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ABSTRACT
System Identification is a useful tool for identifying the unknown plant parameter which

allows the designer to design the appropriate controller.
In this project the principle of System Identification used Recursive Least Square Method is

studied and implemented into a sofiware developed using the C++ programming langaue.

This simulation program is tested by using it to identify parameters of both the simulation and

real plants, with satisfactory results obtained.
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Sum of sinusoid Hudgnaduymiiaunsadou1dlug

u() = Zak(sincokt+(pj) 0<w, <.a)2 <K<w, <7 (2.2)
k=1

Tasaunsadenuonilagaa, anud o, tazauda ¢,

s a ° o ) J
2.7 mspenfgNaBuyNH I UMIMMMINIMBITEUY

{4 v 1 1 = o
A13fiA Prediction Error iaudhlndgudlildvuisanuisminiineivesluaavzgn

Y 1 1 Ad a ~ Py
AIDYNTU 11.!5$‘U‘Uﬂlﬂuﬂﬂﬂiﬂllﬁﬂﬁﬂ']ﬂﬁﬂﬂ'ﬁ
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y+l) = -ay@)+bu(t) (2.3)

g

wazinsanTuaafisinesdu fdnyasdd

;Az(t+1) = —;1 y(t)+I;, u(t) (2.4)
Ty ;(t+l) vaumwﬁ!maﬂumaﬁ‘ﬁmma‘fuimdﬁﬁwammf]u'lﬂmuaums
ct+]) = pe+D)—yt+]) = [;1_a,]y(t)+[bl—l;1]u(t) = 0 (29

wazd p(6) annsadoulugl u() du

\l
W) = 20 @)
l+ayq

1
ngumsteuuez 1@

(a0+a1q“‘)u(t) = 0

2.7
b]_bzao N blal'—albl
a o b4
nTumsFeyiuioz1d
ut) = z' = & (2.8)
Taom T, dlumumsdudiedns uaz'ld
(za, +a,)z'” = 0 (2.9)

] o 9 ol
Wi z ninaumsgudnyues latlu



W ST e PTVE TR TIRIWSTN  WWSSTRCSTROR YRR VWS WY wwwr W vy mmeewew i v,

¢'18a1 z 11

ias

Aaa

(zoy+a)) = 0 (2.10)

z = =4 = (2.11)
&

u(t) = e (2.12)

Tunsainouymivaml u(r) Wusnd niom o =0 e ldanudunius

4 a1 ¢
HA1 a, MU a

| 1 a
m‘lﬁ'mimmmimme

T v e e wwn

v —"——n WY ——— . Py il iy o

N — ——T— ——— ——— 7o o

b b
_ao = aO = 1 = IA (213)
1+a, 1+a

L waz b, fu b hisudludeaniiiu uAeeiinn steady- state gain 1M10M

Fligndes

Tunsainsunnihudaanadlad x

S

o

o

u(f) f ejo)Tsl (2.14)
[e joTst a, + al]ef‘”"(“‘) = 0 (2.15)
a=a, = 0= bi=b , ar=gq

<

2 o a s 9 a iy P
%1%zmmmmmmauwmmu‘lcﬁufnzmmiﬂ“l'nmmsmmasﬂgﬂma"lﬂ i]ﬁﬁ']u’liﬂﬁi“ﬂ
v

Tansmiawisine

S

o a :i ' '3 o
{nvszdoamsdyanadunninlszneudisiiesfilszneumennuid
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2.8 MIMATNNNADIHVVTIABIHW ( Recursive Identification Method)

o 4 { o 1 o 4 o o,
Taotiaq llidathuSesnnlumsfssimsmamnsiinesvedluaa Teduiudeqldis

msmamisiieesue lauiia luaalagasannnisnaass
YawiinTuea seausauya 1@ 2 Uszian
o o . o 1 1 d'
1. UBUWITUNATAG luiAa ( Nonparametric Model ) 280710154 HAABUAUBIAINE HA

aovauouanl
a o . o i [} o o A
2. WITUUATAY LuLAa ( Parametric Model ) 20810194 nsudiosHandu vse aums

4

(FOYNUT
= a o 9 1 a 4 A a
msunsad lawnia luaa szgminnlFlumsmaminiines mswifhudiiminzauy
gAd M uMIBBNUULIAZAIUGY
' a & A 1Y W ac ] A aad g Y
mymamnniwesszuuliegiasfunawds  uinseudeniiiazainstagy  uazld
[ 9 ot 1 7= o ~ A A da a P 1
Aigndeaiiqga memmsilimesuuSnesdndhitnlguauiaudindran
2.9 ninmhanuvesmsmanaiinesuuuineidn

o t a 4 = o LY
naﬂmsmmmsmmamummawwilzt’i‘lum;ﬂ

$ Disturbance

u(t t
Y »|  PLANT ‘——1———y N

(= q’1 _____ ' + Eo(t) AA
E TR P ]
- !
| : A
| I | |
! . !
L 31 apuusTasLe Y 3 o)
PREDICTOR |, ______.
o(t) |

.:: ° a J o
51 2.1 Tassadremahnueesmsnnaiineiuuuiineidw
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4 A o 1 v d “ o j Qs J 4

g 2.1 dievhnstleusmdurmdrlfefaeninmiuan 2 & eiynvssuman

a o : o a ‘g/ v ) .. ' 3

weiuenignveslumadivhnmsioadu mndwfiawain (Prediction Error) e(k) szvine

I8 ! d a o 1 d o A o o 43’ Yo o

JeminnvewnauisTeduauemiyni ldninTueadininsFyaatuszgadeuldiudans

= o v a . 2 * i o o o

timeiorumlmiudane3iy (Parameter Adaptation Algorithm) PAA Faudazanidiviin1ssnay

8819 PAA enheAawamniinsaudathnadi 18 lhnsdSusmsifinefves Tumadidynn
J & ° 1 d” & YooY Aa ﬂ o 1 A o LY a o

Y FeevhaonusuithiSesqeunimidanmaesitiugud douminnysusmisiimesuen

-3% 1 a
milenn PAA udandsfidueviynvsumainissaneumiendae
' = 4 o ] a
Amslimesnmes ntseAinsannn

wsidimesivmi] = psilimedlni] + [Arezuntmdunula dyanud

Tannmsialamranain)

i = o =4 S Ao & as 3 - 1 4 =Y
ATITIATNITIURDIUVUIIADIYNUNAYID ‘HQY}ﬂ’J‘ﬁuﬂﬂtUIﬂiﬁﬁiNﬂ@Q PAA (MUUNU
' W A ' Y 4 A e o &
Llﬂ‘Uzﬂ'Nﬂ'Hﬂ5Qﬂ1ilﬂﬂﬂﬂ183uﬂﬂl'ﬂ‘l§ulﬂu %Qﬂﬂﬂﬂﬂizﬂﬂ'ﬂﬂﬂu
® Predictor Structure
®  AsTNOUAINUDY Observation Vector
®  YUIAYDI Adjustable Parameter Vector 10¢ Observation Vector
® (UINNMIAAAT Prediction Error 1iag Adaptation Error

' ' a 9 v o qYa [y
nuIMsmamnIwestuuSinesanuaz@eu luaeaaunsov e Inssad e luea

14 4wy

-
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i

E

fA(qW() q“B(G " ult + et 52: AG My = 42 B(G " u) + AGT yw()
! l e(t)

| v

f 1

E N w(t)

g < B Ty gy U@ qY B + y(t)
] A >O— T A +

|

E

AG () =8B uw + O ey . S4: A1)y =q° B ul + (170 et

91l 2.2 suvuveInsead e Tunariinaie

-

] qﬂ” o e
wuhlassadalueanuy ARX Uy aunsoldiudt Recursive Least Square

H [l y

Method lémsziuthisnldfuduyapasuntuiidiu white noise mniu

ARX Model ansauaadlans
S:  A@Hyk) = qB(guk)+e(k) (2.16)

Tao e(k) (I white noise #aUIAW501F Recursive Least Square Method il ARX

Mode! ‘14 Tag liififlgmn
marafl ARX Model WuTumauuuifoiitaunsoldis Recursive Least Square IN31Z
ARX HaiiesSinsadu (Linear Regression) mni‘luanymummwanﬁ Least Square 1A89zl

Fnvasdhulaeumsae i
Alqg) = ]+a1q—1 + ..ta,q " (2.17)



B(g) = b,+ blq'l +K +b,4q™"

ALY

é(k) = |:211 c;” b:,
o) = [y(k-1) .. -y(k-n), u(k-d)
wla

yk) = 6 (k) +e(k)

A A a ' A s o ° L 4 = Y
danvziinande lAeaueminnves lumanihimsiaosiudaz@on 1dlugy

WKe) = [i-d@)lyk)+ Blguth)

= 0"p(k)

1 v o o o ¢ o a g
i]:W‘]J'J'lﬂ']']llﬁiJWH‘ﬁ‘UﬂQW'IT]?JLﬂﬂﬂﬂul‘b’\ﬂﬂu

utk-d-n)f

(2.18)

(2.19)

(2.20)

(2.21)

(2.22)
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T a 4 = ot o [y ' =Y 4 o
ﬂ'ﬁ?ﬂﬂ'lW']i'lﬂJLﬁ'ﬂﬂl‘]J']JiLﬂﬂi"]f'w‘i]ZVI'Iﬂ'ITlJTlJ‘lJ;Qﬂ']‘UﬂQW'ITUJLﬂﬂ5 Tagyiinisan

Awavesdyanusuniu wuh hiidsladldldraduynluea Tasluudaz Tuaafes

nmingaungaoy
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2.10 M3IVABBIUVLTUTY
msoanosuuuFudy ( linear regression) 19¥alaufiuszifoyiFniwiqanldlums

a d o o ) s { o 4 4
Uszavilanduduasedmivgadoyaismuainld  gUf 23 uansgadeyafidszneuday

X5 Vis

suupuvesileidu

a a (g dy 3 Ya 0 a -
915\1ﬂﬂi%ﬂﬁj‘uuu’lui):;’ﬂﬂnh‘llﬂﬂﬂ']ﬂ'nll NﬂWﬂTﬂTﬂUlﬂﬂUﬂu

. ¥ A Ao Y > o 9 Ad a o Y
1=1,2,...,n uuﬂﬂuﬂ’lu')uﬂﬂy‘aﬂQﬁu n ﬂﬂv,ﬁ 11—1“1—“51ﬂgﬂigﬂyﬁﬁuﬂ‘ﬁlﬁuﬁﬁqﬁlu

g(x) = a,+ax (2.23)

1 @ A 1y o o ° { 4
Tas a, waz g, Wumasdai bifawazsuiudesinaumnndowlein aumsdu

il

da Ay

& ¥ ¥ 4o
suigANUBYANNYBYANAIIMUA

$ a a d o o o
31 23 mIoncsuFudulasmslszdufaiFudunssnngadoyaidmumnli

d’, =1 9t o 1 9 . 1 P a (&’ 3
nngdiiseemnlaa w dumids x; vesdeya i lagmves  g(x) ns1lszaugyuriu

D = N J 9/ 1 o Ao 1 ﬂ’l‘ o S ] a
sriimiuanae llondwesdeya y, AU d(x,) NAWMUINE HUNINGAIN  AINUKHA

q’: A a 3 9y c’: b a Y v [ ::’
wae E vavuafifavunndeyaiaonuan deya erndouldeglugduun Al

o

¥
o/

JUU

n 2
E=>[d(x)] (2.24)
i=1

. £ d'dy o o @ ' 1 d A o a 1 Aa A [~
cm'luwwsm1mmﬂmmﬁumwmﬂmmma d(x,.) ﬂl‘W'E]ﬂ‘l%ﬂﬂ’mmﬂiﬁlﬂﬁiﬂﬂlﬂuﬁu

L4
1‘ui’filﬂ'l'i%31ﬁﬂ’ﬂﬁﬂ1ﬂﬂ‘ﬂﬂ\1ﬂ1ﬂ1’mNﬂ‘Wﬁ’lﬂ‘VN'Hllﬂ auns (2.24) mmsm’i‘mu"lﬁ"n
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n 2
d(x;) E= 2[)’, - g(xi)] (2.25)

i=l

unuauns 2231 x=x avluaums (2.25)

" 2
E=Y [y, -(a, +a,x)] (2.26)

i=1

Qacl o W

t 4 []
MNTIMS (2.26) Tinansafmnumarliia q, uaza, Adeams1dlagithdres

b P & o ad 1 ; J o o 8/ o o 191
HouNA ( least — squares) %QTI'I‘\]‘Iﬂ'Jﬁﬂ’liﬂm'lﬂ'lqﬂ‘Umﬂ‘lﬂ’J'liJNﬂWﬂ'lﬂiﬂtllﬂtl’)‘lm\'lﬂ‘ljﬂ’)‘hlzﬂ'l

ufie
J9E = 0 (2.27a)
da,
uag
Eli-: 0 (2.27b)
aal

4 L &
waziou lunnauns (2.27a) Wnasail

2i[y,. —(a,+ax)] (1) = 0

i=l

Z}’i —zao _Zalxi = 0

i=1 i=1 i=l

na,+ (ixi )a, = i Y; (2.282a)
i=l

i=1

o

A Py e
uazoulvaums 2.27b) wadat

23 b~ +a)l (-x) = 0
i=1
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n n n 2
z.xi.)’i —zao‘xi —Zalxi =0
i=1 i=1

i=l

(ix.- )a, +(§"‘,x? )a, = ix,-y,- (2.28b)

i=l i=l i=1
c’l‘ d" - [} a (Illslu dy
‘ﬂ\iﬁ'ﬂ\lﬁilﬂ'liu'd'liliﬂl‘llUHE]QiHZ]JLlUU‘UENLHﬂiﬂ% ARIU

n

n Zx.- {a] i)’i

i=1 (4 — i=1
PEWPI PRA7
i=1

i=1 i=l

2.29)
a,

.Y

& o o 4 ' o vly 4
‘lf\ili'lﬂ']ll'ﬁﬂﬂl%’ﬂﬂ‘UﬂQﬂTlmeiﬁluﬂ']ﬂlﬁ’iZUUﬁNﬂ'lﬁulWE]'H'lﬂ']ﬂQﬂ'J a, Iag a, AU

ORDORFRORID

ao n n (2.30a)
n(zx,z) = (zxi)z
i=1 i=1
S x-S xS v
a, = i=] i=l i=] (2.30b)

n(y )= ()"

4 a P Y 4 o < ~
A a, uaga, Afmaa 1l deununduluaums 2.23) fee Idaumaduasei

a g ay
HEANINITOANBYIYUTULUUNABING

\

2.11 Recursive Least Square

. a2 1 a o =3 ot & )
Recursive Least Square ﬁ‘lmﬁnuﬂumimmmsmmewmszuumemaww AN LI ALY

' o) 4 2 o o > . o ° '
'lumsmmmsmmasﬁa PAA 3819 UYUABUYDY Recursive Structure AIENINTHUIATNIGTT

y
< 1

o o 1 * a s 1 A v 1 Ao 14
fiimes Iminnamisiiinesini Fesiuegiuminiala
1 a 4 1
gl Inseadumsmamniiinesssuuuuuiinesdn A Prediction Error 41315011

1Annaums

ek) = yk)-o (k)6 2.31)
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Tno
yk) = a,y(k —=1)+ ) bu(k —i)
Z‘ g‘ (2332)
= ¢'(k)0
e @(k) Humae3a14 Observation Vector) aunsadouldlugl
oT(k) = [yk=1) .. —yk-n), wuk=1) .. uk-n)] (2.33)
o 6(k) dlusnmefmsiiiaesiildnnTuaafisinesdu
AT A A A A
6 (k) = [al =9 D Q.. bn] (2.34)
FransammidadesiigavesdiianaInnn
A 1 N A 2
J@) = — [y(k)—qﬂ(k)e] (2.35)
Nk:l

L . 4

A o a A
Fagtuuvaumsieanunansmanudniuiifaduvesnniinesuazszuuaums

v

Mdeaea Wuhfeilaidumdsassveamsniiines aniusSamnsamadigavessidaass

Tt a 4
YDAMINANAIR 19

<

a a 4 9/ ﬂ Vo o o [} o & o o Ya 1t oo
IFUNWITIURDT O ABAL ummJszmmiumwnmammmw k ‘ﬂﬂﬂﬂlﬂﬂﬂ'\ﬂ] q

R.

aovoenRanaIniouiiga

mAanamfimhlfinamfidiassvesmdanaatiooigamla 9n 9J / 26

wld

k=1

A 2 N AT
arfa6 = "ﬁz[ (k)6 (p(k)](o(k) = 0 (2.36)

naumMstuuee 'l

OO N
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otk = ok k)8 2.37)
ﬁ'nfu

1 N r A 1 N

—[Z‘P(k)‘l’ ]9 = =Y y(k)pk) (2.38)

N i Nia
uazez 'l

IN 1 N " -1 1 N

0 = —|Yoeme k)| =0k yk) (2.39)

N[ NS

A “a, 1 a
FuiugUuuuveais Least Square lunsmamnsfimes

(Y] J
2.12 SANMEZMIMAINITNIAD UL Least Square
SnyaiznslsenaanIlinesiuy Least Square dzifvadeafumsminmisiines
: y ’
494#i1 Prediction Error #iiu laudl

Joyaii Idnnmsiagunsaunuldnnauns
yk) = @ (k)0 + v(k) (2.40)

AmFud ey vik) enfah 6 WusnSwwasrmmninesnnees uaznnaumsinuy

N
YUl R(N) = %Z(p(k)(p’ (k) wla

k=1

>

(o)
l

[R(N)T‘%2<p(k)[¢’<k)e+v(k)]

(2.41)

6+ [RV)I" %,—Zqo(k)y(k)

k=1

4 a 4 " ° ' U ] 4 1a a y
Aveamsiines 0 wimsmnn 6 uazezgiing 6 iie N idgduNin
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4 4 N s 1 ‘
fiav(k) Hanteninnidioiivudua @) faiumoy [R(N)]“%{-Zq;(k)v(k) i

k=1

) } 4 ) v
] a i Ao ya a °
Yoo wazamsimesanion Tuaafisiassumezitnlnd 0 s N hlndoudifuazisi

) y N . ¥
msnmeives v(k) ﬁﬁﬁ%ZQD(k)y(k)—m' die N ihlndouilila

k=1

A ) 1 4
AmFuMsUsEIIAMUY Least Square 10 g 6 lema’ Hauilugudezifaiu

) [] t 4
v(k) WudwuvesiusquniisundodiuguinseSondt white noise AT v(k)
"51 LY 1 o/ =3 § d' s d” o o’ o L] n’:
vz'liinegruaregiunsedrnifaundanisdndiedranvk—luas
EQ(k)v(k) =0
1 4 1 ] 1 d
duveadunn u(k) oz liiuedfua noisehfifuado v(k) Aniu (k) sedsenou

Arumeudurmuaza E@(k)v(k) =0

Sudullaudnuasiindnfannsamamisiines 1ae33 Least Square 14

Y o ¢
2.13 YHABHUBITNMIMNUIVLSIABIHN (Recursive Algorithm)

b A
TUADUYDITEMIMUUDUTIABTEN  sziinnsananuduiussening 0(k) uas

0(k—1) #2075 Weighted Least Square FUs1@m150iouunuauauns

J() = .%(Y—Zé)TW(Y—Zé)
(2.42)

A AT AT A
= —IIV[YTWY—YTWZG—Q Z'WY +6 z’wze]

Tauit
1) o(1)
Yy = | . zZ = .
(N ) o(N)
N vector N*(2n+1) matrix

Tas Widu'laTnusawasdvuia N*N

o ol d‘
dmiuReuly Least Square
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a{ = L[_szy-sznzszze] =0 (2.43)
N
a6
gy
1 T , 1 T
—\Z°WZ = —|Z'WY (2.44
Yeweh = Lpwi] )
iag
0 = (ZTWZ)_lZTWY (2.45)

Tao w ity weighting factor

E 4
1‘1‘11ﬂﬂuﬂﬂ‘lﬂﬁ'l%xﬁ'lﬂ'ﬁﬁ'lﬂ'l‘llﬂi

00k+1) , Z«Z(k+1) , YY(k+]l) , WeWk+])

Ok+1) = [Z7(k+ Wk +1)Zk+D] 27 (k+ DW(k + DY (e + 1)
= [Z7 W) Z®E) + wk + Dotk + De” (k+ )] * (2.46)
[27 (oW (k) y (k) + Wik + Dok + 1)y + )]

mnsvanEoaduieialay

27 k+ Wk +DZE+D] = Fk+1) (2.47)

Fllk+1l) = ZT(k+DWk+1)Zk+1) (2.48)



lag

FYk) = ZT(k)W(EK)Z(Kk)

INFUMST (2.48) 1Az (2.49)92 14

Flk+1) = Fk)-A(k+Do" (k+1)F(k)
= [1- Atk +10" k+DF k)
A
$V)3)]
h wk+1)F(k)ek+1)
1+ wk+1)o" (k+D)F K)ok +1)
uazee'ld

Ok+1) = é(k)+A(k+1)[y(k+1)—<p’(k+1)é(k)]

fla

wk+1) = A'wk) and Pk) = wk)Fk)

Pk +1)o' (k +1)P(k)]

1
Pk+1) = —=|Pk)-
(e+1) A[ 2 A+0" (k+1D)Pk)pk+1)

uay

21

(2.49)

(2.50)

(2.51)

(2.52)

(2.53)
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k+1 .
Ak +1) Pijpk+1) (2.54)
A+’ (k)P(k)pk+1)
Fuiufms e fiinsUTuuAIaedT Recursive Least Square auisamtlaniney

3

Pk —Do(k) (2.55)
A+@" (K)P(k-Do(k)

o) = O(k—T)+

_ 1), o Pk=Do(k)e" (k)P(k~1)
Py = A[P(k b A+07 (k)P(k-1)o(k) jl (2.56)
k) = y(k)-¢" (k)8k=1) 257

Taofif1 A fi%0i58n1 Forgetting Factor aga P(k) Wusozuadmduinu

2.14 Mstaenm ezuadmsuinu:
nngluuuvesmdunsiaezualmdunu uaslde forgetting factor A, uaz A, 1oy

1aluzd

Fk+)™" = LEFER™ +4,EeE)ek-1)"
(2.58)

0SA(k)S1 0<A,(k)<2 F(0)>0

' y 1
nnaumssewun A, <lezdiinmesusdmdunu tindiu uagen A, >0 wzvihhaa

A o/ A 1 o o/
mozialinguny cmm=uamxumlmmummzﬁ;ﬂuuumﬂums

_ 1 _ F()p@k)e (k)F (k)
Fk+1) = /1, @ F&) 2'1 D) +¢T OF B0 (2.59)
Ao (k)

) y
Taunn forgetting factor MMINZANAISILUMAI A, =1 uazA1 0.95< A, <0.99 sz

=3

1+ 4 1 g LY o ' a [P
whilsgnanramsanasednsiasvetezuadmdunu uazssildmmisilimesidigaiign

e

2414159

Se
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v y -
TAuA1 forgetting factor MMINTUAITISUMAIY A, =1 uazA1 0.95< 4, <0.99 w31z

' a” P [} -] o o 9 ¢ a Y 1A
ilsznindoinisanatetnsiaivesszualmsuny wazszhldamlimesidngaign

v
9114157 .
Tasa azunilmynu fi 2 madeniiiuly1dne

1. F = o ; >0
2. F>0 (rﬂu Positive definite matrix )

'2.15 mataenaunuBHAY (F,)

A5 uduvotnzuatmduinuse ldnnaums

FO) = él = (GI)I 0<d6<1 (2.60)

~

A o o [] a a g U o et e'
Tunsusudumaianui hildoyaduduvsamsitiinessy drmezuatimduinuiidigm

9
3 []
[o3

1 4 v
se Tainsamanld dufudeudonmaunuisudulniisig wu Tavaiezuatlmswnu fidon

il GI =10000 ,
4'] a ° a9y o ot 9 o =) o’ o
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A1 32 A9
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5 a dd 0’: q‘: o ° =
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o

o A 9/ LY ] 9 o = P a v v & 7Y a
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GATE=0

a I~ o . P .
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° o A Y L4 o, 9 a
arugumshau Tasdyanaiinn INTx (ugumsiylasarians) Mcss1l1d9a @n TRx
[] o =Y = o i
Zouilu 1) dauniswdes1ida GATE i 0 sziinalinsaiugunsinanye Register iy
4 L o da ° o
Timer %58 Counter 1§ 1asaoniuay 9118 lasnsisa nisindusin TRx aaodidaluldsunsy
T 1 msviauezmilouluInua 0 ynUsems U Register Timer 138 Counter gnid
¥ ] ) v
uasuT 16 taunufiszily 1359 1ufio Timer 150 Counter 1 Tvuatitivuia 16 Ua

¢ . ~ a & da . a ' ¥
Triasn 2 9214 Register (fi6 8 90 F4HAD Register TLx uaziinis Inaadussdealu THx

1 4
=

A o . A aa 4 o 9 9
do@a Overflow 1 Register TLx Tasfimlusdaumes THx i annsafmualddamily

program tiazeg li/asuutlaaiiegnInanly131u Register TLx
L4 [} ] .
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. . 1 v & a - (Y Y1 a 10 [ .
1430 3 Register Timer 192 lilimsvy Faliwamilounulvinida TR1=0 UAT1MIY Timer

Y
0 aziinmsiauasae i
Timer 0 TuTnun 3 9e5afulR Register 199Mumwz TLO ¥0e Timer 0 gnldiflu Timer

| 38 Counter vu1a 8 1ia lavaINsOAURY TLO 18 il C/T ,GATE ,TRO,INTO tazmsifia

13 a a 1
Oerflow Y99 Register TLO sziina 1Uiwalin TFO @9 Register 1#umwig THO Y93 Timer 0 98

|

gniefuldldoudiy Timer usdreden Tﬂummiﬂmuqumsmmﬂﬁmnm TR1 Uz TF1

489 Timer 1 Hazz1alin TF1 mmﬂﬁ Overflow uuﬂa ‘Ut‘u"u Register THO wmuﬂumsmﬂ

Interrupt Y94 Timer 1

P {nterrupt

Pulse 5
Input encmnmpe{  TIX S 8Bits THX 8 Bits TFX

(Figure 2.11)

Tiemer Mode O 13-Bit Times/Counter

Putse .
input - e TLX 8 Bits THX 8 Bits TEX e Initerrupt
(Figure 2.11) : L

Tienat Mode 1 1681t Timer/Cournter

Pulse
tnput 5> TLX 8 Bits TFX - {(iterTUPL
(Figure 2.11}

Reload TLX

THX 8 Bits

Timer Mode 2 Auto-Relosd of TL from TH

Pulse "
tnput = TLO 8 Bits TFO e~ {nterrupt
(Figure 2.11)

TF1 e {Oitervupt

THO 8 Bits

712 4 [ o

TR1 Bit
in TCON
Yimer Mode ? Ywo 8- 8it Timers Using Timer 0
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.5V [ 7 GROUP

powER | T s
SUPPLIES GND GROUP ® PORT <:> 10
~] A K A PA-PA,
CONTROL| ® Y
[ I —
GROUP
I N 0 \
PORT C PC"—OPC e, 0 w{] ea
uPPER 2 e, 02 wid ra,
81-DIRECTIONAL DATA BUS DATA «) 0> M=EN
0,0, sus KT = [ e
e BUFFER serm c“:‘” i s w0 W
INTERNAL | (" pogt C 10 aQg- » [ aeser
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a
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-t 1 J ¢ & =3 4 o o
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t 4 ]
1A (Data Bus) Iduawesnauguil . .uaasglvesled s255a
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PAY i 2 39 jeap—— PAS Do - D? Bdwrecrional Dets Bus Bidrecuons!
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PCE et 1! Ll 30 {egiage— D4 AQ.A1 1/0 pon sesect nout

PCY et 17 29 feape—gp— D5 Vee.GND Power snd Ground
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PCO ettt 14 2] e D7

rCi p—— 15 26 | Vee

PC? ] 16 28 L o \PaY

PCY ] V7 24 b PB6
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ms e 8255 szdeadesianiugy (control code) ¥ l1Sawesndoyaniugy Weaaw
AumInaYes 8255 Taslddyanuniuguwesnmneay 03H MSAILGNNITHIIUYET 8255
finarwInuaudas Tnuassuanandueen ) aisTusunsuld 8255 hamezild 3 Tnuafe
Tnwa 0 Trua 1 azTrum 2 GelumsinTnsenunded 1814 8255 vianluTnum 0 Faes'ld
a3U1eMdaNA15R19IUY03 8255 TuTnua 0 An 1y

Trium 0 wied e YMuLRIg Y ( Simple O Port) .

msfimualnuamsvhay ssdesdedeyasidadrlu Tusunsulunesnauguues s2ss
Felufiildwednmnumy 036 unazinvesdeyadids lilszdianumnoludaes dnvagany

1 a o Y o ~
nmu‘uammaxuwiusﬁﬁmuqmmm"lﬂmiﬂ

L

CONTROL WORD

D, [ Pgf Ds| Dy Ds| Dy 1?1 D,

L1

GROUP B

PORT C (LOWER)
»1 1 = INPUT
0 = OUTPUT

PORT B

1 1 = INPUT
o = OUTPUT

MODE SELECTION
0 = MODE o
1 = MODE 1

GROUP A

PORT C (UPPER)
1 = INPUT
o = OUTPUT

PORT A
1 = INPUT
o = OUTPUT

MODE SELECTION
oo = MODE o
ot = MODE 1
1x = MODE 2

_{ MODE SET FLAG
"] 1= ACTIVE
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T VR RO R MR

e e

CONTROL WORD ¢0
D7 D° D!‘ D‘ D, Dz D' Do

[Jelelo]efeie]]

]
A ___/__> PA-PA
4
+. PC,-PC,
C

ya)
7 PCy-PC,

8255A

D st
B7 Do

8
8| ——~— PB,-PB,

CONTROL WORD #2
D, b, b, b, D, D, D, D,

Clefelelefef Te]

a
A +> PA.’-I’A0

4

8255A
PC,-PC,
D,y~D, C .

PC,-PC,

8
B <+ PB,-PB,

CONTROL WQRD ¢1
D, D, Dy b, D, D, D, Dy

[lefolefefefel]

8
A +> PA.,-PAc
4
__+_> PC,-PC,
C

8255A

D, ]
DT DO

CONTROL WORD ¢3
b, b, b, b, b, D, D, D,

CLLLEELTT

L
A —+—> PA1.P,\°
8255A
4
7 PC,-PC,
c
——rf—— PC,-PC,
3 (]
8
B '<+ PB.,-PBu

D,-D, ]

CONTROL WORD s4
0, b, by D, Dy D, D, Dy

D,-D <t

CONTROL WORD =5

5, b, b, b, D, D, D, D,

Llefof fe]efe]e]

s
A <+~ PA-PA,
6255A /
—— > PC,-PC,
c

D,-D, <t}

CONTROL WORD 5
D, b, O, B, D, D, D, D,

Llefefefofele]]

8
A -+—> PA,-PA,
4
PC,-PC,
- e |
D., Dn (o .
PC4-PCy

8
8 eyl PB,-PB,

B2S5A

CONTROL WORD =8
D, Dy Dy D, Dy D, D, D

Ldefefifefefef]

A 4——)/_‘——.— PA,-PA
82554 .
A PG,
C{

D,-Dy ———]
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CONTROL WORD ¢6 2
D7 D6 DS D‘ D] D2 D( DO

Llefeleffefe]e]

8255A .

D,-D,, ]

PC,-PC,

T < 4
—~——+ PC,-PC,

a
«—(——— PB,-PB,

8
Al—"—> PA,-PA,

. CONTROL WORD =10
D, b, B, D, D, D, D, D,

[LLLELLE)

8255A
4

PC,-PC,
(o
4
PC,-PC,

8
Ble—pl—— pB_-PB,

D,-D, e

8
Al PA-PA,

CONTROL WORD ¢7
D7 D5 D5 D‘ D: DZ D‘ DO

- |
D1 DO

CONTROL WORD #11
D7 DG DS Dl DJ D? DI DO

CONTROL WORD #12
D7 DG DS D4 Dﬂ 02 Dl DO

8
A <_+__ PA,-PA,
4
4+.— pc7.Pc‘
C

PCy-PC,

8
BlL— /= PB.-PB

CONTROL WORD #14
b, b, b, D, D, D, D, D,

nppnnnnn

L
Al pa,-PA,

B825SA |
<+ PC,-PC,

C{

‘
7 PCy-PC,

8
Ble—p " 8 -PB

D;-D, T

CONTROL WORD #13
D, Dg b, D, D, D, D, D,

- B
D1 Do

CONTROL WORD #15
D, D, Dy D, D, D, D, D,

nponnonn

8
Al pa_-Pa,
8255A A
~—r - pC,oPC
7 4
o
L

D,-D, = — A
PCy-PCy

B PB,-PB,
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3.5 mysumesmla IBM/PC lagrhunisadenasu
9 A aada 2 a ¢ a d a . Py
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] o @ ] ad a - A a o [ ] .’:
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Mauvesnsudgyanunnduyalazeinavesssuuei lasrunsaioaasy  Faginsal
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o
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wuiiduaiia 8 uaz 16 Saansadouaslliddeuazndandlusila EISA fawisadouaslyl
o T o’: ¥ A& v @ = =Y
1ad1s Tasmsa EISA aunsadouasldldanni wallmedudaduaeiees Ifhyiia 32 4a
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o 9/ 9 A [] a 9 o ~ Yo o o g/
(TUMNNIIMUNIBYBUATEI) BauNagNIIAIUYNVBITaBnIziTon TaslgRIBnys “A” timth
o ] ' o -1 { o ¥
YR MMUDINT 13U V1 A24 ARBIMIMUINYBINEdBaT 24 (TunAmMedheeunseq)

] . A o 1 1 LY) [] P I3 4
a2UDn 36 pin Fuiudiuaraee ISA card HalilA1FuFe e Id1Fnuddanusuiuiiee

Y yA a a a ° ¢
apeldmamulsz@niammsiiaueesgilnsal
ISA(Industry Standard Architecture) 11ef fiv IBM PC ATUd w1sfionifonan AT lu

L

o 9y a a ¢ o P=} @ ;c v A A 9
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Hex range Usage
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020-021 Intesrupt 8259A )

040-043 Timer 82535

060-063 PP1 8255A6 Aasigned 1o
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4.4.1 52UURAT Order Wi 2

fvsansz it aumsnanedi

y(k) - 0.46y(k-1) - 0.0217y(k-2) = 0.2449x(k-1) + 0.1348x(k-2)

Tun15%1 Simulation 1a814 Order voa Tuaamfiv 2 ,Sampling frequency
111111000 Hz, 19403as1149u 1000 Yoya, A1 Forgetting factor WU 1.0 LAz
A1UBY Adaptive gain (1A 10000
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ﬂNational Semiconductor

ADC0801/ADC0802/ADC0803/ADC0804/ADCG805
8-Bit uP Compatible A/D Converters '

General Description

The ADCO0801, ADC0802, ADC0803, ADC0804 and
ADC0805 are CMOS 8-bit successive approximation A/D
converters that use a differential potentiometric ladder-—
similar to the 256R products. These converters are de-
signed to allow operation with the NSC800 and INS8080A
derivative control tus with TRI-STATE® output latches di-
rectly driving the data bus. These A/Ds appear like memory
locations or 1/0O ports to the microprocessor and no inter-
facing logic is needed. .

Differential analog voitage inputs allow increasing the com-
mon-mode rejection and offsetting the analog zero input
voltage value. In addition, the voltage reference input can
be adjusted to allow encoding any smaller analog voltage
span to the full 8 bits of resolution.

Features

um Compatible with 8080 nP derivatives—no interfacing
fogic needed - access time - 135 ns

® Easy interface to all microprocessors, or operates
“stand alone”

u Differential analog voitage inputs

w Logic inputs and outputs meet both MOS and TTL volit-
age levet specifications

| Works with 2.5V (LM336) voitage reference

® On-chip clock generator :

0V to 5V analog input voltage range with single 5V

supply

No zero adjust required

0.3" standard width 20-pin DIP package

20-pin molded chip carrier or small outline package

Operates ratiometrically or with 5 Vpg, 2.5 Vpg, or ana-

log span adjusted voitage reference

Key Specifications

m Resolution 8 bits
u - Total error +1, LS8, 1, LSB and =1 LSB
1 Conversion time 100 ps

Typical Applications

/M

v

Vec

— =1
QR cafl
e L / . m
[ iy eLkin 1590F

TRARSQUCER

617 RESOLUTION
< QVER ANY DESIAED
> ANALOG WPYT
VOLTAGE RANGE

13 am Vi

ANY
uPROCESSCA

wuf BUS

s
: >om= INPUTS

SEE SECTION 24.1

A s Vigi-t

[
oer AGND

*
" VaER2 ——O SEE SECTION =

» os8 ogno 77

SPAN ADJ

it
It

TL/H/5671-1

8080 Interface Error Specification (includes Full-Scale,
Zero Error, and Non-Linearity)
e} Full- .
Part Scale VRep/2=2.500 Vpc | Vrer/2=No Connection
D -} Number (No Adjustments) (No Adjustments)
— Adjusted
0%,
. b — w ADCO0801 | £, LS8
£1e. O IRTH ADCO0802 +1, LS8
: ADCO0803| +£1,1LSB
DATA
ADC0804 +11LS8
ADC0805 +11S8

TL/H/S5671-31

2-19
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

Absolute Maximum Ratings notes 142

it Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales

Storage Temperature Range —-65°Cto +150°C

G e e o o g e s

" i Package Dissipation at Ta=25C 875 mw
Otfice/Distributors for availability and specifications. ESD Susceptibility (Note 10) 800V
Supply Voltage (Vec) (Note 3) 8.5V
Voltage i 1 N 1
Logic Control Inputs -0.3Vto + 18V Operatmg Ratmgs (Notes 1£2)
At Other Input and Outputs ~0.3Vto (Ve +0.3V) Temperature Range TMINSTAS Thax
Lead Temp. (Soldering, 10 seconds) ADCG801/02L4, ADC08021.4/883 — 5§5°C<Ta< +125°C
it : ; ADC0801/02/03/04LCJ —40°C<Tp< +85°C
Dual-In-Line Package (plastic) 260°C .
Duak-In-Line Package (cerarnic) 300°C ADC0801/02/03/05LCN —40°C<Tpo< +85°C
Surface Mount Pack ADCO804LCN 0°C<TAL +70°0
u v ace P;’““ G%C age g 215G ADC0802/03/04LCV O°C<TA< +70°C
| ?rp°' 5 age ( 5§°°” s) 220G ADC0802/03/04LCWM 0°C<TaS +70°C
nfrared (15 seconds) Range of Vg 4.5Vpc106.3 Vpe
Electrical Characteristics
The following specifications apply for Vee=5 Vo, Tmin< Ta < Tuax and fcLk =640 kHz unless otherwise specified.
Parameter Conditions Min Typ Max Units
ADC0801: Total Adjusted Error (Note 8) With Full-Scale Adj. "y LS8
(See Section 2.5.2) 4
ADCO0802: Total Unadijusted Error (Note 8) VRer/2=2.500 Vpc *1 Ls8
ADCO0803: Total Adjusted Error (Note 8) With Full-Scale Adj.. £ LS8
(See Section 2.5.2) -2
ADC0804: Total Unadjusted Error (Note 8) VRep/2=2.500 Vpe =1 LS8
ADC0805: Total Unadjusted Error (Note 8) Vrer/2-No Connection =1 LSB
VRer/2 Input Resistance (Pin 9) ADC0801/02/03/05 2.5 8.0 kN
ADC0804 (Note 9) 0.75 1.1 k2
Anaiog Input Voltage Range (Note 4) V(+) or V(—) Gnd-0.05 Vec+0.05 Voc
OC Common-Mode Error Over Analog Input Voitage e b7 Lse
° Range
Power Supply Sensitivity Vec=5Vpe £10% Over Y +% LS8
Allowed Vin(+) and Vin(=)
Voitage Range {Note 4)
AC Electrical Characteristics
The following specifications apply for Veg =5 Vpg and T =25°C unless otherwise specified.
Symbol Parameter Conditions ) Min Typ Max Units
Tc Conversion Time ferk =640 kHz (Note 6) 103 114 1S
Tc Conversion Time (Note 5, 6) 66 73 1/fcik
foLk Clock Frequency Vee=5V, (Note 5) i 100 640 1460 kHz
Clock Duty Cycle (Note 5) 40 60 %
CR Conversion Rate in Free-Running INTR tied to WR with 8770 9708 conv/s
Mode CS=0Vpe, foLk =640 kHz
twRmL Width of WR Input (Start Puise Width) TS =0 Vpc (Note 7) 100 ns
tacc Access Time (Delay from Falling C =100 pF 135 200 ns
Edge of AD to Output Data Valid) .
tH, ton TRI-STATE Controt (Delay- CL=10pF, Ry =10k 125 200 ns
from Rising Edge.of RD to (See TRI-STATE Test
Hi-Z State) Circuits)
twis tr) Delay from Falling Edge 300 450 ns
of WR or AD to Reset of INTR
CiN Input Capacitance of Logic 5 7.5 pF
Control Inputs
Cout TRI-STATE Output 5 7.5 pF
Capacitance (Data Buffers)
CONTROL INPUTS {Note: CLK IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately]
Vin(h Logical “1" Input Voltage.. Vec=5.25 Vpg 2.0 15 Voc
(Except Pin 4 CLK IN)
R—

2.20
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AC Electrical Characteristics (continued)
The following specifications apply for Voo = 5Vpg and Ty £ Ta € Tuax, unless otherwise specified.

Symbol ] Parameter l Conditlons l Min L Typ [ Max I Units

CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately}

Vin (0) Logical “0” Input Voltage Vec=4.75Vpe 0.8 Voe
(Except Pin 4 CLK IN)

N (1) Logical *1" Input Current Vin=5 Vpc 0.005 1 rApG
(All inputs)

Iin (0) Logical “0" Input Current ViN=0Vpc -1 ~-0.005 rADC
{All Inputs)

CLOCK IN AND CLOCKR

Vr+ CLK IN (Pin 4) Positive Going 2.7 3.1 3.5 Voe
Threshold Voltage

Vr— CLK IN (Pin 4) Negative 1.5 1.8 21 Voc
Going Threshold Volitage

VH CLK IN (Pin 4) Hysteresis 0.6 1.3 2.0 Voc
(Vr+)— (V1)

Vout (0) Logical “0” CLK R Output lo=360 pA 0.4 Voc
Volitage Vec=4.75Vpe

Vout (1) Logical “1" CLK R Output lg= —360 pA 2.4 Voo
Voltage Veg=4.75Vpe

DATA OUTPUTS AND INTR

Vour (0) Logical “0" Output Voltage L
Data Outputs lout=1.6 MA, Vco=4.75 Vp¢ 0.4 Voc
INTR Output loyr= 1.0 mA, Vcc=4.75 Vpg 0.4 Voe

Vout (1) Logical “1" Output Voltage !d= —360 pA, Ve =4.75Vpe 2.4 Voc

Vout (1) Logical “1"” Qutput Voltage lo=—10 pA, Voc=4.75Vpg 45 Voc

lout TRI-STATE Disabled Output Vout=0Vpc -3 rApc
Leakage (All Data Buffers) Vour=5Voc y 3 #ADC

Isource Vour Shortto Gad, T4 =25°C 4.5 6 mApc

IsiNK Vour Shortto Vee, Ta=25°C 9.0 16 mApc

POWER SUPPLY )

Icc Supply Current (Includes foLk =640 kHz,
Ladder Current) Vaer/2=NC, Ty =25'C

and TS =5V

ADC0801/02/03/04L.CJ705 1.1 1.8 mA
ADCO0B04LCN/LCV/LCWM 1.9 25 mA

Note 1: Absoiute Maximum Ratings indicate limits beyond which damage to the devica may occur, DC and AC electrical specifications do not apply when operating
the device beyond its-specified operating conditions. .

Note 2: All voltages are measured with respect 10 Gnd, unless otherwise specifiod. The separate A Gnd point should aiways be wired to the D Gnd.

Note 3: A zener diode exists, internaily, from Vg to Gnd and has a typical breakdown voltage of 7 Vpc.

Note 4: For Vin{—)2 Vin(+) the digital output code will be 0000 0000. Two on-chip diodas are tied to each analog input (See block diagram) which will forward
conduct for analog input voltages one diode drop beiow ground or one diode drop greater than the Vg supply. Be careful, during testing at low Veg levels (4.5V),
as high level analog inputs (SV) can causa this input diode to conduct-especially at elevated temperatures, and causa errors for analog inputs near full-scate. The
spac allows 50 mV forward bias of sither diode. This means that as long as the analog Vin does not exceed the supply voltage by more than S0 mV, the output
code will be correct To achieve an absolute 0 Vpg 10 5 Vg input voitage range will therefore require & minimum supply voltage of 4.950 Vpg over temperature
variations, initial tolerance and loading.

Note §: Accuracy is quaranteed at fg k= 640 kHz. At higher clock frequencs y can deg For lower clock frequencies, the duty cycla fimits can be
axtended 30 long as the minimum clock high time interval or minimum clock low time interval is no less than 275 ns.

Note 6: With an asynchronous start puise, up to 8 clock periods may be required before the intemal clock phases are proper to start the conversion process. The
start requast is intemally latched, see Figwre 2 and section 2.0,

Note 7: The TS input is assumed to bracket the WH strobe input and therefore timing is depandent on the WH puise widith. An arbitrasily wide pulse width will hold
the converter in a reset mode and the start of conversion is initlated by the low to high transition of the WH pulse {see timing diagrams).

Note 8: None of these A/Ds requires a-zero adjust (see saction 2.5.1). To obtain zero code at other analog input voltages see section 2.5 and Figure 5,

Nate #: The Vper/2 pin is the center point of a two-resistor divider connectsd from Ve to ground. in all versions of the ADCO801, ADC0802, ADC0803, and
ADCOE0S, and In the ADCOB04LCJ, each resistor is typically 10 kfl. [n ail versions of the ADC0804 except the ADCOSO4LC, sach resistor is typically 2.2 kA,

Note 10: Human body model, 100 pF discherged twough & 1.5-k(1 resistor.
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ADCO0801/ADC0802/ADC0803/ADC0804/ADC0805

Typical Performance Characteristics

ok (k¥a)

QUTPUT CURRENT (mA)

LOGIC INPUT THRESHOLD VOLTAGE (V)

Logic Input Threshold Voitage
ve. Supply Voltage

~$5°C < Ty S H125°C

Wl

1

-

4.50 475 5.00 §25 5.50

Veg - SUPPLY VOLTAGE (Voe)

fcLk vs. Clock Capacitor
1600

T
'\1'1
AVIINY

A NN
\

\

CLOCK CAPACITOR (3F)

Output Current vs
Temperature
L
[ Vcc-SVgc_
N REEEE
DATA OUTPUT_| |
L SUFFERS
[
IRNRRRE
H B Lsnunfsuv
K SJouT (12
.
4 ~J
3 N
~isink
Yoyt =04 Voc
H
-5 -5 9 IS5 S4 U5 100 128

Ta = AMUIENT TEMPERATURE (°C}

QELAY {me}

LINEARITY ERROR (LSA))

Igc - POWER SUPPLY CURRENT (mApc)

300

Delay From Falling Edge of
RD to Output Data Valid
vs. Load Capacitance

e
7
7

] 20 40 06 e 1000

LOAQ CAPACITANCE (pF)

Full-Scale Error vs
Conversion Time

Te = 1MoLk

Voo - 45V
l

Ve = S0V

A%
RS
40 & 10 108 120 148
T, CONVERSION TIME (s}

Power Supply Current
vs Temperature (Note 9)

24

™ T

20

— I~ ‘DCU."

=

=Ll ter v

A0coeg; )
o 2 AND A0e0ge: Vo0~ 43y

ADcaeg;, ADCaggs Yeeow

48 = SV =

08 f—1 Ve = v,

1
fop g = A &itx

7]
8-

' RN

- N e s

Ta — AMBENT TEMPERATURE (*C)

CLK IN THRESHOLD VOLTAGE {V)

OFFSET ERROA {LSBs)

LINEARITY ERROR (LS8, *)

5

1

tR )

CLK IN Schmitt Trip Levels
vs. Supply Voltage

Ve |2t

-56°C < Tq < +125°C

458 45 5.00 528 55e

Vg - SUPPLY VDLTAGE (Vgg)

Effect of Unadjusted Otfset Error
vs. Vper/2 Voltage

Vig(t) = Vyy(-j= 0V,
ASSUMES Vgg = 2 mV.
I THIS SHOWS THE NEED 1
I FOA A IERQ AQL IF
" THE SPAN IS REDUCED. T111

(2] et 1.0 §

Vaer2 (Vg

Linearity Error at Low
VRer/2 Voltages

(= AOCE081 __|

17 7 T T

Tk
o o 2VResD
[ Rt

(ZERO AND FULL-

SCALE ABJUSTED) ™|
P

|

y
5 T T T [
1453 VALUE (0 |
Hirse
in |

122 105y 4
1zt NO8TSY. 497 gy
J2um e

/N4 —N
T T

1 4 23
VREF/2 VOLTAGE (vge)

TL/H/5671-2
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TRI-STATE Test Circuits and Waveforms

tin typ, CL=10 pF toH tor, CL= 10 pF
v v
vee —_ cc ¢ e
T e T
1] 9% Ry «%
KD DATA 108
4] ouTPuT ang ———A |1 ano %
— I""'“' e 0ATA -
¢ 10 4] ouTRuT
L Vou "% Vee T
OATA 'S DATA
oUTPUTS 'I' ouTPYTS
= = = = GND ——memeee—— —
=20ns ) =20 ns TUH/5671-3

Timing Diagrams (ai timing is measured from the 50% voltage points)

START
COKVERSION

; \ ~A

- -—u—]

WERIL e ~BUSY™

DATA IS VALIO IN
ACTUAL INTERNAL “NOT SYSY" § QUTPUT LATCHES

STATUS OF THE
CONVERTER

l

o 1 TO 8 g1 x t INTERNAL T¢

{LAST DATA WAS READ}

RTR —l
(LAST OATA WAS XOT READ) A INT ASSERTED
- ] l.. 12 Tex

Qutput Enable and Reset IN

TNTR AESET
NTR N

0ATA TRISTATE®
= ————— E_.__.__.__..._-

—e WACC L—

et 1. O e

Nota: Read strobe must occur 8 clock periods (8/1cyx) after assertion of interrupt to guarantee resst of INTH. TL/H/SET1-4
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Typical Applications (continved)

6800 Interface Ratlometric with Full-Scale Adjust
G'ch‘gl
o
xoR
o ———
02 o < vee
YA S * Vini

e, H 4
a2, 7e-

lll»

+
P——————e TR gl ]
>, | A
v n am
f—' YinH) Vaepd ;4

— oo’

VWA-A/
o

y
I AAAAAA, ——AAA
[

e

F===-~-F=~===-1-

|
]
i
=1
L

1
Note: before using caps at Viy or Vagp/2, =
see section 2.3.2 Input Bypass Capacitors.

Absolute with a 2.500V Reference Absolute with a 5V Reference
ee Yeg * Vage
#Vag) % Ve
O—— viuiet e _L O i) Vee : !
R . !
T“”_ [ Wt ; %E‘ :
an T 3a “ = S |
. T 1
[
1508 Vo !
Ot ¥ini-) Vrer2 Vint) Vage2 :
T "~
1) 4]
D
“For low power, see also LM385-2.5 RN
Zero-Shift and Span Adjust: 2V< Viy<5V Span Adjust: 0V Viy<3v

vee
SV

. Viniot Veo T
Vin _L - Vinl* Vee
104k L . .
T : ::‘1’ . 18uf L
= = 1. :r 2a |
A - = >l |
P ————— - " f
i 17 uos I
{ - 1 L)
Vintt vaeeaT o™ uan ' Z
2 >3 -
I—]:. TV Q ags s | Vig st Yagrt 04 :.‘ A e l
Fuf | _]. TP Ao A .
= ~ | uF
HTI 2100 SETS VOLTAGE SPAN J
cooeveLtast ¥, Rl i l 346 HCTION 261 | 1..\ =4 4 ‘
g N Sy st
1V, = o
10 rna’fns = ¥
= TL/H/5871-

e T S il
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Typical Applications (continued)

Directly Converting a Low-Level Signal

Yoo

Vol

a

. Vit vee ]7
1
0uF 3
1t
il T 3
v
W Vi< S12mv -
172 1356
Vini! Vagent - - e
: e ¥s
n T Vuf A0
L 8% = T = =
1S VgE O—AAA~ WA AAA~
190
Vos
" Ao 0 VRep/2=256 mV
1 mV Resolution with .P Controlled Range
VRer/2=128 mV
1L88=1mV

VpacSVins (Vpac +256 mv}

Yin

2500 vge

A pP Interfaced Comparator

Vee
Vo)
O——vint Vee
.
T Wf
A
O Vipd-) Vagp? _J_

For ViN(+)>Vin(—)
Output = FFyex

For: Vin(+) <Vin(—)
Output=00uex

¢
&vpel
vintot Yee
N

4-81T DAC

MICRO-DACT™

rveme A ) Vage

: —-T
DATA

tus 0<Vpac<2asy = <=

Digitizing a Current Flow

———a {t0AD

WA 1508,
\ ITIETy v b |
e > 1 =
Voae - + ‘: wan ’Zk ]
~ 1 uf a04

u
vie 24 FULLSCALE)
svgel © AAA, ]
108 v
? Vgl
Vini~H vee L
I .
- "uf 1 _L
ap T
= = (XY
172 La3ss
108 < e -
280 ._: Vintrt Yar? " -
e 4=, N "
T
>
< — — -— —
j: 2om - - - -

TL/H/5671-8
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Typical Applications (continueq)

Self-Clocking Multiple A/Ds
HC O LR
KR & cexiw
e
an ;, [
CLEm
# Om—ed 1K R
A0 .2
“Usa a large R value ~>1 CLK 14
1o reduce loading
at CLK R outout, ¢

1F MOAE THAN § ADOITIONAL
A/Dr, USE A CMOS RYFFER (80T TR}

Self-Clocking in Free-Running Mode

w External Clocking

feux

A
fouk P—vix

100 kHz < ey« < 1460 kHz

1P Interface for Free-Running A/D

Qg Vi) (LY
<
S 3w
cLKin
= A ;:_' 152
1]

az

‘ \
“After power-up, a momentary grounding
of the WH input Is needed to guarantee operation,

——0

YR
l 0 -
TTART

Operating with “Automotive” Ratiometric Transducers

vee
Ve
$m
v 3
xon |X0% Vinir} vee
+
nwd ~ (i
zae Q] vt l
04 1 =
< D >
i‘ a0csens S
= = 172 13888
Yaer? -
37 b
[+ 1
1t 3
T $”
“Vin(—) = 0.15 Ve = J_,

15% of Voo Vxpa $85% of Ve

fLRin

 8.001 uf
RESET
15TAGE
« BNARY CTR
2.2 )
P4 Yol
14

REsQY
Toun
——1 f——u. e g
' [ ] I I MEVENTS RO
h DURING &/D
i b oarauroate
T ¢
neser Tx e s
Ratiometric with Vpegp/2 Forced Yoo
Bvgel
{xo08
- Vint+d vee
R
% 16uf
‘:—L - Sw
AMD
- 172 Uosaa
_L— Vint) Vaes
"

TUH/ISET1-7
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Typical Applications (Continued)

1P Compatible Ditferential-input Compar:

Handling + 10V Analog [nputs

QUTPUT

{

ator with Pre-Set Vg (with or without Hysteresis)

-

. wsa
O——q ixtl e —l
an
Qi Vimt-1 Vaget

*See Figure 5 ta setect R value
D87 ="1" for Vin{+)> Vin(—)
Omit circuitry within the dotted
hysteresis is not nesded

%ﬂ' —u}

+{Vrer/2)
area if

-0 Voo

Ve
Vpe

:
Fo—s1lts

1l

L o

lf’"

3 vr~t0RYey

1%

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

$0800aVY/¥08000aV/€08000V/20800aV/1 08000V

BYpe) Vee
:: P 5 Vpc)
v it ¢
AAA- Vigh? Ver
- 2 1
* Ta <
v Tn.r S e
\ = W AN~ Yot Yee
S e e
- S an W T Tlur
e
L>-— Vint-t svoe
| - > 100
= 3 S
Ta 'A:'n"‘l  Vint-) : Vaes 3 :i,'“
*Beckman Instruments #694-3-R10K resistor array z . =
1P Interfaced Temperature-to-Digital Converter
Veg e
8 Vgel
<)
>
- 1 100+
A AAWA—9¢ Vinl Veo
auve e . | + +
ety - =L
&+ I._ Sa
- - a0 - ‘P
y WA By
- VWA~
. 17 s
w -
TAMN D mm——d Vit Vagpt ' o e
- & Ta MAX.
Tuf ABS
*Clircuit vaiues shown are for *CsTa< +128°C e <
**Can calibrate each sensor to allow easy replacement, then e L :_] o
A/D can be calibrated with a pre-set input voitage. - =
TL/H/5671~8
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Typical Applications (continued)
Handling +5V Analog Inputs

Read-Only Interface
»P 303

“‘O::C, r—

~ . u

ER— ] 0ATA
Vi) ver Lul o
e
:D WuF
n - L] ]
I_ VigH B N/

< L]
= DATA S STAATS nEw

TU/H/S671-33 ouTY coaversion TUH/S6T1-34
“Beckman instruments #694-3-R10K resistor array
1P intertaced Comparator with Hysteresis Protecting the Input
Ver
(5 Vo)
Vii®) 38 (D7)
o
Vin 086 et OUTPUL 15 ¥pe
- or
= ] SN
AlD
> <+ 10uF
3 L
e -13 Yoo _ -
. = A0
Vigt-} Vpgg2| —1 .

Diodes are 1N914
e 2 DN & 7
) =

A Low-Cost, 3-Decade Logarithmic Converter

“VRer

TUH/SE71-9

U] SV

e iy e TR W

e — —

TUL/H/5671-35
Analog Seif-Test for a System
[o
Vini®)
fou =
Ot
1
$YSTEM | O CHANMEL
oc TEST ANALOS - -
POINTS | O uux
coden1
Ot
O i
L]
o— _E__
ll 1' € cuammEL
SELECT
e ——
£A0u QUTPUT
PORT OF up TL/H/5671-36.
TUH/5671-37
A. B, C.D = LM32¢A quad op amp ’
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Typical Applications (continued)

3-Decade Logarithmic A/D Converter

A, 8,C, D= LM324A,
172 Wase

Ay
10ay T0-10V) N —AAA Vil

100
AAA~— Yt} VRep

A
V
2

i)
% TERD AGY

_.L. 3.2
[ P P L]
I‘ > >
:.L
= 4 L ||°: N
A1} €
RS-
A0 ¢ o
J %
= AAA
= 2%

Muttiplexing Differenttal Inputs

Suf -
4{ ( cm{ ~ e Vini*l
A " 121380
AAA AMA/ 108 it [
| PoeOmmAAApm—] Vil (37 ¢
) 22 z : o et
Vinde ] d IFFERENTIAL an
= O— wux
= ,;,.,{ v, coees2
= &
L *
:m{ e ML
fo=20 Hz s
Uses Chebyshev implementation for steeper roil-oft A 5
uniity-gain, 2nd order, low-pass filter _L—"’ll“’ I oy
Adding a separate filter for each channel increases = 0N OUTUE
systam response time if an analog muitiplexer PORT R u?
is used
Output Buffers with A/D Data Enabled increasing Bus Drive and/or Reducing Time on Bus
-ra = Sr—e— 8
- w0 100 o
0ATAY DATA Su3 OATA OUT DATA sys
E—e TALSTATE® .
n.._:Do_o i w i wrFERs R e o e
_E—O L rc LLhg
7 T
e -
TUH/5671-10
*A/D output data fs updated 1 CLK period *Allows output data to set-up at falling edge of T3
prior to assertion of INTR
-
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Typical Applications (continueq)

Sampling an AC Input Signal

110 MAX
1@
FILTER S‘“”;E
¢ swnt » naLo Vinist
Vin (€21
)
SeTo-t0es | ;
- f-s0 o w TR ey
LOW-PASS, MULTISOLE coNTROL G
FILTER
I
4 L]

——{1‘ ‘&
| T
.

—l e

Note 1: Oversample whenever possibla [keep fs > 2(-60)] to eliminate input frequency folding
(aliasing} and to allow for the skirt response of the filter,

Note 2: Consider the ampiitude emors which are introduced within the passband of tha fiiter.

70% Power Savings by Clock Gating

aa

Tork
B kit axin
B v
w*
4 o - 2 um e °
X oK ey wuem |ax qp
e I l Yy R
a | J
i 1804
14 e
137144
roan (Complete shutdown takes = 30 saconds.)
Power Savings by A/D and Ve Shutdown
; Ve
on 0 8Vyet
w 1]
oFF o mves
: conTRaL Ui s
Yee

<P CONTROL Cuos 10 0ATA
sus CE A8 0ATA 0uTPUT UFFER : >m
wh
Yags2 |
e
| R |

*Use ADCOB01, 02, 03 or 05 for lowest power consumption.
Note: Logic inputs can be driven to Vee with A/D supply at zero volts.
Butier prevents data bus from Qverariving output of A/D when in shutdown moda.

an
s-

TUH/ISE71-11
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Functional Description

1.0 UNDERSTANDING A/D ERROR SPECS

A perfect A/D transter characteristic (staircase waveform) is
shown in Figure 1a. The horizontal scale is analog input
voitage and the particular points labeled are in steps of 1
LS8 (19.53 mV with 2.5V tied to the Vregg/2 pin). The digital
output codes that corraspond to these inputs are shown as
p-1, D, and D+ 1. For the perfect A/D, not only will center-
value (A—1, A, A+1,. . . .) analog inputs produce the cor-
rect output ditigal codes, but also each riser (the transitions
tetween adjacent output codes) will be located + 14 LSB
away from each center-value. As shown, the risers are ideal
and have no width. Correct digital output codes will be pro-
vided for a range of analog input voltages that extend '+ 1,
1.S8 from the ideal center-vaiues. Each tread (the range of
analog input voitage that provides the same digital output
code) is therefore 1 LSB wide.

Figure 1b shows a worst case error plot for the ADC0801.
All center-valued inputs are guaranteed to produce the cor-
rect output codes z-1 the adjacent risers are guaranteed to
be no closer to tr.e center-value points than +1, LSB. in

Transfer Function

DIGITAL OUTPUT CODE

A=t A Ast
ANALOG IKPUT (v}

Transfer Function

o
.
T

¢
-
]
:

N

1

1
i

At A At
ANALOS INPUT (Vi)

DIGITAL OUTPUT CODE

other words, if we apply an analog input equal to the center-
value 1Y, LSB, we guarantee that the A/D will produce the
correct digital code. The maximum range of the position of
the code transition is indicated by the horizontal arrow and it
is guaranteed to be no more than %, LSB.

The error curve of Figure 1c shows a worst case error plot
for the ADC0802. Here we guarantee that if we apply an
analog input equal to the LSB- analog voltage center-value
the A/D will produce the correct digital code.

Next to each transfer function is shown the corresponding
error plot. Many people may be more familiar with error plots
than transfer functions. The analog input voitage to the A/D
is provided by either a linear ramp or by the discrete output
steps of a high resolution DAC. Notice that the error is con-
tinuously displayed and includes the quantization uncertain-
ty of the A/D. For example the error at point 1 of Figure 1a
is +, LSB because the digital code appeared %, LS8 in
advance of the center-value of the tread. The error plots
always have a constant negative slope and the abrupt up-
side steps are always 1 LSB in magnitude.

Error Plot

150

-1is

A<t A An
ANALOG INPUT (Vi)

a) Accuracy= *0 LSB: A Perfect A/D

Error Plot

-2 L8
-va1sy

-8
A1 A Al

ANALOG INPUT (Viyy)

b) Accuracy= +V, LSB

Transfer Function
w
-]
H
forl it
E (n
a3 » ]
s oF T 1
2 , T H
= ! !
go-1r g H
:—-l—- P
. 4 .
S
A

c) Accuracy= +1, LSB

Error Plot

L) -Inunnr

1L

-
—

=
Ei__

A=t A Aet
ANALOG INPUT (Vi)
TU/H/S5671-12

FIGURE 1. Claritying the Error Specs of an A/D Converter
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Functional Description (continueq)

2.0 FUNCTIONAL DESCRIPTION

The ADCO801 series contains a circuit equivalent of the
256R network. Analog switches are sequenced by succes-
sive approximation logic to match the analog difference in-
put voltage [Vin(+) — Vin(—)) to a corresponding tap on
the R network. The most significant bit is tested first and
after 8 comparisons (64 clock cycles) a digital 8-bit binary
code (1111 1111 = {uil-scale) is transferred to an output
latch and then an interrupt is asserted (INTR makes a high-
to-low transition). A conversion in process can be interrupt-
ed by issuing a second start command. The device may be
operated in the free-running mode by connecting TNTA to
the WH input with TS =0. To ensure start-up under all pos-
sible conditions, an external WR pulse is required during the
first power-up cycle.

On the high-to-low transition of the WR input the internal
SAR latches and the shift register stages are reset. As long
as the TS input and WH input remain low, the A/D will re-
main in a reset state. Conversion will start from 1 to 8 clock
periods after at least one of these inputs makes a low-to-
high transition.

A functional diagram of the A/D converter is shown in Fig-
ure 2. All of the package pinouts are shown and the major
logic contro! paths are drawn in heavier weight lines.

The converter is started by having T3 and WR simulta-
neously low. This sets the start flip-fiop (F/F) and the result-
ing “1" leve! resets.the 8-bit shift register, resets the inter-
rupt (INTR) F/F and inputs a “1" to the O flop, F/F1, which
is at the input end of the 8-bit shift register. Internal clock
signals then transfer this “1” to-the Q output of F/F1, The
AND gate, G1, combines this “1" output with a clock signal
to provide a reset signal to the start F/F. If the set signal is
no longer present (either WR or CSis a “1”) the start F/F is
reset and the 8-bit shift register then can have the “1”
clocked in, which starts the conversion process. If the set
signal were to still be present, this reset puise would have
no effect (both outputs of the start F/F would momentarily
be at a "1" level) and the 8-bit shift register would continue
to be held in the reset mode. This logic therefore allows-for
wide CS and WH signals and the converter will stast after at
least one of these signals returns high and the internai
clocks again provide a reset signal for the start F/F,
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FOR ALL LOGIC INPUTS
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-
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P < va——
S < e r— 1¥ MESET = "0~
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Vagrr O~ » AND 1 LATCH SHIFT R ja=
NOTED) [ RegisTeR | RESET
‘ —
]
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v
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LATEN 1
' 228 =
Vinge) O— reve vy i
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’ TRKSTATE? + &2 TET
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Note 1: TS shown twice for clarity.
Note = SAR = Successive Approximation Register.
FIGURE 2. Block Diagram
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Functional Description (continued)

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

Note that this SET control of the INTR F/F remains low for
8 of the external clock periods (as the internal clocks run at
1z of the frequency of the external clock). If the data output
is continuously enabled (CS and RD both held low), the
INTR output will still signal the end of conversion (by a high-
to-low transition), because the SET input can control the Q
output of the INTR F/F even though the RESET input is
constantly at.a “1” level in this operating mode. This INTR
output will therefore stay low for the duration of the SET
signal, which is 8 periods of the external clock frequency
(assuming the A/D is not started during this interval).
When operating in the free-running or continuous conver-
sion mode (INTR pin tied to WR and CS wired low—see
also section 2.8), the START F/F is SET by the high-to-low
transition of the INTR signal. This resets the SHIFT REGIS-
TER which causes the input to the D-type latch, LATCH 1,
to go low. As the latch enable input is still present, the a
output will go high, which then allows the INTR F/F to be
RESET. This reduces the width of the resulting INTR output
pulse to only a few propagation delays (approximately 300
ns). .

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

2.1 Digital Controt inputs

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

2.2 Analog Differential Voltage Inputs and
Common-Mode Rejection

This A/D has additional applications- flexibility due to- the
analog differential voitage input. The Vin(—) input (pin 7)
can be used to automatically subtract a fixed voltage value
from the input reading (tare correction). This is also useful in
4 mA~20 mA current loop conversion. In addition, common-
mode noise can be reduced by use of the differential input.
The time interval between sampling Vin(+) and Vin(~) is 4-
V, clock periods. The maximum error voltage due to this

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

AVo(MAX) = (V) @rtem) (ﬁ; )

where:

AVg is the error voltage due to sampling delay

Vp is the peak value of the common-mode voltage

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

_ [AVeax ferk]
(27tem) (4.5)

or

Vp = (5 X 10~3) (640 103)

(6.28) (60) (4.5)

which gives

Vp=18V.
The allowed range of analog input voltages usually places
more severe restrictions on input common-mode noise lev-
els.

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

2.3 Analog Inputs
2.3.1 Input Current

Normai Mode

Dus to the internal switching action, displacement currents
will flow at the analog inputs. This is due to on-chip stray
capacitance to ground as shown in Figure 3.
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FIGURE 3. Ansiog input Impedance
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

Functional Description (continued)

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

Fauit Mode

If the voltage source applied to the Vin(+) or Vin(=) pin
exceeds the allowed operating range of Vgc + 50 mV, large
input currents can flow through a parasitic diode to the Vcg
pin. If these cumrents.can exceed the 1 mA max allowed
spec, an external diode (1N914) should be added to bypass
this current to the Vg pin (with the current bypassed with
this diode, the voltage at the Vij{(+) pin can exceed the
Ve voltage by the forward voltage of this diode).

2.3.2 Input Bypass Capacitors

Bypass capacitors at the inputs will average these charges
and cause a DC current to flow through the output resist-
ances of the analog signal sources. This charge pumping
action is worse for continuous conversions with the Vin(+)
input voltage at full-scale. For continuous conversions with
a 640 kHz clock frequency with the Vin(+) input at 5V, this
DC current is at a maximum of approximately 5 p.A. There-
fore, bypass capacitors should not be used at the analog
inputs or the Vrer/2 pin for high resistance sources (> 1
k). it input bypass capacitors are necessary for noise filter-
ing and high source resistance is desirable to minimize ca-
pacitor size, the detrimental effects of the voitage drop
across this input resistance, which is due to the average
value of the input current, can be eliminated with a full-scale
adjustment while the given source resistor and input bypass
capacitor are both in place. This is possible because the
average value of the input current is a precise linear func-
tion of the differential input voitage.

2.3.3 Input Source Resistance

Large values of source resistance where an input bypass
capacitor is not used, will not cause errors as the input cur-
rents setlle out prior to the comparison time. If a low pass
filter is required in the system, use a low valued series resis-
tor (< 1 k) for a passive RC section or add an op amp RC
active low pass filter: For low source resistance applica-
tions, (< 1 k1), a 0.1 uF bypass capacitor at the inputs will
prevent noise pickup due to series lead inductance of a long
wire. A 1000 series resistor can be used to isolate this ca-
pacitor—both the R and C are pilaced outside the feedback
loop—from the output of an op amp, if used.

2.3.4 Noise

The leads to the analog inputs (pin 6 and 7) should be kept
as short as possible to minimize input noise coupling. Both
noise and undesired digital clock coupling to these inputs
can cause system errors. The source resistance for these
inputs should, in general, be kept below 5 kQ1. Larger values
of source resistance can cause undesired system noise
pickup. Input bypass capacitors, placed from the analog in-
puts to ground, will eliminate system noise pickup but can
create analog scale errors as these capacitors will average
the transient input switching currents of the A/D (see sec-
tion 2.3.1.). This scale error depends on both a large source

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

2.4 Reference Voltage

2.4.1 Span Adjust

For maximum applications flexibility, these A/Ds have been
designed to accommodate a 5 Vpg, 2.5 Vpg or an adjusted
voltage reference. This has been achneved in the design of
the IC as shown in Figurs 4.
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TL/H/S671-15
FIGURE'4, The Vrererence Design on the IC

Notice that the reference voltage for the IC is either 4 of
the voltage applied to the Vg supply pin, or is equal to the
voltage that is externally forced at the Vggp/2 pin. This al
lows for a ratiometric voltage reference using the Vg sup-
ply, a § Vpc reference voltage can be used for the Vo
supply or a voltage less than 2.5 Vg can be applied to the
VRer/2 input for increased application flexibility. The inter:
nal gain to the Vrer/2 input is 2, making the full-scale differ-
ential input voltage twice the voitage at pin 9. -

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

2-34



T T ST SRS T it i eI S N R o W ST G e T

S T T TR PRI TV e e e el et e ammowerswoerrs e

Functional Description (continued)

*Add it VRgp/2 € 1 Vg with LM358

to draw 3 mA to ground.
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a) Analog Input Signal Example

a5V
ZERO-SHI.

o._.__" Vinied

A 3
Vaeen2
7
Vix-)
AN
S 15 Vpgl
b +
>
oc 15Vpe 4 4t < .
T AR ”"”’“T’“' b4
ans ADJ _]L
= =

TUH/S671-16

b) Accommodating an Analog lnput from

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

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

2.4.2 Reference Accuracy Requirements

The converter can be operated in a ratiometric mode or an
absolute mode: In ratiometric converter appiications, the
magnitude of the reference voltage is a factor in both the
output of the source transducer and the output of the A/D
converter and therefore cancels out in the final digital output
code. The ADC0805 is specified particutarly for use in ratio-
metric applications with no adjustments required. In abso-
lute conversion applications, both the initial value and the
temperature stability of the reference voltage are important
factors in the accuracy of the A/D converter. For Vpeg/2
voltages of 2.4 Vpc nominal value, initial eors of +10
mVpe will cause conversion errors of =1 LS8 due to the
gain of 2 of the Vrer/2-input. In reduced span applications,
the initial value and the stability of the Vrer/2 input voitage
become even more important, For example, if thé span is
reduced to 2.5V, the analog input LS8 voltage value is cor-
respondingly reduced from 20 mV (5V span) to 10 mV and
1 LSB at the Vrgr/2 input becomes 5 mV. As can be seen,
this reduces the allowed initial tolerance of the reference
voltage and requires correspondingly less absolute change
with temperature variations. Note that spans smaller than
2.5V place even tighter requirements on the initial accuracy
and stability of the reference source.

In general, the magnitude of the reference voltage will re-
quire an initial adjustment. Errors due to an improper value
of reference voitage appear as full-scale errors in the A/D
transfer function. IC voltage regulators may be used for ref-
erences if the ambient temperature changes are not exces-
sive. The LM3368 2.5V IC reference diode (from National
Semiconductor) has a temperature stability of 1.8 mV typ
(6 mV max) over 0°C<Ta< +70°C. Other temperature
range parts are also available.

2.5 Errors and Reference Voitage Adjustments

2.5.1Zero Error .

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

The zero error of the A/D converter relates to the location
of the first riser of the transfer function and can be mea-
sured by grounding the Viy (—) input and applying a small
magnitude positive voltage to the Vi (+) input. Zero error
is the ditference between the actual DC input voitage that is
necessary to just cause an output digital code transition
from 0000 0000 to 0000 0001 and the ideal 4 LSB value
(2 LS8 = 9.8 mV for Vger/2=2.500 Vpc).

2.5.2 Full-Scale

The full-scale adjustment can be made by applying a differ-
ential input voltage that is 1Y, LSB less than the desired
analog full-scale voitage range and then adjusting the mag-
nitude of the VRgr/2 input (pin 8 or the Vg supply if pin 9 is
not used) for a digital output code that is just changing from
1111 1110 to 1111 1111,
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

Functional Description (continued)

2.5.3 Adjusting for an Arbitrary Analog input Voltage
Range
If the analog zero voltage of the A/D is shifted away from
ground (for example, to accommodate an analog input sig-
nal that does not go to ground) this new zero reference
should be properly adjusted first. A Vp( +) voltage that
equals this desired zero reference plus > LSB {where the
LSB is calculated for the desired analog span, 1 LSB=ana-
log span/256) is applied to pin 6 and the zero reference
voltage at pin 7 should then be adjusted to just obtain the
00pgx to Otyex code transition.
The full-scale adjustment should then be made (with the
proper Vin(—) voltage applied) by forcing a voltage to the
Vin(+) input which is given by:

=V
Vin{+)fs adj = vMAx_Ls[%ﬂN_)],

where:
Vmax = The high end of the analog input range
and

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

The VReg/2 (or Vcg) voltage is then adjusted to provide a
code change from FEyex 10 FFex. This completes the ad-
justment procedure.

2.6 Clocking Option

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

U
CLKA
18 :
< fof i o ————
R CLK=11RC
CLK IN R=10 k)
P &o—lb—»m
=
l Ao
TLH/SET1-17

FIGURE 6. Selt-Clocking the A/D

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

2.7 Restart During a Conversion

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

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

2.8 Continuous Conversions

For operation in the free-running mode an initializing pulse-

should be used, following power-up, to ensure circuit opera-
tion: In this application, the T3 input is grounded and the
WR input is tied to the TNTR output. This WH and INTE
nods should be momentarily forced to logic low following a
power-up cycle to guarantee operation.

2.9 Driving the Data Bus

This MOS A/D, like MOS microprocessors and memories,
will require a bus driver when the total capacitance of the
data bus gets large. Other circuitry, which is tied to the data
bus, will add o the total capacitive loading, even in TRI-
STATE (high impedance mode). Backplane bussing also
greatly adds to the stray capacitance of the data bus,

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

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

Finally, if time is short and capacitive loading is high, exter-
nal bus drivers must be used. These can be TRI-STATE
butfers (low power Schottky such as the DM74LS240 series
is recommended) or special higher drive current products
which are designed as bus drivers. High current bipolar bus
drivers with PNP inputs are recommended.

2.10 Power Supplies

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

2.11 Wiring and Hook-Up Precautions-

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

A single point analog ground that is separate from the logic
ground points should be used. The power supply bypass
capacitor and the self-clocking capacitor (if used) should
both be returned to digital ground. Any VRer/2 bypass ca-
pacitors, analog input filter capacitors, or input signal shield-
ing should be returned to the analog ground point. A test for
proper grounding is to measure the zero error of the A/D
converter. Zero errors in excess of %4 LS8 can usually be
traced to improper board layout and wiring (see section
2.5.1 for measuring the zero error).

3.0 TESTING THE A/D CONVERTER

There are many degrees of complexity associated with test-
ing an A/D converter. One of the simplest tests is to apply a
known analog input voltage to the converter and use LEDs
to display the resulting digital output code as shown in Fig-
ure 7.

For ease of testing, the Vrgr/2 (pin 9) should be supplied
with 2.560 Vpc and a Vg supply voltage of 5.12 Vgo
should be used. This provides an LSB value of 20 mV.

If a full-scale adjustment is to be made, an analog input
voltage of 5.090 Vpc (5.120-1%4 LSB) should be applied to
the Vin(+) pin with the Vin(—) pin grounded. The value of
the VRer/2 input voitage should then be adjusted untit the
digital output code is just changing from 1111 1110 to 1111
1111. This value of Vger/2 should then be used for all the
tests.

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

VRer/2 = 2,560V) can be determined. For example, for an
output LED display of 1011 0110 or 86 (in hex), the voltage
values from the table are 3.520 + 0.120 or 3.640 Vpc.
These voltage values represent the center-values of a per-
fect A/D converter. The effacts of quantization error have to
be accounted for in the interpretation of the test results.

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

A basic A/D tester that uses a DAC and provides the error
as an analog output voltage is shown in Figure 8. The 2 op
amps can be eliminated if a fab DVM with a numerical sub-
traction feature is available to read the difference voltage,
“A-C", directly. The analog input voltage can be supplied
by a low frequency ramp generator and an X-Y plotter can
be used to provide analog error (Y axis) versus analog input
(X axis).

For operation with a microprocessor or a computer-based
test system, it is more convenient to present the errors digi-
tally. This can be done with the circuit of Figure 9, where the
output code transitions can be detected as the 10-bit DAC is
incremented. This provides /4 LS8 steps for the 8-bit A/D
under test. If the results of this test are automatically plotted
with the analog input on the X axis and the error (in LSB's)
as the Y axis, a useful transfer function of the A/D under
test resuits. For acceptance testing, the plot is not neces-
sary and the testing speed can be increased by establishing
internal limits on the allowed error for each code.

4.0 MICROPROCESSOR INTERFACING

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

4.1 Interfacing 8080 Microprocessor Derivatives (8048,
8085)

This converter has been designed to directly interface with
derivatives of the 8080 microprocessor. The A/D can be
mapped into memory space (using standard memory ad-
dress decoding for CS and the MEMR and MEMW strobes)
or it can be controlled as an 1/0 device by using the I7O R
and [7O'W strobes and decoding the address bits A0 —»
A7 (or address bits AB —> A15 as they will contain the
same 8-bit address information) to obtain the CS input. Us-
ing the 1/O space provides 256 additional addresses and
may allow a simpler 8-bit address decoder but the data can
only be input to the accumulator. To make use of the addi-
tional memory reference instructions, the A/D should be
mapped into memory space. An example of an A/D in I/0
space is shown in Figure 10.
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ADCO0801/ADC0802/ADC0803/ADC0804/ADC0805

Functional Description (continued)

ANALOG INPUT
VOLTAGE

8817
A/D
UNDER TEST

180X ANALOG

ERROR VOLTAGE

FIGURE 8. A/D Tester with Analog Error Output

DIGITAL
INPUT

DACI000
1s-ar
Dac

VanaLog
TEST

A/D UNOER

DIGITAL
1 oUTPUT

VANALOG OUTPUT

TLIH/SE71-19
FIGURE 9. Basic “Digital”” A/D Tester
TABLE {. DECODING THE DIGITAL OUTPUT LEDs
OUTPUT VOLTAGE
FRACTIONAL BINARY VALUE FOR CENTER VALUES
HEX BINARY WITH
VRep/2=2.560 Vpc
MS GROUP LS GROUP VMS GROUP* | VLS GROU!
F 11 1 1 15/16 15/256 4.800 0.300
E 1 1 1 0 7/8 7/128 4.480 0.280
o} 11 0 1 13716 13/256 4.160 0.260
C 1 1 0 0 374 3/64 3.840 0.240
B 1t 0 1t 1 11/16 11/256 3.520 0.220
A t 0 t 0 5/8 5/128 3.200 0.200
9 1 0 0 1 9/16 9/256 2/880 0.180
8 1 0 0 0] 1/2 1/32 2/560 0.160
7 o 1 1t 1 7/18 7/256 2.240 0.140
8 o t 1 0 3/8 3/128 1.920 0.120
5 o 1t 0 1 5/16 2/256 1.600 0.100
4 0 1 o} 0 1/4 1/64 1/280 0.080
3 o 0 1 1 3/16 3/256 0.960 0.060
2 0o 0 1 0 1/8 1/128 0.640 0.040
1 o 0 0 1 1/16 1/256 0.320 0.020
0 ¢ 06 0 O 0 0
*Display Output=VYMS Group + VLS Group
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Functional Description (Continued)

0038 C30003 RST 7:

* * -

* L ] 'y
0100 21 00 02° START:
0103 310004 RETURN :
0106 7D
0lo7 FE OF
0109 CAl1301
0loC D3EO
0l0E FB
010F 00 LOOP:
0110 C30F 01
0113 . CONT :.

. L ] L]

. . {User program to

] . process data)

L] L] e

- L] L ]
0300 DBEO LD DATA:
0302 77
0303 23
0304 C30301

— INT (14}
< 7UWR q7*
! — 4 ITOWD 251°
0%
A
1 kil | +
78 W Vee »;l—osv 10uF
e b i m C__D
oW o8 ~—p 0e3 (131°
p cLin 081 —————o‘ ost (1e*
T a0 it (T EER—— LU
ANALOG 7 Yine) 083 >0 o
IIPUTS& T Visei-} 084 ———.—_’ oBa(5®
!saaiL—,_ AGND nes —.——_.._.; o8s (18*
e O Vper2 un‘———————-—» 088 20*
oGaD nlr————b osr(m*
sv
o]
ouT Vee
5 e ¢ AO15 08
TR B e AD'14 {39)
bt oery 5 < AD12 33}
At COMPARATOR B gt AO12037)
n ] < AD13 (48)
] 80— ¢ ADIR (Y}
8 77

TL/H/5671-20

Note 1: “Pin numbers for the DP8228 system controller, others are INSB080A,

Note 2: Pin 23 of the INS8228 must be tied to +12V through a 1 kQ resistor to generate the RST 7
instruction when an interrupt is acknowledged as required by the accompanying sample program,

FIGURE 10. ADC0801-INS8080A CPU interface

SAMPLE PROGRAM FOR FIGURE 10 ADC0801-INS8080A CPU INTERFACE

IMP LD DATA
LXI H 02008 s HL pair will point to
;data storage locations

LXI SP 0400H s Initialize stack pointer (Note l)
MOVA, L ; Test # of bytes entered
CPIOFH ;If4=16. IMP to
JZ CONT ;user program
OUTEOH ;s Start A/D
EX ; Enable interrupt
NOP ; Loopuntil end of
JMP LOOP ; conversion

L]

L]

*

*

-

L]
INEOH s Load data into accumulator
MOV N, A : Store data
INXH ; Increment storage pointer
JMP RETURN

Note 1: The stack pointer must be dimensioned because a RST 7 instruction pushes the PC onto the stack.

Note 2: Al address used were arbitrandy chosan,

2-39
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

Functional Description (Continued)

The standard control bus signals of the 8080 C3, RD and
WR) can be directly wired to the digital control inputs of the
A/D and the bus timing requirements are met to allow both
starting the converter and outputting the data onto the data
bus. A bus driver should be used for larger microprocessor

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

must drive capacitive loads larger than 100 pF. . .

4.1.1 Sample 8080A CPU Interfacing Circultry and:
Program

The following sample program and associated hardware
shown in Figure 10 may be used to input data from the
convertar to the INS8080A CPU chip set (comprised of the
INS8080A microprocessor, the INS8228 system controtier
and the INS8224 clock generator). For simplicity, the A/D is
controlled as an /0 devics, specifically an 8-bit bi-direction-
al port located at an arbitrarily chosen port address,.EQ. The
TRI-STATE output capability of the A/D eliminates the need
for a peripheral interface device, however address decoding
is still required to generate the appropriate TS for the con-
verter.

It is important to note that in systems where the A/D con-
verter is 1-of-8 or less 1/0 mapped devices, no address
decoding circuitry is necessary. Each of the 8 address bits
(AO to A7) can be directly used as TS inputs—one for each
170 device.

4.1.2 INS8048 Interface

The INS8048 interface technique with the ADC0801 series
(see Figure 171} is simpler than the 8080A CPU interface.
There are 24 1/0 lines and three test input lines in the 8048.
With these extra I/0 lines available, one of the 1/0 lings (bit
0 of port 1) is used as the chip select signal to the A/D, thus
eliminating the use of an extemnal address decoder. Sus
control signals RD, WR and INT of the 8048 are tied directly
to the A/D. The 16 converted data words are stored at on-
chip RAM locations.from 20 to 2F (Hex). The RD and WR
signals are generated by reading from and writing into a
dummy address, respectively. A sample interface program
is shown below.

{«w
vee

I~

T“ _h §vge

»
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-

23344 33

INSIMS 037

Ve T 10af

ADTINT

EEE

TR

CLKin

AGND

Vsg

_El

s

Yigir
Vit

.:l

TL/H/5671-21

FIGURE 11. INS8048 Interface
SAMPLE PROGRAM FOR FIGURE 71INS8048 INTERFACE

04 10 JMP
- ORG
04 50 JMP
ORG
99 FE ANL
81 - MOVX
8901 START: ORL
B8 20 Mov
B9 FF MOV
BA 10 MOV
23 FF AGAIN: MOV
99 FE ANL
91 MOVX
05 EN
96 21 LOOP: JNZ
EA1B DJINZ
00 NOP
00 NOP
ORG
81 INDATA: MOVX
AOQ MoV
18 INC
8901 ORL
27 CLR
93 RETR

108 : Program starts at addr 10
3H
S0H ; Interrupt jump vector
10H ; Main progran
P11, #0FEH ; Chip select
A, @Rl ; Read in the 1st data
;toreset the intr
?1, #1 s Set port pinhigh
RO, #20H ; Data address
R1l, #0FFH ; Dunmy address
R2, #10H ; Counter for 16 bytes.
A, #0FFH ; Set ACC for intr loop
Pl, #0FEH ; Send CS' (bit 0 o P1)
@R1, A ; Send WR out
I ; Enable interrupt
LooOP ;Wait for interrupt
R2, AGAIN :If16bytes are read
1 80 touser's program
SOH.
A, @R1 ; Input data, CSstill.low
@RO, A ;Store inmemory
RO s Increment storage counter
Pl, #1 ; Reset CS signal
A s Clear ACC to get out of

; the interrupt loop

2-40
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Functional Description (continueq)

4.2 Interfacing the Z-80

The Z-80 control bus is slightly different from that of the
8080. General RD and WR strobes are provided and sepa-
rate memory request, MREQ, and 1/0 request; TORQ, sig-
nals are used which have to be combined with the general-
ized strobes to provide the equivalent 8080 signals. An ad-
vantage of operating the A/D in 1/0 space with the Z2-80 is
that the CPU will automatically insert one wait state (the RD
and WR strobes are extended one clock period) to allow

Tddiod

£

PRI 1YY WP

more time for the 1/0 devices ta respond. Logic to map the
A/D in I/O space is shown in Figure 13.

L1 As 2 \J
RS A -
Wl
L]
vt TL/H5671-23

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

Additional I/O advantages exist as software DMA routines
are available and use can be made of the output data trans-
fer which exists on the upper 8 address lines (A8 to A15)
during 1/0 input. instructions. For example, MUX' channel
selection for the A/D can be accomplished with this operat-
ing mode.

4.3 Intertacing 6800 Microprocessor Derivatives
(6502, etc.)

The control bus for the 6800 microprocessor derivatives
does not use the RD and WR strobe signals. Instead it em-
ploys a single R/W line and additional timing, if needed, can
be derived fom the ¢$2 clock. All I/0 devices are memory
mapped in the 6800 system, and a special signal, VMA,
indicates that the current address is valid. Figure 14 shows
an interface schematic where the A/D is memory mapped in

the 6800 system. For simplicity, the CS decoding is shown -
using %, DM8092. Note that in many 6800 systems, an al-

ready decoded 475 line is brought out to the common bus at
pin 21. This can be tied directly to the TS pin of the A/D,
provided that no other devices are addressed at HX ADDR:
4XXX or 5XXX. .

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

In Figure 15 the ADC0801 series is interfaced to the M6800
microprocessor through (the arbitrarily chosen) Port B of the
MC6820. or MC6821 Peripheral Interface Adapter, (PIA).
Here the TS pin of the A/D is grounded since the PIA is
already memory mapped in the M8800 system and no TS
decoding is necessary. Also notice that the A/D output data
lines are connected to the microprocessor bus under pro-
gram control through the PIA and therefore the A/D RD pin
can be grounded. ’

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

5.0 GENERAL APPLICATIONS

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

5.1 Muitiple ADC0801 Series to MC6800 CPU Interface

To transfer analog data from several channels to a single
microprocessor system, a multiple converter scheme pre-
sents several advantages over the conventional multiplexer
single-converter approach. With the ADC0801 series, the
differential inputs allow individual span adjustment for each
channel. Furthermore, all analog input channels are sensed
simultaneously, which essentially divides the microproces-
sor's total system servicing time by the number of channels,
since all conversions occur simultaneousty. This scheme is

L . .

shown in Figure 16.

» T wliore
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Note 1: Numbars in parentheses refer to MCEB00 CPU pin out.

Note 2 Number or letters in brackets refer 10 standard M6800 system common bus code.
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{ FIGURE 14. ADC0801-MC6800 CPU Interface
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Functional Description (Continued)

0010
0012
0015
0018
001B
001C
001D
001F
0022
0024-
0027
0028
0024
002C
0028
0031
0033
0034

0038
0038
003B
003D
003F

Note 1: In order for the microprocessor o service subroutines and interrupts, the stack pointer must be

SAMPLE PROGRAM FOR FIGURE 14 ADC0801-MC6800 CPU INTERFACE

DF 36
CEOO 2C
FFFFF8
375000
OE

3E

DE 34
8C 02 OF
2714
B7 50 00
08

DF 34
20 FO
DE 34
B6 50 00
A700
3B
0200

00 00
CE 0200
DF 34
DE 36

39

DATAIN

CONVRT

INTRPT

TEMPL

TEMPZ

ENDP

SIX
Lpx
STX
STAA
CLI
WAL
DX
CPX
BEQ
STAA
INX
SIX
BRA
LDX
LDAA
STAA
RTI
FDB

FDB
LDX
STX
LDX
RIS

e

0

TEMP2
#$002C
$FFF8

$5000-

TEMP1
#S020F
ENDP
$5000

TEMP1
CONVRT
TEMPL
$5000
X

$0200

30000
#$0200
TEMPL
TEMP2

; Save contents of X
H Uponm low CPU

: Jumps to 002C

; Start ADCOS0L.

s Wait for interrupt

: Is final data stored?

; Restarts ADCO80L

; Read data

;Store itatX

: Starting address-for
; data storage

sReinitialize TEMPL

.

; Return from subroutine

; Touser's program
dimensioned in the user's program,

PA

1
LIN PP
A 19
< c82
- 10%
AAA—
'q 3 >l vee 20 o sv
3o I ccnf
i Lo W - peg LN P19
4 17 1
CLKIN " P p81
LIS 11 3 oez - :;% rez
§
ANALOG O Vine) 083 ” ~p1{r83
INPUTS O Ldviney 084 :: By lrm
o 1
- : AGND . osp 1:: pes
[
T om— Ve ose " n: (11
D GXD 087 »1r87
/}7 = - T

FIGURE 15. ADC0801-MC§820 PIA Intertace

TL/H/S671-2
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Functional Description (continued)

SAMPLE PROGRAM FOR FIGURE 15 ADC0801~MC6820 PIA INTERFACE

0010 CE 00 38~ DATAIN LDX
0013 FFFFF8 T osTX
0016 B6 80 06 LDAA
0019 4F CLRA
0014 B7 8007 STAA
001D B78006 . .. .STAA
0020 0E . - CLI
0021 C6 34 LDAB
0023 86 3D LDAA
0025 F7 8007 CONVRT =~ STAB
0028 B7 8007 STAA
0028 3E WAI
002¢ DE 40 LDX
002E 8C 02 OF cPx
0031 27 0F BEQ
0033 08 INX
0034 DF 40 STX
0036 20 ED BRA
0038 DE 40 INTRPT LDX
0034 B6 80 06. 1 LDAA
003D A7 00 STAA
003F 3B RTI
0040 0200 TEMP1 ¥DB
0042 CE 02 00 ENDP _ LDX
0045 DF 40 STX
0047 39 - RTS
PIAORB EQU
PIACRB EQU-

The following schematic and sample subroutine (DATA IN)
may be used to interface.(up to) 8 ADC0801's directly to the
MC8800 CPU. This scheme can easily be extended to aflow
the interface of more converters. In this configuration the
converters are (arbitrarily) located at HEX address 5000 in
the MC6800 memory space. To save components, the
clock signal is derived from just one RC pair on the first
converter. This output drives the other A/Ds.

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

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

#30038 ; Upon TRQ Low CPU
8?13?8 s jumps t0.0038
PIAORB ; Clear possible TRQ flags
PIACRB R -
PIAORB ; Set Port B as input
#334 -
#33D
. PIACRB _ ; Starts ADC0801
PIACRB.-
;Wait for interrupt
TEMPL
#8020F s Is final data stored?
ENDP
TEMPL
CONVRT
TEMP]1
PIAORB ; Read data in
X s StoreitatX
$0200 s Starting address for
s data storage
#$0200 ;Reinitialize TEMPL
TENP1
s Return from subroutine
$8006 ;s Touser's program
$8007

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

5.2 Auto-Zeroed Differentlal Transducer Ampiifier
and A/D Converter

The differential inputs of the ADC0801 series eliminate the
need to perform a differential to single ended conversion for
a differential transducer. Thus, one op amp can be eliminat-
ed since the differential to single ended conversion is pro-
vided by the differential input of the ADC0801 series: In gen-
eral, a transducer preamp is required to take advantage of
the full A/D converter input dynamic range.

2-43
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Functional Description (continueq)
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Note 2z Numbers of letters in brackets refer to standard M6800 system common bus code. TUL/H/S

FIGURE 16. Intertacing Multiple A/Ds in an MC6300 System-
SAMPLE PROGRAM FOR FIGURE 16 INTERFACING MULTIPLE A/DsIN AN MC6800 SYSTEM-

ADDRESS HEX CODE MNEMONICS COMMENTS.

0010 ’ DF 44 DATAIN STX TEMP 1 Save ContentsorX

ooz CE0024 . LpX #30024 : Upon TRQ LOW CPU

0015 FFFF F8. STX SFFF8 ; Jumps to 0024

0018 B7 5000 . STAA 35000 ; StartsallA/D’'s

001B QE- CLI

001C 3E WAL ;Wait for interrupt
001D CES000 LDX #35000

0020 DF 40 STX INDEXY s Reset both INDEX

0022 CE0200 LDX #30200 ;land2tostarting
0025 DF 42 STX INDEX2 ; addresses

0027 DE 44 LDX TEMP

0029 39 RTS ;Return from subroutine
0024 DE 40 INTRPT LDX INDEX1 s INDEX1 — X

002C 46 00 LDAA X ; Read data in fromA/Dat X
002E 08 INX ; Increment X by one

002F DF 40 - STX INDEX1 ;X — INDEX1

0031 CE 42 LDX INDEX2 ; INDEX2 — X

2-44
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SAMPLE PROGRAM FOR FIGURE 16 INTERFACING MULTIPLE A/Ds IN AN MC6800 SYSTEM

{

1

ADDRESS _HEX CODE MNEMONICS
0033 “A7 00 STAA
0035 8C 6207 . CPX
0038 2708 BEQ
0034 08 INX
003B DF 42 STX -
003D 20 EB o ) BRA
003F 3B RETURN RTI
0040 50 00 INDEXI FDB
0042 0200 INDEX2 FDB'
0044 . 0000 TEMP FDB

COMMENTS
o ; Stare dataat X
#30207 ;Have all A/D's beenread?
RETURN : Yes: branch to RETURN
;:No: increment X by one
INDEX2 ;X — INDEX2
INTRPT : Branch to 0024
$5000 - ;Starting address for A/D
$0200 ; Starting address for data storage
$0000

Nots 1: In order for the microprocessar to service subroutines and interupts, the stack pointer must be dimensioned in the user's program.

For amplification of DC input signals, a major system error is™*
the input offset voltage of the ampiifiers. used for the
preamp. Figure 17 is a gain of 100 differential preamp
whose offset voltage errors will be cancelled by a zeroing
subroutine which is performed by the INS8080A microproc-
essor system. The totat allowable input offset voitage error
for this preamp is only 50 uV for: 4, LSB error. This' would
obviously require very precise amplifiers. The expression for
the differential output voltage of the preamp is:

2R2
Vo = [Vin(+)=Vin(-)] [1 +-E-] +

PN B M ~ o 2

SIGNAL GAIN -
2R2
(Vos, — Vosy — Vosg £ IxRx) (1 + ﬁ-)
- g O =
DC ERAOR TERM GAIN ~_

where Iy is the current through resistor Ry. All of the offset
emor terms can be cancelled by making +IxRx= Vos1 +
Voss — Vosz. This is the principle of.this auto-zeroing
scheme. e

The INSB080A uses the 3 I/O ports of an INS8255 Pro-
gramable Peripheral Interface (PP!) to control the auto zero-
ing and input data from the ADC0801 as shown in Figure 16.
The PP is programmed for basic I/O operation {mode 0)
with Port A being an input port and-Ports B and C being
output ports. Two bits of Port C are.used to altemately open
or close the 2 switches at the input of the preamp. Switch

SW1 is closed to force the preamp’s differential input to be
zero during the zeroing subroutine and then opened and
SW2 is then closed for conversion of the actual differential
input signal. Using 2 switches in this manner eliminates con-
cern for the ON resistance of the switches as they must
conduct only the input bias current of the input amplifiers.

Output Port B is used as a successive approximation regis-
ter by the 8080 and the binary scaled resistors in series with
each output bit create a D/A converter. During the zeroing
subroutine, the voltage at V increases or decreases as re-
quired to make the differential output voltage equal to zero.
This is accomplished by ensuring that the voltage at the
output of-A1 is approximately 2.5V so that a logic 1" (5V)
on any output of Port B will source current into node Vy thus
raising the voltage at Vx and making the output differential
more negative. Conversely, a logic “0" (OV) will pull’current
out of node Vx and decrease the voltage, causing-the differ-
ential output to become more positive. For the.resistor val-
ues shown; Vy can move *12 mV with a resolution of 50
wV, which will null the offset emor term to %, LS8 of full-
scale for the ADC0801. It is important that the voitage levels

- that drive the auto-zero resistors be constant. Also, for sym-

metry, a logic swing of OV to 5V is convenient. To achieve

.. this, a CMOS bufter is used for the logic output signals of

Port B and this CMCS package is powered with a stable 5V

"source. Buffer amplifier At is necessary so that it can

source or sink the DO/A output current.

§0800QV/#08000QV/£08000V/208004V/108000AV

2:45



W N O kgl

o g

T YIS Wow et e "

Mn T ey e e

ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

Functional Description (continued)
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FIGURE 17. Gain of 100 Differential Transducer Preamp
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A flow chart for the zeroing subroutine is shown in Figure
19. It must be noted that the ADC0801 series will output an
all zero code when it converts a negative input [Vin(—) 2
Vin{+)). Also, a logic inversion exists as all of the 170 ports
are buffered with inverting gates.

Basically, if the data read is zero, the differential output volt-
age is negative, so a bit in Port B is cleared to pull Vx more
negative which will make the output more positive for the
next conversion. If the data read is not zero, the output volt-
age is positive so-a bit in Port B is set to make Vx more
positive and the output more negative. This continues for 8
approximations and the differential output sventually con-
verges to within 5 mV of ‘zero.
The actual program is given in Figure 20. All addresses
used are compatible with the BLC 80/10 microcomputer
system. In particular: .

Port A and the ADC0801 are at port address E4

Port B is at port address £5

Port C is at port address E6

PPI control word port is at port address £7

Program Counter automatically goes to ADDR:3C30 upon

acknowledgement of an interrupt from the ADC0801

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

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

The key to decoding circuitry is the DM74LS373, 8-bit D
type flip-flop. When the 2-80 acknowledges the interrupt,
the program is vectored. to a data input Z-80 subroutine.
This subroutine will read a peripheral status word from the
DM741.8373 which contains the logic state of the INTR out-
puts of all the converters. Each converter which initiates an
interrupt wiil place a logic *‘0" in a unique bit position in the

status word and the subroutine will determine the identity of-

the converter and-execute a‘data read. An identifier word
{which indicates which A/D the data came from) i$ stored in
the next sequential memory focation above the location of
the data so the program can keep track of the identity of the
data entered.

OPEN SW1
CLOSE sw2

PREAMP 1S ZEROED

AND PROPER INPUT

CONVERSIONS CAN
BE DONE

STAAT ZEROING
SUSROUTINE

CLOSE swi
OPEN SW2°

INITIALIZE SAR
8iT POINTER
REGE=X"8¢

I

INITIALIZE SAR
CODE INRES C
AEEC=X7F

!

QUTPUT FIRST
SAR COOE
P X80

<+

hd

START A/D ANOD
READ DATA

NO
%
<

“OR" REG BWITH
REG CTOCLEAR
BITIN POAT B
WHEN REAPPLIED

A 4

SHIFT 1" 1J REG B
RIGHT TO POINT TO
REXT QT

!

YES

NO

“EXCLUSIVE—OR”

REG AWITHAEG C

T80 SET NEXT 84T
INPORT 3

QUTPUT NEW SAR
CODE TO PORT 8

TL/H/S671-28

FIGURE 19. Flow Chart for Auto-Zero Routine
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ADC0801/ADC0802/ADC0803/ADC0804/ ADC0805

3D00  3E90 MVI 90

3D02 D3E7 Out Control Port ; Program PPY

3D04 2601 MVIHOL Auto-Zero Subroutine

3Dos  7C MOV A,H

3D07 D3Es QUT C s Close SW) open SW2

3D09 0680 MVI B 80 ;Initialize SARbit pointer
3DOB  3E7F MVIATF ;Initializa SAR code

3DOD  4F KoV C,A Return .

3DOE  D3ES OUT B ; Port B=SAR code

3D10  314A3D LXI SP 3DAA Start ;Dimension stack pointer
3D13 D3E4 OUT A ; Start A/D .

3D15 FB IE .

3Dl6 00 NOP Loop ; Loop until INT asserted
3D17 C3163D JMP Loop

3D1A  7A MOV A,D Auto~Zero

3D1B 600 ‘ADI 0O -

3D1D CA2D3D JZSetC g i Test A/D output data for zero
3D20. 78 MOV A,B Shift B

3D21  F600 ORI 00 ; Clear carry*

D23 1F RAR ;Shift *1® inB-right ope place
3D24 FEOQO CPI 0O i IsBzero? If yes last

3D26 CA373D JZDonme s approximation has been made
3D29 47 MOV B, A

3D2A  C3333D JMPNew(

3p2D 79 MOVA,C” Set C .

SD2E B0 ORA B ;Setbit inCthat is in same
SD2F 4F MOV C,A ipositionas *l* inB

3D30 C3203D JMP Shift B -
3D33 A9 XRAC NewC i Clear bit inCthat 1s in
3D34 C30D3D JMP Return ; Seme positionas *1* {n 3B
3037 47 MOV B,A Done ; then cutput new SAR code.
3D38 7¢ MOV ALH ; Open SW1, close SW2 then
3D39 EE03 -XR1 03 s proceed with program. Preamp
3D3B  D3Es QUT C ; 1s now zeroed.

3D3D ] Normal

L

L ]

Program for processing

proper data values
3C3D DBE4 INA

3C3F EEFF XRI FF

3C41 57 MOVD,A"

3C42 78 MOV A,B

3C43  E6FF ANIFF

3C45 C21A3D  JNZ Auto-Zero
3C48 C33D3D  JMP Normal

Note: Al numerical values are hexadecimal representations,

Read A/D Subroutine

;Read A/D data
: Invert data

s IsBReg=0? If not stay
;imeuto zero subroutine.

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

5.3 Multiple A/D Converters In a 2-80® Interrupt Driven
Mode (Continued)

The following notes apply:

1) Itis assumed that the CPU automatically performs a RST
7 instruction when a valid interrupt is acknowiedged (CPU

with the following port assignments:

S) The peripherals of ‘concemn are mapped into 1/0O space

i87in interrupt mode 1). Hence, the subroutine starting ad- HEX POAT ADDRESS PERIPHERAL
dress of X0038. . 00 MM74C374 8-bit flip-tiop
2) The address bus fror the 2-80 and the data bus to the Z- 01 A/D1
80 are assumed to be inverted by bus drivers. 02 A/D2
3) A/D data and identifying words will be stored in sequen- 03 A/D3
tial memory locations starting at the arbitrarily chosen ad- 04 A/D 4
dress X 3£00. 05 A/DS
- 4) The stack pointer must be dimensioned in the main pro- 06 A/D§
gram as the RST 7 instruction automatically pushes the Q7 A/D7
PC onto the stack and the subroutine uses an additional This port address also serves as the A/D identitying word in
6 stack addresses. the program.

i

ro
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FIGURE 21. Muitiple A/Ds with Z-80 Type Microprocessor
INTERRUPT SERVICING SUBROUTINE -
SOURCE
LOC 0BJCODE STATEMENT 1 COMMENT
0038 E5S PUSH 8L : Save contents of all registers affected by.
0039 C5 PUSH BC :this subroutine.
003A FS PUSH AF : Assumed INT mode 1 earlier: set.
0038 21003E LD (KHL) ,X3E0CQ ; Initialize memory pointer where datawill be stored.
003E OEOl LD C, X01 ;Cregisterwill be port ADDRof A/D converters.
0040 D300 QUT X00, A ; Load peripheral status word into 8- bit latch.
0042 DBOO INA, X00 ; Load status word into accumulator.
0044 47 LDB,A ; Save the status word.
0045 79 TEST LDA,C :Test to see if the status of all A/D's have
0046 FEO8 cp, Xo8 : been checked. If so, exit subroutine
0048 CA 6000 JPZ, DONE
004B 78 LDA,B :Test asingle bit instatus word by looking for
004C 1IF RRA a*1" to be rotated into the CARRY (an INT
004D 47 LDB,A § is loadedasa ®l®). If CARRY is set then load
004E DA 5500 JPC, LOAD : contents of A/D at port ADDR inC register.
0051 OC NEXT INCC ; I CARRY is not set, increment Cregistertopoint
0052 C34500 JP,TEST : tonext A/D, then test next bit instatus word.
0055 ED78 LOAD INA, (C) : Read data from interrupting A/D and invert
0057 EEFF XOR FF ; the data.
0059 77 LD (HL) ,A ; Store the data
00SA 2C INCL
Q05B 71 LD (BLY,C :Store A/D 1dentifier (A/Dport ADDR). ..
005C 2C INCL
005D C€35100 JP,NEXT : Test next bit instatus word.
0060 1 DONE POPAF : Re-establishall registersas they were
0061 Cl POP BC ; before the interrupt.
0062 El POP HL
0063 €9 RET :Return to original program

508000V /$08020V/£0800QV/208000V/10800AY
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ADC0801/ADCQO802/ADC0803/ADC0804/ADC0805

Ordering Information

TEMP RANGE 0°C TO 70°C. 0°C TO 70°C rCTO 70°C —40°CTO +85°
+ v, Bit ADCO801LCN
Adjusted .
+ 1, Bit ADC0802LCWM - ADCO802LCV ADCO802LCN

ERROR
Unadjusted
+ 1% Bit ADCO0803LCWM ADCO0803LCV ADCO0803LCN
Adjusted - :
+18Bit ADC0804LCWM ADCO804LCV ADCO804LCN ADCOB05LCN
Unadjusted
PACKAGE OUTLINE M20B8—Small Qutline V20A—Chip Carrier N20A—Molded DIP

| 085

— 086
087 (MsS8)
- DGND

- Vrer/2

TEMP RANGE —40°CTO +85°C —55°C TO +125°C
+ 1/, Bit Adjusted ADCO0801LCJ ADCO801LJ
ERBOR % Bf( Unadjusted ADCO0802LCY ADCO802L,
+ Y, Bit Adjusted ADCO0803LCJ ADC0802LJ/883
* 1Bit Unadjusted ADC0804LCY
PACKAGE OUTLINE J20A—Cavity OIP J20A—Cavity DIP
Connection Diagrams
ADC080X ADCO080X
DuatIn-Line and Small Qutiine (SO) Packages Molded Chip Carrier (PCC) Package
ms -/
e | 20}=Ye (OR Vegr)
D2 191=CLXR
WR—3 184080 (LS8)
CAKIN—14 174081
NTR—{5 16{—~082
V(+)—s 15}—083
V(=) 47 14}—084
AGND—8 13—~08S
Veer/2—9 12{—086 zE=o g e
0GND—{10 11}—087 (sB) 5 = = ;g ]

TL/H/5671--30

See Ordering Information

TL/H/S871-3
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Features

* Compatible with MCS-51™ Products

+ 2K Bytes of Reprogrammable Flash Memory
— Endurance: 1,000 Write/Erase Cycles

2.7V to 6V Operating Range

Fully Static Operation: 0 Hz to 24 MHz

Two-Leve! Program Memory Lock

128 x 8-Bit Internal RAM

15 Programmable /O Lines

Two 16-Bit Timer/Counters

Six Interrupt Sources

Programmable Serial UART Channel

Direct LED Drive Outputs

On-Chip Analog Comparator

Low Power Idle and Power Down Modes

Description

The AT89C2051 is a low-voltage, high-performance CMOS 8-bit microcomputer with
2K Bytes of Flash programmable and erasable read only memory (PEROM). The
device is manufactured using Atmel's high density nonvolatile memory technology
and is compatible with the industry standard MCS-51™ instruction set. By combining
a versatile 8-bit CPU with Flash on a monolithic chip, the Atmel AT89C2051 is a pow-
erful microcomputer which provides a highly flexible and cost effective solution to
many embedded control applications.

The AT89C2051 provides the following standard features: 2K Bytes of Flash, 128
bytes of RAM, 15 I/O lines, two 16-bit timer/counters, a five vector two-level interrupt
architecture, a full duplex serial port, a precision analog comparator, on-chip oscillator
and clock circuitry. In addition, the AT89C2051 is designed with static logic for opera-
tion down to zero frequency and supports two software selectable power saving
modes. The Idle Mode stops the CPU while allowing the RAM, timer/counters, serial
port and interrupt system to continue functioning. The Power Down Mode saves the
RAM contents but freezes the oscillator disabling all other chip functions until the next
hardware reset.

Pin Configuration

PDIP/SOIC
-/

RST/VPP [ 1 20 [3 VCC

(RXD) P3.0 ] 2 19 0 P17

(TXD) P3.1 4 3 18 [0 P1.6

XTAL2 O 4 17 P P15

XTAL1 O 5 16 [0 P1.4

(INTO) P3.2 { 6 15 {1 P1.3

(INT1) P33 7 14 [0 P1.2
(To) P3.4 8 13 [0 P1.1 (AIN1)
(T1) P35 9 12 1 P1.0 (AIND)

GND O 10 11 P37

AIMEL

IMEL

8-Bit
Microcontroller
with 2K Bytes
Flash

AT89C2051

0368D-B-12/97
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Block Diagram

(mm e e e e e e e e e e e et e e am e e
Vee |
: RAM ADDR.
' RAM
GND ! REGISTER FLASH
= E y A

H y
. Y h 4 L
: 8 STACK PROGRAM
: ADDRESS
: REGISTER ACC POINTER REGISTER |
: v
: <—»  BUFFER [«
; T™MP2 T™P1
! l
. PC
: ALU INCREMENTER |
: INTERRUPT, SERIAL PORT,
: AND TIMER BLOCKS
A 4 PROGRAM
: PSW ; COUNTER
: 7 !
i |
: TIMING :

RST ——P  AND INSTRUCTION | ¢ h 4 » oPmR <
: ) Eaic g REGISTER [¢ y g
: A 4 y
PORT 1 PORT 3
. ANALOG LATCH LATCH
: COMPARATOR y y
' +
: 0sC h 4 A 4
; I PORT 1 DRIVERS J —bl PORT 3 DRIVERS I

B ______ V' V" ""V";- v Y Y Y Y VY ""v- ----------------------------
—[ :]. - P1.0-P1.7 P3.0-P35 P3.7
4-16 AT89C2051 ...~~~
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Pin Description

Vee

Supply voltage.
GND

Ground.

Port 1

Port 1 is an 8-bit bidirectional I/O port. Port pins P1.2 to
P1.7 provide internal pullups. P1.0 and P1.1 require exter-
nal pullups. P1.0 and P1.1 also serve as the positive input
(AINO) and the negative input (AIN1), respectively, of the
on-chip precision analog comparator. The Port 1 output
buffers can sink 20 mA and can drive LED displays directly.
When 1s are written to Port 1 pins, they can be used as
inputs. When pins P1.2 to P1.7 are used as inputs and are
externally pulled low, they will source current (I, ) because
of the internal pullups.

Port 1 also receives code data during Flash programming
and verification.

Port 3

Port 3 pins P3.0 to P3.5, P3.7 are seven bidirectional /0
pins with internal pullups. P3.6 is hard-wired as an input to
the output of the on-chip comparator and is not accessible
as a genera! purpose /O pin. The Port 3 output buffers can
sink 20 mA. When 1s are written to Port 3 pins they are
pulled high by the internal pullups and can be used as
inputs. As inputs, Port 3 pins that are externally being
pulled low will source current (1, ) because of the pullups.

Port 3 also serves the functions of various special features
of the AT89C2051 as listed below:

Port Pin Alternate Functions
P3.0 RXD (serial input port)
P3.1 TXD (serial output port)
P3.2 INTO (external interrupt 0)
P3.3 INTT (external interrupt 1)
P3.4 TO (timer 0 external input)
P3.5 T1 (timer 1 external input)

Port 3 also receives some control signals for Flash pro-
gramming and verification.

RST

Reset input. All /O pins are reset to 1s as soon as RST
goes high. Holding the RST pin high for two machine cycles
while the oscillator is running resets the device.

Each machine cycle takes 12 oscillator or clock cycles.
XTAL1 ‘

Input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2
Output from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively,
of an inverting amplifier which can be configured for use as
an on-chip oscillator, as shown in Figure 1. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTAL2 should be left
unconnected while XTAL1 is driven as shown in Figure 2.
There are no requirements on the duty cycle of the external
clock signal, since the input to the intemal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.

Figure 1. Oscillator Connections

c2
—)I——I—— XTAL2
(1
c1 T
o }—e— XrAL1
GND

Note: C1,C2 =30 pF % 10 pF for Crystals
=40 pF £ 10 pF for Ceramic Resonators

Figure 2. External Clock Drive Configuration

NC XTAL2
EXTERNAL
OSCILLATOR XTALY
SIGNAL

GND

-

AINEL 17
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Special Function Registers

A map of the on-chip memory area called the Special Func-
tion Register (SFR) space is shown in the table below.

Note that not all of the addresses are occupied, and unoc-

User software should not write 1s to these unlisted loca-
tions, since they may be used in future products to invoke
new features. In that case, the reset or inactive values of
the new bits will always be 0.

P

B e I T . i i T b TV —

™ m————r

LR TR A —

I e WP ——tvt T G v

cupied addresses may not be implemented on the chip.
Read accesses to these addresses will in general return
random data, and write accesses will have an indetermi-

nate effect.
Table 1. AT89C2051 SFR Map and Reset Values
OFgH OFFH
OFOH B OF7H
00000000
OE8H OEFH
0EOH ACC 0E7H
00000000
0D8H ODFH
0DOH PSW OD7H
00000000
0C8H . OCFH
0COH 0C7H
0BgH P 0BFH
XXX00000
0BOH P3 0B7H
11111111
0A8H IE OAFH
0XX00000
0ACH OA7H
98H SCON SBUF 9FH
00000000 XXXXXXXX
90H P1 97H
11111111
88H TCON TMOD TLO TU THO TH1 8FH
00000000 00000000 00000000 | 00000000 | 00000000 | 00000000
80H SP DPL DPH PCON 87H
00000111 00000000 00000000 0XXX0000

4-18
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Restrictions on Certain Instructions

The AT89C2051 and is an economical and cost-effective
member of Atmel's growing family of microcontrollers. It
contains 2K bytes of flash program memory. 1t is fully com-
patible with the MCS-51 architecture, and can be pro-
grammed using the MCS-51 instruction set. However,
there are a few considerations one must keep in mind when
utilizing certaini instructions to program this device.

All the instructions related to jumping or branching should
be restricted such that the destination address falls within
the physical program memory space of the device, which is
2K for the AT89C2051. This should be the responsibility of
the software programmer. For example, LUIMP 7E0H would
be a valid instruction for the AT89C2C51 {with 2K of mem-
ory), whereas LUMP 900H would not.

1. Branching instructions:

LCALL, LIJMP, ACALL, AJMP, SIMP, JMP @A+DPTR
These unconditional branching instructions will execute
correctly as long as the programmer keeps in mind that the
destination branching address must fall within the physical
boundaries of the program memory size (locations 00H to
7FFH for the 89C2051). Violating the physical space limits
may cause unknown program behavior.

CJINE [...], DUNZ[...], JB, JNB, JC, JNC, JBC, JZ, JNZ With
these conditional branching instructions the same rule
above applies. Again, violating the memory boundaries
may cause erratic execution.

For applications involving interrupts the normal interrupt
service routine address locations of the 80C51 family archi-
tecture have been preserved.

2. MOVX-related instructions, Data Memory:

The AT89C2051 contains 128 bytes of internal data mem-
ory. Thus, in the AT89C2051 the stack depth is limited to
128 bytes, the amount of available RAM. External DATA
memory access is not supported in this device, nor is exter-
nal PROGRAM memory execution. Therefore, no MOVX
[...] instructions should be included in the program.

A typical 80C51 assembler will still assemble instructions,
even if they are written in violation of the restrictions men-
tioned above. [t is the responsibility of the controller user to
know the physical features and iimitations of the device
being used and adjust the instructions used correspond-

ingly.

AlREL

Program Memory Lock Bits

On the chip are two lock bits which can be left unpro-
grammed (U) or can be programmed (P) to obtain the addi-
tional features listed in the table below:

Lock Bit Protection Modes(!)

Program Lock Bits
LB1 LB2 | Protection Type
1 U U No program lock features.
2 P U Further programming of the Flash
is disabled.
3 P P Same as mode 2, aiso verify is
disabled. |
Note: 1. The Lock Bits can only be erased with the Chip Erase
operation.
Idle Mode

In idle mode, the CPU puts itself to sleep while all the on-

* chip peripherals remain active. The mode is invoked by

software. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this
mode. The idle mode can be terminated by any enabled
interrupt or by a hardware reset.

P1.0 and P1.1 should be set to '0’ if no external pullups are
used, or set to "1’ if external pullups are used.

It should be noted that when idle is terminated by a hard-
ware reset, the device normally resumes program execu-
tion, from where it left off, up to two machine cycles before
the internal reset algorithm takes control. On-chip hardware
.inhibits access to internal RAM in this event, but access to
the port pins is not inhibited. To eliminate the possibility of
an unexpected write to a port pin when Idle is terminated by
reset, the instruction following the one that invokes Idle
should not be one that writes to a port pin or to external

memory.

Power Down Mode

In the power down mode the oscillator is stopped, and the
instruction that invokes power down is the last instruction
executed. The on-chip RAM and Special Function Regis-
ters retain their values until the power down mode is termi-
nated. The only exit from power down is a hardware reset.
Reset redefines the SFRs but does not change the on-chip
RAM. The reset should not be activated before Vg is
restored to its normal operating level and must be held
active long enough to allow the oscillator to restart and sta-
bilize.

P1.0 and P1.1 should be set to '0’ if no external pullups are
used, or set to 1’ if external pullups are used.

4-19
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Programming The Flash

The AT89C2051 is shipped with the 2K bytes of on-chip
PEROM code memory array in the erased state (i.e., con-
tents = FFH) and ready to be programmed. The code mem-
ory array is programmed one byte at a time. Once the array
/s programmed, to re-program any non-blank byte, the
entire memory array needs o be erased electrically.
Internal Address Counter: The AT89C2051 contains an
internal PEROM address counter which is always reset to
000H on the rising edge of RST and is advanced by apply-
ing a positive going pulse to pin XTAL1.

Programming Algorithm: To program the AT89C2051,
the following sequence is recommended.

1. Power-up sequence:
Apply power between V¢ and GND pins
Set RST and XTAL1 to GND

2. Set pin RST to 'H’

Set pin P3.2 to 'H’

3. Apply the appropriate combination of 'H' or 'L’ logic
levels to pins P3.3, P3.4, P3.5, P3.7 to select one of the
programming operations shown in the PEROM Pro-
gramming Modes table.

To Program and Verify the Array:

4. Apply data for Code byte at location 000H to P1.0 to
P1.7.

5. Raise RST to 12V to enable programming.

6. Pulse P3.2 once to program a byte in the PEROM array
or the lock bits. The byte-write cycle is self-timed and
typically takes 1.2 ms.

7. To verify the programmed data, lower RST from 12V to
logic 'H' level and set pins P3.3 to P3.7 to the appropiate
levels. Output data can be read at the port P1 pins.

8. To program a byte at the next address location, pulse
XTAL1 pin once to advance the internal address counter.
Apply new data to the port P1 pins.

9. Repeat steps 5 through 8, changing data and advancing
the address counter for the entire 2K bytes array or until
the end of the object file is reached.

10.Power-off sequence:
set XTAL1 to'L’
set RST to 'L’

Tum Vg power off

Data Polling: The AT89C2051 features Data Polling to
indicate the end of a write cycle. During a write cycle, an
attempted read of the last byte written will result in the com-
plement of the written data on P1.7. Once the write cycle
has been completed, true data is valid on ali outputs, and
the next cycle may begin. Data Polling may begin any time
after a write cycle has been initiated.

4-20

Ready/Busy: The Progress of byte programming can also
be monitored by the RDY/BSY output signal. Pin P3.1 is
pulled low after P3.2 goes High during programming to indi-
cate BUSY. P3.1 is pulled High again when programming is
done to indicate READY.
Program Verify: If lock bits LB1 and LB2 have not been
programmed code data can be read back via the data lines
for verification:
1. Reset the internal address counter to 000H by bringing
RST from 'L to 'H'.
2. Apply the appropriate control signals for Read Code data
and read the output data at the port P1 pins.
3. Pulse pin XTAL1 once to advance the internal address
counter.
4. Read the next code data byte at the port P1 pins.
5. Repeat steps 3 and 4 until the entire array is read.
The lock bits cannot be verified directly. Verification of the
lock bits is achieved by observing that their features are
enabled.
Chip Erase: The entire PEROM array (2K bytes) and the
two Lock Bits are erased electrically by using the proper
combination of control signals and by holding P3.2 low for
10 ms. The code array is written with all “1”s in the Chip
Erase operation and must be executed before any non-
blank memory byte can be re-programmed.
Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 000H, 001H, and 002H, except that P3.5 and
P3.7 must be pulled to a logic low. The values returned are
as follows.
(000H) = 1EH indicates manufactured by Atmel
(001H) = 21H indicates 89C2051

Programming Interface

Every code byte in the Flash array can be written and the
entire array can be erased by using the appropriate combi-
nation of control signals. The write operation cycle is self-
timed and once initiated, will automatically time itself to

completion. ’ )
All major programming vendors offer worldwide support for
the Atmel microcontroller series. Please contact your local
programming vendor for the appropriate software revision.

AT89C2051 muess——
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Flash Programming Modes

Mode RST/VPP P3.2/PROG P3.3 P3.4 P3.5 P3.7
Write Code Data(\® 12v L H H H
~
Read Code Data(" H H L L H H
Write Lock Bit- 1 12v H H H H
~_
Bit-2 12v H H L L
~_
Chip Erase 12v @ H L L L
V
Read Signature Byte H H L L L L

Notes: 1.

XTAL 1 pin.
2. Chip Erase requires a 10-ms PROG pulse.
3. P3.1is pulled Low during programming to indicate RDY/BSY,

Figure 3. Programming the Flash Memory

5V
AT89C2051 ]'
RDY/BSY <—— P3.1 Vee
TTaTe PGM
PROG  ——» P32 P1 A
—» P33
SEE FLASH — »| P34
PROGRAMMING
MODES TABLE | ——» P35
—»| P37
[T —* XTAL1 RST [&—— V, V.
TO INCREMENT GND
ADDRESS COUNTER

llll

Figure 4. Verifying the Flash Memory

SEE FLASH
PROGRAMMING
MODES TABLE

ATmEL

AT89C2051

Vi, —» P32
——>» P33
——p P34
-———»{ P35
—>» P37

l —» XTAL1

P1

The internal PEROM address counter is reset to 000H on the rising edge of RST and is advanced by a positive pulse at

5V

w) ]

PGM
DATA

RST [¢—— V,,

f GND
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Flash Programming and Verification Characteristics
Ta =0°C 10 70°C, Ve = 5.0  10%

Symbol Parameter Min Max Units
Vpp Programming Enable Voltage 115 12,5 \Y
lpp Programming Enable Current 250 HA
tovaL Data Setup to PROG Low 1.0 s
tGHDX Data Hold After PROG 1.0 us
teHsH P3.4 (ENABLE) High to Vpp 1.0 s
tsHaL Vpp Setup to PROG Low 10 us
taHsL Vpp Hold After PROG 10 us
taLgH PROG Width 1 110 us
teLav ENABLE Low to Data Valid 1.0 ps
tenaz Data Fioat After ENABLE 0 1.0 us
taHBL PROG High to BUSY Low 50 ns
twe Byte Write Cycle Time 2.0 ms
taHH RDY/BSY\ to Increment Glock Delay 1.0 Us
tiiL Increment Clock High 200 ns
Note: 1. Only used in 12-volt programming mode.
Flash Programming and Verification Waveforms
PORT 1 i DATA IN k_’r\l’_ﬁe\mou-r b
[:' tovar  torox
P32
(PROG)
RST
(Vep)
P3.4 I
(EI:;\EL—E) tareL —*
(RDY/BSY) BUSY READY
- MG €t
XTAL1 Bun
(INCREMENT
ADDRESS)
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Absolute Maximum Ratings*

Operating Temperature .......c..cceeeercccsnsenes -55°C to +125°C
Storage Temperature .......oeeererncesveinsiesensenses -65°C to +150°C

Voltage on Any Pin

*NOTICE:

Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions beyond those indicated in the

with Respect to Ground ........ceeevisceervnecieininens -1.0Vto +7.0V operational sections of this specification is not
implied. Exposure to absolute maximum rating
Maximum Operating Voltage.........ocecoveeveiineevnieninnccnene 6.6V conditions for extended periods may affect device
reliability.
DC Output CUITENL. ..ottt e 25.0 mA
DC Characteristics
Ty = -40°C to 85°C, V¢ = 2.0V to 6.0V {unless otherwise noted)
Symbol Parameter Condition Min Max Units
Vi Input Low Voltage -0.5 0.2Vgg-0.1 \
Vi Input High Voltage (Except XTAL1, RST) 0.2Vec+0.9 Vec +05 \
Vint Input High Voltage (XTAL1, RST) 0.7 Ve Vee + 0.5 \%
VoL Output Low Voltage(") loL =20 mA, Ve =5V 0.5 Y
(Ports 1, 3) loL=10mA, Vgo =27V
VoH Output High Voltage loy =-80 A, Ve =5V £ 10% 24 \
(g, 3) lop = -30 A 0.75 Voo v
IOH = '12 [.lA 09 VCC V
I Logical O Input Current Vin = 0.45V -50 LA
(Ports 1, 3)
I Logical 1 to 0 Transition Current | Viy =2V, Voo =5V £ 10% -750 pA
(Ports 1, 3)
Iy Input Leakage Current 0<Viy<Veo +10 uA
(Port P1.0, P1.1)
Vos Comparator Input Offset Voltage | Voo =5V 20 mV
Veum Comparator input Common 0 Vee \
Mode Voltage
RRST Reset Pulldown Resistor 50 300 KQ
Cio Pin Capacitance Test Freq. = 1 MHz, Ty = 25°C 10 pF
lec Power Supply Current Active Mode, 12 MHz, V¢ = 6V/3V 15/5.5 mA
Idle Mode, 12 MHz, V¢ = 6V/3V 5N mA
P1.0&P1.1=0VorVge
Power Down Mode( Ve =6V P1.0& P1.1 =0V or Vgg 100 A
Ve =3VP1.0&P1.1 =0V or Vg 20 pA
Notes: 1. Under steady state (non-transient) conditions, I must be externally limited as follows:

Maximum |l per port pin: 20 mA

Maximum total i for all output pins: 80 mA
If 1o, exceeds the test condition, Vo may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions.

2. Minimum V¢ for Power Down is 2V.

AlMEL
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External Clock Drive Waveforms

0.45V

External Clock Drive

AmEL

terex
— touc

Symbol Parameter Vge = 2.7V to 6.0V Ve = 4.0V to 6.0V Units
Min . Max Min Max

ool Oscillator Frequency 0 12 0 24 MHz

lcLel Clock Period 83.3 416 ns

teHex High Time 30 15 ns

teLex Low Time 30 15 ns

toLcH Rise Time 20 20 ns

teHeL Fall Time 20 20 ns

4-24 AT89C2051 muse e ——————————
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Serial Port Timing: Shift Register Mode Test Conditions
(Vee = 5.0V + 20%; Load Capacitance = 80 pF)

Symbol Parameter 12 MHz Osc Variable Oscillator Units
Min "Max Min Max

txt Serial-Port Clock Cycle Time 1.0 12tc oL us

tavxH Output Data Setup to Clock Rising Edge 700 10tg e -133 ns

txrHox Output Data Hold After Clock Rising Edge 50 2toLe-117 ns

txHDX Input Datd Hold After Clock Rising Edge 0 0 ns

txHDV Clock Risihg Edge to Input Data Valid 700 10tg g -133 ns

Shift Register Mode Timing Waveforms

INSTRUCTION [ o] | 1 [ 2 I 3 [ 4 | 5 | 6 i 7 | 8 |
ALE L]
}“—’txm_
CLOCK ti (SLCED 1 W\ W
QVXH re >
——> |<— tXHLX'
WRITE TO SBUF 0 [ X 1 [ X 2 X 3 X 4 X 58 X 8 X 7
; — ‘
OUTPUT DATA txrow [+ [+ torox sermt
. CLEARRI |
v
INPUT DATA

AC Testing Input/Output Waveforms(")  Float Waveforms(!)

V., - 01V

0.1V
. oL

Vo - 0.8V

0.2 Vcc + 0.9V VLOAD
TEST POINTS

0.2 Vg - 0.1V

Timing Reference
Points

LOAD

OL+ 0.1V

0.45V Viomo

Note: 1. AC Inputs during testing are driven at V¢ - 0.5V for Note: 1. Fortiming purposes, a port pin is no longer float-
a logic 1 and 0.45V for a logic 0. Timing measure- ing when a 100 mV change from load voltage
ments are made at V) min. for a logic 1 and Vy_ occurs. A port pin begins to float when 100 mV
max. for a logic 0. change frothe loaded Vouy/Vo level occurs.

AlMEL 425
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Notes:
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AT89C2051
TYPICAL ICC - ACTIVE (85°C)
20
Vce=6.0V
i 15 /
¢ T veesov_| —|
€ 10
L Vee=3.0V
m
A 5
[E—
[—
0
0 6 12 18 24
FREQUENCY (MHz)
AT89C2051
TYPICAL ICC - IDLE (85°C)
3
Vee=6.0V
I L]
2
¢ Vee=5.0V L e—
c L
[
m 1
A . ///_-
L/'T/ Vee=3.0V
0
() 3 6 9 12
FREQUENCY (MH2)
AT89C2051
TYPICAL ICC vs.VOLTAGE- POWER DOWN (85°C)
20
1 15 /
(o]
€ 10
H
0
3.0V 4.0V 5.0V 6.0V
Vee VOLTAGE

1. XTAL1 tied to GND for Ig¢ (power down)

2. P10and P11 =VcorGND
3. Lock bits programmed

AT89C2051 m—esre———————————
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Ordering Information

Speed Power
(MHz) Supply Ordering Code Package Operation Range
12 2.7Vto 6.0V AT89C2051-12PC 20P3 Commercial
AT89C2051-12SC 20S (0°C to 70°C)
AT89C2051-12PI 20P3 Industrial
AT89C2051-12SI 20S (-40°C to 85°C)
AT89C2051-12PA 20P3 Automotive
AT89C2051-125A 20S (-40°C to 105°C)
24 4.0V to 6.0V AT89C2051-24PC 20P3 Commercial
AT89C2051-24SC 20S (0°C to 70°C)
AT83C2051-24P| 20P3 Industrial
AT89C2051-24S| 208 (-40°C to 85°C)
Package Type
20P3 20 Lead, 0.300” Wide, Plastic Dual In-line Package (PDIP)
20S 20 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC)

AlMEL
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[1] Ioan D. Landan , “System Identification and Control Design,” Prentice Hall , 1990.
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