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ABSTRACT

This project is about studying in level control by Fuzzy controller which is concerned about
fuzzy theory and application for level control design with microcontroller. This level control can be
divided in rough and fine order in order to increase speed and accuracy of the output around the
settind point. The on-off valve at 0% or 100% is used for design the rough controller in order to cotrol
the system output. The target is getting the reference value quickly by using simple structure system.

About the fine controller, the output overshoot and error must be limited. According to this project,

tevel control by controller can be applied in real system.
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v 21 mslfiAmsmuassnrmani lumamgugiesaein

fnuald v(A) = {(v,,uA )| 1, ) [0y e[O,l]}
v(B) = {(v, (M| 15(v) €[0i1k v €[o,1]}
wlén v(A4) A V(B) = v(AandB) = {(V, min{,u L (V), ,uB(v)})} (2.24)
W(A)v v(B) = v(dorB) = {(v,max{u, ) WD} (225)
-v(A4) = not(V(A)) = {(V,l ~ £, (v))} (2.26)
v(4) = v(B) = V(4 — B) =—v(4) v v(B)
= {(vo max{(1— 1, (V). 1 W)} (227)
Tunsdid v(4) = {(V,.,a,.) Ii =12,...,mV, e[O,l]; Q; e[O,l]}

v(B) = {(a),.,,B,.) i=12,. .m0, c01}8 e[O,l]}

w2ldn

V(A)/\V(B)=v(AandB):{(min{v,,co,.}, max min{a,,ﬂ,.})} (228)

W(A4) v v(B) = v(AorB):{(max{v,.,w,}, ax mir{{a,.,ﬁ,.})} (229)

max\v; ,a;
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v =

v(A4) = v(B) = v(4A = B) = -v(A4) v v(B)

:{(max{v,,a),}, ax }min{l—a,., })} (230)

max { v; .

Zadeh TAteruomsnauese dmiumsinsenmamesilumsdfiansvelednoin

Tavvwwanassnmaniydu wuiuassng 3 1 Ao true(T), false(F) 1ag unknown( T+F )1dms

fo'luif

A B A -A
T T T T F
T F F T F
T T+F T+F T F
F T F T T
F F F F T
F T+F F T+F T

T+F T T+F T T+F

T+F F F T+F T+F

T+F T+F T+F 40 T+F

Baldwin lairuenisademsnanyssedmsuilatiaodin Taovimstionmouiay

‘o o w a a o & v 4
ﬁ\!ﬂ‘lﬂlﬂ'lﬁll]u’ffu’l%ﬂ‘lm\lﬂ'lllllsﬂ\!ﬂ']ﬂ'ﬂﬂ “Truth “ 'ﬂﬁllﬂﬂill"l'ﬂiﬁ

true = {(V, Hirae (V) = V) |V e[O,l]}
false {(V, ,Ufazu(v) =1- lutnle(v)) |V E[O,l]}
very true {(V, Lhree (VD)) lV € [0’1]}

fairly true {(v, (1 (D)) v e[O,l]}
(7,0 a0 |v o]}

undecided = {( v,1) |V G[O,l]}

veytise = {(v,(1- e (W)?) v €[0,1]}

fairly false

Lv=1
absolutely true = {(V, 1, (V) lV E[O,l]}; B (V) = p, (V) = {0. vl
Lv=0

pd

absolutely false = {(V, /laf(V)) |V € [O,l]}; /‘af(V) = (V) = {O‘ v£0.
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uenuInii Baldwin 1ATlomA1{1iAn1s “and” 1oz “or” A8 minimum (AT maximum A

o w o a a wn - a o o
f¢ tnzadmsnaaeiareamsfiamsHedaein ldnadnideais 1

4
(very)* true — absolutely true 110 k — 00
(very)* false —» absolutely false 1ijo k — 00
4
(very)* wue —s undecided dio k — o0

4
(very)" false — undecided 1319 k — o0

10

v (P) vQ v(Pand Q) v(PorQ)
false false false false
true false false true
true true ' true true
undecided false false undecided
undecided true undecided true
undecided undecided undecided undecided
true very true true very true
true fairly true fairly true true
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3 Y ¥ = a oo o a o A el
msmiveaglanmanmimana Taoldmguiiednoin sifunisvesismvesdatiduasni

4 o A o e = o
¥ luassamansivudn woldmdoaglnuminmsmauavessennimidufisdion  Taoimsvee
1U1%89 Modus Ponens 110¢ Modus Tollens M5 uHw¥n03n3un71 Generalized Modus Ponens: 'GMP

{10% Generalized Modus Tollens : GMT satterad Tuiio 22 tagiivw 23 auday

181422 Generalized Modus Ponens : GMP
Generalized Modus Ponens_ fio N13 ﬂﬁl'i)n’i. ﬂmnmqﬂﬂmm ( forward data - driven )

GMP ; Premise uis A’
Implication Ifuis A then v is B

Conclusion | vis B’

Tn GMP Implication gniumANaNs (2.31)
A—>B= max{c e[O,l],t(A,c) < B} (2.31)

Ry 23 Generalized Modus Tollens : GMT
Generalized Modus Tollens 10 msm\’fan’;ﬂﬂnﬂa"lﬂmmq (backup goal driven)

GMP: Premise v is B’
Implication Ifuis A then vis B

Conclusion | uis A’

GMT Implication Qnilgu@anns (2.32)
A—>B= min{c e[O,l],s(B,c) < A} (2.32)

1101124 Ay FBUNAIATY (Fuzzy Implication)
oo a o A A o o ¢ - ] 1 [l
Haddurfindu Ao oulvarwduiusuuuieFsznindiumeg (antecedent) 1z duna
( consequence ) N1Flunrsmdonginumdanmisuazimgwua
91011614989 GMP implication 91Tlo 22 UNZHYIWYOY GMT implication ANHEW 23
o . - a a o J (Y A 3 o o asa & ave as
uiuisF s undmdussiuegiumsinon 14U iAns tnoms 1nTs-normsHNHUAUBIDNS

° aa a o ] o o A wa - A Yo o [l ] 4
Vl'mii'lfanwmﬂ‘lmlmunw‘] nu ﬂ1“ﬂ1ﬂﬂuﬂn1s t-norms (0T s -norm "ln0ﬂ1ﬁfﬂ\1ﬂjaﬂ14ﬂ0"lﬂu
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Mamdani ‘s Implication
R, = Ax B = {((u,v), min{us, (), 15, 0)})} (233)

Larsen ‘s Implication
R, = Ax B ={@n.{m,® 1)} (234)

Zadeh ‘s Arithmetic Rule of Fuzzy Implication
Rz, = (notA x V)& (U x B) = {((u,), min{L (1~ s, (w)+ 1 O I CED

Boolean Fuzzy implication

R, = (notAxV) (U x B) = {((u, v), max{(l =, (1), g (v))})} (2.36)

Zadeh ‘s Max Min Rules of Fuzzy Implication

Rz, =(AxB)u(notd xV) = {((u, V), max{min{,u L (W), 1, (v)},(l -u, (u))})} (237)

Standard SeQuence Fuzzy Implication

L, () < ﬂa(")} 238
0; 1, () > paz (v) '

R =AxV >UxB= {((u,v),y&(u,v)) l,uR'(u,v) ={

v
Fukami et al IéRgmindnmsmsifonilendudiunisdundindu voe GMT uazGMp3dsil

manuaamamimteaslanmsnnisuazingunlagld GMP mumdnn13¥o4 Fukami

Criteria Premise(uis A’) Conclusion (visB’)
1 uis A visB
2a uis(very A) vis(veryB)
2b uis (very A) visB
3a u is ( more or less A ) v is ( more or less B )
3b uis (moreorless A) visB
4a uis(notA) v is unknown
4b uis (notA) vis(notB)

12
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msvuaaswansiteaglaumannisuazmaualagld GMT mumdnn15ved Fukami

Criteria Premise.( visB’) Conclusion (uis A’)
1 vis(notB) uis(notA)
2 vis (notvery B) uis (notvery A)
3 v is (not more or less B ) u is ( not more or less A)
4a visB u is unknown
4b vis B uis A

mRmmGE KT T R MGRTOEMST  CWRCIREACMSD TSNS IS i TR R T RARCATITAS

ANNNUNWUENS (Fuzzy Relation)

=Y St ot |
UBIW 25 WAl MINIFUU (cartesian Product)
° o o
dmua W 4, A duilesGialuenandining U,,..,U,

d' -d @
Taof wuy,...,u, €U,,...,U, awdwy

14 o o § o o a wa
Haguesiifeuves 4,,.., 4, fe Hedigalwenanduing U, x...xU, ailedumailumngngail

min{,u 4 (u, ), s by (u")} min-intersection

A o, (TS SUN ) (2.39)
arete I Z ) sty () alsebric produc
flons 26 armduRuTAeE
fmuald R TuanuduiusAeSinsin A Tdiesien B
Yook A ShuilsFaluenandiint U uel
uar B uflsSmaluenandwing v vel
321dn
Ry = Ax B ={{(,v) s (0sv) () €U xV } (240)
minyu, (u), 4z (V) Min-intersection
He (W, v) = py, 5 (u,v) = { ’ (241)

y () (V) algebraic product

o o o aa A
mwdiusHednvn o Davesllwdiwn A,,.., 4, e 4,,.., 4, ShuifleFiwaly

n

@ o & o o o o o J { o o o
wnamdwing U,,..., U, awddy) e Axdiadusaluonanduing U, x.. xU, hgnimuadail

Ry v, ={((u,,...,u,,),,uR(u,,...,u,,))(u,,...,u,,)eU]x...xU,,} (242)
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mem o wn e

Wit TSI A O A IS TN TATMRROTIM MR GAMT DR WROE e SRS AR

Taoii be(uy,.u,) < g, ()50 = 1,...,n;‘v’(u,,u,,) eU,x..xU, (243)

fivw 27 madfiiamsauduiitHedse

dmuald R uaz R, dusmduiusuussuudeaduse U, x..xU,

- o

utfioy fiom TaolF@nl§iiAn1s maximum il
gdioy

Hror, (u,,...,u,,) = max{,uRl (u,,...,un),,uk2 (ul,...,un)} (2.44)
e u,..,u, €U,.,U,

L%

o ’fd o a Yo o . o ¢l’
funesiady v mlaolHiiU]iAn s minimum Asil
Hr R, (ul ,...,u") = mm{,uRI (ul ,...,u,,),,uR2 (uI ,...,u")} (24s)

-
Taon ug b U

n

a s o o o =t
Uy 28 i’]ﬂl‘{quﬂﬂ'l'llJ?fU‘Wuﬁ‘Uﬂiﬁ‘B‘B

dmuald  R= {((uv , He (4, v))
A

I(u v eUxV}
wole g, (u,u) = LVu U

<

Reflexitivity R dslfmontidithu - Reflexitivity

Qe

Imeflexitivity R seilpmmnimithy  Ireflexitivity

fnodlo s, (u,u) = O;Vu €U
Symmety R sriqumaiaiiu symmetry  fidodde R(u,v) = R(v, u)
o

wa

Antisymmetry R 3zfuaia antisymmetry freiile

8wz v ks g, (1,v) = p, (v,u) wie p, (u,v) = p, (u,v) = OV, Vv eU
Perfectly Antisymmetry R 3¢nautiadiu antisymmetry oteemnsal froiilo

&1 uzvuez g (u,v) >0 udr y,(v,u) =0;Vu,Yv eU
Transitivity R sefiguuariAiiu tansitivity froiio

RoR < Rvie nvxea}/x{min[yk W, V), tp (v,w)]} < i (u,w)

w29 Tilsivaduvesnnuduiusn el eFisn (Fuzzy Relation Projecttion)
fimuald R = {((u V), iy (4, v)) l(u v)eU xV } dlusrduiusAedian

Tﬂ?lﬂﬂ%uﬂi)iﬂ'ﬂﬂ“"ﬂﬁ‘“ﬂ@ R nnumumu

first projection: RW = {(u, max 4y, (u, V)) I(u, v) eU x V} (2.46)
second projection: R = {(V, max 4, (4, V)) |(u, v) eU x V} (2.47)

total projection: R = {((u, V), max max g, (u, V)) I(u, v) elU x V} (248)

14
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M3 nETuuIUAEE ( Fuzzy Compoesition )

dmuald R (u,v) durwdiusnnenandining u'l v Taoht (u,v) eU xV
wz  R,(v,w) dummdwiusnnenanduing vl w e (v,w) eV x W
aw d4 a on v o ¢ R )
nsnonIndsuife UjlAmslumsmmwdinius R (x,w)  snanuduiuiicw
' A o \ -
noadoiiosfuiugnls R, (u,v) uaz R, (v,w) fsgl 2.1

G Y
R, R,
e U {UxV] (Vx Wi A W
RS
(Ux W]

317 2.1 uaaamisaon Indsuvosnimauiusisd

dmuald R, (u,v) dhunswduiuiied vussuw U xV Taoh (u,v) eU xV

R, (v,w) dhmwdwiusiuiuussinu ¥ x W Tash (v,w) eV x W

¥

o o v o & -t <« o ol
mSﬂauTwwuvmmmanwuﬁﬁmm QNUUINANU

1y 30 MAX -MIN Composition

R,=R <R, = {((u,w), n;xg/x{min[y& (), 4, (v,w)]}) ucU,ver,w EW} (2.49)

111 31 Max Product Composition

R, =R *R, = {((u,w), rgglx‘[yk‘ (u,v), g, (v,w)]}) Iu eU,veV,w EW} (2.50)

U 32 Max Average Composition

He, (1,V) + pi, (v, W)
2

R, =RavR, = ((u,w),mg/x{ B |u eUyveV,weW, (251)
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Max Composition

R,=R,eR, = {((u,w), 111eiyntmax[,uRI (u,v), ttp, (v,w)]}) Iu eU,velV,w EW} (2.52)

' 1 4

a . os Aa ¥ - -t wad o @ d
75 N15 Max min composition lﬂﬂ’)ﬁﬂﬂﬂu‘l‘]m'lﬂﬂﬂ.ﬂ upuUaNUANTINYAIU

1

(R UR,)oR, =(R oR)U(R, oR,) distributed w.r.t union
)

2. (R, N R, ) °oR, c (R, ° R3) N (R2 o R, } non distributed w.r.t intersection
3. (Rl ° Rz) oR, =R, O(R2 ° R3) association property
4. 1R CR,
uéa (R, ° R3) C (R2 ° R3) inclusion property
5. 81 R,R, Tnuoauifiihy reflexitivity
u#1 R, o R, sefinuansididlu reflexibility
6. 1 R, R, Tnumnidih symmetryuns R oR, = R, o R,
ud1 R, o R, sefinuenifiihy symmetry
7

.8 R,R, Tnumiimiy wansitivity R oR, =R, oR,

udy R, o R, sefinuennifidly transitivity

.81 R Tpauemnifidiu symmetry 10 transitivity

udd 1, (u,v) < g (u,u),Yu,Yv €U

9. f1 R Tpumaniaiiiu reflexitivity
w1 Rc RoR
10. #1 R Sgumnimidy  reflexitivity ung transitivity
ud1 RoR=R
oo d
Mo s uSUUUNYS ( Fuzzy Inference )

o -y 4
fiw 34 msduesisud

bd . b . 4
msduntesisud fie nszuauntsmidensy conclusion 1INMANg I (premise) TnvlHitouly
AuFuRuszn I uvguazHamplication) Aag1 2.2 ~
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Implication

Premise

“If a man is old

- " “Tee is rather old.”
| then his income is high.

~_ .~

Inference

Y Conclusion

N
3 NN 1L A 3
) Tee s incomie is rather high..

4 @ A @ o '
U7 22 igmamsmideagainndngiu Tasms ldieuTvarmduiusssnampuazaa

fin 35 ngnisnonTndFuveamsdumesisut ( Compositional Rule of inference : CRI)

Amuald
Premise uis A’
Implication Ifuis Athenvis B
Conclusion visB’.

o A, A" HulesFimaluonanduing U Tavh v el
B, B* iHlufaFwnluenanduing v laeh v el

yamsuAsuinlas Sundmduiuarmduius R Tu Urv dafusen B 1daadl

( A'°R max-min composition
A'*R max-product composition
A'avR  max-average composition (2.53)

A'eR min-max composition

\
.
oo

no da o a R4 & o
Snrsnon Indsundonldmonniigalunmsdumosud fie CRI ved Zadeh H9slda

a wa . a wa o o Vo ' 4
U§17An15 max. -min Tu§1iAn15 s- norm 182 - norm AWy awnsa B Tddeaunsae il

B'=A'oR= {(v’ Tg{ min[,uAl, (), a, (u, v)]}) Iu eU,v GV} (2.54)
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a s o U ° 4 o o
vinmssumostsudainanddu i ldaunson B 9n 4’ o R sailuanuduiusied
ﬂ' o L4 ’ y o [.] L A A
fdwlumsaiugy uauenind Ganuilgmiddryedndug fio
o flgwimsadluaa Taonmsmanuduiusledira R vindydin AunsB

w a o . o -t a
o flgmimsosnuuumniuny Taonisnifsdiun A nanuduius 3R tosleFien B

4 o v : ) y Y a wa o . Qe
Faziitu 14 msudlywiisaeail szdealdfnliR-nisundudinverse) voanisnonTnddu

i d

Satinstiowdnlfiianis & - composition dmTumsaonTndsunniudel

oy 36 Anlfiians (J - composition
@ - composition fio_#lfiAnsnnfuvesmnonTngsu dhiftedduan[0,1] x [0,1]

o A (3 L d 4
gef0,1] Fegnilvwdadi

D = max[c efo,1] |t'(x, c)Sy;x,y € [O,l]] (2.55)

). o o & = o -t & =
@ ~ composition YOI NWTNNUSHEE R UUTSUI U X V Aufsdion B PIQNIVOU LIMU

o 4 i a o a ¢ o e a o o
fwdadnuel RDB’ nazgnilowlugiivwmsiumndovesleiFumsdumngndail

Heraa () = min] py (4, V) D1t (v)] (2.56)
Uy 37 qmuuﬁ’ﬁvw‘hﬂﬁﬁﬁmﬁ - composition

1. x D max. (y,z) > max. (x By, x Oz);z € [0,1]
2. t{x(x Dy) <y

w

X @t(x,y) Zy s
A'(4'¢B') c B', VA", VB’
.Rc A'¢(4' - R), VA", VB’

. (RgB’)oR < B,V A", VB’

A" < R(A’ s R);YA',VR (U xV)

R = A'¢B' femmouvosnisaonInddumndu A’ = B'oR

>

© ® N o w

A' = RgB' fosnouvosnismy Hesduniu Ao R =B’
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15 sFHInTY ificati

How 38 MsHYFHiInTu
o o P2 ] -y . o o a A & Y
st indy AonssuiumsmmsSivnuonARTUANS U v unn tHoludumy

¥
<

= A e o < o ya =
vowuvmmqum(ﬂummv mnsums'hmuv!mmszuuﬂmm

nMsHsFHInd aunsom'ld 2 5iaa

1_ms1i¥ydfindulaol$35Funafu 121431 fuzzification (u, )=A

Taodt A WuileFadasudin s = {uo}
Lu=u
- > 0
nio u)= (2.57)
Ha(¥) 0,u # u,

2. nsiagind laoldHaFines 921831 fuzzification (2, )= A

Taoh A fuiedituues
s()=1 diou=u,

é L
uag M, (1) aany o uogvineonein u,

Aot 1evoan s aHingu Taold Hediuwes Wy
T
(U —uy) (u—uy)
0 (2.58)

1, () = exp| -

Teei o idhwsilineslunsdmuagiswves g, (u)

mIAsFRnsu Tay Smiues ' r) 321471 fuzzificaton (1, )= A
s A a o P o o o o
i Ao Aeddwves Milumndnluonanduing

Taoh A ifu TevSeduwed ( lauSefuue

random number )
p,u)=1 (il u=u,

A L)
oz My (4) aana  diio u ogriveontivin 4,

038538
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33 AnTY ( Defuzzification )

flo 39 nsanyEingu
L=} o (4 -8 J 04 ] (-] a A e - a A
mmﬂw'ﬂmw 10 ATSUIUMTNIAUDIMHNNGIAUAY) (¥UNAAY) NNSTUNTAIND

dudyapeuoniyniignfosifidmmih i &nszewoguuonandining v vouoinm
° - - o a @ & { o o o
fmuald R Ao mowduiusiadnnenandining Uhiv furasieawduiug

sEMINBUYNL HTE MM v
P= a oo aQ o o
u, fio Suyniialdidudufady
o 3 a oA e o~ o o o o L <t
TunsnonTWdduseninfladdauiofu u, fu mwdiuiied R wldkodnfithuiyd

4 o o o o o A o A o« o & [
0 B duihu Fuavousnandining v unziiovindiedlindu seuileddaudody v, Fufudumu

- A e P a 7
vosiaFiowiyn B e lfueniymiinds3awosssun 1@

4 1 ol -4 Y L ﬂ. oy L dv
M28019 IFM ANy IR RFUNT Uil
1. MAX Procedure  1Hu3n1saadilindu Tauidenfue mymiitmfeddunsumngn

‘: A o i o o ' ﬂy
wniiga o ldfumumuvesfladiontyn aunsonansl@aeanisaeso 1Ui
(2.59)

Vo = max iy (v)

- 4 A i
2. Mean of maximum (MOM) Hu3BNu1eu191033 max. procedure 1013 unsdifian

s - 7o iy o [ t Y o J - o ety < o
lﬂ1YW!VIJJﬂ'm~1ﬂ‘Kuﬂ1ﬂﬂufTJJ'HfﬂlI\lQ’ﬂlﬂ'mUﬂﬂ'lUﬂ'l 111mmi111mmnwaqm‘mvmnumﬁqnwmitﬂu

mnFngagamin Tagldaunisdsd]

vy = MOM(B) = i

J=1

v;
7 (2.60)

] P2 ' 4 1 (= R o oty a 1 e
[X)3) Vj fio mmmvmtmazﬂmmﬂqnwmﬂﬂuﬁuwnqqqmmnu

o) ° L4 et s o (Y
3 fio Snnueniyniiimmsdivmndngeganiiy

3 f A nter vi
Z Q) o A @/
3% coa dhiimyguinmrevesiuiildnsmlvesiladdunsithimngn o ldudaum

é 9 . J : o\ l 13 @ '
vosilaFiomiyn Fah1&Tasnsusituiildns vosHedSunsdhumninoondhy 2 daunhafunase

] o . o & o 4
v szmldninfves v, Adwmiaduiniends munson 8 Tasaunisdio Ui

COA(B) @
1= [y (v)dv (2.61)

COA(B)

-0
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Tuma§id mssnnaTavldaunis %ldon Sadsznamsdinauesds coa Tauldss

) o ' g o s A dey =
COoG %Qlﬂuﬂ-ﬁ"‘]iﬂf‘fuﬂﬂa“*’ﬂ'ﬁﬂjquT"uﬂllwun15"1?ﬂﬂuﬂﬂa‘]\‘ﬂﬂ\]wuw‘lﬂﬂi'lﬂ AUNTYIINITA

AysWindu Taold3s coc aunsauras g
Jv,uB (v)av

v, = COG(B) =~

R (2.62)
[ a3y
|4

: LY 4 a v 1o A . *
lunsdifionandiing v Timndnidluseanlidenion discrete) wunsams v, 1dvn

1 4
runisaene 1

Nq
Z Vi (v,)
v, =COG(B) = %"——
Z/‘B )
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v = WEM(B) = =L it (2:65)
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e\de| NL | NM NS ZE PS PM PL
NL NL NM NM NM NM | L NL
NM NM NM NS NM NM NM NL
NS NS NS NS NS NM NM NL
ZE NS NS NS ze PS PM PL
PS PS PS PS PM PM PM PL
PM PS PM PM PM PM PM PL
PL PM PM | M| M PL PL PL
msnuamﬂqmsﬂmqwfiﬂ%’uﬂgam’f’lﬂ
elde | NL NM NS ZE PS PM PL
NL NL NM NM NM NM NL NL
NM NM NM NS NM NM NM NL
NS NS NS NS NS NM NM NL
ZE a3 ZE ZE ZE 43 ZE zE
PS PS PS PS PM PM M| PL
PM PS PM PM PM PM | <PM PL
PL PM PM PM PM PL PL PL
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“  Tw owE X ke w

ATNUTAINHNIINIVAN

e \de NL NM NS ZE PS PM PL
NL -3 -2 -2 2 2 2. -2
NM -2 -2 -1 -2 -2 -3 -3
NS -1.5 1.5 1.5 1.6 2.2 2.4 3.3
ZE 0 0 0 0 0 0 0
PS 1.5 1.5 16 2.6 216 2.6 3.6
PM 1.2 2.2 2.2 %2 2.2 2.2 33
PL 3 3 3.. 2 3 3 3
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NL NM NS ZE PS PM PL
-50 1.0000] 0.5000( 0.0000 0 0 0 0
-49 0.9697 0.5303 0.0303 0 0 0 0
-48 0.9394 0.56086 0.0606 0 0 0 0
-47 0.9091 0.5909 0.0809 0 0 0 0
-46 0.8788 0.6212 0.1212 0 0 0 0
-45 0.8485] 0.6515] 0.1515 0 0 0 0
-44 0.8182] 0.6818{ 0.1818 0 0 0 0
-43 0.7879] 0.7121 0.2121 0 0 0 0
-42 0.7576] 0.7424 0.2424 0 0 0 0
-41 0.7273| 0.7727} 0.2727 0 0 0 0
-40 0.6970{ 0.8030f 0.3030 0 0 0 0
-39 0.6667 0.8333]  0.3333 0 0 0 0
-38 0.6364 0.8636 0.3636 0 0 0 0
-37 0.6061 0.8939| 0.3939 0 0 0 0
-36 0.5758] 0.9242 0.4242 0 0 0 0
-35 0.56455|  0.9545 0.4545 0 0 0 0
-34 0.5152| 0.9848 0.4848 0 0 0 0
-33 0.4848 1.0000f 0.5152 0 0 0 0
-32 0.4545(  0.9697 0.5455 0.0303 0 0 0
-31 0.4242 0.9394 0.5758 0.0606 0 0 0
-30 0.3939| 0.9091 0.6061 0.0909 0 0 0
-29 0.3636 0.8788 0.6364 0.1212 0 0 0
-28 0.3333 0.8485 0.6667 0.1515 0 0 0
-27 0.3030f 0.8182| 0.6970f 0.1818 0 0 0
-26 0.2727 0.7879 0.7273] O0.2121 0 0 0
-25 0.2424] 0.7576| 0.7576 0.2424 0 0 0
-24 0.2121 0.7273] 0.7879| 0.2727 0 0 0
-23 0.1818f 0.6970 0.8182 0.3030 0 0 0
-22 0.1515] 0.6667| 0.8485| 0.3333 0 0 o
-21 0.1212} 0.6364| 0.8788 0.3636 0 0 0
-20 0.0909f 0.6061 0.9091 0.3939 0 0 0
-19 0.0606} 0.5758( 0.9394 0.4242 0 0 0
-18 0.0303f 0.5455 0.9697] 0.4545 0 0 0
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-17 0| 0.5152] 1.0000| 0.4848 0 0 0
-16 0.4848| 0.9697| 0.5152 0.0303 0 0
-15 o o.4s545| 0.9304| o0.5455] 0.0606 0 0
-14 0| 0.4242| 0.9091| 0.5758] 0.0909 0 0
-13 0] 0.3939] 0.8788| 0.6061] 0.1212 0 0
-12 of 0.3636] 0.8485| 0.6364| 0.1515 0 0
-11 o] 0.3333] 0.8182] 0.6667| 0.1818 0 0
-10 0] 0.3030] 0.7879} 0.6970| 0.2121 0 0
-9 o| 027271 0.7576] 0.7273| 0.2424 0 0
-8 0| 0.2424| 0.7273] 0.7576] 0.2727 0 0
-7 0| 0.2121| 0.6970f  0.7879| 0.3030 0 0
-6 o] 0.1818] 0.6667| 0.8182|  0.3333 0 0
-5 ol 0.1515] 0.6364| 0.8485| 0.3636 0 0
-4 o] 01212 0.6061| 0.8788] 0.3939 0 0
-3 ol 0.0909] 0.5758| 0.9091| 0.4242 0 0
2 0] 0.0606] 0.5455| 0.9394| 0.4545 0 0
-1 0] 0.0303} 0.5152| 0.9697| 0.4848 0 0
0 0 0] 0.4848] 1.0000] 0.5152 0 0
1 0 0| 0.4545| 0.9697{ 0.5455{ 0.0303 0
2 0 0| 0.4242| 0.9394] 0.5758|  0.0606 0
3 0 0] 0.3939] 0.9091| 0.6061| 0.0909 0
4 0 0] 0.3636| 0.8788| 0.6364| 0.1212 0
5 0 0| 0.3333] 0.8485 0.6667| 0.1515 0
6 0 0|  0.3030] 0.8182] 0.6970] 0.1818 0
7 0 o] 02727 o0.7879| 0.7273| 0.2121 0
8 0 o] 0.2424] 0.7576] 0.7576] 0.2424 0
9 0 o| 0.2121| 07273} 0.7879| 0.2727 0
10 0 o] 0.1818] 0.6970] 0.8182| 0.3030 0
11 0 o| 0.1515{ 0.6667| 0.8485| 0.3333 0
12 0 0] 0.1212| 0.6364] 08788} 0.3636 0
13 0 o| 0.0909| 0.6061] 0.9091] 0.3939 0
14 0 0| 0.0606] 0.5758] 0.9394] 0.4242 0
15 0 0] 0.0303| 0.5455 0.9697| 0.4545 0
16 0 0 ‘0] 0.5152] 1.0000f 0.4848 0
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17 0 0 0 0.4848 1.0000 0.5152 0
18 0 0 0.4545 0.9697 0.5455 0.0303
19 0 0 0 0.4242 0.9394 0.5758 0.0606
20 0 0 0 0.3939 0.9091 0.6061 0.0909
21 0 0 0 0.3636 0.8788 0.6364 0.1212
22 0 0 0 0.3333 0.8485 0.6667 0.1515
23 0 0 0 0.3030{- 0.8182 0.6970 0.1818
24 0 0 0 0.2727 0.7879 0.7273 0.2121

25 0 0 0 0.2424 0.7576 0.7576 0.2424
26 0 0 0 0.2121 0.7273 0.7879 0.2727
27 0 0 0 0.1818 0.6970 0.8182 0.3030
28 0 0 0 0.1515 0.6667 0.8485| 0.3333
29 0 0 0 0.1212 0.6364 0.8788 0.3636
30 0 0 0 0.0209 0.6061 O.909i 0.3939
31 0 0 0 0.0606 0.5758 0.9394 0.4242
32 0 0 0 0.0303 0.5455 0.9697 0.4545
33 0 0 0 0 0.56152 1.0000 0.4848,
34 0 0 0 0 0.4848 0.9697 0.5152
35 0 0 0 0 0.4545 0.9394 0.5455
36 0 0 0 0 0.4242 0.9091 0.5758
37 0 0 0 0 0.3939 0.8788 0.6061

38 0 0 0 0 0.3636 0.8485 0.6364
39 0 0 0 0 0.3333 0.8182 0.6667
40 0 0 0 0.3030 0.7879 0.6870
41 0 0 0 0 0.2727 0.7576 0.7273
42 0 0 0 0 0.2424 0.7273 0.7576
43 0 0 0 0 0.2121 0.6970 0.7879
44 0 0 0 0 0.1818 0.6667 0.8182
45 0 0 0 o] 0.1515 0.6364 0.8485
46 0 0 6 0 0.1212 0.6061 0.8788
47 0 0 0 0 0.0909 0.5758 0.9091

48 0 0 0 0 0.0606 0.5455 0.9394
49 0 0 0 0 0.0303 0.5152 0.9697
50 0 0 0 0 0 0.5000 1.0000
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1. 19935 Signal Condition .
) o &
112 ¥iia fie
udnedeyeyron 1- 5 vde (i o - 5 vde

2. wlnedyeni 0- 5 vde iy 1- 5 vdc

uvwmoloasdoen g - 5 vde it 0- 5 vde

@ é o o o
Minlasdoyano F185 111910 process ITUITIUYIAR 1 - 5 Vde Tavvzulaaduusetuvuin

A ~ v
0-5vde ol¥lumsuasiaas Analog to Digital /0 11/

NANNISNNIU Husedi Vin = 1 Vde %mﬂunnnmsumusmu Tavd3y Zero 19 output a0

FafivuiSuseduoontal iy - 1 vae e s vde dorugaRutas @ 1ssuazanaunie
4Vde mazaziuEiidoniy Span 1W181 Gain = 1.25 1iofiseld out put =35 Vde

uaranziluniamuan n.-4

uyunlasdeyane 0- 5 vdedlu1-5 vde

Minlasdaeain 165u91n29es Digital to Analog Miihuussfuvig 0 - 5 vde Tasazuaaihy

s & *
H3AUNA 1 - 5 Vde ol umsmunumsitia - Tandade
1 o A > - 1 v 1 qy v a d v
HANMIMTY IMLOUNLITUTA (HowAR Zero 519215 I lissduriiunTiu + 1 une Span doq

UFurir 1 1de Gain = 0.83
uaasdagylumanuan n.-3

2. Analog to Digital

o [ o 4 o
Mulnedoyaner Analog iy Digital iffods yaaldiunouTnsamey  Fessfudaygnouthy

1YY Digital
naraiegUlunamuan n-1
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o : I 2 ques : .
AD 0% Fhuiy successive approximation A/D converter ¥4 3£1¥35n15Ussinanmie digital
. A o & o PR S . : o o o
wna 8 bit tieadussiuimnnSoudioy uasimsifunfaesuiiaz bie suniineifussiuiigndeay

* v
vin Tag hisuilufeadun digital 11061 0 Tnsinnass

o A A& o o - - . H
MINves A/D seisuilie IRSudyanaudmun csuaz WR i1 Logic - 0 :1miy A/D T4
o o * . . o J o ar o o o .
wimsulasdygnulasldam digial adraussduiumulFoudousuusSui1dsudnnmian Vi
- o =: N . . . " o c‘ t o : d’ i 3
uaziimslfunfaousmie digital  sundiezlruseduininiy Sunouiiselfinanlssunn 100 s
< ° v . & ] = v a
10U A/D azimsdadyanaesnnavt INTR 13y Logic - 1 Mmoveniimanfdsunlnemdugans uas
A o e i - - & . o o LR . . . §
dio I8 udayaneudifinn csuaz  RD il Logic - 0 A/D fisgviinisded digital Yu1@ 8 bit N 1A9EANI

DBO - DB7

3. Digital to Analog

1SuJasdgya e Digital iy Analog i#erh fgnaininaou Insames lil¥mugunssuuns
do

urrasdsglumanuin n.-2

“anA1IRIIY

o 4 ' P o a 4 a4 o o
D/A swimsnffundasimn digial (i Analog mshouseSuiuile 183 udyaname
. . i o 4 & o oa ' P 4
digital 117191 B1 - B8 mautlasdoyanaezSuiuTassaTui@ suldamn analog vinviiifiu output Fase
o 1 : o 4 o, o o
o lumsilasdygnouiiod 100 ms. miniu dyanui Rsafunssua Fofusedoaineesvwnssua

Whihunssdui opamp LM741

4. Supply

dhessadaussiusing +5, -5, +15 unz - 15 V. i souseduldiuesoy 9

werasAsglunianuan n-6



47

HanAIININIY
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o « . P &4 4 @ ' 4
3. Capacitor Yu1n 2200 UF szl doyanet Sine wave iffownnnSenau udyanuderiios

' 4 4 . A o A . . 3
Tauyaehiflougnadu Capacitor 92 Charge iDNTIFUITHAIN Capacitor 3¢ Discharge %114

dyeuneiodegili 43
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43

Y

4. @1 Regulator setaquseau I ldnnideanis

. o o i J o o
5. Capacitor vun 0.1 [UF sz¥vdyanain IdGuudin fu filter nsosdayeya

5. v/

o o o A ) 4
TUTYYIUUTAUVUIA 1 - 5 Vde 99102495 Conditioner 1uifaaitlunssiiavun 4 -20 mA 1ivold

(s
Tunmisenununsitiatin1d1ves process

uarasieglumanuan n.-s

1ann1In

o do P~ ] ] [ a J . - o
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1907 lulasneulnsaaes 8051

éaﬁ@mauﬁﬁﬁqﬁv
CPU - 80C31 (40 PIN - DIP OF MCS - 51)
CLOCK 11.0592 MHz
MEMORY 0/32K SOCKET ( PROGRAM )
PORT 8§ BIT(PORT 1 OFMCS-51)
4 BIT (/INTO, /INTI, /T0, / T1 OF MCS - 51)
24 BIT ( PORT OF 8255)
1 SERIAL PORT (RS232)
LED 1 POWER LED
SWITCH 1 RESET SWITCH
CONENNTER 40 PIN MCS - 51 SYSTEM - BUS
26 PIN 8255
3 PIN RS232
2PIN5VDC
JUMPER 2 WAY JUMPER FOR / EA SELECT ( EXT, INT)
2 WAY JUMPER FOR MEMORY SOCKET ( 8-16K, 32K )
POWER SUPPLY 5 VDC CURRENT 210 mA ( WITH 27C256 EPROM )
PCB SIZE 8.8 X7.1cm

daneraslugii 4.4
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80(C)31 g § 27C)64 +O§
) = ¢
80(C)32 A B 270128 E <
80(C)51 27(C)256
&: 80(C)52 INT EXT 816K 3K
g ) e ™ e ™|
-3
: oo =il
8255
5
© Olo] | |
’ TR \geseh user port

11.0592MHz
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NMINAAUUATHANIINAABY

N1INAADITIUYDI2399 Interface

¥
1. MINARDINIAIUBURN Timsnanodail

J o o
- MINAADINII Signal Conditioner Circuit  Fanaadeygyiae 1- 5 Volt. nflumyq,nm 0-5 Volt.

HoNINARBAEAd U119 1
Yo A o df Y Qaa
- flaulfifunees A enlaedygnaeuinen (0-5 v ) udaenadsaon (0-255) wa

nN1snAnoRaLaad luAIT N 3

2. MSNARDIM AN DIMInarouaal

A o/ o L e Qo
- W5 DA FeSudyaia@inea (0 - 255) w1 udunlnaTudygyeuinen (0-5 V)
udededeya 1912493 Signal Conditioner Circuit won1IMAnDRAEad U1 4

. s - 3 ‘& o H o
- 2995 Signal Conditioner Circuit #ulasdeyay 14910 0 - 5 Volt. i$hi 1 -5 volt. 1 Y

U995 VI wanmisnanasdatiaasluaisied 2

- 195 VA vefaadyagied 1- 5 Volt. 11450910 2995 Signal Conditioner Circuit  1Funszuer

4-20 mA. HaNISNAADIRIEALTUAITIAN 2
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AINTUNNNAN15NAD123383 Interface

A13191 1 HaN1INAQRLA Signal conditioner circuit aa (1-5V) i (0-5V)

Vin ( volt )

Vout ( volt )

1

0.02

1.28

2.52

3.77

o|lslw]|N

5.03

M13190 2 NANIINARBA Signal conditioner circuit e (0-5V) Wy (1-5V)

Vin ( volt ) Vout ( vott )
0 1.01
1 1.66
2 2.49
3 3.32
4 4.15
5 5.02
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@19197 3 HAN1INARBIINS Analeg to Digital uhaa (0-5V) du (0-255)

Vin ( volt ) ' Digital output Adile
0 0000 0001 1
1 0011 0011 52
2 0110 0110 102
3 1001 1001 153
4 1100 1100 204
5 1111 1111 255

A13137 4 Wan1INARBI2397 Digital to Analog uias (0-255) 1iu (0-5V)

Digital intput, Afler Vout ( volt )
0000 0000 0 0.2
0110 0100 100 1.98
1001 0110 150 2.97
1111 1111 255 5.01

AN 5 Han1MARBawI V /I uas (1-5V) 1Hu(4-20 mA)

V (volt )

I(mA)

1

3.85

7.98

11.97

15.96

W N

19.7
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National Semiconduc

General Description

The ADC0801, ADC0802, ADC0E03, ADC0804 and
ADC0805 are CMCS 8-bit successive agproximaton A/D
converters thal use a differential potenticmeltric ladder—
similar o the 256R products. These converiers ars de-
signed to atlow operation with the NSC200 and INS8080A
denvative control bus with TRISSTATE® output latches di-
rectly driving the cata bus. Thess A/Ds aocear liks memory
locations or I/0 pons to the microprocessor and no inter-
facing logic is needed.

Diterental analog voltage inouts allow increasing the com-
mon-mode rejection and offsating the analog zero inpout
oltage value. In addition, the voitage feference input can
be adjusiad 10 allow encoding any smailer anaiog voltage
span to the full 8 bits of resoiution.

December 1994
tor

ADC0801/ADC0802/ADC0803/ADC0804/ADC0O805
8-Bit uP Compatible A/D Converters

m Differential analog voltage inputs

u Logic inputs and outouts meet beth MOS and TTL voit-
age level specifications .

m Works with 2.5V {LM336) vcitage reference

m On-chic clock generator

® 0V to 5V analog incut voitage range with single SV
supply:

® No zerc adjust required

s 0.3° standard wicth 20-cin DIP package

@ 20-pin molded chip carrier or small outline package

m Cgerates ratometrically or with 5 Vpg, 2.5 Vpg, or ana-
log span adjusted voltage reference

Key Specifications

sl1a}i9Au0D 4/ 3lanedwod dv 1ig-8

§0800QV/¥08000AY/£0800QV/20800AV/10800QY

Features & Resolution 6 bits
m Compatible with 8080 P dervalives—no interfacing % Total error =¥ LSB, =% LSBand =11S8
logic nzeded - access time - 135 ns ® Conversion time 100 us
w Easy interface to @i Li..O0precessors, of operates
“stand alune”
Typical Appiicatici.s
v
A g I
p-———o:c o Yeg 2y
———gmn Py
. ..._.—_.’c ”~ « ™ TRARSRUCLR
fe——— g sy ‘“"/77 1417 mgsoLeTian
L _’é SVER SRY DLNRED
o ) A%AL0G mPYT
anyY B¢ 048 N e t < nm:re'::ui(‘ .
0CESsOM s :: ats 7}«» 1Ty i
et Vigl-)
:: Lo Py L. L_—‘_‘
<~ '1es s oanam 4 S
L2 Vet —-og‘t‘umal = =
i ot I N0 e 3
W TL/H/S6TL=1
8080 Int .
080 Interideg Error Specification (Includes Full-Scale,
Zero Error, and Non-Linearity)
pr——-Ci Full
Part Seale Vaef/2=2.500 Vpc | VrRep/2=No Connection
[} SEERREENNY, Number Adiusted (No Adjustments) {No Adjustments)
e, |
e W——*c " ADCO801 | =Y, LSB
-,
oc by o ADC0802 =% LS8
: ADCO0803 | =1, LSB
DATA
ADC0804 1188
ADC0805 =11SB
TUMHISET1-31
TRLSTATE® & a gestersd i Nasoral Con.
Z4C® i3 2 cegaiwed Facemurk of Zlog Sop.
D 1995 Naviorral Samconaucior Coponiton  TL/H/S6TT . RAD-EICMHIS/Prrmain L S A
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Absolute Maximum Ratings (otes1a2)
It Military/Aerospace specified devices are required,

Storage Temperalure Range —€5°Cto +150°C

ple'ase ?ontact the Natif:na.l‘ Semicondu.c.tor ) Sales Package Dissipation at T =25°C 875 mw
Oftice/Distributors for availability and specifications. E£SD Susceptibility (Note 10) 800V
Supply Voitage (Vo) (Note 3) 6.5V ’
Voltage Operating Ratings motes122
Logic Control Inouts -0.3Vto +18V - P Rg gS Motes T) T.<T
“ ?’mer o 1 e 03VIe VecT0W) ‘ e;nncégzzl:‘jozaagiocoeozwasa - ss*cM:ﬁ‘i <+ 12'2%
Lead Temp. (Soldering, 10 seconds) : . A \
Dual-in-Line Package (plastic) 260°C A soa sy RSl
Dual-In-Line Package (ceramic) 300°C ADCOB04LCN ' o°Cc< "As +70°C
YA
Surtace Mount Package sc ADC0802/03/04LCV FTSTAS +70°C
Vapor Phase (80 seconds) 2 ADC0802/03/04LCWM 0'CSTAS +70°C
Infrared (1S seconds) 220°C Range of Ve 4.5 Vpe 10 6.3 Vpe

Electrical Characteristics

The following specifications acoly for Veo =5 Vpe. TMINS Ta S Tuax and ik =640 kHz unless otherwise spacified.

Parameter l Conditions Min Typ Max Units
ADC0801: Total Adjusted Error (Note 8) With Full-Scale Adj. s, Lsa
(See Section 2.5.2) -
ADCG802: Total Unadijusted Eror {(Nota 8) Vagr/2=2.500 Voc =% LS8
ADCG803: Total Adjusted Error (Note 8) With Full-Scale Adj. - LS8
(See Section 2.5.2) =%
ADC0804: Total Unadjusied Egor (Nota 8} VRer/2=2.500 Vpe =1 LS8
ADCO0805: Total Unadjusted Error (Note 8) Vagr/2-No Connection, =1 LS8
Vrer/2 Input Resistance (Pin 9) ADC0801/02/03/05 25 8.0 kN
ADC0804 (Nota 9) 0.75 1.1 k2
Analoq Input Voltage Range {Note 4) V(+ ) or V(~) Gnd-0.05 Ve +0.05 Voc
OC Common-Mode Error Over Analog Input Vcitage =Y =Y LSB
Range
Power Supply Seasitivity Veo =5 Vpg = 10% Over =Ye =Y Ls8
Allowed Vin( +) and Vin(—)
Voltage Range (Note 4)
AC Electrical Characteristics
The following specifications apply for Voo =5 Vpe and T4 = 25°C unless otherwise specified.
Symbol Parameter Conditions Min |" Typ Max Units
Te Conversion Time forx =640 kHz (Nots 6) 103 114 us
e Conversion Time {Note 5, 6} 66 73 1/i{cix
oLk Clock Frequency Ve =5V, (Note 5) 100 640 1460 kHz
Clock Duty Cycle (Note 5) 40 60 %
CR Conversion Rate in Free-Running INTA tied to WR with 8770 9708 | conv/s
Mode TS =0 Vpe, lork =640 kHz
WIEL Width of WA Inout (Start Pulse Width) CS =0 Vpc {Note 7) 100 ns
tacc Access Time (Delay from Faling Cp=100¢F 138 200 ns
Edge of RO to Outout Data Valid)
teHs YOH TRI-STATE Control (Delay C =10 pF, Ry =10k 125 200 T ons
from Rising Edge of RD to (See TRI-STATE Test .
Hi-Z State} Circuits)
twie tRy Delay from Faling Edgs 300 450 ns
| ot WR or RD to Reset of INTR
Cin {nput Capeacitance of Logic 5 75 pF
Control Inputs
Cout TRI-STATE Output 5 7.5 pF
Capacitance (Data 8Buffers)
CONTROL INPUTS [Note: CLK IN (Pin 4} s the inout of a Schmitt rigger circuit and is therefore spacified separately]
Vin (1) Logical *1" Input Voltage Ve =5.25 Vo 20 15 Voc
{Except Pin 4 CLK IN)
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AC Electrical Characteristics (Continued
The lollowing specifications apply for Voo = 5Vpc and Ty < Ta S Tmax, unless otherwise specified,

Symbol l Parameter i Conditions l Min I Typ I Max [ Units

CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmitt trigger circuit and is therelore specified separatety]

Vin (0) Logical “9" Ingut Voltage | Vegmersvoe . . 0.8 Vo
{Except Pin 4 CLK IN}

hay (1) Logical *1** Ingut Current ViN=5Vog 0.00S 1 rApc
(All Inputs)

i (0) Logical “0" Input Current Vin=0Vpc -1 -0.005 nApc
(All inputs)

CLOCK IN AND CLOCKR

Vr+ CLK IN (Fin 4) Positive Going 27 3.1 3.5 Voc
Threshold Veltage

V- CLK IN (Pin 4) Negative 1.5 1.8 2.1 Voc
Going Threshold Voltage

Vy CLK IN (Pin 4} Hysteresis 0.8 1.3 2.0 Voo
Vr+)=(¥r=)

Vour ) Logical “0" CLK R Output 1o =360 pA 0.4 Voo
Voltage Veg =475 Ve

Vour (1) Logical “1* CLX R Output lg= —360 uA 2.4 Voe
Voltage Vee=4.75 Vpe

DATA OUTPUTS AND INTR

Vourt (0) Logical “0" Output Voltage
Data Cutouts lour = 1.5 MA, Ve =4.75 Vo 0.4 Voc
iNTR Cutput lOUT = 1.0 mA, VCC’ 475 VDC 0.4 VDC

Vout (1) Logical “1“ Output Vohage lo= —360 pA Ve =475V 2.4 ' Voc

Vout (1) Logical “1" Output Vohage lo= —10 pA Voo =4.75 Voo 45 Voo

lout TRI-STATE Disabled Output Vour =90 Vpc ¢ sApe
Leakage (All Data Butfers) Vour=5Voc 3 #AoG

lscuRCE Vour Short to Gnd, T, = 25°C 45 6 mApc

Ising Vour Shortto Veg, Ta=25'C 9.0 16 mApG

POWER SUPPLY

lcc Supoly Current {includes foLk =640 kHz,
Ladder Current) Vaer/2=NC, T4 =25C

and CE=sv

ADCC801/92/03/04LCJ/05 1.1 1.8 mA
ADCO804LCN/LCV/LCAM 1.8 2.5 mA

Hote 1: Absoxte Maxdimum Ratings indicate faws beyondg wivch damage to e device may ocawr, DC and AC slectncal sossflicatons do not apply when oparating
the dewce beyond its specfiad oparatng concitdons,

Nots 2 All votages are moasured with respect 10 Gad, uniess ctherwise ecfied. The seperate A Gnd point should aways be wired to the O Gnd.

Note 3: A zaner dicde exsia, internalty, from Vez to Gnd and has 8 typical breakdown voitage of 7 Voe.

Notw &: For Vin(—)Z Vin(+) the dignial outpat code witl be 0000 0000. Two on-chip diodes are tled 1o esch anakg Input (see biock diagram) which wilt forward
eonwateumbqinwvcugnunodb«cmuwmumdmmwwmmvxmq Bowmannquﬂmamvmmusw
as high ‘evel analog inputs (5V) can cause tnis wout diode to Y ot o d temperstrea, and cause eors for analog inputs neer full-scale. The
spec allows 50 mV lorward biss of efther dode. Th‘smummllulongumomabqvnmmmcdm-mmgobymomnﬂ)mv the outpnt
codovllbcwnct.Toacﬁwoannbm-OVgcmSVgclmvougomgcnlanqdnnnidmmwppqvouqooflssovwmtmuo
veratons. infdal toleancs snd loading,

Note & Accuracy is guarantesd at io g = wmummtnme'uwanmFabwdodh‘qmdumome{:hlmanb‘
extended 30 long as the minmum clock high e interval or minimum clock low tme intervel is no less than 275 ne.
Noul:Wimmumchronw-unp;h.wblmmmmwut«.mmmmmnwmmtmmpmcvn.'l’ho
stant request is intemally igiched. see Figwe 2 and section 2.0.

Hote 7: The TS inpux Is assumaed 10 brackat the WH 1robs input and thereiore tiring is dependent on the W pulse width, An artitranly wide puise width will haid
the converter in & reset mode snd the start of conversion is intlated by the low 1o high tranation of the WR puise (see Uming dagrama).
Ncnl:NomolmmNDsrmu‘maz-m-:‘;.u(s-cudonzs.l).ToooUnzw@na(liwmqumMan&aMFm5.

Hote 9: The Vags/2 pin is the center paint of 3 tworessor divider connected from Vop to graund. In all versions of the ADC0801, ADCDS02, ADCDS03, and
ADCD805, and In the ADCOSO4LCY, each resimey is typicaty 15 kel In al versions of the ADCDS04 except the ADCDA04LCS, sach resmicr s typically 2.2 kY.
Note 1z Human body model 100 pF cischarged trough 8 §.5 XN resstor.
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Typical Performance Characteristics

Logic Input Threshold Voltage
vs. Supply Voitage
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Typical Applications (ontinueq)

6800 Interface
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Typical Applications (contnued)

Directly Converting a Low-Leve] Signal

A pP Interfaced Comparator
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Typical Applications (Continue)

Selt-Clocking Multiple A/Ds
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Typical Applications (continued)

uP Compatible Ditferentiabnput Comparator with Pre-Set Vg (with or without Hysteresis)
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Handling = 10V Analog inputs Low-Cost, uP Interfaced, Temperature-to-Digital Converter
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Typical Applications (Continved)
Handling =5V Analog Inputs
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uP Interfaced Comparator with Hysteresis
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Typical Applications continveq)

3-Decade Logarithmic A/D Converter
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Typical Applications (Continueq)

Sampling an AC Input Signal
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Converters

General Description

The DAC0800 seres are monaiithic 8-dit high-speed cur-
rent-outout digitak-to-analog converters (DAC) featuring typi-
cal sattfing times of 100 ns. When used as a multiplying
DAC, monotonic performance over a 40 to 1 relerence cur-

&National Semiconductor

January 1595

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

The DACO0800, DAC0802, DAC0800C, DACJ8Q1C and
DAC0802C are a direct replacement for the DAC-08, DAC-
08A, DAC-08C, DAC-06E and DAC-08H, respectively.

siajlaAuon Bojeuy-ol-leubiq 11g-¢ 20802vQa/10800VA/00800VA

—— ¥

rent range is possible. The DAC0800 series also featres Features
high comoliance complementary current outputs to allow g gact settfing outout current 100 ns
differential outout voltages ot 20 Vp-p with simele resistor 8 Full scale error —1.88
loads as shown in Figure 1. Tha reference-to-full-scale cur- u Nonlinearity over temperature ",.0 1ot
rent matching of better than = 1 LSB efiminates the need for onfinezrity g . peratu - .’°
full-scate trims in most applications while the nonilnearities = F'j‘" scale cument f”m =10 pom/*C
of hetter than =0.1% over lemcerature minimizes system ¥ High outout compliance =10V to +18V
ersor accumulatons. = Comglementary current outouts
The noiss immune inguts of the DACD800 series will accept ™ Interface directly with TTL, CMOS, PMOS and others
TTL levels with the fogic threshold pin, Vic. grounded. ¥ 2 quadrant wide range multiplying capability
Changing the Vi ¢ potential will aliow directinterface to oth- o Wide power supoly range =4.5V 1o =18V
er logic famifies. The pertormance and characteristics of the & Low power consumption 33 mW at 25V
device are essenbally unchanged over the full=4.5V 10 g Low cost
= 18V power supply range: power dissicaten is only 33 mW
with =5V supplies and is independent of the logic input
states.
Typical Applications
ey
DICITAL (NPUTS
Vour T8 24 Yoy
= v 48106 v
TUH/SE8A=1
FIGURE 1. = 20 Vp.» Qutput Digital-to-Analog Converter (Note 4)
Ordering Information
Non-Linearity Terr;;:‘rature Order Numbers
ge J Package (J16A)° N Package (N16A)* SO Package (M16A)

+0.1% FS 0°C < Tp < +70°C DAC0802LCJ | DAC-08HQ | DACO802LCN | DAC-08HP DAC0802LCM

+0.19% FS | —55'C £ Ty < +125°C | DACO800LJ | DAC-08Q

=0.19% F5 0°C £ Ty £ +70°C DACO800LCJ | DAC-08EQ | DACOSOOLCN | DAC-08EP DACO800LCM

+0.39% FS 0°C < Tpa € +70°C DACOBO1LCN | DAC-08CP DACO0801LCM
*Cavices may ©a oroared by uSing ther order menoer,

ARAD-20MNS/Prradn UL S A

$1995 Mamnm Semxconaucior Corporaden TN/
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Absolute Maximum Ratings qote 1)

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

Sugpty Voltaga (V* — V™) =18V or 36V
Power Dissipation (Note 2} 500 mwW
Reference Input Differental Yoltage

(V14 to Vi5) V-toVT
Reference Input Common-Mode Range

V14, V15) V=-toV+
Relerence Input Current S mA
Logic Inputs V= to V= plus 36V
Analog Current Outputs (Vg = = —15V) 4.25 mA
ESD Susceptibility (Note 3) T8OV

Storage Temperature ~65°Cto +150°C

Lead Temp. (Soldering, 10 seconcs)
Dual-In-Line Package (glastic)

Dual-In-Line Package (ceram

Surtace Mount Package
Vapor Phase (60 seconds)
Infrared (15 seconas)

iC)

Operating Conditions (vote 1)

Min
Temperature (T )
DAC0800L -55
DACD800LC 0
DACO0801LC 0
DACOB02LC 0

260°C
300°C

215°C
220°C

Max Units

+125 *C
+70 °C
+70 *C
+70 *C

Electrical Characteristics The following specifications apoly for Vg = =15V, Iggz = 2mAand Tuin € T4 S

Tuax unless otherwise scecified. Cutput characteristics refer to both loyt and lcut
DACG800L/
Symbol Parameter Conditions PALUS0ZEC DAC2800LC DAC080ILC Units !
\ Min | Typ | Max{Mini Typ | Max |Min]| Typ | Max
esolutcn 3 3 3 H 8 3 8 3 ) 3uis
Monotoncity 8 -] 3 8 3 3 8 8 8 Sits
Nonlinsanty =0.1 =0.19 2038 %FS
% Seming Time To =% LS8. All 8its Switched 100 { 135 160 | 150 ns
“ON" or "OFF", TA= 25°C 3
DACOBOOL 100 | 135 ns
DACO80OLC 100 150 ns
tPLH, Prooagation Delay Ta=25'C
tPHL Eacn Bit 35 60 35 &0 35 &0 ns
All Bits Switched 35 €0 35 80 35 €0 ns
TCleg |Fult Scale Tempco =10 | =50 =10 | =50 =10 | =80 lpom/°C
Vee Output Voltage Compliance| Futl Scale Currant Change -10 I 18 |—10} 8 |-10 18 v
<, LS8, Royt>29 MQ Tyo !
lgsa . Full Scale Currant Vagr=10.000V, R1¢ = 5.000 K1}1.984} 1.992 |2.000 1.94l 1.59 | 2.04 }1.941 1.99 | 2.0¢ mA
R15=5000KkN, T4=25°C
‘lcgs Full Scale Symmaty lega ~lesa =0.5|=¢.0 i =1 | =80 =2 | =16 uA
rs Zero Scale Current 0.1 1.0 0.2 2.0 0.2 4.0 A
lesa Cutout Current Range V== =5V 0] 20 121]0 20 2.1 [+] 2.0 2.1 mA
V— = =3Vio ~18V 0 2.0 421 0 2.0 4.2 0 2.0 a2 mA
Logic input Levels
Vi Logic "0" Vie=0V 0.8 0.8 0.8 v
Vi Loglc 17 2.0 20 2.0 v
Logic Input Cumrant Vic=0v
" Logic “0” ~i0VEViNS +0.8V ~201-10 -20| -10 -20] 10| pA
Tis Logic "1” 2VEVin< + 18V 0.002} 10 0.002| 10 0.002| 10 uA
Vig Logic Input Swing V== =15V -10 18 {-10 18 |—10 18 v
VTHR Logic Threshold Range Vg= =15V -10 135{—-10 13.5 |—10 13.5 v
his Aefarence Bias Current k -1.0]-~3.0 -1.0{-3.0 -1,0| —3.01 uA
di/dt Refarence Input Slew Rate {(Fiyure 12) 40 | 8.0 401 8.0 40| 8.0 mA/us
PSSlgg . | Power Suoply Sensitvity [4.5VSV+ <18V 0.0001] 0.01 0.0001] 0.01 0.0001} 0.01 | %/%
PSSlEg— —-4.5VsV—<£18vY 0.0001{ 0.01 0.0001| 0.01 0.00Q01] GOt | *%/%
lagg = 1MA
Power Sugply Current Vg= =5V, lpgr= 1 MA
i+ 23 4 28 23 3.8 23 3.8 mA
d -43{-58 —-43¢(-58 ~-43{ ~58] mA
Vg= 5V, — 15V, lpgr =2 mA .
1+ 24 | 38 2.4 3.8 2.4 3.8 mA
{= —-64}|-78 ~64| ~78 —-64| -78] mA
Vg= =15V, ingr=2mA
i+ 25 | 38 25 | 38 25 | 38 | mA
1= -65{-78 -85 -7.8 -85 -78] mA
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Electrical Characteristics (continuea)
. The following specifications apply for Vg = 215V, Incz = 2 mA and Ty € Ta € Tuax unless otherwise specified. Cutput

characteristics refer 1o both loyt and loyT.

DACO800L/
Symbol Parameter Conditions DAC0802LC DACO800LC DACos01LC Units
. Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Pp Power Dissipation =5V, lage= 1 mA 33 <8 33 48 33 48 mw
S5V, - 15V, lpge =2 mA 108 136 108 136 108 136 mw
:\5V.|a§:,.'-2mA 135 174 135 174 135 174 mw

ol

the davice beyond 23

Smalt Outine M package.

¢

opcw ging

Connection Diagrams

Duai-in-Line Package

Nots 3: Mumen body modal, 100 pF discharged twough & 1.5 kN rewstor,
Note 4: Fin-out numders for the DACDE0X recresent tng Dumkin-Une pacxage. The Smal Outine peckage pin-ouk dtfers from the Duakin-Line cackage.

Note 1: Absokfe Maxmum Ragngs infcata Imvs Deyond winch damage (o the dawce may ocor. OC and AC emcical 3p4Ciicatens 30 ASt 0Py when opersting

Note 2 The maximum amctcn temoarature cf the DAC0800, CACCS01 and DACD802is 125°C. For coargung at alevstod tamoeransres, davices in the Duarin-Uine
J package Must De Garsted Dased on 3 tnermai reusiance of 100°C/W, uncacn-to-amomnt, 175°C/W for the moldad Duakin-Une N peckage and 100°C/W (or the

Small Outline Package
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Typical Performance Characteristics

Ihg = DUIPUT CURNENT (nA)

tg - OUTPUT.CURRLNT (mA)

g - SUTPYI CURALAT (nA)

Full Scale Current
vs Reference Current
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Typical Performance Characteristics (contnued)
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Typical Applications (continued) -
GITAL UPVTS
~Vacz 255
L1 = leg & ——SX ——
NN B P Ragz 258
o + ig = leg lor at
ogic statas
For fixed reference. TTL oferaton,
sl vanes are;
Vagz = 10,000V
Rpgr = 5.000x
R15 = Racr
Cg = 0.01 u7
Vg = OV (Ground)
TL/M/S686-S
FIGURE 3. Basic Positive Reference Operation (Note 4)
Angs " B 19
= ocsam
L]
Vags O—CO— A 14
3 ]
TUH/S686-16
' VUh/5586-21 toe = —YosE L 255 Note Rage setsleg AtSis
=5 = Rpez X365 tortaas curent canceliation
FIGURE 4. Recommended Full Scale Adjustment Circuit FIGURE &. Basic Negative Reference Operation (Note 4)
(Note 4)




o N

- wm o mm R mem e

s wmow

=

— o w—

e

e

e e e

Typical Applications (continued)

HGIT AL mAoTT

1) 4
I8 M o8 MM M

TUMIS&Q&—I?

B1 B2 B3 B4 B5 86 B7 Bs|logmAllgmA| &9 | Eg
Full Scale 1 1 1 1 % 1 1 119920000 -9.960] 0.000
FullScale~LS8 | 1 1t 1 1 1 1 1 0]1984]0.008]—-9920]—-0.040
HalfScale+LS8 |1 0 0 0 0 0 0 1 |1.008]|0984|~5040]{-4920
Hait Scale 1 0 0 0 0 0 0 0]1.000/0992}-5000]-4560
HalfScale—~£S3 [ 0 1 1 1 1 t % 1]0.992}1.000]—4960|-5.000
ZeroScale+1S810 0 0 0 0 ©0 0 t[0.008]{1.984]~0040]-29.920
Zero Scale 9 0 0 0o 0 0 0 0|0000}1.92] 06.000 | —9.860

FIGURE 6. Basic Unipolar Negative Operation (Note 4)

TU/H/E386~6
81 B2 B3 B4 B5 B6 B7 B8| Eg Eo
Pos. Full Scale Tt 1 1 11 1 1] -9920 | +10.000
Pos. Full Scale—SB1 i 1 1 1 1 1 1 0| —9.840! +9.920
Zero Scale + LS8 10 0 0 0 0 0 1] -0.080] +0.160
Zero Scale 10 0 0 0 0 0 O} 0000 | +0.080
Zero Scale— LS8 6 + 1 1 1t 1 1t 1} +0080] 0000
Neg. Fuil Scale+LSB{0 0 0 0 0 0 0 1] +9920| -9.840
Neg. Full Scale 0 0 0 0 0 0 0 Oj+10.000] ~9.520

FIGURE 7. Basic Blpolar Qutput Operation (Note 4)

1Ry = AL within £0.05%. ouput is symmedrical sbout ground

K B1 B2 B3 B4, BS B6 B7 BS Eo - |

Pos. Fuil Scale 1 1 1 1 1 1 1 1] +9.960
Pos.FullScale—LS8 |1 1 1 1 1 1 1 0/|+9.8%0
(+)Zero Scale 1 0 0 0 0 0 O O0]f+0.040
(—)Zero Scale 0t 1 1t 1 1 1 1]-0040
Neg.Full Scale+SBf{ 0 0 ©¢ 0 0 O 0 1}-9880
Negq. Full Scale 0 0 0 0 0 O 0 0]-9960

FIGURE 8. Symmetrical Otfset Binacy Operation (Note 4)

TU/H/5886-18
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Typical Applications (coniinued)
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‘o = = 256 TUH/SE86-19

For comolemantary outout (cosration as negatve logic DAC), connedt invert-
ing Input of co 8mMo 10 ig (i 2), connect tg (n <€) 10 ground.

FIGURE 9. Positive Low Impedance Output Operation (Note 4)

- 255 n
Fs 253 AEF

TUH/5536-20
For comolemantary outout (operaton s 8 mgatve logic DAL) connect nonwn-
verting input of ep am to ip (P 2); connect t (i 4) 10 Ground
FIGURE 10. Negative Low Impedance Output Operation (Note 4)
V= Ve = 1.4V
15V CMOS, HTL, HNIL
Ve = 7.5Y
s
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w | |
o i
num% ‘ hilod J,_L -
= | TU/H/SE86~10
« Typcal vales Ryy= 5K + V=10V
TUH/5386-9 " N
Note. 0o not exceed negeuave logic input range of DAC.
FIGURE 11. intecfacing with Various Logic Families FIGURE 12. Pulsed Reference Operation (Note 4)
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Typical Applications (continued)

(3) Irgs 2 peak negative swing of Iy

Aags = K15

TU/H/5636-12

— 04V
o

— -4V

“Vags
. (b) + VRrep must be above peak positive swing of Viy
LY
! Ragr
[T ! Vg A 1
—
v (311
v 10rTI0NaL
i~ Viw e
Rin WGH NPYT
Dacdsan IMPEDANCE
TUHIS586-11
FIGURE 13. Accommodating Bipolar References (Note 4)
0.1 uF
FOR TURN “ON", Vy « 2.0V Ot
FOR TURN DFF~ v earv 't l ’ l
Qui = v
Y }_l
> —
MINIMUM L =
c.\ucxruc:\ (X
HPS062.2000 T
SCHOTTKY D100ES
Ver
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ik
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FIGURE 14. Settling Time Measurement (Note 4)
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Typical Applications (continued)
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Nota. For 1 us converson §ma wnh 8-0nt resosmon 8nd 7o acouracy, an

=2 LM361 comoerator replaces ine LM319 and the reference curent Is dounied

-tsv by reduang A1, R2 and R3 10 2.5 kN and Ad 1o 2 MM,

FIGURE 15. A Complete 2 s Conversion Time, 8-Bit A/D Converter (Note 4)
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Molded Dual-in-Line Package
Order.Numbers DAC0800 or DAC0802
NS Package Number J16A
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Molded Small Outline Package (SO)
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Moided Dual-In-Line Package
Crder Numbers DAC0800, DAC0201, DACI802

LIFE SUPPORT POLICY

NATIONAL'S PROCUCTS ARE NOT AUTHCRIZED FOR
DEVICES OR SYSTEMS WITHOUT THE EXFRESS WRi
SEMICONDUCTOR CCORPORATION. As usea herein:

3. Life support devices of systems are devices or
systems which, (a) are intended for surgical imptlant
into the body, or (b) support or sustain fife, and whose
failure 10 perorm, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expecied to result in a significant injury
to the user.

NS Package Number N16A

USE AS CARITICAL COMPCNENTS IN UFE SUPPORT

TTEN APPROVAL OF THE PRESIDENT OF NATICNAL

2. A criical comgonent is any component of 2 life
support device or system whose failure to periorm can
be reasonably expected 1o cause the failure of the life
support devica or system, or lo atfect its safety or
effectiveness.
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