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Abstract

This thesis is composed by an application of MCS-51 families used as
Autotuning PID Controller to control plants, systems or process by means of the
calculation of response i.e deadtime, timeconstant and Dahlin’s Synthesis. These
controllers manipulate system beyonded to setpoint and hold it until the setpoint

changing happen
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FTUVBUAVHHA (First-order Process)
K
w5 +1

910 G =

unulugumsi 2.31) 92180

lagh T =mnefineueens$uIUAg (Process Time Constant)
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& H f . Qo UL ' ~Q = <o
Faaumsi 1at sznudifludnyaurveansauguuuydadau-suinda(Proportional
& L H Q L
Integral Controfler: P1) %31Aau1/51 1915 0ude 18 (Tuning Parameter) Ao

K ~ (T/K2T) T—F )

LUV HALIADY (Second-order Process)

K
(z,5 + 1)z 5 +1)
unuamasluauns (2.31) sz 1dh

910 Gils) =

« 1 I
G.(s)= . —
() [K,/(r]s+1Xr25+])}lﬁrcs]
- (r, 5 ]szs X ]) 918
% K T8
v /e e Riy) [ .
.(]C(s)_(?’r-c—)(n %}S)(TZAH) M2p3|

Tagi X G e RIAT {The longer or dominant process time constant)

' . ¥
a8 = AMNNLIDINTUNTT (The shorter process time constant)

2

= [ 7 o 7w Qs = I
afSeuioruns (2.33) nueumMInIUdHosHnSuvesdnuauuuuf led axwy

f

(5), = A 1+/, = LRl NN/ A
T

1Shar,s+1
Tavvgiimsiimesficwsoliuuseld fo
K=, /(K¥T) T T T T

ftude TumslSunsaniy 1deslsuldmnavesduiinga (ntegral Time) Sy
Ansiinn Ay (T, = T)) uazmauasniniimadfnmaduni (T, = T,) weilumsan
mswdouuasvessasveevesnseuaums (Process Gain)

ﬁm%’mzuuﬁﬁﬁuﬁuqanﬁi{ Tumsiiudaee msmgaaudidedeudiann &
vy Tumalidsezdsznaldsruususugaiusuus usus i nsmismamy

(Dead Time)
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FEUUBUAUNIANM IHHIIAT (First-Order-Plus-Dead-Time Process)

Ke —lys

75 +1

PNAUNT G(s) =

unuluaunish (2.31) 92181

: +1Y 1
G.(s)= [Z,ﬁ I;}

. [KTT j(] Yk =)

lagh = NATMUNYBINTZUIUMST (Process Dead Time)

1 1 v} 1 v =y 4 I'd &
a1 (235) swwuduiludnuguii lerediuedeld dosnamed ¢ Fuilu
z as/’ Pt 4 [ 3 1 I=~{ a o & §
Process Dead Time Wudiauiiuasfearaanaldaumsi hionadueield seudeddsidy

Tumssinsaunu finsangla 2.21

cw
e AL ST T IV VY. - e
- Specified Best Possible
Rebponse Response

71U 2.23 HOMISAO U NONYONTE Y UTIN IS8

(Specification for Closed-loop response of System with Dead Time: t,)

b
Yo A

1317 2.23 awsauaasanuduius 14§l

1 C(s) _ ¢
R(s) z.s5+1

UNUAWEN G(s) uag C(s)/ R(s) asluaums 2.29) 2218

e L
A m+1 o]
s ke 1y (e“o’ 7 j

/
/T.5+]1

75 +1 e
Ke™ Az s+l1-e™

- G.(s) [ Sl 1 ..(2.36)

K Ars+l-e™
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nnaums (2.36) annsaudasldeglugiuuuvesdmuguuunile 14 Teowlas

worveuend nuFoa (Exponential Term) Iﬂﬂi‘i’fﬂ;]ilﬂ\i Pade’ (The First-order Pade’

b 4
Approximation) A4U

£he

1_tos/
oD @37
L.s/
1+ 0/2
UNUANNS (2.37) adluaums (2.36) 92 181
(L(s)z[r“'”} : _
B K T AL
(1— 0;5) 7
.5 +1— 8 s -
g ./] . 1015'//
15 /2
l Ay ,.//
[+0
_ K (2} 1+10TCS./
[ 2chts)
W 7= Ll
Z(Tc +[())
¥/
: T 1 1+toij
G.(s)=|=]1+— 2 ..(2.38)
K 7 1+ 7%

nSeueuiuaumsvesianunusian 108 daaums (2.35) 9218

i T

K ===
: K(rc+{0)

T =T

Ty —t/2

...(2.39)

WM INUInaIiey (Small Dead Time: t;<<T..) 12144

e 672

wnuslumumsh (2.48) vz ldwasenmnlugimmvesdimuguuuniile &

G.(s) = (ﬂ(] + %3)
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ww(d‘aga’ -aé”a' a = 9 ' o [ A &
ANVAUAUTUNAVUUIINAVULLD ST UVUAT Dead Time UBY UATIMTUIS VUMY
Long Dead Time (T, —>0) 19409 T* sznaeiiy

T = (T./ 20

unu luarunisy (2.38) 92 181

G (72—)(1 i —;;Xl T o% )

oA F Y v k4 o 9 s 16 o
HuAe ansoaglldn MimMsniIsnaNua s vanauguadlusiueeda

~ =) =)
AunuYLAH 1od

b4
wmsmwmmﬁuﬁu{mm Tuerums (2.39) IHUNAMITHUNIIAT (Dead Time)id

i
s

awnsalflunsimunvenwavessanunevesdniuguld Tasfianudusius dei

K S lim ¢, _y , [T /KH(T 4]

c, MAX

T CRRRAY)

R Mafumsas 19 pnazdanaldifialonasyn (Overshoot) wazau'ly
(o3 19 (Unstability) 14

AFTUIUMISULUBUANIAAY (Integrating Process)

I G(s) = K/s

unu luawnis 2.41) 92 1d4

G(s) (s/K) *[1/(T.*)]

Il

1/(K*T)

A % ~ c; -9 A0 3/
mﬂmmﬁummuammnw ‘ﬂﬂ"ll]”liﬂ‘IJi‘UﬂWﬂﬂﬂﬂﬁ‘UﬂTﬂhlﬂ

2.4.4 HaaglnnnisdunIzHaInIuRN

a o a St
AN 2.2 uaasHamsegUduuy nuavesdniuay uwazwsdimesn g lung

v t & a ad o g o i
Usuuag BUNAPINITAUATIEVAINIUANUDI Dahlin’s Response

Process Controller Tuning Parameter
G(s)=K I K=1/(K*T)
G(s) =K /(T*s+1) PI K=T/(K*T)
T, =T
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G(s) = K PID K’ =T /(&*T)
(T, s+1 (T, s+D)] T, =T,
Ty =1,
G(s) = [K*exp( t,*s)] PID K, =T/ [K*t+T)]
Txs 4l 1=
T 1
G(s)=K/s P K, = Lik*T

TN 2.2 IMuAYeNa N IUAUUaZHITIIASS UM TS uusa
= y ~ aAn ¢ S ' s
nizvumIiz ldmsatuguluTnuailod 1 aaslian ¢, wand 4 lunsdiuen
A d,’ F 4 ~
mien A3 lentsniuaululnuaile
b4
Youugiln dmSufnauguuuui leAvianin1da Tudaieldndnnsves
: " o o L =
Minimum [AE (Minimum Integral Absolutc Error) Taols T sﬂummwuﬂ HIAT T, N
¥
Iz audIS UAIRURULLUEeY e iinniludil

aamvauuyuAle (T,=09 T, = (2/3) * 1,

AINIUAVUYYH (07 e (1/5) *1,

¢

"o o Y P = = ' £ )
uATMIVIZUUNABING overshoot < 5% ilaiimanlFouulaa Set point A3 92 14
b 4 ]
T, =10 fAenufinuAoans overshoot < 5% 92 181

T 0.8 )

K ~
K(t, +1,) K

Z()




30

uni 3
N11588NUUUNDT

3.1 Ingvasilagsau

msihmvesiinuguil lefsiameadaluid  szSunnmssudyaiafivnen
d A & ﬂ o Y o il @ aa Y v
WaTUNHMIBNIZYINMS Juludyanaeuiaen udnhnsulasiudyanudinealayldem
wilasdayanuenaenilu@inea(d/d m3e ADC w3e Analog to Digital Converter)itals
9 v
dyanauns 4 sianmodudyguddsaeaiidinguamisothllszanana’ld Tasiees
a :/’ a dy o Y Ao w a 9 o yi'] a
BUNNY 4 vuauwImhnSudyauduwn udwasdyanalddudyaavinn 05
Taad iifesnniluainail AD awsosu'ld
@ o EY ~ o A [ T @ 1 o =
AnuguITTIIMIINAIURUIE AU TuAAILsae  YesdanduguUULT
a & ' L 4 ) . :
lof #a'ldun K, (Proportional Gain), K, (Integration Constant) uag K, (Derivative
Constant) "lﬁ'zmﬁﬂiuﬁmﬁﬂﬂm%uTﬂsuﬂsmmﬂu (Software) (azaINIINADNFLAVD
dRy 1 dUNMAARINE Y (Input Mode) wioususuduthnng (Set Point: SP) Id0nns
flousmatukeyboard Taease tazaziTAIiveINTZUILNITEBAMITIRULTAIND (7-
Segment Display)

(2

v k4
dyanunvguiissnnadmuguiuiudygafileoauddyainvenszuiuns

o0

auiudyanaeuasn Teduiludesihmsuasdynuaiaoaldifiudyanaeuasndou

17351

Taonsdsdyaurudauasdyaafdaeadiueutaen (D/A, DAC w3 Digital to Analog
v k4
Converter) Aol lunsniugunszuauns uailesndaanaueninnues D/A 1
Audyaavun -5V a5 v uddgnuunIgulaen lnlFlunsaruquaszuauns
3 o a a g R Y @ 1 Y
tududyanuvia 4-20 fadueni] Sedosutlasdygaus siuae 10 Vo-p 910 DA 19
2L~ a a | [ [ s
Wy nszud el 420 Faduend Tasdmnsesutnsduanaussdudunszia (i
£ o { y 9 : H 1
Converter) Fdyg i ldtifle dygar MV wSe Manipulated Variable fidelunauny

AIEUIUMS aunsouan Inssadilassuvesszuy 186 Block Diagram §aglfi 3.1
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Transmitter fe

7 3.1 unuAsyien Inssasnlasswvessian gy

nosa lassadrevesmsvinudu 3 diufe

1. AIUYBINITOUNT
2. IUVDIAINILAY

! g
3. TIUYDIN IBVINNN

3.20995ounnil 19 lumssudaanamg

d' o ~ A A @ wady fod
Lummﬂmmuqmmuw"la%uﬂmﬂmﬂiuumummms‘u

[

&
JU

o o =
3.2.13\7?55Uﬂ'iUQ/7ﬂJi)7ﬂ8757’lﬂ

I RESISTOR TAFPED

R

{ a od v o
U1 3.2 WwasuFati 195 udeana0ine:

1037 3.2 Wnsandfinnzauga YSuarmudumudius 1dsunsets

Rab =

wla Rab - =

Wesana R Tawiiugud (AR=0) Mldswes v =0 &elld

Rac
(R+1k+100+ AR) / 2

(R+1100+ AR) /2

Rab = (R+1100)/2

AYUIUDUNN

4 il
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9 v T
Aiudgungiiinisnldeunaseziinalyf AR nasuuiasdas il Rab # Rac
(ild Av#0) Tash quugilesiimsuGounaslugesznin 0-209°C (uguaua

) Aé IS o 1:' ~ o o
Y84 RTD ¥ia pt100) #9azlinaii 1 AR wdeuniassin 0-79.510hm Tagesiinuduiug

faae il
V= Rea - Rey xV
| R+ Ky K= R
V=1 11120 L 1100R >
i Y 3 NONAR
B 2 9
W Ril100 92 18
[ LR
2
Ay o| RRABR-R-R]
R.(R,+ AR)
#1 AR << Rx seiima 1 auns iy
AV/V = (R*AR) /RS )

Y] =1 Y a™M o ~ [ 1 E I~ 2 o £Y
uadyaui ldnnasesuSaseiivinaduareudiadn  Sesufudesvmevig
Ty 1o Iagn13Ae 2995 9e10R931/9 3.3

R
RESISTOR TAPPED AT

{ a o 7.7 o
71N 3.3 wasvFavdienevsveredayaauds

v o Y Y o & a
Tﬂﬂlj']ﬂ’]u']iﬂﬁ']ﬂjﬂluﬁuwuﬁﬂ]3\3’3\3%51@Tﬂfﬂasvﬂaﬂﬂ'ﬁmﬂqgaﬂll@l}ﬂmQQZNﬂ?']u

Vout (R2/R1) * (510/1315)* AR * V

(R2/R1)* (510/1315)* 79.51 * 10

a
I
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R2/R1 = 21.32

3/
v o 9 A

Aviutusuden R1 =100k vz1da1 R2 = 2132 M dag1i1 3.4

2,51
RESISTOR TAPFED B
1 -lav
fzm D
- “
100K
10Verors ) & 2
510 Y510 100K 3
R R VR
R\.
2,507
=l

717 3.4 WosuTadiiae wesveredygnauieunumanguds

3.2.2. Wessudyansnnmes lusikila

st Flunsfudayanannmes lufida delissenin 085 fTaaliad
(runudutAveunes Indiosyidam-lnil)  Tasdesimsudasdoygnveanes Tusd
a Wogluzae 0-5v Lﬁ"a’l?’i’ﬁﬂuiﬂsﬂauTmama{mmm?ui’ﬁnﬁym"lﬁ’ Tagn15ana99s

ygredyauyelumsulasdyaa

Vin '\

e~ v o 0 a -2
U7 3.6 s uaasnuduiussenindyanadum uazioimmvevivesmes Tusiidla

¥
Yo A

MNNTHIs NS amANuFI LS IEn e Fognadumiazioninn 188
Gain  =Vout/Vin =slope =5/(85* 10'3) =588.235
nnsAnnainngdadulsesveedyanalddagd 3.6

2M
A ———— 27TRD S00K

100K j
TR = 0

717 3.6 Wwasveredyaasuwnnnmes Tuaiia

- sanmsveedyguvesestueuddusn T Saswers = 20
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- oanmsveedyauvoeetueuildafiaes i Saswes = 294

I

- 9ATINIVIIAYYIUYDII99TTIN N1 daswele = 20* 29.4 =588

32.3 vsdyauywa 1-5 hadudauiudaaia 0-5 Taad

Slope=5/4 =125

1 Vin (V)
= a0 o {erey I o 14
UM 3.7 s luaaa uduR S s nINGuyUaze N YN NI TTY e 1-5 Taad

9
M HaInTomaNIEIRUTs s i edRanuBunm uaziewinn 14wl
Vout

1251 Vinl§'-1.25

Vout = e N
in ref Rf
R

wldh (R/R) =125 uag V., = - 1.25 Taad
0N R = 1K 921891 R = 1.25K

& o @ & o o @ {
Fenanuduiusinsdummnsainnldlumsesnuy smlasdamna 18dmId 3.8

Output

711 3.8 wasutlavdygras 1-5 Taadiilu 0-5 Taad
91n29959zNUe0iliani] AsnazAeeg l UGNYUZY9929951IA (Summing Amp)
2 o 4 o a
Feazyhmihinlasdygiaudunwnuue 1-5v Idifueinnumna (5v) -0 v uavest
g oo A v ' [ [ b & o 9 A o
uonil MiiaesrzdoagludnyuzyeIIsNdUME (Inverting Amp)  Feoevimthiindume

dyanunndya aulinmodudygraun raodudyaisvinn o-sv)
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3.2.4 Wesulavdyna 4-20 Gaduewil iy 0-5 Taad

HureesiIFlumsfuduygnamnasgu 4-20 doduend wdulasdayanaldodly

@ 4 4 Y o [V
sdvesdyauving 0-5 Taaa elviaa lulnsaeuInsamesaunsosuaildlasldaes
ulasnszuailunssusiia Tvaailsunsad(Ground-oad Referenced IV Converter) Ta

mnsomawesnnudumuy ldnnns muaasnrduiussenhadaanaduwynuas

1Y fagali 3.12

Tin (ma)

4 20

71 3.9 nsmluanen udiugsen B umuaze Ny ve s asd R 4-20 Fadueui i 0-5Taad
3 - 9 o d’l
mﬂﬂSW\ILi161u1iﬂﬂ1ﬂ31uﬁuwuﬂﬂmu
Vo =[5/ (16*10°)] * 1 =125
v Sy ] ' Y a "0 ¢ [ Qd [ 1
uannguee leuvdus wiunszua Wl lusmanudumuszifaniddnans ous
Y 3 (-4 3 Y ) Y g 1 FUR
AITUATUNIUUH AIUUDUTTUIATAITUATUNIY 250 I?]llﬂlnﬂﬂ%zvlﬂ?'l
a a o 4 o
4 fianueuil * 250 Touni = 1 Taad
a a 4 4
20 indueuil * 250 Toui = 5 Taad
9 v @ ldy A |9 v o J o A’f P
v 8 nudusius lmitmiiouduivssuduyanauina 1-5 Toad aofusiaunsly

29951995 S ud g IvLIa 1-5 Taad laaegali 3.13

e =

perif
e 21
jakay =17 1R
330 {4 =
X 15
U3

s e S % 419

v

gifﬁ 3.10 W5 IV Converter v
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3.3 A2A3UAN

@

b4
#vsuniiu 2 daufe daussauas(Hardware)uaz drumensiag(Software) §ais

v
v A

1 4 C4 9 d t:i = v @
3.3.1 @IUg15A1IT ﬂi$ﬂﬂ‘ﬂﬂ')ﬂ@ﬂﬂiﬂluﬁzﬂﬂ‘ﬂiﬂtﬂﬂ?ﬂﬂﬂ?ﬂ]ﬂﬂl’ ANU

3.3.1.1 AauaaIHa(7-Segment)

Lo )
gl &
Qf O
Gy < Of of of o «f O
=
Fl g |b
e (2]
d
@ e P
of T O of T} of o

U7 3.11 MvesFaavuanna
TuFtldatiaun Tnasu (Common Cathode) TumsiaasnIanee UoInTEUIUMT FLEAHUS
ﬁﬂgiﬁl 3.12 Taoshamviansraiiozlsenoudie 8 d3u(Segment) Ao a,b,c,d.ef,g taz p Tavdi p 1Thiga
(Point) ¥ 8 & At Taonsaiy Port B 409 8255 Tauase mndnams If dauvesiialada Ade 1 (5 V)

d‘ L] Q’/ Qs L o A v
Tnaruniu mindesms1dau Ade 0 (0 V) #rav 0-9 Feaunsouaadldgeniss 3.1

fav Pgfedcba Hex
0 UM o7
1 00000110 06
2 % B, g e 5B
3 0001111 4F
4 01100110 66
5 01101 104 6D
6 011114101 7D
Vi 00000111 07
8 S e 7F
9 0100 1 67

M3 3.1 uaAd Data o3 7-Segments



d iy Com1 uaz Com2 Wy ldidendumia (Bit Select) Mvzuaaswa win

b4 o ¥
a

5 v b4

deamsTidumislada Idde o lununiundeusudeyarisefaluiifisnld port1 oa
v 4

01,23 lumsdendwmishildlunsuaasma uazfusoyaiis sfinen Port Buea

8255)

3.3.1.2 fJufdussa(Keyboard)

Jg% O.or 8\

1

o a 4
sui 3.12 yamsvvesaIng
2 ot : a a = v
1031 3.13 1aAI995V0FIAT (Switch) FiatnAda (Normally Open :NO) #i1%
Tunsfumlumauguuuuillefsianada Tuiddeaind lignnadi luas
aow Tnsaaes lasuszlianiiu 5v ilesnaaiuzassuesues 89C51 uaziiieaindgnna
A luTnsaeu InsamesSusziiduiu 0 v (Ground)
s = ~ a L wady 9 ) £
Tumnwguuuui lefadiamdsaluiad  daiaimmuasoy 3 - fufy
Keyboard fle anad(Enter) , iiua(increase) ttag anf1 (Decrease) lagdendy Port 1 Bit
6, 5 unz 4 mudny

M3¥URTENI19 89C5T fuadnd aunsoumaslddagy 3.14

SV
Pi Yo DECRE&SE CRE&SE L ENTER
T
P Pl 0
1K T3 I Cj
— T T —
4 l—'"“ T T T
* 4 o
T
i RST TR
P2 ( 89C52 £4 S5V
P31 KEE
ot —773 D
2T
= —PE o
Tra g s
p [2T: &l
| 2] ﬁ_}._ia
I L NT4L2 P
wy, = Ci T
[ T
I o e e A LR

U 3.13 uaminisieassenin 89C51 Auaing
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3.3.1.3 wasa(Port)

89C51 i Port 8¢ 4 Port fie Port0, Port 1, Port 2 g Port3 Tag Port3 g4 lunisfu
foyann AD, Port2 1¥lumsdadedy 8255 (5114 8255 Wumesalunsdedoyaluss
qﬂﬂm‘fdauéu) Port 1 14lumsidendumiisues seven-segment Uazljusua uag Porto
14 lunsAareiy 8255 waz ADC

8255 & Port T¥idien1414 3 Port e Port A, Port B uaz Port C Gsaunsasmualyl
Port laiilunesadunn wienesmeninnild Tasnsdeidaniuny (Control Word) 'l
8255 luduiEuduvesTusunsy (Wi fmuald Port A Hunesaeniyndedoya’lyl /A
Port B ifunesaeninndsdoyanin 89cs1 liliaawadis seven-segment)

m3iFenne 89C51 fu 8255 vi11dTauso Port2 voe 89C51 9% Data Byte (DO-
D7) w04 8255 wazdsdyan lunrugu 8255 8n 5 Bit #an519 3.2 dauw1 CS (Chip Select)

93209 Ground AavALIAT (Active Low)

89C51 8255
Port 0 Bit 0 AO
Port 0 Bit 1 A1l
Port 0 Bit 2 RESET
Port 0 Bit 3 RD
Port O Bit 4 WR

AITNA 3.2 UaAINITIFBUAeY1 89C51 AU 8255
v ¥ v
My 8255 i ludiuneuduveslysunsuasufen uaziielafidesnshnds

U 8255 azdpdsdayna 4 Bit TUnouAen151e 3.3

WR RD A1 A0 AN
0 1 0 0 dedoya 1l Port A
0 1 0 1 dadoya 11l Port B
0 1 1 1 dqﬁﬁqmnﬂu

A15 NN 3.3 uaadn Select Bit fiate 11 8255



MIIFBNADTZN 19 89C51 iU 8255 Rananslugii 3.15

F1.0 oo A3 P4
Pi.1 ] 2 26
P12 P01 Al #6
P13 P02 £0 A7
F1.4 P03 RD WR |—H
P15 PD.4 cs RST
P16 P05 J; GND Dl e o
P17 = Al D1
RST 20 D2

o
P3.0 Lo EA o4 wn D3

& 0
P31 O2 ALE C6 8 D4

oD
P3.2 PSEN cs DS
P33 P2.7 c4 o6
P34 - P26 co 07

5\

P35 R2.5 Cc1 e —a
F3.6 P2.4 cz B7
F3.7 P2.3 c3 B6
KTALZ P2.2 BO B5
KTALT P21 B1 B4
GND F2.0 B2 B3

71 3.14 MsveuAesENIN 89C51 1y 8255

~ o

3.3.1.4 29955190 (Reset)az 193 utadyaiunnud

[

RS v
Tuntlaz lddmsuiiadyaiunnudvuia 12MHz TaeaasouaaInIsaeI995s

o o

uaznestiuladyaunaud lddegli 3.15
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P1.0 ee a5V
P1.1 FD.O
F1.2 FO.1
P1.3 FO.2
P14 0.3
F1.5 PO.4
P16 PD.5
——aY
‘Kf L 1oy P1.7 FO.6
RST g 0.7
10K [Ts)
l PO ¢y EA |—ai8W
5 Loy
P31 e ALE
P3.2 PSEN
P32 2.7
P3.4 2.6
P35 2.5
F3.6 F2.4
P37 f2.3
30p
o KTAL2 2.2
30? -
! XTAL 2.1
GND 2.0
+

714 3.15 msdeNesTIwauas msAuadyaun i
3.3.1.5 2vsutasdyanaeuasniludSaea(Analog to Digital Converter:
A/D,ADC)
t4

Arunuuuui leAsliamauesda Tuliail denld ADC wes 0809 ms1eil Tamm

= @ P a { o g
anie3(Multiplexer) Tufa 8 Channel dsdosldlumsidensunn 0-5 Taad Aszsudun

o & Y A 1) [ 1 o’/’ A'l o [ a 5’ -::'
wlasdyane  Fevzlfiissdvesdyanauriniu(Chanel)fossssudaanadunmisdan

@ o (4 [ a «a
01371A, nes Tuddilla, dyanamnasgm 1-5 Taad uas dyaamnasgu 4-20 Tadueud]
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INPUT1 REB) [T ambi-| 3'
INPUT2 (THERMOCGUPLE), REw
=] Sl
24
INPUT3 (1-5VE | T 25 T!
24
INPUT4 (4-20md) | . by T4
X k2.2
pir S V30
14 i - b
g T Sl g e
B ] Ao |28
1 IV s4tsia [SA— 1] § i po g
= —e] ¥ apor [
$ s
T ONp AN 3 ALs 22
LIS PN meaacs | %
START |
LIS cLock 410

31 3.16 du/avdygraenmendiuatsnea ADC0809
3.3.1.6 AulasdyguAlneausyiasn
14 DAC w3 0800 c‘*ﬁammsammmﬂmﬁmmm"lﬁlmTﬂﬂ"lajﬁ'mfxﬁtqu
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170 164.76 4072 4.07
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ADCO0808/ADC0809

Multiplexer

General Description

The ADC0808, ADC0809 data acquisition component is a
monolithic CMOS device with an 8-bit analog-to-digital con-
verter, 8-channel multiplexer and microprocessor compatible
control logic. The 8-bit A/D converfer uses successive ap-
praximation as the conversion technique. The converter fea-
lures a high impedance chopper stabilized comparalor, a
256R voltage divider with analog switch tree and a succes-
sive approximation register. The 8-channel multiplexer can
direclly access any of 8-single-ended analog signals.

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

The design of the ADC0808, ADC0809 has been optimized

ﬂNational Semiconductor

8-Bit yP Compatible A/D Converters with 8-Channel

Oclober 1999

Features

® Easy interface lo all microprocessors

= Operales raliomelrically or with 5 V. or analog span
adjusted voltage reference

8 No zero or full-scale adjust required

8<hannel mulliplerer with address logic

0V to 5V input range with single 5V power supply

Outputs meel TTL vollage level specifications

Standard hemmelic or molded 28-pin DIP package

28-pin molded chip camier package

ADCO0808 equivalent to MM74C949

ADC0808 quivalent to MM74C349-1

Key Specifications

by incorporating the most desirable aspects of several AD  ® Resolution 8 Bits
conversion techniques. The ADC0808, ADC0809 offers high = Total Unadjusted Error +3% LSB and 1 LSB
speed, high accuracy, minimal temperature dependence, ex- = Single Supply 5 Vne
ceflent long-term accuracy and repeatability, and consumes ¥ Low Power 15 mwW
minimal power. These fealures make this device ideatly u Conversion Time 100 us
suited to appilications from process and machine contfrol to i v
consumer and automotive applications. For 16-channel mul- &
tiplexer with common output  (samplethold  porl) see
ADC0816 data sheet. (See AN-247 for more information.)
Block Diagram
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See Ordering
Information
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ADC0808/ADC0809

Connection Diagrams

Dualin-Line Package
N1 28-K2
4 —2 27}-w1
ws—3 26— wo
wE—4 25— A00 &
K1 —{s 2400 8
START 6 23f—a00 €
€c—7 22}~ AL
758 21f-2""uss
OUTPUT ENABLE —{8 20277
cLocx—{10 194273
Yee {11 18—274
Yeer ()12 17f~2"%s8
cHo —{13 16— Voer (=)
771 15f-277¢
DS00ssT2-11

Order Number ADCO808CCN or ADC0809CCN
See NS Package J28A or N28A

Ordering Information

Molded Chip Carrier Package

< @ O
-
8883L% %,
I3 66 i S |
25 24 23 22 21 20 19
26 yf-274
27 17}-12"%s8
28 16— Very (=)
1 15p—2"¢
2 1277
3 13— GHD
4 12}~ VYerr (#)
5 8 7 89 10 1
FEgY 4y s
2SN g =
& 33
&
5
2
=
5
3
OSNG12-12

Order Number ADC0808CCV or ADCO809CCY
See NS Package V28A

TEMPERATURE RANGE —40°C to +85°C -55°C to +125°C
Error | £ LSB Unadjusted | ADCO808CCN ADC0808CCV ADC0808CCJ ADC0808C.J
*1 LSB Unadjusted ADCO809CCN ADCO08039CCV
Package Outline N28A Moided DIP | V28A Molded Chip Carrier J28A Ceramic DIP | J28A Ceramic DIP

www.national com




Absolute Maximum Ratings (Notes 2, 1) Dual-In-Line Package (ceramic) 300°C
f Military/Aerospace specified devices are required, Molded Chip Carrier Package

please contact the National Semiconductor Sales Office/ Vapor Phase (60 seconds) 215°C
Distributors for avaBability and specifications. Irfrared (15 seconds) 220°C
Supply Voltage (Vc) (Note 3) 6.5V ESD Susceptibdity (Note 8) 400V
Voltage at Anty Pin ~0.3V 10 (Ve +0.3V)

Except Control Inputs

Voltage at Control Inputs -0.3V to +15V Temperature Range (Note 1) TS TAsT
(START, OE, CLOCK, ALE, ADD A, ADD B, ADD C) ADCO808CCN,ADCO80SCCN -40'C<T,<+85°C
Storage Temperature Range -65°C to +150°C ADCO808CCV, ADCOB0ICCV -40°C < T, < +85°C
Package Dissipation at T,=25'C 875 mwW Range of V¢ (Nole 1) 4.5 Voe 10 6.0 Vi
Lead Temp. (Soldering, 10 seconds)
Dual-In-Line Package (plastic) 260°C

Electrical Characteristics
Converter Specifications: V..=5 Voc=Vrer:,

Operating Conditions (Notes 1, 2)

Virer(y"GND, TynSToSTrax and 1, =640 kHz unless otherwise stated.

Symbol Parameter Conditions Min Typ Max Units
ADC0808
Total Unadjusted Error 25°C R 37 LsB
(Note 5) ThamittadTyuis 1% LSB
ADC0809
Total Unadjusted Error 0'Cto 70°C +1 LsSB
(Note 5) T 10 Tyyax 1% LSB
Input Resistance From Ref(+) to Ref(-) 1.0 2.5 kQ
Analog Input Vottage Range (Note 4) V(+) or V(-) GND-0.10 Vecet0.10 Vipe
Vrere) Voltage, Top of Ladder Measured at Ref(+) Yec Veet+0.1 Y
Vi Ve Voitage, Center of Ladder Veel20.1 | Veel2 | Veg/2+01 %
2
Vrer(-) Vaitage, Bottom of Ladder Measured at Ref(-) -0.1 0 \%
ey Comparator Input Current f. =640 kHz, (Note 6) 52 $0.5 2 A

Electrical Characteristics

Digi'tal Levels and DC Spectfications: ADCO80BCCN, ADCO0808CCV, ADCO80ICCN and ADCGBOICCYV, 4.758V3<5.25V,

C<T,s+85°C unless otherwise noted

Symbol | Parameter | Conditions Min Typ | Max [ units
ANALOG MULTIPLEXER
lorriy OFF Channel Leakage Current Vee=5V, Vi =5V,
To=25C 10 200 nA
Tuin 10 Tiuax 1.0 pA
lorr- OFF Channef Leakage Current Vee=5VY, V=0,
To=25'C -200 -10 nA
T O Mmse -1.0 pA
CONTROL INPUTS
Ve Logical *1” Input Voltage Vee-1.5 v
Ving) Logical “0” Input Voltage 1.5 v
hinvey Logical *1” Input Current V=15V 1.0 HA
(The Control Inputs)
hineoy Logical “0” Input Current V=0 -1.0 pA
(The Control Inputs)
e Supply Current {o1 =640 kHz 0.3 3.0 mA
=

www.nationa’.com
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ADC0808/ADC0809

Electrical Characteristics (Continued)

Digital Levels and DC Specifications: ADCOS08CCN, ADCO0808CCV, ADCO809CCN and ADCOB09CCYV, 4.755V-<5.25V,
—40°C<T,s+85°C unless otherwise noted

Symboi | Parameter | Condtions | Min_ | Typ | Max | Units
DATA OUTPUTS AND EOC (INTERRUPT)
Vo Logical “1” Output Voltage Vee = 4.75V
lour = -360pA 24 V(min)
lour = —10pA 4.5 V(min)
Vot Logical “0” Output Voltage 10=1.6 mA 0.45 v
Vit Logical “0" Output Vollage EOC lo=12 mA 0.45 v
5 TRI-STATE Output Current Vo=5V 3 HA
Vo=0 =3 pA

Electrical Characteristics
Timing Specifications Vee™Vrere)=5V, Vrer(y=GND, 1,.=4,=20 ns and TA=25°C unless otherwise noted

Symbol Parameter Conditions Min Typ Max Units
tws Minimum Start Pulse Width (Figure 5) 100 200 ns
lwaLe Minimum ALE Pulse Width (Figure 5) 100 200 ns
t Minimum Address Set-Up Time (Figure 5) 25 50 ns
by Minimum Address Hold Time (Figure 5) 25 50 ns
o Analog MUX Delay Time Rs=0Q (Figure 5) 1 25 ps

From ALE
Lty OE Control to Q Logic State C_=50 pF, R_=10k (Figurs & 125 250 ns
b Lo OE Control to Hi-Z C_=10 pF, R =10k (Figure 8§ 125 250 ns
54 Conversian Time f.=840 kHz, (Figure 5) (Note 7 90 00 116 us
f. Clock Frequency 3 - 10 40 1280 kHz
teoc EOC Delay Time (Figure 5) [o] 8+2 usS Clock
Periods
Cm Input Capacitance At Control Inputs 10 15 pF
Cour TRI-STATE Output Al TRI-STATE Outputs 10 19 pF
Capacitance

Mote 1: Absolute Maximum Ratings indicate imits beyond which damaga to the device may occur. OC and AC electrical spacifications do not apply whon operating
the device beyond its specified operating conditions.

Note 2: All vokages are measured with resped to GND. unless athewise specified.

Note 3: A zener dode exists, intemally, from Ve 10 GND and has a typical breakdown voltage of 7 Voc:

Nota 4: Two on-chip dicdes are tied to each ansalog input which will forward conduct for analog input voltages one diode drop be'ow ground or one diode drop greater
than the Ven supply. The spec aliows 100 mV forward bias of either diode. This means that as long as the analog Viy does not excend tha supply vokage by moare
than 100 mV, the oulput code wit be comect. To achieve an absolute 0V 10 5V input voltage range will therefore require a minimum supply voltage of 4.900 V-
over lempersture variations, inttial tolerance and oading.

Note 5: Total unadjusted error includes offset, fuk-scale, linearity, and multiplexer emors. See Figure 3 None of thase A/Ds requires a zero or full-scalke adjust How-
ever, i an all zero code is desired for an analog input other than 0.0V, or if a narrow full-scale $pan exists (for example: 0.5V to 4.5V full-scale) the reforence voltages
mbea:f_usiedtoadlievetﬁsSeeﬁgw 13

Note 6: Comparator input current is a bias current into or out of the chopper stabilized comparator. The bias current varies directly with clock frequency and has litde
temperalre dependence (Figure 6). See paragraph 4.0.

Note 7: Theoutputsofmedammgisterateupdatadonedockwdebeb«elmnshgedgeotEOC.

Note 8: Human body model, 100 pF discharged through a 1.5 k2 resistor.

www.national com 4



Functional Description

Muttiplexer. The device contains an 8-channel single-ended
analog signal multiplexer. A particular input channel is se-
lecled by using the address decoder. Table 1 shows the input
states for the address lines 1o select any channel. The ad-
dress is laiched into the decoder on the low-to-high transition
of the address latch enable signal.

TABLE 1.

SELECTED ADDRESS LINE
ANALOG c B A
CHANNEL

INO 5 L 5
IN1 i L H
IN2 L H L
IN3 L H H
IN4 H L L
IN5 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 converier. The converter is designed to
give fast, accurate, and repeatable conversions over a wide
range of lemperatures. The converter is partitioned into 3
major sections: the 256R ladder network, the successive ap-
proximation register, and the comparator. The converter's
Jigital outputs are positive true.

The 256R ladder network approach (Figure 1) was chosen
over the conventional R/2R ladder because of its inherent
monolonicity, which guarantees no missing digital codes.
Monotonicity is particularly important in dosed loop feedback
control systems. A non-monotonic refationship can cause os-
dillations that will be catastrophic for the system. Additionally,
the 256R network does not cause load variations on the ref-
erence voltage.

The botlom resistor and the fop resistor of the ladder nel-

work in Figure 1 are not the same value as the remainder of
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 transi-
tion occurs when the analog signal has reached +% LSB
and succeeding output transitions ocour every 1LSB later up
to full-scale.

The successive approximation register (SAR) performs 8 it-
erations fo approximate the input vollage. 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
ADCO0808, ADC0809, the approximation technique is ex-
tended to 8 bits using the 256R network.

The A/D converler's successive approximation register
(SAR) is reset on the positive edge of the start conversion
(SC) puise. The conversion is begun on the falling edge of
the start conversion pulse. A conversion in process will be in-
terupted by receipt of a new start conversion pulse. Con-
tinuous conversion may be accomplished by tying the
end-of-conversion (EOC) output to the SC input. If used in
this mode, an extemal stari conversion pulse should be ap-
plied after power up. End-of-conversion wil go low between
0 and 8 dock pulses after the rising edge of starl conversion.
The most important section of the A/D converter is the com-
parator. Itis this section which is responsible for the ultimate
accuracy of the entire converter. It is also the comparator
drift which has the greatest influence on the repeatability of
the device. A chopper-stabilized comparator provides the
most effective method of salisfying all the converter require-
ments.

The chepper-stabilized comparator converts the DC input
signal into an AC signal. This signal is then fed through a
high gain AC amplifier and has the DC level restored. This
technique limits the drift component of the amplifier since the
drift is a DC component which is not passed by the AC am-
plifier. This makes the entire A/D converter extremely insen-
sitive to temperature, long term drift and input offset errors.
Figure 4 shows a lypical error curve for the ADC0O808 as
measured using the procedures outlined in AN-179.

www.national.com

608000Vv/80800QY



ADC0808/ADC0809

Functional Description (Continued)
CONTROLS FROM S A.R
i A b4
1%R
R N
. .
. B N
R
. . Py Sl
2 10
25%R o . . = cnug[nunmn
. 1KPU
2 : = > |
R
. A .
R - . .
o 3
%R b ~exa
<
IL———
REF(-) O—Jd
DS €72-2
FIGURE 1. Resistor Ladder and Switch Tree
1t IHFINITE RESOLUTION
FULL-SCALE m PERFECT COKVERTER
18 IDEAL CURVE -+ ERROR=1/2158
1m0 72 158 IDEAL 38T COMVERTER
s e w TUTAL
g g 10t | unaousTea 1=
- 109 ol AOR 1 V|
5 Stod -11s8
5 on = -4 — ABSOLUTE
2 = NONUREARITY - 1/7 (SE a3 o ACCURACY
2 o -t S o ~1/2138
o | LI MoMLEARTY - 172 138 > QUANTIZATION
H [~ 2€Re ERROR = —1/4 L38 ERROR
800 Vin 080 I
V1AM IR B N 0B 18 28 38 478 54 88 18
Vin AS FRACTION OF FULLSCALE Vin AS FRACTION OF FULL-SCALE
OSDUS72-13

DEXRE2-10

FIGURE 2. 3-Bit AD Transfer Curve FIGURE 3. 3-Bit AID Absolute Accuracy Curve

REFERENCE LINE
/_

QUANTIZING | |
eAROR | Ht |
MPUT ov FULL
VOLTAGE SCALE

DSOVA2-18

FIGURE 4. Typical Error Curve

-
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Timing Diagram
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FIGURE 5.
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ADC0808/ADC0809

Typical Performance Characteristics

15 T z T
fes 1208 ki Tp=85°C I
1 ,
= N .
3es ﬂ/ g Ta=25°C
E fo = 044 b7 =
1B =
Bt
>
& =128 kHe - s - !
o5 | J
25 18 ] ,
Vix 0 0 I
OS006 7246 0 125 5 175 5
FIGURE 6. Comparator I, vs Vi Vi (V1
(vcczvREF=sv) DSOa672-11
FIGURE 7. Multiplexer Ron v V
(Vec=Vage=5V)
TRI-STATE Test Circuits and Timing Diagrams
tors the tin, CL = 10 pF tys, CL = 50 pF
Vee
v
ouTeuT
EWABLE

cuTruT
oNo
DS006672-10 DS0E6/2-20
tous tio to CL = 10 pF tuo CL = 50 pF
Veo Vge —Iy
o) o) Vee
ouTPYT A
ENABLE H
oNg 10%
ouTPHT h
O ten
ENAILE [‘ 5
e &9 |

auTPuT
L 18%
VoL

OSHEE2-20 DS 17-72
FIGURE 8.
Applications Information D=Data point being measured
Duax=Maximum data limit
OPERATION Duw=Minimum data fimit

A good example of a ratiometric transducer is a potentiom-
1.0 RATIOMETRIC CONVERSION eter used as a position sensor. The position of the wiper is di-
The ADCO0808, ADC0809 is designed as a complete Data rectly proportional to the output voltage which is a ratio of the
Acguisition System (DAS) for ratiometric conversion sys- full-scale vollage across it. Since the data is represented as
tems. In ratiometric systems, the physical variable being a proportion of full-scale, reference requirements are greatly
measured is expressed as a percentage of full-scale which is reduced, eliminating a large source of error and cost for
not necessarily related to an absolute standard. The voltage many applications. A major advantage of the ADC0808
input to the ADCO0808 is expressed by the equation ADCO808 is that the input vollage range is equal to the sup-
ply range so the transducers can be connected directly
Vin Dx across the supply and their outputs connecled directly into

TV the multiplexer inputs, (Figure 9).

Vts=Vz  Duax—Dumin 1 ; o ey : .

(1) Ratiometric transducers such as polentiometers, strain
Vi=Input voltage into the ADCO808 gauges, themistor bridges, pressure transducers, efc., are
Vy, =Full-scale voltage suitable for measuring proportional relationships; however,
V., =Zero vol many types of measurements must be reforred to an abso-
z tage lute standard such as vollage or cument. This means a Sys-

www.nattonal.com 8




Applications Information (continueq)

tem reference must be used which refates the full-scale voit-
age lo the standard volt. For example, if Voe=Vrer=5.12V,
then the full-scale range is divided into 256 standard steps.
The smallest standard step is 1 LSB which is then 20 mV.

2.0 RESISTOR LADDER LBMITATIONS
Thevollagesfrcxnlheresislodadderareoomparedlohe
selecled into 8 times in a conversion. These voltages are
coupled fo the comparator via an analog switch tree which is
referenced o the supply. The voltages at the lop, center and
batiom of the ladder must be controlied to maintain proper
operation.

The top of the ladder, Ref(+), should not be more positive
than the supply, and the bottom of the ladder, Ref(-), should
not be more negative than ground. The center of the ladder
voltage must also be near the center of the supply because
the analog swilch tree changes from N-channel switches to
P-channel switches. These limitations are automatically sat-
isfied in ratiometric systems and can be easily met in ground
referenced systems.

Figure 10 shows a ground referenced system with a sepa-
rate supply and reference. In this system, the supply must be
timmed o match the reference voltage. For instance, if a
5.12V is used, the supply should be adjusted 1o the same
voltage within 0.1V.

. j —
l T—- RER(+)

4
=)

r— REF(-)
1 GND

M3
DIGITAL
ouTeuT
Aoy PROPORTIONAL
T0 ANALOG
INPUT

VIN _ Vin
Ls8 —] / Qout = —~—4L}
ol “REF  Vco

475V <VGC = VRER 5625V

* Raliometric transducers

< ADC0808

0008572/

FIGURE 8. Ratiometric Conversion System

The ADC0808 needs less than a miliamp of supply current
so developing the suppty from the reference is readily ac-
complished. In Figure 11 a ground referenced system is
shown which generates the supply from the reference. The
buffer shown can be an op amp of sufficient drive to supply
the milllamp of supply current and the desired bus drive, or if
a capacitive bus Is driven by the outputs a large capacitor will
supply the transient supply current as seen in Figure 12. The
LM301 is overcompensated fo insure stability when loaded
by the 10 uF output capacitor

The top and bottom ladder veltages cannot exceed Ve and
ground, respectively, bu they can be symmetrically less than
Ve and greater than ground. The center of the ladder voli-
age should always be near the center of the supply. The sen-
silivity of the converter can be increased, (i.e., size of the
LSB steps decreased) by using a symmelrical reference sys-
tem. In Figure 13, a 2.5V reference is symmetrically cen-
tered about V/2 since the same current flows in identical
resistors. This system with a 2.5V reference allows the LsB
bit to be half the size of a 5V reference system.

www.national.com
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ADCO0808/ADC0809

Applications Information (continued)

475V £ Voo = Vper < 5.26V

FIGURE 11. Ground Referenced Conversion System with
Reference Generating V. Supply

Vee
SUPPLY vee
¥s8
VRer REF(+) DIGITAL
oUTPUY
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O— las 0
vin{o— ¢ GROUKD
.
O 10
REF(-) LS8
L TV
<> GND
ADCOE0S
CiSrti 1220
Yin
0T~ e
475V < Vg = Vpgr < 525V
FIGURE 10. Ground Referenced
Conversion System Using Trimmed Supply
|
- Vee
VT Msa
< REF(1} DIGITAL OUTPUT
VRer - Qgyt REFERENCED 10
REF(+) O— la; GROUND
Vin{O— <
.
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I——- REF(-) LSB
GND
ADC0808
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v
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npplications Information (continueq)

10-15 Vpe
O

Vee
REF(+)

4 0uF
- SaLID

T TANTALUM
@—— GND

—~— L—; REF(-)

DSHER 7226

FIGURE 12. Typical Reference and Supply Circuit

5v
Ra
Vco
i _ 3.75V & wSE
INgT¢ L taz
LM135 .
= 5 OIGITAL QUTPUT
PROPORTIONAL TD
< Bour ANALOG IKPYT
5 126V <V < 3.75V
1914 % Ino
2 < L REF(-)
25V
REFERENCE Rg Lse
—AAA\—o GND
» DSOA72.27
Ra=Rg
*Ratiometric transducers
FIGURE 13. Symmetrically Centered Reference
3.0 CONVERTER EQUATIONS The output code N for an arbitrary input are the integers
The transition between adjacent codes N and N+1 is given within the range:
by:
Vi
NoHZVRERC ) e Absolute Accuracy
N ] VREF(+ )= VReR(-} (1
VN~ {(VREF(q VQEF(~9[%‘EJ+VTU€ ?’VREF[ ) B
2 (2) Where: Vi =Voltage at comparator input

Vrer,= Voltage at Ref(+)
Vrer( = Voltage at Ref(-)
Vrue =Total unadjusted error voltage (typically

Vier)7512)

m" www.national.onm

The center of an output code N is given by:

N
VW{(VREF(#:«_VREF(—))[‘?E}1VTU£} +VRer(-) (
L 3)
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ADC0808/ADC0809

Applications Information (Continued)

4.0 ANALOG COMPARATOR INPUTS

The dynamic comparator Input current is caused by the pe-
riodic switching of on-chip stray capacitances. These are
connected alternatety to the output of the resistor ladder/
switch tree network and to the comparator input as part of
the operation of the chopper stabiized comparator.

The average value of the comparator input current varies di-
rectly with dock frequency and with Viv as shown in
Figure 6.

Typical Application

READ

If no filler capacitors are used at the analog inputs and the
signal source impedances are low, the comparator input cur-
rent should not introduce converter emors, as the transient
created by the capaditance discharge wil die aut before the
comparator oulput is strobed.

If input fiter capaditors are desired for noise reduction and
signal conditioning they will tend to average out the dynamic
comparalor input current. It wifl then take on the characteris-
lics of a DC bias cument whose effect can be predicted con-
ventionally.

J INTERRTFT
[13

$G0 kHz =—~{ CLK
ADDRES3 5.808V ] Vpee(y) E0C WKTERRYPT
(AD4-AD15)* 0.600V —{VRep(—;
U —— - s7 ms8
STARY 272 f———- D8B§
ALE -3 08s
FRTTE a7
74— 084
ADO—{ A 7S ——p0e3
ADCBS0S
AD1— ADcesas 7§ p——> 082
ADZ —{C 27T —— 081
78— Dga Lss
sv xumvT
Veeo Wrf—Vint
GND .
0-5v
GROUND = . AKALOG
INPUT RANGE
.
Vg1

CENeE/2-10

‘Address laiches needed for 8C85 and SCAAP interfacing the ADCO808 to a MICIOP roCas sor

TABLE 2. Microprocessor interface Table

[ PROCESSOR READ WRITE INTERRUPT (COMMENT)
8080 MEMR MEMW INTR (Thru RST Circuity

8085 RD WR INTR (Thru RST Circuit)

Z-80 RD WR INT (Thru RST Circuit, Mode 0)
SC/MP NRDS NWDS SA (Thu Sense A)

6800 VMA*G2:RW | VMA-0:RW | TRQA or IRQB (Thru PIA)

vavw.national. com 12




Physical Dimensions inches (mitimeters) unless otherwise noted

Ioiiciciziciciizicicioichs

(1.575) i

€.518.£0.005
(12.85+8.177)

U0 0T

=

PN Q. 1 IDENT
1.383-1.00
(35.3—3847) Sl
otm L2 e ] 8.345-0.210
3 Y — == e I'YP o)
ana (s2_18 Ty [T RrET) f‘ 270 r (::”12: 7 ;:)
0020
®iN
[@.5a1)
0008 - 0.015 r
b —— ° 840
"V e kN
I Lomtoars 11061 0.61C | oW L0.03
— 0.125-0 145
(e 1 (z.scuzs«f’{ H ! 720,075 B3y
— U
{isee e [

Molded Dual-in-Line Package (N)
Order Number ADC0808CCN or ADCG809CCN
NS Package Number N28B

P
i Low dal=20lo0 oy G045

i PIN ¥ 1 IDENT

) R [ L4 oo17s0004,
h A 1 26 | 0.028t0.003; |o 4320, 10]
f {c.741c.08]

0.410£0.020 yyn
{10.4140.51]

SEATING PLANE

0.020

- NIN 1YP
[ l0.51]
e 0.105£0.013 1y
I [2.67¢0.38)

G.165-0.180

1
I}
!
|
!
|
|
|
|
[4.19-4.57] :

e

O 10.004 0.10]

0.450£0.005
[12.45£0.13)

Yaaa (RMY »)

Molded Chip Carrier (V)
Order Number ADCO8G8CCV or ADC0809CCV
NS Package Number V28A

13
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DAC0800/DAC0802

General Description

The DACOB00 series are monolithic 8-bit high-speed
current-output digital-to-analog converters (DAC) featuring
typical settling times of 100 ns. When used as a multiplying
DAC, monotonic performance over a 40 1o 1 reference cur-
rent range is possible. The DACO800 series also features
high compliance complementary current outputs to allow dif-
ferential output voltages of 20 Vp-p with simple resistor loads
as shown in Figure 1. The reference-to-full-scale cument
matching of better than t1 LSB eliminates the need for
full-scale trims in most applications while the nonlinearities
of better than +0.1% over temperature minimizes system er-
ror accumulations.

The noise immune inputs of the DACO0800 series will accept
TTL levels with the logic threshold pin, Vi ¢, grounded.
Changing the V, - potential witi afow dired interface to ather
logic families. The performance and characteristics of the
device are essentially unchanged over the full £4.5V to
118V power supply range; power dissipation is only 33 mwW
with £5V supplies and is independent of the logic input
slates.

ﬂNational Semiconductor

8-Bit Digital-to-Analog Converters

June 1999

The DAC0800, DAC0802, DACO800C and DACO802C are a
direct replacement for the DAC-08, DAC-08A. DAC-08C,
and DAC-08H, respectively.

Features

® Fast seltfing outpul current: 100 ns

® Full scale error: +1LSB

® Nonlinearity over temperature:  +0.1%

& Full scale current drifl:  +10 ppm/'C

& High outpul compliance: -10V to +18V

® Complernentary current outputs

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

= Wide power supply range: +4.5V fo +18V

® Low power consumplion: 33 mW at 5V
[

Low cost

Typical Applications

DIGITAL INPUTE

SR

Cc
VT 0D oF v

Ordering Information

Lse
81 B2 B) 84 8% 85 87 &z

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

Vour T2 28Vpp

DEONREE-1

Order Numbers

Non-Linearity Temperature
Range J Package (J16A) (Note 1) | N Package (N16E) (Note 1) [SO Package (M16£)'
10.1% FS 0C<T,5+70C DAC0802LCJ | DAC-08HQ DACO802L.CN| DAC-08HP DAC0802L.CM
+0.19% FS -55'C < T, = +125°C | DACO80OLJ DAC-08Q
+0.19% FS 0'C<T,s+70°C DACO800LC.J | DAC-08EQ | DACO800LCN DAC-08EP DAC0800LCM

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

e

i

© 1998 Nationa! Semiconductor Corporation DS005686

www.national.com
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Absolute Maximum Ratings (Note 2) Storage Temperature -65'C 1o +150°C

if Milltary/Aerospace specified devices are required, Lead Temp. (Soldering, 10 seconds)
please contact the National Semiconductor Sales Office/ Dual-In-Line Package {plastic) 260°C
Distributors for availability and specifications. Dual-In-Line Package (ceramic) 300°C
Supply Voltage (V* - V) +£18V or 36V Surface Mount Package
Power Dissipation (Note 3) 500 mW Vapor Phase (60 seconds) 215°C
Reference Input Differential Voltage Infrared (15 seconds) 220°C
14 to V15 Vo V! 3 s
Re(‘\;rence m)n SR Operating Conditions (ot 2)
Range (V14, V15) V fo V' Min Max Units
Reference Input Cumrent 5 mA Temperature (T,)
Logic Inputs V oV plus 36V DAC0800L -55 +125 iC
Analog Cument Outputs DACO800LC 0 +70 'C
(Vs- = -15V) 4.25 mA DAC0802LC o +70 o
ESD Susceptibility (Note 4) 8D V

Electrical Characteristics

The following specifications apply for Vg = +£15V, lge- = 2 mA and Trin € Ta S Tpax Unless otherwise specified. Qutput
characteristics refer to both Iy, and lour-

i DAC0802LC i DACO0800L/
Symbol Parameter Conditons ; DAcCagooLC Unte
f Min Typ Max Min ] Typ Max
Resolution 8 8 . 8 8 8 8 Bits
Monotonicity 8 8 8 8 8 8 Bits.
Nonlinearity +0.1 019 | %FS
t Settiing Time To % LSB, All Bits Switched | 100 135 ns
“ON" or "CFF", TA=25'C
DAC0800L 100 135 ns
DACO800LC 100 150 ns
1PLH, Propagation Delay TA=257C ]
PHL Each Bit { 35 60 35 60 ns
Al Bits Switched | 35 60 | | 35 60 ns
TCles Full Scale Tempco [ £10 £50 | £10 £5¢ | ppmviC
Voc Cutput Voftage Compliance Full Scale Current Change ) 18 -10 18 v
<% LSB.Rour>20 MO Typ |
=Y Full Scale Current VRer=10.000V, R14=5.000 k0 f 1984 | 1992 | 2000 | 1.4 ( 1.99 2.04 A
R15=5.000 k), TA=25'C | ’
iFss Full Scale Symmetry [ { $05 4.0 | I £ 18.0 pA
izs Zero Scake Current | 01 | 10 | | o2 20 VA
lFsa Cutput Current Range v =-5v ) 23 2120 e 20 2.1 mA
V'=-8V 1o -18V - 20 10” |¥0 | 20 42 mA
Logic input Levels w’ f
V. Logic 0 Vi =0V i c8 I ’ 08 Y
Vi Logic *1* 2] {20 | v
Logic Inaut Current V=0V ] (
i Logic 0 ~10VSVys4+0.8V j 2.0 10 -2.0 -10 JA
5 Logic *1° V<18V ! 0.002 10 l | 0.002 10 A
Vis Logic Input Swing vV =—15v [ -0 18 -10 18 v
Vrnr Logic Threshold Range Vg=115v | -0 125 -10 13.5 v
l1s Reference Bias Current i -10 -3.0 -1.0 -3.0 BA
dvat Reference Input Slew Rate | (Figue 11) | a0 8.0 4.0 80 mA/s
PSSies, | Power Supply Senshivity 4.5VaVv*<18v | 0.0001 | 001 [0.0001 | 001 %%
PSS ~4.5VsV <18V i 0.0001 | 001 0.0001 | 0.01 %r%
Iner=1mA I |

www.natonal.com 2




Electrical Characteristics (Continued)

The following specifications apply for Vg = 15V, lpgr = 2mA and Ty < To S Tunx unless otherwise specified. Output
characteristics refer to both L,y and o 2 2

DACO802LC DACGo800L/
Symbol Parameter Condltions DACO0800LC Unhs
Min Typ Max Min Typ Max
Power Supply Current Vs=25V, lger=1 mA

1+ 23 38 2.3 3.8 mA

15 -4.3 -5.8 -4.3 -5.8 mA
Vs=5V, ~15V, lggr =2 mA

I+ 24 3.8 24 3.8 mA

Iz -6.4 -7.8 -6.4 =7.8 mA
V=215V, lpgr=2 mA T

I+ 25 3.8 2.5 3.8 mA

- -6.5 -7.8 -6, -7.8 mA

T Fp Power Dissipation 5V, Iggr=1 mA 33 48 33 48 mw

5V,-15V, Iggr=2 mA 108 136 ’ 108 136 mw
215V, lpgrp=2 mA | 135 174 | 135 174 mw

Note 2. Absolute Maximum Ratings indicate kmdts beyoand which damage to the device may occur. DC and AC electrical specifications o nol apply whan operaling
the device beyond its specified opersting conditions.

Note 3: The maximum juncton temperature of the DACO0800 and DACCEA2 is 125°C. For operaling at elevated temperatures, devices in (he Dualdnd.ine J package
must ba deratad based on a thermal resistance of 100°C/W, junctiondo-ambient. 175°C/W for the molded DuatinLine N pacrage and 100°CAW for tha Small Outline
M package.

Note 4: Human body modei, 100 pF discharged through 8 1.5 k() resistor.

Note 5 Pin-oul numbers for the DACOBOX repvesent the Duakin{ ne package. The Smai Ouwline package oin<ut differs fram the Dualkhiy Line package.

Connection Diagrams

Dual-in-Line Package Small Outline Package
THRESHOLD 4 U 1

CoNTROL, v —] ® L OO A 18 vt 16 |—Bg LS

Tour - S Veee ) Veer(+) 2 158,

v 4 P vrer o Vrer(-)— 3 14 —Bg

tout — B—v' COMPENSATION —{ 4 12 —Bs

e a2s 12 - THRESHOLD CONWOL,LLE—' 5 128,

—6 11}—~8

prall e lour=18 3

5 n v -7 10 —B,
; . = lour—1 8 9}—B, usB

8 —q —8s
OSIEBEE-14
DSONHA6.13 Top View
Top View

See Ordering Information
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Ifg - QUTPUT CURRENT (mA)

g - OUTPUT CURRENT (mA)

Block Diagram (note 5

"

« oyt

I—T?'*Fuv

Full Scale Current
v8 Reference Current

Ta* Taum 10 Tyax||-
L ACL BITS HiGH
5 LnaiT FDR |

: | .-v;v||va>.>
B A

2 AW S

'eF - REFERENCE CHARENMT LmA)
DSOON85-22

Reference Amp
Cemmon-Mode Range

4

TA"m"ﬂou
2 ALLBITI O™ ]
ol o
H] il i
24 |-
g |IVvoiey V- 5y ‘ve1sv
T [ Trer-2ma
15 t
12 ‘ﬂfF'l"‘j
o | g
0 - —1 (Rep ~02ma
e T | ) Ry e |

-0 -8 -2 2 o o1ow g
V1i—MFEM]CECGW!HD{VOLTA‘E(W

Note. Positive common-mode
(V+) - 1.5V.

L

DS005686-25
range is always

Typical Performance Characteristics

LSB Propagation Delay vs I,

Pp ~ PROPAGATION DELAY (g

480 ]

& &

38—

e

o LUURRRER)

209 f—-Lrise- s e

e Ilf W gLl
N TLSB =T34

18 fi

5

¥ (11 i

20102 0450700205 1 2 5§ 10
1§5 ~ OUTPUT FULL SCALE CURREKT fmd)
DS0066%6.-21

Logic Input Current
vs Input Volitage

}i = LOGIC INPUT CURRENT (uA)

[
-12-10-8-6-4-202 ¢ 6 81012141618

V, - LOGIC INPUT VBLTABE (V)

IS 66-26

OEOMSAE I

Reference Input
Frequency Response

12
10

RELATIVE QUTPUT (dB}
LIC I S AU,

-4
2
14

LRI RIS 1k e W
R < 500 - } 4
JyBLiSaITs QN R S
“VRps - OV 5 I
Nl 1] 1

102 s 1 g e

FREQUENCY (MHs)
DSUNEERE-M

Curve 1: C;;=15 pF. Vi =2 Vpp centered at 1V.
Curve 2: C=15 pF, V;,,=50 mVp-p centered at

200 mV.

Curve 3: C=0 pF, V), =100 mVo-p centered at
OV and applied through 500 connedted to pin
14.2V applied o R14.

Vi — Vi ¢ v8 Temperature

26
24
2
2
1t
16
14
12
1
L]
06
[ X}
02
L)

VN - Vi V)

{ .

W e 150
Ta - TENPERATURE (' C)
DSOX665-27
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Typical Performance Characteristics (Continued)

Output Current vs Output

Voltage (Output Voltage

Output Voltage Compllance

vs Temperature

Complianca)
P
21 e =
ALLBITS “OR™ Ty - I.“,. 10 Tygax Sy NANNN
Bl e =
£ -v--tsv —V-—iV i 2 ™ |TJSHADES AREA INBIATES]
ot N ,_“ 5y | perwssiaLe ourruT
2 l ” | AEES g L VOLTAGE RANGE FOR |
£ 1 } [ o A -v-.xsv,m;gzu,i_
=
ot E
2 12 Tone] [ -nm 3 0 [—JFOROTHER -V ORIggp, —
£ r : 2y e SEE FIGURE
3 a3 1 ~T~-T~7 -+— o -4 “yv\ «\ >
|I: ! 1 | i e by 3 N
=84 1 lggr 0204 PANANANAN NANN
o e S A
SIS TR N S S BT R PRET

Vg - QUTRUT VOLTAGE (V1

Power Supply Current

Ta - TEMPERATURE ("C)

OS0e£56-28

Power Supply Current

DSON6ARS- i

Bit Transfer

Characteristics
. ouEm
ﬁ
s
(S We-mviln i ?%
S e M jes-i
o (Bl ==
Sl H i RCEA RS

. N st

S12-20-9-6 4.2 2468 1012142518
VL - LOGIC MPUT VOLTAGE (v)
DSKEREA-X)

Hote. B1-B8 have identical transfer
characteristics. Bits are fully swilchod with less
than V> LB emor, at less than £100 mV from
aciual threshold. These swilching painis are
guaranieed lo lie between 0.8 and 2V over the
operaling temperature range Mic = 0V).

Power Supply Current

vs +V vs -V vs Temperature
" -
z ALLBITS ki OR LOW ! ! TGN Yoy odLow < ALL BITS HIGH DR LOW
£ 7 e 4 oS -t - L 5
£ ’ 'f ' =57 T [l T8 ing - 2mk 7 E O grazm B
z 5 1] E £ PRI " e
: 5 iz AR Nty T :
s | Wy L | Ot - Ve sy 4
: « - WITH Iggp « Tmd a r g ~ I
- N it . L o] oxcse il g e
£ Lg Y U NI R Bl LLIT 0T s
E] o | g L -wiTHIgee 42 ma || S ! §
« 3 (= 1 - —t = ¢ <+ —
¥ & | Bl I, < h i L_ L J
SN i ¢ T o e H
Hby & 4 2l | - Lw
: i I B L =
i - ! “edf] | | I
8 2 4 § & 1012 % 16 10 20 0 272 8 -8-10-12-14-16-14-20 110
Ve - POSITIVE POWER SUPRLY (¥) V - KEGATIVE PIWER SUPPLY (V) Ta  TEMPERATHRS ('C)
DSNERES 21t OSWEBRS- 22 DG EARE- XY
Equivalent Circuit
v' ¥ic /1 &2 iy 2 85 [ 1 u:
13 1 S § 13 9 "° " 12
] j ? ? IV“? % ?
Q feur
-
1 1§ 1 ] T i b 2
rer ._gul )
= {M}{u}.&ij_ 5 {.‘(Mfiij'ﬂ ﬂEE‘: o
“VRer ™ { % % i
conr 1 A } rfuz Ju{ " J(/" v 1154 nu mnu
oA L) 4 2A A L3 24 A a
L\ A
! ] R 2R m 28 L]
R R R R "
: : oA
; e
3
OSCI6A6-15
FIGURE 2.
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Typical Applications

BIGITAL WPUTS

wig ¢
81 Q564 w5 @5 A2 ug

DSOman 5

+Vpgr 255
= —— X —
¥ S e 2%

lo +1o = les for all kogic stztes

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

Ragr = 5.0C0«

R1S = Ragr

Cc = 0.01 yF

Vic = 0V (Ground)

FIGURE 3. Basic Positive Reference Operation (Note 5)

fres

DACHGE a1
VRer
OS006606-21 G Vege 285
leg = y.Eg%
FIGURE 4. Recommended Full Scale Adjustment W
Circuit (Note 5) Note. Ragp sels Ies: R15 is for bias current canceliation
FIGURE 5. Basic Negative Reference Operation
(Note 5)
BEITAL INPUTE
sy (84
BIOE2 83 B35 86 &) M £

'nghs 2 a4 O——p
B1 B2 B3 B4 B5 B6 B7 B8| l,mA | I,mA Eo E,
Full Scale T N e 997969 570900, | <0860 | 0000
Full Scale=L8B |4 1.4 d 41 4 ol 1980t “vooa | =a.920 | 20040
Half Scale+LSB | 1 0 0 0 0 0 0 1] 1008 | 0984 | -5.040 | -4.920
Half Scale 1 0 0 0 0 0 0 0 1000 | 0992 | -5.000 | -4.960
HalfScale-LSB |0 1 1 1 1 1. 1 1| 0952 | 1000 | -4.960 | ~5.000
ZeroScaletSB [0 0 0 0 0 O 0 1| 0008 | 1984 | -0.040 | 9920
Zero Scale 0 0 0 0 0o 0 0 0] 0000 | 1992 | 0000 | -9960

FIGURE 6. Basic Unipolar Negative Operation (Note 5)

wavw.national.com 6



Typical Appiications (continued)

“Vags 2 md O—rl
1 B2 B3 B4 B5 B6 B7 B8| E, E,
Pos. Full Scale e R A e S I 20 020 £ 107000
Pos. Full Scale-LSB B e e e e e R B T R e )
Zero Scale+LSB 1 0 Duw@W G mnl.=0.080 | +0.160
Zero Scale 1.0 0 0 0 0 0 O] 0000 |+0.080
Zero Scale-L.SB G s (SR Beats iees R B B YT 0.000
Neg. Full Scale+LSB 0 0 0 0 0 0 0 1]+9920]|-9840
Neg. Full Scale 0 0 0 0 0 0O 0 O [+10000]-9920
FIGURE 7. Baslic Bipolar Output Operation (Note 5)

o
&

whare X Is the input code and
R~ R - Rper

DELN6608-16

If Ry =R wihn £0.05%. output is symmetrica abow, ground

B B2 B3 B4 B5 B6 B7 B3| E,
Pos. Full Scale P NWIATIT LT TALDRI 4 7 50,060
Pos. Ful Scale-LSB |1 1 1 1 1 1 1 0] +9880
(+)Zero Scale 1. 0 0 0 0 0 0 0]+0040
(~)Zero Scale N S\ T 1 /1R 14 —6.04d
Neg. Full Scale+LSB |0 0 0 0 0 0 & 1 |-9880
Neg. Full Scale 0 0 0 0 0 0 0 0/-99%0]

FIGURE 8. Symmetrical Offset Binary Operation (Note 5)

&,
——AA——
to
DACEE30 tm4C —O 070« Igg - Ry
+ I 255 .
i 4. L ES = 255 REF

DSD688-19

For complemeatary output (operation as negative logic DAC), connedt inverting inpul of op smp 1o T (pin 2), convmct fey (pin 4) 10 ground.,

FIGURE 8. Positive Low Impedance Output Operation (Note 5)

www. national.com



Typical Applications (continued)

fo
O alv g4

lgg > 255!
G55 256 REF

OSDImANE-20
For complementary output {operation 8s a negative logic DAC) connect noa-inverting INput of op am to TO {rin 2); connedt Ly (pin 4) 16 ground
FIGURE 10. Negative Low Impedance Output Operation (Note S)

Vage

g 1W

i 0T D
Rae OFTIINAL RESISTOR - l 2¢1e Wy
FS| Fararrsrinrurs

Typical values: Ry, =Sk +V, =10V
FIGURE 11. Pulsed Reference Operation (Note 5)

OSHE6LAL

Vik = Vi + 14V

15V CMOS, HTL, HNIL

Viy = 7.6V

Note. Co not excood nogative fogric input range of DAC.

FIGURE 12. Interfacing with Various Logic Families

'REF s DADOSIE
(CPTIONAL)
s = O'\Wv 5 ARge v ATE
HIGH WPUT
WPEDANCE

OSHBRA-12

(b) +Vger must be above peak positive swing of V,,

0ALE300

OSnaBRs- 11
(a) lrer = peak negative swing of |,
FIGURE 13. Accommodating Bipolar References (Note 5)
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Typical Applications (continued)

01 uF
FOR TURN OK”, V| = 2.V
FOR TURN "DFF~, vy =g 7v YL O—§— ' I"—-]
S04 e v
& ol
MIRNUM 1k =
CAPACITANCE \ 0.1 F
HPE012-2500 3 = — 04V
SCHOTTKY DIODES i
Vel v ov
v 1X PROBE o
Véf" — 04y
[
3 RRer 55 7 8 9 10 11
Vier O—AAA—] 11
DACEBUE
0.UT)
R15 ! !
15
13
081 2F
F, ‘D——}
0.1.F 4} 0l f
T 15v ~15v T
DENesse -1
FIGURE 14. Settling Time Measurement (Note 5)
SV sT0P
o | ConvERSION
CLOCK FREE
Aun
Te 1t 2
Y O— L vee oLk L Occ
aw2se2 7
Q01 .F SAR o
4 GND
80 01 02 @3 04 05 0§ a7
= 344 fs fe iz fufie
8 O g
! 15y ANALDE a7
HL;(::ITA( WPUT
|
R Ry
m& Jaw s
EH 1211 ]eefs 3 {7 {6 |5
lSlH“l&“lan!
v' Ii\
R2 0ACIER
2wl Y4l
{ v v [
= B 3 [u —Lv
_I_ Ousv 0.1 uf
0 uf
= I (AP
75 B 14
DSHERE 8

Note. For 1 us conversion time with 8-bit resolution end 7-bit accuracy, an LM361 comparator replaces the LM319 and the reference current is doubled by
reducing R1, R2 and R3 10 2.5 kX and R4 to 2 k).

FIGURE 15. A Complete 2 ps Conversion Time, 8-Bit A/D Converter (Note 5)
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Physical D

Mensions inches (milimeters) unless otherwise noted

il

0.220-0.51¢
[5.83-7.37]

0.785
L et oL

b [19.94] ¥ax
' 15

'J‘_{\(\(\/'ﬁ{\(\

VUUU\)V\)U\
1 8

il 9.005-0.070
Riais-cay] '
f . 0.08740.005 (.
0.005 [CRIFTNE] r[:;m—n.)zlo*_*,
; 0.05540.005 -37-8.13
J:"I;IP j ’}-_{1“2&0!)] 1e. _— GLASS SFALANT
1 H ! .0.020-0.060 ., R
0.200 | | ] {0.51-1.52]
(5.08] Ic“Sa"DI“” 2
VAX TYP L - i ';.muxn,uof o
i B.150 yt [0.2540.08
¥ ! | By lgg wn 1ve
©.125-0.200 1y, % I 90°% 42 T gset s
[s.18-5.08] f f i ' t‘/’”P t I,’,yk’
0.080 o !
[7.03) MABF g~ [l ! ! car0-0.410
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LIFE SUPPORT POLICY
DEVICES OR SYSTEMS WITHOUT THE

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and
whose failure to perform when properdy used in
accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a
significant injury to the user,

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

2. A critical component is any component of a life
support device or system whose failure to perform
can be reasonably expected 1o cause the failure of
the life support device or system, or to affect its
safely or effectiveness.

National Semiconductor National Semlconductor
Corpocation
Americas

National Semiconductor National Semiconductor

Europe Asia Pacific Customar Japan Ltd,
Fax: 449 (0) 1 80-530 85 86 Rasponse Group Tol: 81-3-5638-7560
Tel: 1-800-272-9959 Email: europe. suppart@nsc com Tet: 85-2544486 3
Fax: 1-800-737-7018 Deutsch Tel <+49 (0) 1 80-530 85 a5 Fax: 852504466
Emai suppori@nsc.com Englsh  Tel +49 (C) 1 80-532 78 32 Emai: sea.support@nsc com
Francais Tel +49 (D) 1 80-532 93 5§
waw national.com fakano Tel: +49 (0) 1 80-534 16 80
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