence, TTL operatan,
s Vagr typcal values arec
v [ Vage = 10.000V
= -~ Rpgr = 5.000K
0 A15 = RRer
_E-I Cc = 0.01 uF
= Vig = OV (Ground)

TL/H/5688-5
FIGURE 3. Basic Positive Reference Operation (Note 4)

Pagr

L4
“Yagr O—O—A WV

-V,
REE , 255

TUH/5686-21 =
s Rrgr 256  lorbascurent

FIGURE 4. Reconunended Full Scale Adjustment Circuit
(Note 4)

TL/H/5688-15

Note. Rper sets ipg; A1Sis

curent cancellation

FIGURE 5. Basic Negative Reference Operation (Note 4)
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Typical Applications (continued)

PGITAL INTS

=i (8
MUK BN ty

Ings * 1 mb Onmneed

—

TU/H/%688-17

"~ |B1 B2 B3 B4 BS B6 B7 B8|lomAllomA|] Eo T
Ful Scala - 1 1 1 1 1 1 1 1]1992]0000]-9.960] 0.000
FuiScale—-LSB [ 1 1 1. 1 -1 1 .1 019840008 ]~-9.920{ —0.040
HalfScale+LSB | 1 0 0. 0 0 0 .0 -1 1.008]-0.984|-5040]{ —4.920
Half Scale 1 0.0°0 0 0 Q O0]1.000]|0992]~5000]—4.960
HalfScale-tSB [0 1 1 1 1 1 1 10992} 1000} -4960| —5.000
ZeroScale+LSB| 0 0 O O 0 O O 10008 | 1.984 | ~0.040] —9.920
Zero Scale 0 0-0 0 0 0 0 ©0.000/.1.992[ 0.000 | ~9.960

FIGURE 6. Basic Unipolar Negative Operation {Note 4)

“Iner 1 mt Ot
TL/H/5838-6
B1 B2 B3 B4 B5 B6 B7 B8} Ego Eg

Pos, Full Scale Tt 1 1 1 1 1 1 1} -9920(+10.000

Pos. FullScale~LSB{ 1 1 1 1 1 1 1 0] —9.840{ +9.920
ZeroScale+LSB {1 0 0 0 0 O O 1| -0.080] +0.160
Zero Scale 1 0 0 0 0 0 0 0} 0000 { +0.080
ZoroScale—-tS8 |0 1 1t 1 1 1 t 1] +0080| 0.000

Neg. FultScale+1SB{ 0 ¢ 0 0 ¢ 0 O 1| +9.920| -9.840

Neg. Full Scale 0 0 0 0 0 0 O O]+10.000f —9.920

FIGURE 7. Basic Bipolar Qutput Operation (Note 4)

o,
Vagr * 1V O—AAA—

TL/H/5886-18
1Ry, = R within £0.05%, output is symmatrical about ground

Bi1 B2 B3 B4 BS B6 B7 B8| Ep
Pos. Full Scale 11 1 1 1 1 1 1]+9.960
Pos.FullScale-LS8 |1 1t 1t 1 1 1 1 0]+9.880
{+)Zero Scale 1.0 0 00 0 0 0 0]+0.040
(—)Zero Scale o 1t 1 .1 1 1 1 1[-0040
Neg.FullScale+LSB| 0 0 0 0 0 O 0 1]-9.880
Neg. Full Scale 0 0 0 0 0 0 0 0}-9960

FIGURE 8. Symmetrical Otfset Binary Operation (Note 4)
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Typical Applications - unusq)

AL
———AM\———
‘o
4
€0
0ACRR b—O 4T0 ¢ lgg - Ay
2 lee & 255 |
FS = —— IREF
K] = = 256 TL/H/S888-19
For g2~ Y output as negative logie, DAC), connect invert.

'ngin;.:clcpnmptoG(plnz).eumlowM)wofm
FIGURE 9. Positive Low Impedance Output Operation (Note 4)

ta
O810-tpg.a,

255
IFs = 5— lReF

2%

= TL/H/5686-20

For tary output {op asa

logic DAC) connact non-in-

vertng irput of ap am to I5 (pin 2); connect ig (pn 4) to ground.
FIGURE 10. N'egatlve Low Impedance Output Operation (Note 4)

Vi = Vg + 1.4V
15V CMOS, HTL, HNIL

Viy = 7.6V
V[n . IV
| pLIT )
TrLen l 12y 10 1y Yy l
Yimetey I l e
l I
I "‘l
Svic | ain e l
I ~S¥ 10 -10v
—sm—+ e T T —maL -
Vinolav I YuSY l Vi -i2Y
I |
I |
| !
|
|
}
|
TU/H/5686-8

6. Do not excesd nagative logic input range of 0AC.
FIGURE 11. Interfacing with Various Logic Families

aer

Apgr QPYIDNAL RESISTOR
POR QFFSET INPUTS

TL/H/56868-10
Typical values: Ry = Sk, + Vipg= 10V

FIGURE 12. Pulsed Reference Operation (Note 4)
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Typical Applications (Conthued) - - )

(8) lagr 2 peak negative swing of iy

*Vagr
(b) + Vper mustbe above peak positive swing of Vin
IRes .
' ’v;no—-\l-&v——" n
= s gatase
1ePTIONAL)
=" Ya—Bo— O—AA—=In -
LT }gw YT -
0ACCI00 wagOARCE . ‘z

[

TUH/8888-11
FIGURE 13. Accommodating Bipolar References (Note 4)

LiuF
FOR TUAN “ON", ¥ =20V
FOR TURR “OFF~, VL + 0.0V
OuF w
. L N
MINIMUM L =
N CAPACITANCENY (AP

HPS082.2830 etV
SCHOTTRY DIODES vour "1 "
e 1 X PROBE
aw —J.—ov
Vin — -04v
4
Ragr s 6 7 8 810112
“Vaes "
DACOS00
(0.1

A1

[ $¥%

= e TUHIS686-7

FIGURE 14. Settiing Time Measurement (Note 4}

SV §TOP -
w I CONVERSION

cLocx FREE

auN
] 19 2
W " Ve ax 5 Qee
I sz ?
(T1Pe 2 T ]
_rL ano
06 01 02 03 a4 Qs 08 07
- 3fads Jo a2
153 O-
v
ST DIGITAL O ANALOG W
WORD LT T
A
i ]
hzlufofs e |7 Jo is
L5587 86 86 84 3 sz wSh \ 2
va* ’ o ¢
DAL
va~ Iy 4
V' v- . cow Vic .
] 2% 16 -[:
_L onv U
I_ [ RF% 4 I
- | [ Note. For 1 ps conversion time with 8-bit sion and 7-bit Y. an
- w LM361 comparator replaces the LM319 and the reference current is doubled
- by reducing R1, A2 and RJ t0 25 kN and R4 to 2 MN.*

TUH/Se868-8
FIGURE 15. A Complete 2 us Conversion Time, 8-Bit A/D Converter (Note 4) ’
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MC54/74HC165

SWITCHING WAVEFORMS

CLOCK Vee

OR CLOCK INHIBIT _. —GND

MH T !

Figure 1. Serial-Shift Mode

vee
INPUT S 50%

__] GND
gy Y
CLOCK o vVee
OR CLOCK INHIBIT 7‘ i
‘ —GND

— gy =

v -
SEFIAL SHIFT. '\ coar ' S c
—=itH —={lPHL
Qi ORCy 50%

Figure 2. Parailel~L.oad Mode

g

. VALID —>|

; | Vee

INPUTS A-H 2

- GND
el th

vee

SERIAL SHIFT:

PARALLEL LOAD _‘l - GND
ASYNCHRONOQUS PARALLSL
LOAD
(LEVEL SENSITIVE}

SERIAL SHIFT: —Vee
PARALLELLCAD 0%
| &Np
tsy th =
CLocK pine]
OR CLOCK INHET 50%

—c0
Figure 5. Serial-Shift Mode Figure 6. Serial-Shift Mode
, TEST POINT
CLOCK 2 INHIBITED —Vee OUTPUT
CLOCK INHIBIT 0% DEVICE
&ND UNDER .
TEST I G
cLOCK -
* Inctudes all probe and jig capacitance
Figure 7. Serial-Shift, Clock-inhibit Mode Figure 8. Test Clrcuit
MOTOROLA ) “ ’ 3236 High-Speed CMOS Logic Data.
DL129 —Rev 6
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TIMING REQUIREMENTS (Input t; = t = 6 ns)

MC54/74HC165

R

Guaranteed Limit
Vce -55to
Symbol Parameter v 25°C < 85'C | < 125°C | Unit
tsu Minimum Setup Time, Parallel Data Inputs to Serial ShrzSarailel Load 2.0 100 . 125 150 ns
{Figure 4) 4.5 20 25 30
) 6.0 17 21 26
tsu Minimum Setup Time, Input SA to Clock (or Clock Inhitsc 2.0 100 125 150 ns
(Figure 5) 45 20- 25 30
6.0 17 21 26
tsu Minimum Setup Time, Seral Shitt'Parallel Load to Clocs .ar Clock Inhibit) 2.0 100 125 150 ns
(Figure 6) 45 20 25 30
T 6.0 17 21 26
tsu Minimum Setup Time, Clock to Clock Inhibit 2.0 100 125 150 ns
(Figure 7) 4.5 20 25 30
. - 6.0 17 21 26
th Minimum Hold Time, Serial ShiftParallel Load to Parala Caia Inputs - 2.0 5 5 5 ns
(Figure 4) : 45 5 5 s
. 6.0 5 3 5
th Minimum Hotd Time, Clock (or Clock {nhibit) to input S& 2.0 "5 5 S ns
(Figure 5) 45 S 3 3
6.0+ "5 5 5
th, Minimum Hold Time, Clock (or Clock Inhibit) to Sertal S—iyParallel Load 2.0 5 5 5 ns
(Figure 6} - 45 5 5 5
6.0 S 3 S
trec Minimum Recovery Time, Clock to Clock Inhibit 2.0 100 125 150 ns:
' (Figure 7) 45 20 25 30
6.0 17 21 26
tw Minimum Pulse Width, Clock (or Clock Inhibit) 20 80 1 120 ns
(Figure 1) 45 16 20 24
6.0° 14 17 20
tw Minimum Putse width, Serial Shif/Parailet Load 2.0 80 100 120 ns
(Figure 2) 4.5. 16 20 24
6.0 14- 17 20
tr, te Maximum Input Rise and Fall Times 2.0 1000 1000 1000 ns
(Figure 1) 45 500 300 500
6.0 400 <00 400
NOTE: Infarmation on typical parametric values can be found in’ Cracter 2.
PIN DESCRIPTIONS

INPUTS'
A,B,C,D,E F G, H(Pins 11, 12, 13,’14, 3,4,5,6)

Parallel Data inputs. Data on these inputs are asynchrs-
nously entered in parallel into the intemal flip—flops when e
Serial Shift’/Paraliel Load input is low.

SA (Pin 10)

Serial Data input. When the Serial Shift/Parallel Load inpex
is high, data on this pin is senally entered into the first stags
of the shift register with the rising edge of the Clock.
CONTROL INPUTS
Serial Shift/Parallel Load (Pin 1)

Data—entry control input. When a high level is applied =
this pin, data at the Serial Data input (SA) are shifted into te
register with the rising edge of the Clock. When a low level s

applied to this pin, data at the Parallel Data inputs are
asynchronoustly loaded into each of the eight intemal stages.

Clock, Clock Inhibit (Pins 2, 15)

Clock inputs..These two clock inputs function identicalty.
Either may be used as an active—high clock inhibit. However,
to avaid double clocking;the inhibit input shoutd go high only
while the clock input is high. o

The shift register is compietely static, allowing Clock rates
down to DC in a2 continuous or intermittent mode.

OUTPUTS.
QH, QH (Pins 8,7)

Complementary Shift Hegister outputs. These pins are the
noninverted and inverted outputs of the eighth stage of the
shift register.

High—%oeed CMOS Lecic Data =235

MOTOROLA’



' MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

. 8-Bit Serial or Parallel-Input/

MC54/74HC165

Serial-Output Shift Register

High—Performance Silicon—Gate CMOS

The MC54/74HC165 is identical in pinout to the LS165. The device inpurs
¥ are compatible with standard CMOS outputs; with pullup resistors, they aa
compatible withr LSTTL outputs.-
This devica is an 8-bit shift register with complementary outputs from e
I last stage. Data may be loaded into the register either in parallel or in senal
form. When the Seral Shift/Parallel Load input is low, the data is loaced
asynchronously imparallel. When the Serial Shit/Parallel Load input is hich.
the data is loaded serially on the rising edge of either Clock or Clock inticit
~sea the Function Table). " .
The 2-input NOR clock may be used either by combining two indedendent
f  clock sources or by designating one of the clock inputs to act as a crex
inhibit.
¢ OQutput Drive Capability: 10 LSTTL Loads
* Qutputs Directly interface to CMOS, NMOS, and TTL
* Operating Voltage Range: 2t0 6 V
* Low input Current: 1 pA
» High Noise Immunity Characteristic of CMOS Devices
¥ e n Compliance with the Requirements Defined by JEDEC Standard

J SUFFIX
CERAMIC PACKAGE
160N CASE 620~10

1

N SUFFIX
16? PLASTIC PACKAGE
CASE 648-08
1

/ D SUFFIX
15\@ SOIC PACKAGE

1 CASE 751805

ORDERING INFORMATION

MCS54HCXXK Ceramic
MC74HCXCXN Plastic |

. No.7A MC74HCXXXD  SOIC
+ Chip Complexity: 286 FETs or 71.5 Equivalent Gates.
' LOGIC GIAGRAM
, (A PIN ASSIGNMENT
12
B~ SERIAL SHIFT
R A PARALLECTOAD ] ' 16 {I Vee
PARALLEL | 14 oA CLOCKT] 2 15 [] CLOCK INHIGIT
DATA ‘ I ouTPTS d
| {3 Ty el wlo
g4 FO'4 13c
63 G5 12018
sermL (\ H—=>— M 16w H( 6 1A
i DATA. { So 10| 2IN 8=30 7 18 [1Sa
INPUT :
© anNo g 8 eflay
' SERIAL SHIFTFARALLECTORD ]
CLocK -2 -
: 15
CLOCK INHIBIT FUNCTION TABLE
. Inputs T Internai Stages | Output
Serial Shitty Clock ] o
Parallei Load | Clock | Inhibit Sa A-H Qa Qg QH Operation
¥ L X X X a..h} a b h Asynchronous Paraliei Load
H e L L X L Qan | Qan e
H - L H X H Qan Qan Serial Shitt via Clock
¢ H L - L X L Q
An | Qan .y .
i H L e H x " Qan | Gan | Seetal Shitt via Clock Inhibit
H X H X X
H H X X X No Change Inhibited Clock
H L L X X No Change No Clock

X = don't care
! Qan — Qg = Data shited from the preceding stage
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MC54/74HC165

MAXIMUM RATINGS®

Symbol Parameter Value Unit Ths cevice contains protection
Vce | OC Supply Voltage (Referenced to GND) -05t0+7.0 v circTy to guard against damage
due 12 nigh static voltages or electric
Vin OC input Voltage (Referenced to GND) -15tVcc+15| V fielcs. However, precautions must
Vout | OC Output Vottage (Referenced to GND) -05lVec+05]| Vv be taxen to avoid applications of ary
2 voltage higher than maximum rated
lin OC tnput Current. per Pin £20 mA veitages to this high—mpedance cir-
OC Output Current, per Pin -25 mA cuit. Fr proper operation, Vin and
tout il P Vou sould be constrained to the
Icc | OC Suppty Current. Vo and GND Pins =50 mA range GND = (VinorVoup = Voo
I " : Unused inputs must always be
it Air, s 7 wW .
Pp Power Dissipation in Still Air, Plastic or Ceramic DIPt 50 m tied 1o 2n appropriate voltage
SOIC Packaget 500 . ogic
levet 2.9, either GND or Vco).
Tstg Storage Temperature -85t0+ 150 °C Unusee cutputs must be left open.
TL Lead Temperatura. 1 mm from Case for 10 Seconds °C
(Plastic DIP or SOIC Pacxage) 260
(Ceramx DIP)- 300

* Maximum Ratings'are tho$e values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: - 10 mW/°C from 65° %0 125°C
Ceramic DIP: — 10 mW/°C from 100° to 125°C
SOIC Package: - 7 mW/°C from 65° to 123°C
For high frequency or heavy load considerations. see Chacter 2.

RECOMMENDED OPERATING CONDITIONS

ity

R e o wr

Symbol Parameter Min Max | Unit
Vee CC Supply Voltage (Reterenced to GND) 2.0 6.0 v
Vin, Vout | OC Input Voitage, Output Voltage (Referenced to GND) 0 Vee | Vv
Ta Operating Temperature, All Package Types -55 |+125] *C
tn U Input Rise and Fail Time Vcc=20V| © 1000 | ns
(Figure 1) Vec=45Vy| © S00
Vec=60V]| 0 400
DC ELECTRICAL CHARACTERISTICS (Voitages Reierenced to GND)
Guaranteed Limit
Vee -55to -
Symbol Parameter Test Conditions v 25°C £ 85°C | < 125°C '] Unit
Vi Minimum High~Level Input Vowr=S-:VorvVgc -0V 2.0 1.5 .5 1.5 v
Voitage Houti $ ZJuA 4.5 3.18 313 3.15
. 6.0 4. 12 4.2
ViL Maximum Low—Level Input Vout=¢.i VorVgg =01V 20 0.3 93 0.3 v
Voltage doutl s E0UA 45 0.9 29 0.9
. 6.0 1.2 H 1.2
VOH Minimum High-Level Qutput Vin =Vijer Vi 20 1.9 1.9 1.9 v
Voltage ilout} = 20uA 45 4.4 14 44
6.0 5.9 5. 5.9
Vin=ViHorViL llgut s 40mA| 45 3.98 3.84 3.70 v
ot s S2mA| 60 5.48 5.34 5.20
VoL Maximum Low—tevel Output Vin=ViHer ViL 2.0 0.1 0.1 0.1 v
Voltage ilout < Z0pA 45 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=ViHar Vit llgul s 40mA (| 45 026 .33 0.40
louti = 52mA | 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Current | Vin = Vg or GND 6.0 +0.1 =1.0 1.0 HA
icc Maximum Quiescent Supply Vin = Vgg or GND 6.0 8 80 . 160 nA
Current (per Package) lout = 2 =
NOTE: Intormation on typical parametric values can be found in Chapter 2.
High—Speed CMOS Logic Data 3-233 MOTOROLA

DL129 —Rev 6
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TL431, A, B Series.

ELECTRICAL CHARACTERISTICS (T, = 25°C, uniess otherwise noted.)

TL43 TL431C
Characteristic Symbol Min ! Typ ! Max Min Typ Max Un
Reference input Voltage (Figure 1) Vret v
VkA=VrBf- Ik =10 mA
Ta=25°C 2.44 2.495 2.55 2.4 2.495 2.55
Ta = Tigw t0 Thlgh (Note 1) 2.41 - 2.58 2.423 - 2.567-
Referance Input Voltage Deviation Over AVrgf - 7.0 30 - 3.0 17 my
Temperature Range (Figure 1, Notes-1, 2, 4)
VKA= Vret, Ik = 10 mA
Ratio of Change in Reference Input Voltage Av{e ’ mvA
to Change in'Cathode to Anode Voltage v
Ik =10 mA (Figure 2), VKA = 10 V t0 Vet KA - -1.4 ~2.7 - ~-1.4 =27
AVKa =36Vio 10V - -1.0 -2.0 - -1.0 -2.0
Reference Input Currant (Figure 2) : leet HA
IK=10mA, R1 =10k, R2 = :
Ta =25°C - 1.8 4.0 - 1.8 4.0
Ta =Tiow t0 Thigh {Note 1) - - 6.5 - - 5.2
Reterenca Input Current Deviation Over Alret R 0.8 2.5 - 0.4 1.2 KA
Temperature Range (Figure 2. Note 1, 4)
IK=10mA, R1 = 10k, R2 = ea
Minimum Cathode Current For Regulation Imin - 0.5 1.0 - 0.5 10 mA
VKA = Vret (Figure 1) ’
Oft-State Cathode Current {Figure 3) lott- - - 2.6 1000 - 2.6 1000 nA
VKA=36 V. V=0V
Dynamic Impedance (Figure 1, Note 3) 1Zk Al - 0.22 0.5 - 1l o022 . os o}
VKA = Vg, alK = 1.0 mA to 100 mA
fS 1.0kHz

NOTE 1: Tjgy = —40°C for TL431AIP TLA3TAILP, TL43 1P, TLA3TLP, TL43181D, TL431BIP, TL431BILA, TL431AIDM, TL4311DM, TL4318IDM
= 0°C for TL431ACP, TL431ACLP, TL431CP, TL431CLP, TL431CD. TL431ACD. TL_431BCD. TL4318CP. TL431BCLP, TL4I1COM,

TL431ACDM, TL431BCOM

Thigh = +85°C for-TL431AIP, TLA31AILP, TL4311P, TL431ILP, TL4318ID, TL431 8IP, TL431BILP, TL431IDM, TL431AIOM, TL431BIOM
=+70°C for TL431ACP, TL431ACLP. TL431CP, TL431ACD, TL4318CD, TL4318CP, TL4318CLP. TL431CDM, TL431ACDM, TL431BCOM -

NOTE 2: The deviation parameter aVgy is defined as the dilference b the and

Py

tamperature range that applies.

values obtained over the full cperating ambient

AVyer 3 Vigp max

~Vrgt M0
b aTpeTy-Ty
Vigt mn }
|
]
) T sare To o n”
The everage temperature coefficient of the reference input voltage, aVre is defined as:
Av .
("v " a?s*c) X 108 6
v fom ref- . a Vm, x 10
ret >C A TA A TA (me 2 25°C)
Vgt can be p of negative d ing on wh

‘Example:AV{‘ef = 8.0 mV and slope Is posttive,

Vigt ® 25°C = 2485 V,AT, .= 70°C avV
. - &Vya
vore 3w o oy s s
When the devica.is prog with two

Za't =iZ,pl ( 1 +§21

. 0.008 x 108"
ret = 70 (2.495)

= 45.8 ppm/*C

Veat Min or Vgt Max occurs at the lower amalent temperaturs. (Refer to Figure 6.)

A1 and R2, {refecto Figure 2) the total dynarmic.impadance of the cirouit is defined. -

)

=20

«M@FOROLA ANALOG IC. DEVICE DATA
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TL431,:A; B Series.

Symbol. Representative. Schematic Dlagram
Component values ara nominal
Camooe
T ) Camode (K}
Ralerenca
W)
I 300 30
Anoda Rm
. O @y d LN ﬂ - 0pFAR
v I
< v 150 -
S 328k ok i
> 20 oF
—] c‘f,a’“ uti: 7.2k§ i ‘°"%
N1
[ ™ 1.0k
. $ 0
Ancda (A}
This device contains 12 active transistors.
MAXIMUM RATINGS (Full operating ambient temperature range applies, unless
otherwise noted.)
; Rating Symbol l Vaiue Unit
I Catnode to Anode Voltage VKA 37 v
| Cathode Current Range, Continuous I 1000 +150 | mA
{ Reference input Current Range, Continuous Iref. { -0.05 to +10 mA
. Operafing Junction Temperatura Ty 150 ’C
Operaling Ambient Temperature Range Ta C
TL43H, TL431AI,. TL431BI =40 to +85
TL431C, TL431AC, TL4318C Oto +70
Storage Temperature Range Tstg -3510 +150 °C
Totat Power Dissipation @ T = 25°C Pp w
Derate above 25°C Ambient Temperature
0. LP Suffix Plastic Package 0.70
P Sutfix Plastic Package 1.10
OM Suffix Plastic Package 0.52 -
Total Power Dissipation @ T¢ = 25°C Pp w
Derate above 25°C Case Temperature
D, LP Suifix Plastic Package 1.5
P Suffix Plastic Package 3.0
NQTE: ESD data available upon request. -
RECOMMENDED OPERATING CONDITIONS- i
Conditiom- Symbol- Min Max * Unit
Cathode to Anode Voltage Via- Vet .3 v
Cathode Current Ik 1.0 100 mA
THERMAL CHARACTERISTICS
—
. D, LP Sutfix P Sutfix DM Sutfix
Characteristic Symbot Package Package Pacikages Unit
Themai Resistancs, Junction—o~Ambient RaJA 178 14 240 . oW
Thermal Resistance, Junction—o~Case - Reyc 83 41 - oW
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Programmable
Precision References

The TL431, A, B integrated circuits are three—terminat programmabie
shunt regulator diodes. These monolithic:IC vaoltage references operateas a
low temperature coefficient zenect which is programmable from Vrgfto 36V
with two extemal resistors.- These devices exhibit a wide operating current

range of 1.0 mA to-100 mA with a typical dynamic impedance of 0.22.Q-The-
characteristics of these referenc

Zener diodes in many applicationg such as digital voitmeters, power

‘supplies, and op amp circyitry. The 2.5 V reference makes it convenient to
obtain a stable reference from 5.0 V logic supplies, and since the TL431, A,

B operates as a shunt regulator, it can. be-used as either a positive or
negative voitage reference. .

® Programmabie Output Voltage to 36 V .

¢ Voltage Reference Tolerance: =0.4%. Typ @ 25°C (TL431B)

¢ Low Dynamic Qutput Impedance, 0.22 Q Typical

* Sink Current Capability of 1.0 mA to 100 mA

® Equivaient Full-Range Temperature Coefficient of 50 ppmv°C Typical

¢ Temperature Compensated for Operation over Full Rated Operating
Temperature Range

¢ Low Qutput Noise Voltags

ORDERING. INFORMATION

° Operating
Device Temperature Range Package-
TL431CLP, ACLP, BCLP ) TO-92
TL431CP, ACP, BCP Plastic
TA=0"t0+70°C
TL431CDM, ACDM, BCDM Micro—8
TL431CD, ACD, BCD SOP-8
TL431ILP, AILP, BILP TO-92
TL431IP, AIP, BIF" Plastc  °
TA = —40° 10 +85°C

TL431I0M, AIDM, BIDM Micro—8
TL431ID, AID. BID SOP-8

| TL431,A,B

Series

PROGRAMMABLE
PRECISION. REFERENCES

SEMICONDUCTOR:
TECHNICAL DATA'

es make them excellent replacements -for-

Z, LP SUFFIX
PLASTIC PACKAGE
CASE 29
(TO-92) P Pin 1. Referen
/ 2. Anode
i, 3. Cathode

'. P SUFFIX
PLASTIC PACKAGE

. CASE 626

DM SUFFiX

3 % PLASTIC PACKAGE
» CASE 846A
(Micro—8)

Cathode { 1 [ 8] Reforance
NC.f2 NC.
Ne.(3] [ 6] Ancca
Ne.[4] B3

(Top View)

D SUFFIX

PLASTIC PACKAGE 4 @
* CASE 7584

(sSoP-g) 1

Cathoce [ 1] [© 3] Reference
6 €]
nel4f) | [Slne
(Top View) -
SOP—Gisanhmma!lymodﬁedSO—&paduqa.F‘i'ls?.

3, Sand7amebdﬁcunymnmmmdhauzd1ﬁlq.
This intermal lead frame modification decreases power

dissipation capability when

0p Y ona
= printed circuit board. SOP-8 corforms 10 ak-extemat

dimensions of the standard SO—g package.
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EXPANDED LOGIC DIAGRAM

| A I c F G n
1% 12 13 4 s 3
: SERULSHET | # {7 % {7 #
pmm__% r——1T .

SEHALDATA-&Do—b—DOA——dDOB——DOc—-—DOF———D 06— 0 4
INPUT 54

MC54/74HC165

cc cc cc cC cc cc
i b b T
cLock 2 ‘
CLOCK 15 ) .
INHIBIT
TIMING DIAGRAM
ok S LML iUy tTri-
“CLOCK INHIBIT —emee—o———
Sa 1
< SERIAL SHIFT/
PARALLEL LOAD L
A __[:m
Bl It
T
c___[Hl
PaRALLEL | DIt
DATA
inPuTS | E | H
FL_lt
[}
G.__ w1
]
H __1;?[
o B L{H{L L
O 1 LRt mLe L
CLOCK | . ' -
INHIBIT. SERIAL-SHIFT MODE ————— -
MODE
PARALLEL LOAD l-—
CMOS Logic Data 3-237 *MOTOROLA
DL128 — Pev &
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TL431, A, B Series

Figure 30. High Efficiency Step—Down Switching Converter

150uH @ 2.0A
Vin=10V1020V M o ) =
n o TIP115 : —Tr —0 Yoy=30V
pY .
mk,i/ ! I | lowt=1.0A
—VA\—1¢ 4,7k§ §4.7k ! 1NS323 ‘—db !
! x
. MPSAzo/r——f | 00tuF =< ?‘ 100k
L s T -
ax |l ‘ TOpFAR
¢ 1
—_— >~— |
PRIT 2N I \ |
t
| ?2.2'« § 10 ? 1k l
o~ — . ¢ - ‘—0

Test Conditions - Resuits

Line Regulaticn Vin=10Vto20V.lp=1.0A | 33mV (1.1%)

Load Regqutation Vin=15V,lg=0At101.0A 25 mV (0.5%)

Output Ripple Vin=10V,lg=10A 50 mVpp P.A.R.D.
Qutput Rippte Vin=20V.l5=1.0A - 100 mVpp PA.R.D.
Efficiency Vin=15V,I5=1.0A 82%

P
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Flgure 26, Voltage Monitor

TL431, A, B Series

=0 Vot

V40— ’
! -
'y % ? At A3
WA~ 1
D]
-
= |
i 3
j § A2 R4
o —s .
LED. indicator1s ‘cn’ when V+ is between the
- uoper and lower timits. N
Lower Limit = (l + %) V‘,e‘
imit = R3
Upper Limit = (1 + Rd) Vrel

Figure 28. Linear Ohmmeter

25V
iNS305 |
y 20mA

! ! i b
5.0kS 30k<300kS SOM i ] 10k
1% of 1% 1% I]
o

L J lCam:rate

oMQ o25V

Figure 27. Single—Supply Comparator with
Temperature—-Compensated Threshold,

V+
o
:
S0 VOU(
O—vte -Q
Vo <V Vin_| Vout
th = Vref
< Vref V+
> Vet =20V

Figure 29. Simple 400 mW Phono Ampjitier

38V0
Tj=33010800 30

NLL

Heatsink on
LP Packaga

Th
THM 8024

5-26%

MOTOROLA ANALOG IC DEVICE DAT,



[

-

-

o

TL431, A, B Series

Figure 20. Output Controf for a.
Three~Terminal:Fixed Regutator.

| MC7305
b £
v‘.o—-! In Mp————— Veut
y  Cemmon ¢
D e —

31

o—

]
Vou! (1 * az) v:sf

me'mm = Vra{ + 3.0V

Figure 22. Constant Current Source

Figure 24. TRIAC Crowbar

Ve 0-‘3’\;—0—0-—.__0 Vaut

1T,
LI

A1y
Vouuip) = (‘ * ‘ai) Viet

o=

Figure 21 Serles Pags Regutator
Vb O A=+ —0 Vouu
|1
1
7 9
l ? =
A1

VOU! = (l +§) Vm’

Vmﬂ mnin = V.,ﬂ d-V.:‘e

[o S

-—0

Figure 23, Constant Current Sink

Vs Isink
o]

: )

lae o s B
¢ L Sink R

H ':l ]
| I

LLJ As
]

Ve Preee- é ')?alﬂ Vour
¥
.
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TL431, A, B Series

Figure 14. Puise Response

Figure 15. Stability Boundary Conditions-

T T ) e - e
30 pA=BC [ mow - A) Vga = Vrgy - l ; \s'uu-;l
by | T 120} B)Vka=3.0VRiK=10mA
- e 5 o0 Ouiout £ ClVka=10Vaic=10ma | | Al
zZ 20 S = 100} DIVka=15V@Ik=10mA
2 | G uisa <0 I g - Ta=25°C oy B 8
3 | R 3 u - - "
4 10 | | — w Stable C A
z + Gnd 8 o Yt 4
3 | [ E N T | = ;
2 0 + T S 4 iy
D S e B e S i B < /| \
, Inout L I A a\E
1 1 ] ) Sessriil N A
0 - 40 3.0 12 16 20 100pF  1000pF  0.01pF 0.1uFT  10pF 104
t, TIME {us} C. LOAD CAPACITANCE
Figure 16. Test Circuit For Curve A Figure 17, Test Circuit For Curves B, C, And D
of Stability Boundary Conditions of Stability Boundary Conditions
150 . 150 .
ol ] Kbl S |
‘ KY | l 4 K Ty 3
: H B i |
g E R e
, { | g ,
| , i
TYPICAL APPLICATIONS
Figure 18. Shunt Regulator Figure 19, High Current Shunt Reguiator
e % *——S Vour Ve O L . é ; © Vout
. A |
,]./ A —e_.. > A1
T 7'1
Az |
o— I R2’
s e At - < ‘ *
Vag (1 + Fl,) o v (B
T ( "'E) ref.
5-24
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TL431, A, B Series.

Figure 8. Change in Reference Input
Voitage versus Cathode Voitage

Figure 9. Off-State Cathode Current
versus Ambient Temperature

;: 2] T T 31.0 k T
';‘:‘ \l ] , k= 10mA _j E I
2 Ta=25C [ )
= N l ‘ A d=: 100 //
5-30 3 | ,
S ' 10
& =6 F now < Vka=38Y -
g2 a I;.w_;_o < 10 // oot quOV
o} - 4 = L "Pu' °"""'—T—°-
‘u?.‘ I] N E : /
g4r R Vm * o0t ,
3 L Y S / L
= . ' . ) : =
at . 0.01 . -~
3 10 20. 30 .4 ~55 -25 0 25 50 75 100 125
kA, CATHODE YOLTAGE (V) ) TA. AMBIENT TEMPERATURE (5C) I
Figure 10. Dynamic impedance Figure 11. Dynamic impedance’
versus Frequency versus Ambient Temperature
120 4 0.320 T T T
= o S Ta=25°C E - N VKA = Veef
~ £ < =
E °°“‘°‘" TF AK=10mALIOmAY 3 5409 3= 8 maio 1004
2 R 5ou‘§ 1] LT (R =] IS 1.0KHz
= = — I TR Z \ - o
3 0k '——1——1’) Gnd # . Il é 0.280 \ é 1.0 Vi UW
& = = a 0
= : : = _@
2 f t A RN g 020 \ L——;—‘-"‘—O Gnd /
S A ' A = ) '
E 1.0 et = =—‘—['=EE= ! =====£==a g 0.240 M\ “
] N\ 7
3 : f + — 3 0.220 -
O
01 .
1.0k 10k 100k 10M 10M 0200—65 -25 0 25 S0 75 100 125
f, FREQUENCY (MHz) Ta. AMBIENT TEMPERATURE (°C)
Figure 12. Open—Loop Voitage Gain
versus Frequency Figure 13. Spectral Noise Density
&0 e — . 80 - —
. —=~0 Qutput
0 T 9.0 uf éﬁkr YK 230 1
s N ' 3 L, £ w
- [aed -t
g 9 ‘ a5y = z T~
: - - T+ Gnd g
A . 3 a VKA = Vret L
w
g w Ik = 10 A
E Q Ta=25C a
g 1or.lK=10mA 2 lnpmo—wv-o—-{' ~o Output
Ta=25°C M S 0 ¥ i M
0 N x
N i -
-10 i N\ 0 P .“.:Jf'... s
1.0k 10k 100 k 1.0M 10M . 10 100 1.0k 10k 100 k

t, FREQUENCY (MHz}

f, FREQUENGY (Hz)
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Figure 1. Test Clrcuit foe VKA = Vref

TL431,. A, B.Series

Figure 2_Test Circuit for Vica > Vref

Figure 3._Tést Clfeuit for

oy
ino OO Vg ot O— WA~ 9———0 vy, 'ruRO-‘W‘v—‘"—’O V&
N b K 2 L Ly of
g GRS [ ﬂ
, iy O
V‘ . ) I‘ L] Rt ’_
ret- - >
v _"_ "2 VKAz‘m(l+ﬁ)+lmf~m L
= = ‘I,,(I - .
Figure 4. Cathode Current_ versus Figure 5. Cathode Current versus,
Cathode Voltage Cathode Voltage
150 — ——1 - ] T 00 : ;
- VKA = Vref ! VKA = Vret
— T =25 1 - Ta=25°C
E 100 — A=2 2 ! l < €00 | inpwt °4A 0 VKA IMin
: Input OM'_—'+|K KA ; | t E ¥ i S
Z - { T 1 z
G & N b LE]
% 50 ol ’ ] g 00 3- /
o - + - . 3 T
& | i l &, ! /
=] 0 . S 200
= i ! ! i = | /
S ) I | S [ A
x -0 [ T ¥ = 0
/ ! ! | | ! | - If
T :
o1/ | [N 200 [
~2.0 -1.0 0 1.0 2.0 L9 -1.0 0 1.0 20
VKA, CATHODE VOLTAGE {V) Vka. CATHODE YOLTAGE (V)
Figure 6. Reference Input Voitage versus Figure 7. Reference input Current versus
Ambient Temperature Ambient Temperature .
2600 r . 30 =
S gs0 |00 °*‘""T$IVKA ] | | <
= KVia = Vi : g =
Wooeg . IKSIOJ;\' _I_V.efMax=2550mV = 25
g 80 Viet § K pre} Iy
= (3 . =
g B0 1 3 20 \‘\
5 252 g ~Ll_ ]
T 2500 | Vrgt Typ =2495mV _| & 15 \--\‘
8 80 § K = 10 mA
& 2460 ! & 10 tnowt o~ 0 VKA
& ~ [ & 1ok $ et 1 VI
4 2440 e Vg Min = 2440 mV & 0 by
3 2 i € 05
3o 1 3, :
-33 -25°- "0 - 25 S0 75 100° 125~ ~35" -5 70" %5 50 s 100+
Ta. AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C)
5~-22°
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ELECTRICAL CHARACTERISTICS (T4 = 25°C, unless otherwisa notad.)

‘ B TL431Al TL431AC TL4318
! Characteristic Symbol-| Min | Typ } Max | Min | Typ f Max Min | Tyr | Max | Unit
Reterenca Inout Voitage (Figure 1) N Viet v
. VKA=VI’ef' Ik = 10 MA
Ta =25°C 2.47 | 2.495 | 2:52 | 2.47 | 2495 2.52 | 2.483 | 2.495 | 2507
L Ta = Tlow 0 Thign 2.44 - 2.55 §2.453 - 2.537 | 2.475 | 2.495 | 2515
' Relerence Input Voitage Deviation Over AVrat - 70 30 - 3.0 17 - 3 17 mv
,  Temperature Rangs (Figure 1, Notes 1.2, 4)
; VKA= erf' I = 10 mA
{ Ratio of Change in Refgrence Input Voitage AV o mviv
{ 10 Change in Cathode to Anode Voltage I
i Ik = 10 MA (Figure 2), AVica = 10 V to Vrgy KA -~ =14 l-27] - | -14 | =27 - -4 | 27
i . . AVgA=36Vio10V vo- |10 f-20| - |10} 20| - | -t0|~20
. Referance Input Current (Figura 2) Mref A T
, gK=10mA,R1=10k,R?=- .
! Ta =25°C - 1.8 4.0 - 1.8 4.0 - 1.6 3.0
Ta = Tiow 10 Thigh iNote 1) - - 8.5 - - 5.2 - - 4.0
: Ralerence Input Current Deviation Over Alret - 08 25 - 04 | 12 - 0.4 1.2 A
| Temperature Range {Figure 2, Note 1)
Ik =10mA, R1 =10k.R2 == !
Mimimum Cathode Current For Regulation lmin - | 05 1.0 - 0.5 1.0 - 0.5 1.0 mA
VKA = Veet (Figure 1) /
i O4-Stats Cathode Current (Figurs 3) ln# - 260 l 1000 - 260 | 1000 - 230 | = nA
Va=36V, V=0V [
Oymamic Impedance (Figure 1, Note 3) 1Zyal - 1022 : 0.5 - 0.22 0.5 - 0.14 | 0.3 Q
VKA = Vrof, Jlig = 1.0 MA 10 100 mA :
f<1.0kHz x ‘ i
NOTE 1: Ty = —10°C for TL43TAIP TL431AILP, TL4311P, TL431ILP, TL4318!0, TL4318IP. TL431BILP, TL431AIDM, TL431IOM. TL4318I0M
= 3°C for TL431ACP. TL431ACLP, TL431CP, TL4I1CLP, TL431CD, TL431ACD, TL4318C0, TL431BCP, TL4318CLP, TL431COM,
TL431ACOM, TL431BCOM
2 «85°C lor TL431AIR, TLAITAILP. TL431IR, TL431ILP, TL431BID, TL4318IP, TL431BILP, TL4311DM, TLA31AIOM, TL4318I0M
= +70°C for TL431ACP, TL431ACLP, TL431CP, TL431ACD, TL431BCD TL431BCP. TL431BCLP, TL431COM, TL431ACOM. TL4318COM
NOTE 2: The daviation parametar aV,ey is defined as the ditfarence the and vatues obtained over the full operating ambient
emoerature range that acolies,
Vref max L—— _\V-!' a Vrei max
. ‘ Ve min
5 ATp=Tp=Ty
Yt Min !
l |
v " r
"' Amovent Temowranure
The average temperature coefficlent of the reference input voltage, aVgt is defined as:
AV,
(V afe’;S‘C) X 108"
v, EPm ret AV 4 X 108 ~
rot 37 aT, ATA Vgt 0-25° o
@Vrgt Can be posttive or negatve cepending on whether Vg Min or Vref Max occurs at the fower ambient temperature, (Refer to Figure 6.)
Example : AV .= 8.0 mV-and-siope is positive:
= 70° 108 .
,a,azsc 2.495.V,4T, = 70°C “Vmb,%- .45.8 ppm/*C-
A VK-A
MOTE 3: TMdynamicmpedancaZKAtsdefmadaleKAl- 2T
. X
Wl’mmodevmlslm- d with two resistors, R1 and R2, (refarto F':gureZ)momaldynamicinpedaruolmsdmﬂtlsdaﬂnodais:
Zpt =2 (14 8)
NOTE 4: This test s not applicable o surface mount (D and OM sulfix) devices.
MQOTOROUA ANALOG IC DEVICE DATA s=21



