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Abstract

This special projeot is the study of intensity deteotion. An intensity
measuring device is made and used to measure transmitied light intensities with
various filters. The devies contains two main parts ; & light transmitter and reoeiver
oirouits. In the transmitter part, a green LED is used ; while , is the receiver part,
a photo transistor , efficiently active in & visible region, is employed. Once the
light omitted from the light source has been ocaptursd by the detestor , the optieal
signal is then changed converted into a corresponding voltage form and
subsequently amplified for further proeesses . The amplified signal is then
transformed to its digital form which can be digitally processed by a 8031
microcontroller and numerically displayed on an LCD for a convenient

demonstration
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2.5 aidaafuusindnvvh

uunsiand B diiiat urafhidudisnounilwesmdnasumivin
AuasTudurnassef 19 Afudr uenenuasinmeainudadadndunsinin e
atee AUSAAI8 1Y infrared LAT ultraviolet éq{qﬁﬁ’mamdwﬁﬁagﬁun’auwﬁwm
snafiusennefindasn  Hem SelRAguidiilnduuinia imaneduingsgday
ugadrudnine it Wihifvsdaudesinie udaungomnaifendiennnsundu
man i digtuiiinsudud e dnasuudinin ihdssneudastasmandeg
AhannRaAdssng 10 dannndt 107 §fn adumindn imeedundeufilueane
Faemauta 186,000 ud sedutd wievhAy 3+10° wmsAeSR ArILEIYRAUVEIRdY
uiindn TeihegTugas 310  was vpenduRDLEdIuRT s 3410 IuRsUReRALAD
e iesvinaduuinda fhuerinfinamendandudunn - 39 l8dmuamiaed
¥3anamenafidunsidnung Senminesy seansey ( angstrom) 1A 1 Seamsaudsuyi
fu 107 1wms aduueedunsazdinoueadaendudssana 7600 Seensoy tazAAULEFL
Sname$remauts e 4000 Seansey

maanfuusindn Wherudeldithy 6 ormmvalng Ltlsmudnyaisyig
Tupandeniundude

1. gamma rays

2. x-ray

3. ultraviclet

4. ustsfmme iyl

3. infrared

6. mgu"’mq

FairasldiegUi 23
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A (m) V (Hz)
2
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6t L GAMMA | 3x10-
RAYS |
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L X-RAYS
1A 1(')10__ : g 3x'1018
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gr I (12 6 .
NS Y sz razzaescs QEFRION N o N NN
(Near) opTIiCALL ~ y Specuum
fi= ) i + \
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e + U . (L L J X \
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10—+ . RADIO 4 3x10
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2.8 uvMaanuiAUa ( light source )

2.6.1 HAIINATID ARSI IAYIDeA
1 3 -1’ = -1 ' o =
ugevnuvasieassd s iinafunasaremsamarsiuuuidalan uea

2.5 T r 1
20— _
= Extraterrestrial sun
]
1
15l B
; .
= Saa-level sunlight (A = 1 air mass)
x
S ok ]
B
(=3
=
0.5 (- i
N 4 1
0.0 ! { i T

0.3 Q.6 1.0_- 1.5 2.0 2.5 3.0
Wavelength {um)

11 24 umRenaTursTITINAteTHing

nneefhesidlugrvesdiniy drudeannasetindosimdnasudagUi 24 e
imadiance  FiausnduUssTIMmadensl] Senenanasy solar constant TAUYNAU 1350
wim*  uasdiR eunsotumaninaiseiindn 19 ldasan 19y Tudeanaasasziould
MABAFUBY (xenon ) AIIUFUGILVILLITININABIVIAY ailnasuuessurenInateRRdEd)
SAUDNFUIEMN A Tdnyuzimdoumunaiuuseingdi ( blackbody ) ﬁﬁqmm_}ﬁ 6000 K #
yagudnats uas 5000 K ey dugulit 25 dauitiald a 5:é’uﬂw"m:xa'u:ﬁmsaﬂﬂé’uuw

daudegn 2.5
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Spectral radiant exitance
Wim? ~ um)

Yaveiength (um)

4 L »
nzs  uraamsudfsdusedagm

o o é ]
Jagd el Jagfigenduuazasoustheauysel ( idie  absorber LA
L L. A : LA = A
perfeot  smitter ) uazvs 3ed RwnaIdngdugamgliviiau lunnfiemenaiueiindu

(4 .’1 <& A . i - $ v v
Waas IARaruyRgIy 1599 quantization UBIMIRARAULATAITUdeEmnRTLveingduas
Haad 1ldn

27&103[ i
My = Py l_ehc/tm._l_l \

e & = smefveeluasiiy ( Boltzmann constant , Ludwig BEdward
Boltzmann f1.#. 1844-1906 ) .

$uwin M, fu 4 Wdsunsies Wi 25 A vl 4 # M, O
qege (Vo9 T nile | w118 Taen1smin1sm1eyWur ( differentiation ) 99 M, feudy 1

v da

WaMnadwitemiv o 1274

—

A _.
z,my‘:é:z.ss*lo’ ( wm-K )

~
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) 3
HUNISTISENTT  wien displacement law ( Stefan-Boltzmann law , Josef

4 o
Stofan £.#1. 1835-1893 ) urmihndudlsslugufi 25
dwnmsbuiiinge M, dmfuyam A wiewuilgnsm 22An radiant
¥
existence ﬁwumﬂu
) M=oT*
aunsiiSendn nguesaawil-Tuadiun ( Stefan-Boltzmann law , Josef
Stefan  AA. 1835-1893 ) Uaz o Ao mnshussstaviu-Tuawhinl ( Stefan-Boltzmann
a1t Y -8 2 4
sonstant ) UAUNIAY S37x 10 W/m -K
.q‘ o~ 1 I e [ J L4
7 T Inq derwmianmdasded ( emissivity ) voednglag dserunis

M
M,

£(7) =

. v L o A
o M uas M, (Thwesmilnadidnquasvesingiiniudidy ifisesinnsv
tw o Y 4 = 3 o o ' &
yoansunieivesingdriunugangld  uesiifasoavesnstdifioudumiisaanueoniuly
mugavgiidae  SelinsAmusmnavesfuesiag laeldgaunglanyseindendy qamvgld
{color temperature )  lAEEATINMLIsdsgauMglussdagAInsnTzTIsmUnAsuNdwTY

{speetral energy  distribution ) 1nﬂtﬁmﬁqmiu Lmﬂ%uﬁqmwgﬁﬁ 1900 K R2491AREN

gumngid 5500 K 1ihudu

2.6.2 NA0AITOUINY { Fluorsseent lamps )
L | J - A g
Wgeasmeusiiudnngmselsssunfegiamils ifnnnesuerinde 15y

WAL 9INBN-58 ( X crays ) AzTER58 ( oathode - ray ) MFBRINRani1hledn (
ultraviolet ) mwﬁaf:n:qﬁwé’wmﬁ’aﬂdn‘lﬁ’ \Baddee Wuasadennn dunesyiinia
#5150 %I ( phosphor ) d1mSowateldith 2 tssian Ao misWgeesmauRuazes
Woawoisaiaus ( phosphoresent ) 15 2 ﬂs:mma‘,‘;ﬁﬂmﬂuﬂﬁmﬁeuﬁ’u nanade 1Je'ldTu
wasiuss Wi dnessamn uﬂ'ﬁmmuaﬂeh‘afi'uﬁtﬁmsmqa'lﬁwd’-s-ﬂuufiﬁ'uué’a 13
Wgeaiseaugosnenidoameiud  asedududumsoadasmaudd sdensWureadis
sl 8Enu Afaunsesfmednagnsegeasmaudidituausn fle st David
Brewster UnAdnefynaeden ile?l na. 1833 8n 105 Uriow Aolud an. 1938 T9l4Tmandn
vaoe Il vgenssiaussaniviie  TasuTun General  Eletrio AT Wostinghouse

Eleotrio MBS gRILITN"
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¥
waeariaim 18 Inensindsumisigosismaud Imelunimasauds udedraumas
& < 0 ' <
AutingandtlaToildnfenTowas deaunsalfuadaeg aumdssianussensiindoutd

AMIMUVBIMBBANGEBI TR

e misduluvsaasavgesiseaudgnindeulifisanes
e Faovdewaadelaugaaiihlode  nsmauvemassiaduesiuTimsatreganis
hledemelunasnthies

msadregeadilaleife miAleen1sussqledsen ( meroury vapor ) 13me
Tunassuazannauiumeluvasa Mdasda 98 s ( eclectrode ) 2 Futhsades
Sidnsou SidnaseuRdepennaziuthruddnasouvsdlotion MnlHsidnaseuvesle

dsevindonlng ifnsidgandilaTaiiasonu
o a b

PBasmIifedidnasou ( Aty ) iensovn Wrateesis u
= o e o o - ] s w o
A ItmsAdsuduna1ate 2 S8agdadl
759 1 Teenisinn idnaea 1TSERlgRunaigad s vmanarigeaismaus
[ I d q
Aldduludhudou AEnstsdssdeiuds snsuRuaudifuvasadn 2 sgrefie waaiad
(ballast) UazAAIYIREY ( starter ) WMaatAIbunegounuMEn daurdisnres tuaine

L s ey <3 L} é dg
8@ [udd ussymatiooy (MIsmeNoEduq )

gya‘

597 2 Taons Wadumindnithaandqe Basidfneldsudoedsing
nssvadunnathimdedindud  nanfenaeangoasmeusieindaieeinieussanril
deszFowmaunsld Roumimasaninda windy idesdeasesiag ingfnaeaideas
“Ié’mswzﬂ'é\gummé’;qamﬂmvmmﬁ%‘m) m‘lﬁtﬁﬂqan?ﬁ‘hTat%nﬁumu\waaﬁ udavasah

3uToaua Waruinenaiuuds
263 lnlomuasuas { Light Emitting Diode - LED
1 g =Y { ; & I : 1
Hhuumaviuiinuaei ugaanududuasiannaisfednnfillsoess ( pn

J : L 1 13 4
junotion semiconduetor 3 Fuilelarinaredndunsesas nuuuludanse ( forward bias )

UAVUARNITIINAY { recombination Y8118 { hole YU Anasouuas Muasonnun 19y
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GaAs IMAMUNGITA ( peak output) #1900 uiTuinms

sic  Wanudugegn ( peak output) 580 wiluines

A1517 2.1 uARRIAUTAYEY LED

Output power (mw) 1-10
Spectral width (rms value nm) 15-60
Brightness (wfamz,*'sr) 10-103
Rise time, 10-90% (ns) 2-20

Prequeney response (-30dB , Mhz) <200

Voltage drop (volt) 1.5-25
Forward current (mA) 50-300
Threshold surrent (mA) -
Feedback Stabilization request No

2.7 M¥IAUAS ( Photometry )
Aaamaiint (eye) Bulueduzfuumsveayud  nisneuaussnsuasiiil
ei ' 5 oY e -3 b 2 ey a‘a’ & a [ U
AANETIRaUATeY e ldviidy  Teinidnisdeluiaiifeadesdundssivesmeniely
4 ] 1 %
nnveenduinin I lusudy
[ t . o A 4 = [ o 1t @ U U
dundunasdutiouas 3 unss Fadldidwsmsunsdividy ualddena
q 1 :’ = :g ¥ Y U -9 <t -5 U U di
Ay e WS i ded uas mweusesfuidumasdutisuasfindes ainnadiug
[ ! v a a a L4
TunisdadSmarieg v 1 Huasdpigredetumynfuesnuduns
o ] 4 U : g
griussmITasUrusssmdndasurs lugaemrandumeg  Wgndmusiide 1981484
A1Av U1 International Commission on  Illumination @Q'ﬁﬂu;ﬂﬂﬂs‘lﬂﬂﬂﬁ:H’j’lx‘iﬂ’li
peUaUn s URYIEAEATINGII9089A7 ( relative response 3 AAUAYINETINGY AvgUT 2.6 Tge
609 ( peak sensitivity ) IRINBIINAU 555 Wi Tuiues uislurrdiersdiviesilisr nslu

: = y o w
sU 26 HunsfusnfenirasuaussusemPusuituluiana1edu ¢ photopic  vision )

o, . ¥ & L. ! 4 o a "
#1uTHI981919AU ( seotome vision ) 9znYIgReandny lUmedudiTes uasle 510
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2.8 guinaiSunes ( Detector )

[ = : 5 ] o
ginssivuuraugUasafimmhanfoudgygnaums itluainddeuudas
¥ 3 ¥
ase A Tuvuaunsiily photodetector ﬁﬁagnaﬂmsﬁa“lﬁté’an‘l% YiauUY large area general
4 g L - '
purpese LATBUT Taewmsmwmamﬂummm i¥U speed of response , sensitivity , N1ITU

‘ ' i 1 »
ATUAT UAsAIFIUIBTIRS photodeteator A9 UOEIIUINAD photodiode H4 photodiode T

Dlmseadravatenuy1AunuLy PN junction , PIN junction ,Avalanche
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8.1 lulnmeulnaass (wed 8081

4 v . '
nmmugunIsieueanissindinanoadiugs eslvileeauguildled

o é o =
insneuTvames v 8 On GuihluTnsneuTnainefuesuSiv inel Tulnsnoulna
ey 8031 1t ledeylunssgavsdulnsnouInaians Mcs 51 TamvaTulaBnsndnled

»
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Serial Communications Sy Mode. Asynch Mode, 9or (0 - Bit Programmable HDLC/SOLC
] i
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LED Tinfles V,=0587 V

film ¥iin transmit (V)Voltage output transmit { V/V, ) x 100
975 % 25 % 0031 V 52 %

35 % 15 % 0.103 V 177 %

68 % 32 % 0.199 ¥ 343 %

65 % 35 % 0197 V 342 %

55 % 45 % 0275V 475 %

0 % 50 % 0286 V 495 %

LED duRs Vv, =212V

film ¥HA transmit (¥) Voltage output transmit (v/v, )x 100
975 % 25 % 021V 99 %
35 % 1S % 029 ¥ 135 %
68 % 32 0353V 29 %
85 % 35 077V 359 %
55 % 45 % 105V 495 %
50 % 3¢ % INSIY 518 %
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LED tllga  V,=0488 V

film ¥4 transmit {V) Voltage output transmit { V/ V, ) x 100 %
97.5 % 25 % 0022 V 447 %
85 % 15 % 0.082 V 168 %
68 % 2 % 0.161 V 329 %
65 % % % 0164 V 338 %
55 % 45 % 0227V 465 %
50 % 50 % 0.241 V 495 %
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137 ol
rdc
witd
rdd

Fa_USER  EQU
FE_USER  EQU
FORT _USER EQU

[ Imary
dimz

equ Qe idDh
eau Doih
gu DED0Z2h
=Tulkl DeD0Ih
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org 21000
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o
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demaol:call

demods

demnol:

demcd s

merv

moy
demicall
call
call
dimz
ret
moy
call
M
call
et
push
push
call
Pap
pop
mey
clr
Mo e
push
push
call
poE
RoR
imc
dirmz
ret

Mo
ol
cine
imp
Mo
arl
cine
moy
moy
mo
T
ftaa)
i
!Tl O \\"
call
call
MmOy
cime
ey

glectiiretl

maird
dptr.#tablel’
200, #0060 :
demod

dely

dely

20h,dem

&, #80h
demoa®

& 4 HFOCOh
demncd

dph

dpl

lodwi

dpl

dpf

23k, #3

&

& Ba+dptr
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dpl

locdwd

dpl
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dptr

21k 5 demod
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&, HFL1L01111b
g ¥ ffh,select?
selectl
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sgt_model:

set_moded:

set_model:

set_moded:

set _moded:

mode_1t:s
mode :

3

mode |

mode_4:

Moy
cine
call
Mo
call
ret
cine
mov
cxll
ret
cine
Moy
call
et
cine
mow
call

et

oy
call
et
call
ret
s
i RE-$a1
call
Pl
pop
oy
il
Mmoo
push
mush
call
pop
PoR
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dinz
ret

2,220 .

& #01h,set_model
maind
dptr.#table?
mode 1

g #02h,set_model
dptr . #taxblel
mode 1

&, HB0EN,set_moded
dptr.#tabled
mode__1

&, #04h,ss2t_modeS
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mode &

delayl
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enterl:mov rl,.22h
cine ri,#01h,enter?

mov & a4 h
cine a.#01lh,anl
Jmp anz

anl: call maind
mov dptr,#tabled
mov  20h,#01h
call dem
call delay
cxll m& L}
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Cabl FILHM
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moe i, HOOH
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cris
call maind
mov  dptr.#tablsell
moy 2Oh,#01h
czll dem
c&ll delay
Zall o maind

s

call readl
moyv S, HOIEh
L HOOR

FlL Db enterd
cleanl
dE ity

dptr.#taplell

cuayy SO, 0L R
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cleanls: moyv
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may
mov
mey
move
mov
ret

keyld: mov
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inc
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recordl:

&, B0
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dmo
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imp
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MoV
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&, #09h, lastl
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mode_1
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dptr
4%h.dph
d44h.dpl
delay

x.41h
LHDIY A data S
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inc dptr

mov *  S4h,dph

Moy Soh.dpl

Jimp data_1
dats_4:

inc dptir

moy S4n,dph

merv SEh.dpl

Jmi data_1
data_ S

ret

a3
B
“+
&
-

moyv alh,#01h
dmp data T

icdis mov &.#81nh
call lodwi
moy &, #28h
call lodwd
cxll delay
mov &, #82h
call lcdwi
may &, #2ah
call lcdwd
call delay
mov &, #83h
call lcdwi
moy &, #HZh
call lcdwd
call delay
ret
locdZ: mov  a.#81h
call lcdwi
mov &, #0ailh
call lcodwd
moY &, #R2N
call lodwi
moy &, HDadh
call lodwd
Mo & . ®HB3h
call lodwi
moy &, #H0a0h
call lodwd

FET



semicolonl:

ooy
8]}
h
o
l-»

loads:

'

=

mov 13h,#3ah
mov &, H8Eh
call lodwi
noy &Hou 13h
call locdwd
mov &, H0c2h
call lodwi
mov &, 13h
call lcdwd
call delavy
ret
oV & 410
cine a,.#01h,load3
Moy 19h,.#84h0
Mmoo Shh .17 h
[ Tmav & obh
Swan &
s lmaVy Zhh. &
call lgdlde
cirme & #0220, loadd
Mmooy 19h . #87h
(e I 17
cali lcdldp
cine  &,#030, loaddS
oy 190, #0cOh
moy Z8h.17h
mo 253
SWap &
mory Z8h.&
call lcdldp
cine a,#04h,locadés
ey 19h,#0cih
M IZFh.17h
calli  lodido
et
blel: db M FOWE"
dbx "R ON "
db i3 ~~—_——___,Ml!
db "o _‘_"-.___——‘__'_'___'”
db " R B
db  MTL T
dor "AFPRLIED ¢
db "PHYZICS ¢
dz " FILM D"
dbk YETECTOR ¢
gy 'FUNCTION®
db " SELECT U
tableZdo ¥ FUNCTH
dk UION 1 "
Enieledh Y ¥
dbz "ION Z "



tabledsdb " ¥ FUNCT"
db  YION 3 "
tableSidbk Y %X FUNCT"
dix YION & "
tablebidh "# INTENS"
dbe  TITY SHOW!
table7:dbh "O12Z456787%L."
table8:db " # DATA"
db " MEMORY "
tableF:db "O1Z2345467324ARCDEFR"
tableld:db  "E%3 FULL"
db " HMEMORY "
tablell:db " # SBYSTE"
dB "M RESET "
taklelZsdb " # READ ©
db " DATA -
tablellsidbk ¢ MO MUY
db  “MBER &
db " # FLEAS"
dbe  "E EMTER "
dhb  NEW RNUMB"
dbe "ER AGARIMY
lcdldp: mov A, LFh
call lcocdwi
moy &, 18h
call lcocgwd
call delay
ret
lodwd:
moy dptr . #werd
mowx Bdptr.a
moy dptr.#rdo
lodwdlsmovy &, 8dptr
ik SCC.7qlcdwdl
ret
lcdwi: mov  dptr.fwrc
movy Bdptr.a
moy dptr sHrdo
lcdwil:movy a,8dptr
3k aCC.7qlcdwil
ret
FitHs Mo SHEH  #00H
FaN SéH  HOOH
MOV HFH L HOFFH
FILbis: R iNLY 2EH , $OO0H
MOV ZéH, BOO0H
N ET L BOFFH



FILMI: Cabl  TRICK
CallL RECIEVE
DIMNZ  Z7H.FILML

MOV A, 26H
CLR C

ADDC B, 65H
MOV SHEH L, A
MOy B bbH

ADDC £ HODH
MOV baH, B
DIMZ  &TH, FILMO
MOV RS, 68H

MOV 59H, 56H
CALL MO

CALL  ouT

RET

TRICK: MOV DRETR, #FE_USER

MON B, $O0H

MOV EDFTR &

NOF

MOy A, #01H

MOV X BDFTR . A&

MOP

RET

RECIEVE: MOV DFTR . #F6 _USER
MOV A&, BDPTR
CLR r

~EDC .25
R INAY 20H.A
HOy P . ZaH
sy adh.a
ADDE P HO0H
oL 2aH. A

FET
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CLR N

MO DR, HOOH
o HEF, F00H
GINEY 2F R, #O0H
MO RS, &

CINE RS, #00H , SUE

RET



OuT:

CLR
MOV
ADDC
D&
Moy

MOov
ADDC
D&
MoV

Moy
~DDC
DA
MOy
DINZ
RET

MoV
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pay
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ShAF
Mav
MOove
CaLL

o
Coll
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CaLL

Mas
ALl
oY
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o
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Mo

MONVE
it

RET

£
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RS, SUR

G, HOCEH
LODWI

A EDaH

OFTR  #TARLEY
&, BA+DRFTR

i CDWD

B #HOIC1LH
LOCDWE

AL 250

£y o HOFOH

21
DFTR . #TABLET
AL, B8+DFTR
LCDWD

A HOCOH

L CDWI

A, #0bh

DFTR #TABLE7
&, BA+DFTR
LCDWD

&, #37h

LT

F . 260

£, FOFH

DFTR, #TABLET
A, BRTDFTR
LODWD

&, HEAH

LCDWT

R 2o

£ HOFOH

&

DETR,, #TABLET
. BEHDFTH
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DISFLs

MoV
catt
MoV
Moy
Move
Coli

MoV
Al
MOy
AL
SWAF
MO
Mo e
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Moy
CaLL
M
MoV
MONC
Call

MO
Cal b
MOy
AL
MGy
HMOVEC
Ccobb

Moy
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MO
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SWAF
Mo
Move
bl
RET

B BOCTH
LCDWI

o, #OaH

DFTR, #TABLEY
A BA+DFTR
LEDWD

F, HOCEH
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P 23R
B, HOFOH
A

DFTR ,,#TARBLET
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LCDWD
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LCDWI

£ BOEH
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LCDWD
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DFTR, #TABLET
A, BA+DPTR
LCDWD

£ HOCTH
LCDWI

A.280

£ HOFOH

A
DRFTR.®TABLET
&, E3o+DRPTR
LEDWD



 ~5@1&¥3
delayl:
delayd:

moy Iih, $OSh
moy I2h, #OIFR
moy A5 h L H0ER

dinz
dimnz
dinz
ret

Z2h,.d

1
H

dE’}.‘y’
delyl:

dely?:

moey
i {wavy
mery
dinz
dinz
dinmz
ret

dela

dela
dela

EMD

TR, S

selay

Flh,delayl

Tih, #0950
I2h, #0TFh
IThL.#01Fh
TTh, $
ek, dely?
Tih,delyl

O moy 31k, #H0ER

vil: mov ZZ2h,.#0efh

y22: mov I3h.#H0eTh
dimz F3h,%

o g At
Py

E2h,dela
SZlh,delayil

dimz
dimz
ret
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MOTOROLA
= SEMICONDUCTOR remsemmeemsms
TECHNICAL DATA -

Photo Detectors MRD370
Darlington OQutput
... designed for application in industrial inspection, pracessing and control, counters,
sorters, switching and logic circuit or any design requiring very high radiation sensitivity PHOTO DETECTORS
at low light levels, DARLINGTON OUTPUT
® Popular TO-18 Type Harmetic Package for Easy Handling and Mounting NPN SILICON
e Sensitive Throughout Visible and Near infrared Spectral Range for Wider Application
e Minimum Light Current 12 mA at H = 0.5 mW/cm?2 (MRD360)
® External Base for Added Contrat
® Switching Times —
tr @ || = 1 mA peak = 15 us (Typ) — MRD370
tf @l = 1 mA peak = 25 us {Typ) — MRD370
CASE 82-08
METAL
MAXIMUM RATINGS (Ta = 25°C unless atherwise notad)
Rating Symbol | Value Unit
Collector-Emitter Voltage Veeso 40 Volits
Emiter-Base Voitage YEBO 10 Volts
Callector-Base Voltage Vceo | 50 Volts
Lignt Current I 250 mA
Total Device Dissipation @ Ta = 25°C Pp 250 mw
Derate above 25°C 2.27 mwWrC
Operating Temperature Range Ta -55 10 ~ 125 e
Storage Temperature Range Tstg -85 to +150 °c
STATIC ELECTRICAL CHARACTERISTICS (T4 = 25°C uniess otherwise noted)
Charactaristic Symbol ] Min Typ Max Unit
Collector Dark Current {Vgg = iQV, H = 0) T4 = 25°C lceo | - 10 100 nA
Collector-Base 8reakdown Voitage (Ic = 100 wA) Yigaicso l 30 - - Voits
Coilectar-Emitter Breaxdown Voltage (Ic = 1060 uA} V(BRICEO f 40 - —= Veits
Emirer-B8ase Breakdown Voltage {lg = 100 pA) VISRIEBO ; | - — Voits ,'
OPTICAL CHARACTERISTICS (Ta = 25°C uniass otherwise notéd)
{ Light Current . MRD360 I 12 20 — mé
L (Vec = 5 V. R = 10 Ohms) Note 1 MRD370 3 i0 —
Collector-Emitter Saturation Voitage VeEisat) - — 1 Voit
(i, = 10 mA, H = 2 mwrem? at 2870K)
Photo Current Rise Time (Nota 2) MRD360 t - i 40 100 us
{Ry = 100 ohms, ||| = 1 mA peak) MRD370 — 15 100
Photo Current Fali Time (Note 2) MRD360 t — | & 150 ps
(R = 100 ohms, i = t mA peak} MRD370 el 25 150
| Wavelength of Maximum Sensitivity K ig - 0.8 - um
NOTES: 1. Radiation flux densit (H) ecual t© 6.5 mWrem? emitted from a tungsten saurce at a color temparatuce of 2870 K.
2. For unsaturatec rasoonse time measurements, radiation is prowvided by puised GaAs 1 sanide] lig| g diode (A =~ 240 nm) with a

ouise width equai 10 ar greater than 330 microseconds (sa2 Figure 6) 1| = 7 MA peak.
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TYPICAL CHARACTERISTICS
10— T ——f———— . : £ } . 15
< — » z
P ; 3
7 T =13
= ' : ]
2 - | MRD360 — z
= - L g
g ., ] A 7 MAD310 =
3 = : E
hod - Z — I Z 09
g s : — : T : & \ \\ N 4 = 20mA
= VAN 4 O 5 T limA
Veg = 5V g —+ P
/¥ b . =07
2 A1 4@ 270K 8 H @ 2870K 2mA
/ Lo Tp = 25°C o L
! / | ! | 1 | = 05 l [
9 01 02 23 04 05 06 07 08 08 1 01 6z 03 05 07 1 7 3 7 10

H, RADIATION FLUX DENSITY {mWicm?) H, RADIATION FLUX DENSITY {mWicm?)

Figure 1, Light Current versus lrradiance Figure 2. Collector-Ermitter Saturation Characteristic

100 10
[ H@ 2870( T — 3 - = : =
= s T NORMALIZED TO -
T : = 2 s i
e = 1 mWem , 5 P 1i=m% 1 —r—
10 ! i i T 1 T & 3 ) \ : ] 1
Z If el T 77 g 3 I -
= . . 05 mwirem2 | i =] : ! |
g, [oh Al W i 2Ol A 1
s — 2
3 y E 07 :
= St % 3 A e
5 D : - T <0 T
R T d2mwen? ] 8% i
- 2 ] | ! ! ] | f_:, U.Z i Yee = 5V _
- : - AT . ; i i T H = 05mWem?2 @ 2870K __]
1 I WAAANTS il - ot [ ] NS ST (e |
bl bi 2 3 4 § § 7 8 9 10 -680 -4 ~20 ] 0 a0 ] 8 100 128 140
Ves, COLLECTCR-EMITTER VOLTAGE (VOLTS) Ta, AMBIENT TEMPERATURE {°C)
Figure 3. Collector Characteristics Figure 4. Normalized Light Current
versus Temperature
1020 100
T T T 7 Pt
.00 T 3 [ <t / \
z = 8
prxi T h T T : L
g L 3 7 | T 7 =z / \
S 1 = £
=) - . s
x T : h /I: T — £ / \
g e — g / \
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[= 2 7 > 1 =3
5 = H=0 = e aq //
E : Z FVez = 10V g /
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o pa : g = a0
k=] I T T P! h
2
0.1 nA T I T i : P ‘ T i T T ; [ 0 I
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Figure 5. Dark Current versus Temperature Figure 6. Constant Energy Spectral Respanse
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vee
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AL = 1001

PEAK QuTPUT
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Figure 8. Pulse Response Test Circuit and Waveform
QUTLINE DIMENSIONS
— A
l—r>8
L_I-l ili lrF
| 7!
l ‘e NOTES:
. i 1. LEAGS WITHIN .13 mem (005) RADIUS OF TRUE
/ r POSITION AT SEATING PLANE. AT MAXIMUM
vt MATERIAL CCHOMION.
|3 2 PN 3INTEANALLY CONNECTED TO CASE.
|
D—_J'— STYLE 1:
; PN 1. EMITTER
H 1
T
\/“X 4
CASE 8205
METAL

4-23



77 National B

O e Ly A NI e o wes
ERESE v s S ford i R - RS SIS Y

MR54C922/MM74C922 16-Key Encoder
MM54C923/MM74C923 20-Key Encoder

general description

4

\%%

These CMOS§key encoders provide all the necessary provide for easy expansion and bus operation and are

. - i) oY R ) .
logic™ to '?ully encode a_g\(\grggy’,‘of SPST switches. The LPTTL compatible.
keyboard scan can_be’imbleiﬁemed’bl either an external
.CIQC&_Qfnggfpél'_gggggt?r- Thesa'enco'ders also. have on- features i
chip pull-up- devices which permit switches with up to l
50 k{2 on' resistance to bg u§ed. No dnodgs lf"l the switch a 50 k§2 maximum switch on resistance -
array are needed to eliminate ghost ‘switches. The :
internal debounce circuit needs only a single external % On or off chip clock '

capacitor and can be defeated by omitting the capacitor.
A Data Available output goes to a high level when a
valid keyboard entry has been made. The Data Available " 2 key roll-over
output returns to a low level when the entered key is
released, even if another key is depressed. The Data
Available will return high to indicate acceptance of the w Last key register at outputs
new key after a normal debounce period; this two key
roll over is provided between any two switches.

® On chip row pull-up devices

e e i b i et P s £ L

® Keybounce elimination with single capacitor

3
o«

®m TRI-STATE outputs LPTTL compatible

. : ® Wide supply range ’ 3V to 15V
An internal register remembers the last keg pressed 2RLY 4
even after the key is rélaasad. The TRI-STATE™ outputs a8 | nw power consumption

connection diagrams

U U St S

Dusi-in-Line Package . . Dual-in-Line Packagse
. @) LH- Rowv1 - U 12 v
AOW Y1~ Vee
! W now vz 4 2. 0ata 0uT A
Row vz X L gataoura . "
' . ROW Y3 — OATA QUT B
Raw v3 = FL aragurs : —
. £ A0W Y4~ M2 oaragurc
RO Y4 13, pataoute .
5 1 ROW Y$ — 8 gataguro
OSCILLATOR ~—=f | = CATAQUT O ‘ s
5 13 OSCILLATOR -—f LS oavaour e
KEYSOUNCE MASK ~—t U3 roTrUTEREECE :
’ 1 KEYBGUNCE MASK ~ L GuTreTERASLE
COLUMN X4~ L. oara avaiLasie . ,
' " COLUMA X4 — 12 gara avaiases
COLUMN X3 —H UL cotumn x1 ,
Ty W coLums x3 HL coLumn x1
ane F= coLimn x2 B
GNO Ly p— COLUMN X2
T0P VIEW
TOP VIEW
Order Number MMS4C922N Order Number MMS54C323N
or MM74C922N or MM74C923N
Sae Package 20 See Package 20A
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absolute maximum ratings

Voltage at Any Pin .
Operating Temperature Range
AMMS4C922, MM54C923
MM74C922, MM74C923

Storane Temperature Range:

Vee - 0.3V o Ve + 0.3V

55"C tn »125'C
~40' C 10 +85"C
85'C 10 +150"°C

Package Dissipation | 500 mw
Operating Vo Range 3V to 15V
Vee 18V
Lead Temperature (Saldening, 10 seconds) 300°C

dc electrical characteristics Min/max limits apply across temperature range unless otherwise notec

PARAMETER

L

CONDITIONS

L MIN [ TYP [ MAX TUNITS

CMOS TO CMOS !

VT+ Positive-Going Threshold Voltage at Vee * SV UN 12 0.7 mA " 3 3.6 43 v
Osc and KBM Inpurs veo s 10V, iy > 14 mA 6 6.8 8.6 v o~
vVee < 18V, IN2 2.1 mA 9 10 12.9 v
Vi_  Negative-Going Threshold Voltage at Voo =5V, BN 0.7mA 0.7 1.4 2 v
Osc and KBM Inputs Vee = 10V, (1 14 mA 14 3.2 4 v
Ve = 18V, In 2 2.1.nA 21 5 5 v
ViN{1)  Logical “17 Input Voliage, Except Ve T SV, 35 4.5 vV
Osc and KBM Inputs vege = 10V 8 9 : v
vee = 15y, 12,5 13.5 v
_VIN(Q) ‘Logical 0 Input Voltage, Except Vee = 5V, 0.5 15 v
Osc and KBM Inputs vVee = 10V, 1 2 v
vee = 15V, 1.5 2.5 v
kp Row Puti-Up Current at Y1, Y2, Y3, Vee -5V, vy 7 0.1 vee -2 5 uA
Y$ ana Y§ inputs Vgo = 10V -10 -20 “A
Veg = 18V =22 45 uA
* VouT(1) Legical 1 Output Voitage vee =SV, g = ~10uA 4.5 \
Ve = 10V, Ig = "10pA 9 v
vee = 15V, Ig @ “10uA 13.5 v
VouT(o) Logical “0" Dutput Voltage Vg TSV, lg- 10uA | 0.5 v
Vee = 10V, 1o « 10uA 1 v
vge = 15V, 1g * 10A 1.5 v
Ron Cotumn “ON" Resistance at Vee =5V, Vo = 0.5V 500 1400 n
X1, X2, X3 arxt X4 Outputs Vee = 10V, Vg = 1V 300 700 2
Vee = 158V, Vg = 1.5V 200 500 Q
lec Supply Current Vee =8V, Oscat OV 0.85 1.1 mA
vee = 10V 1.1 1.9 mA
vee = 15V 1.7 26 mA
IN{t)  Logical 1" Input Cusrent st Vee 2 18V, VN = 15V 0.005 1.0 A
Output Enable
N{(0) Logical ““0” Input Current at Vee = 15V, VN < 0V 1.0 -0 005 HA
Qutput Enable
CMOS/LPTTL INTERFACE
Vint1)  Logical 1 {nput Voltage, Except 54C, Vg * 4 5V Vee 1.5 \Y
Osc and KBM Inputs - TAC, Voo = 4.75V Vee- 1.8 v
ViN({O}  Logical 0" Input Voltage, Except 54C, Veg = 4.5V 0.8 v
Osc and KBM Inputs 74C. vge + 4.75V 08 %
VouT{1) Logical “1" Qutput Voltage 54C. Vg = 4.5V, 24 v
tg = -360uA
74C. Vg =4 75V, 2.4 \
o = -360pA
VouTig) Logical “0* Quiput Voitage 54C, Veg - 4.5V, - 04 v
Ig = -360pA
74C. Ve =4 75v. 0.4 Y
ig = --360uA
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dc electrical characteristics (con‘t)

PARAMETER! T CONDITIONS | omin T orve-] max [ ounn
OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet)~ =~ e
ISOURCE Output Source Current (P-Channel) Vee =5V, vouT = 0V, ~1.75 | -3.3 mi
Ta =25°C \
ISOURCE Qutput Source Current (P-Channei) Vee =10V, VouT =0V, -8 -15 mé
Ta=25°C '
ISINK  Output Sink Current (N-Channei) Vee =5V, VouTr = Vee. 1.76 | 3.6 mA
Ta=25°C
ISINK Qutput Sink Current {(N-Channel) Vee = 10V, VouT = Vee. 8 16 mA
Ta =25°C
ac electrical characteristics T4 =25°C .
PARAMETER . CONDITIONS MIN TYP | MAX UNITS
tpd0.tpd1 Propagation Delay Time to C =50 pF, (Figure 1)
Logical 0" or Logical “1" Vee =5V 60 150 ns
from D.A. Vee = 10V 35 80 ns
Vee = 18V 25 60 ns
tOH.t1H Propagation Delay Time from Ry = 10k, Cy = 5 pF, (Figure 2)
Logical 0" or Logical 1" Veg =5V Ry = 10k 80 200 ns
into High impedance State Veg =10V C = 10 pF 65 150 ns
Vee = 15V 50 110 ns
tHO.tH1  Propagation Delay Time from Ry = 10k, Ci =50 pF, (Figure 2]
High Impedance State to a Veg =5V Ry =10k 100 250 ns
Logical 0" or Logical 1" Veg = 10V C = 50 pF 55 125 ns
Vee = 15V 40 90 ns
CiN Input Capacitance Any Input, {Note 2) 5 7.5 pF
CouT  TRI-STATE Output Capacitance . Any Output, {Note 2) 10 pF

Nate 1: “Absolute Maximum Ratings” are those values bayond which the safety of the device cannot be guaranteed. Except for “Oparatie
Temperature Range” they are not meant ta imply that the devices should be operated at these limits. The tabie of “Electrical Characteristics

provides conditions for actual device operation.
Note 2: Capacitance is guarantaed by periodic testing.

switching time waveformms

Vee
ANY XEY NMA w
G —

Yee _——1
AHY OTHER . Ve ==
e ] - DATA DUT | TRESTATE®
l . »
_..! T ’—— (AR
]
vee i
oATA /
AVAILASLE 05 vee oS Ve \
’ ! veo
| uTROY a5 vee
— 1540 todl 4¢3 .4u4 .
0. vee
Vee vee .
Tt 24 Vee 98 Vee 0ATA ouT TAISTATED
outeur ___}_—
[

T1 T2 = FI'C, T3 ~ 0.7 RC where R = 10k and C is external
capacitar at KBM input.

FIGURE 1 FIGURE 2
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block diagram

. GATE aVATCARLE
O——q b
OSCEXTC .

OR CLOCK 4

10

’ .

OATA
0o AVAILABLE

TALSTATES
CONTROL

ouTPUT

ENABLE

1817 PRLLLILA XEY BOUNCE e
COUNTER ELIMINAYION "j . g

Z 2 $—cx
2704 0ECA0ER

ACTIVE LOW OUTPUTS |
- \ ' 0
X X3 X2 X1 \ XEY
$ J? v perecT —L
NTERNA ] =i £X
3 W P 4 1 L
1 Y1 1
~ ~. o 0

4
¢
[

P

Y|

\‘)—'\_
-8 =
2o

.9 .
? ‘ [
«~ 4 N { L ourruts
~ > -Gt e
1 ¢10 &2 1 4
s No— o o ) ENCOOING
SWITCH (2] ) (81114 b
~ Dol >—O—4 AND s
15 1 1 & 12 TKEY i
- No- o B L—I\M—Q ROLL OVER —od
~ Ne SNe -—O—b e—{cx
3 QL] v 18 '
~o- To- To—
~ = o . 0
KEY eJ
ARAAY
L cx A
truth table
SWITCH [ 1 2 3 4 [} s 7 ] ) 18 11 12 13 14 18 18 17 18 19
POSITION | Y1.X1 ¥1.X2 Y1.X3 Y1.X6 Y2.X1 YZX2 Y2.X3 Y2.X4 ¥Y3.X1 Y3.X2 YI.XI YIX4 YAX1 Y4X2 Y4.X3 Y4X4 YSEX? vs®x2 vs¥x3 vs*xa
2 A Q 1 aQ t ] 1 1 Q t 1] 1 Q .| Q9 1 [+] ) ] 1
T 8 a [ 1 1 [ 3 1 t o [ 1 1 Q 0 1 I 0 [ ' '
A 2} ] i [} i | 1 1 ] 0 Q 0 1 1 1 ' ] [} ] [}
8 [+ ] 0 [} [ [J v ° ] 1 1 1 1 C ¥ 1 1 1 [} ] 0 ]
¥ e o Q o 0 o [ 0 [ ° a o o o [} o [ ' ' 1 1
* Omit for MM54C922/MM74C3822
typlcal performance characteristics
Typical fp V8 VN 8t Any Typical Ag, vs VouT 8t Any
Y laput X Output
30 ‘4
Veg <3V .
Tae5¢ g ., [ Vec Tasis7c
2 Veg + 15V =
it « o,/
g Z i
g ur 74 2 s
[- 4 a.
3 / E /
o s JagI 4
H 2 .
2 Ve * 18 5 s P
] 1 - L cc 1 a [ /
x i ! v
= s r P 3 /
a3 0s sV
Vep o4V G
] [
[ $ 10 15 [} § 10 18
Yee - vin Yoy V)
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typical performance characteristics (con’t)

Typicsl Debounca Period

! Typicel Fgcan v Cosc vi Cxpm
|
3 E =
= 1 1
(=)
-
. =
x a == ==
z E F T - 1
s ' ] - '
a 2 am t
2
2 Lt b o bebin
: L L
= ' | i |
200t I |
20t LR 1 L] a 1 0 100
Cgse luF) Cxpm uFl
typical applications
Synchronous Handshake (MM74C922) Synehronous Data Entry Onto Bus (MM74C922)
[T -
uM74C52T - W T4C322 =
x4 KBM x4 KEM
X1 X1
o T —
12 X7
x i T ¢
| 0 DATA BUS | x1 T
- — ) : s TOOATABUS
Flz)r}]o 1 IPTpa e Y ;
ap— |
T P55 ]4 Y2 - A ER N ¥2 3
MAM74E4 o DATA AVAILABLE
slaloia Y1
_L - slala|n Y1 _T_.
FlED]C 11} l FlElotc 14
. SATR AVaILAGLE
A v T (kviTaTiON] ust 5
SYSTEM SYSTEM
CLOCK b cX g CLOCK >
ISEEROTEST 1 T ISEE NOTEJ)
'I' o EXABLE DUTPUT - |
Outouts ares enabled wnen valid antry is made and
go into TRI-STATE whan key is releasad.
Asynchronous Data Entry Onto Bus IMM74C322)
Keyboard Suppliers _1 e
Mini Key Saries XL ]
Qigitran Company MM TACTI2 —
Pasadena, California T1 KBH
Computronics Enginearing X3
7235 Hoilywood 8ivd A T——F
_Hailywood, Califormia S0046 i '
1 TO DATA BUS
f n-—-#
" 12 Y1
—
EENENE 12
34 DATA AVAILABLE
elajsfn Y3
Flelolc 174 -
% usc] 0E
T
= 115 T4E4

Outputs are 1n TRISTATE until key 15 pressad, then gata is placed an bus.
YWhen key i3 reieasad, outputs return 1o TRISTATE.

MNote 3: The keytoard may be tynchronously scannad by omitling (ha capacitor at gsc, and driving osc. directly if the system clock
rate is lower than 10 kHz.

174



ICL7650

iICL7650
Chopper-Stabilized
Operational Amplifier

GENERAL DESCRIPTION

The ICL7650 chopper-stabilized amplifier is a high-
performance device which offers exceptionaily low offset
voitage and input-bias parameters, combined with exceilent
bandwidth and spsed characteristics. Intersil's unique
CMOS approach to chopper-stabilized amplifier design
yields a versatile precision component that can replace
more expensive hybrid or monoilithic devices.

The chopper ampiifier achieves its low offset by compar-
ing the inverting and non-inverting input voltages in a nulling
amplifier, nuited by alternate clock phases. Two external
capacitors are required to store the corracting potentials on
tha two amplifier nulling inputs; these are the only external
components necessary. :

The clock oscillator and all the other control circuitry is

FEATURES

L
[

‘osse oe

" Extremely Low Chopping Spikes 3t input and -

Extremely Low Input Offset Voltage — 2uV "
Low Long-Term and Temperature Drifts ot inpy.
Oftset Voitage t
Low DC input Bias Current — 10pA (20pA 76503)
Extremely High Gain, CMRR and PSRR — Min
120d8

High Slew Rate — 2.5Y/us

Wide Bandwidth — 2MHz z
Unity-Gain Compensated o4
Very Low Intermadulation Ztiects (Open Looo b
Phase Shift < 10°C & Chopper Frequency) Z -
Clamp Clrcuit to Avoid Overload Recovery
Problems and Allow Comparator Use

- enhraly self-contained, however the 14-pin version includes Odtput

a provision for the use ¢f an external clock, if required for a

particular application. In acdition, the ICL7850 is internally

cempensated for unity-gain operation.

ORDERING INFORMATION

i 1

PART M e PACKAGE E PART TEMPERATURE | pacKage

ICL7650CPA-1 0°C to +70°C 8-PIN Plastic ICL7650140 -25°C o +35°C 14-PIN CERDIP
ICL76508CPA-1 0°C 9 +70°C 8-PIN Piastic ICL765081J0 } -25°C to +35°C 14-PIN CEROIP
ICL7650CPD 2°C to +70°C 14-PIN Plasuc ICL7650ITV-1 | -25°C o +35°C 3-PIN TO-99
ICL76508CP0 0°C o +70°C 14-PIN Plastic ICL76508ITV-1 | -25°C 0 +8s5°C | 38-PIN TO-99
ICL76500TV-1 3°Cto +70°C |  8-PIN TO-99 ICL7650MJD -53°C 0 +125°C | 14.PIN CERDIP
ICL.768508CTV-1 0°C to +70°C 8-PIN TO-99 ICL76508MJ0 -55'C to ~125°C | 14-PIN CERODIP
ICL76501JA-1 -25°C to +85°C 3-PIN CEROIP ICL765GMTV-1 -35°C to +125°C 3-PIN 7O-89"
ICL765081JA-1 -25°C 1o +85°C | 8-PIN CERDIP ICL7650BMTV-1 | -55°C 10 +#125°C |  8-PIN 70O-39

30004413

Figure 1: Functional Diagram

L] —
: Cexval(]! co ] INTECE
8Casre cemaz raJezr cirm
3 1 T SLK OuT
2 v eicase  MCGuARD zglm L O
~nUe trily.
- -
3 sLioureur anl]s 1L ouTsur
L1 nacmamﬂ& 31U rPyT CLaMe
v-q« Slr_.'Cnm- P § ] $iiCagta
8. #IN QIR 14. 21 C1P
Cexra
Cexra (1 T} VT I CaSE
N (2 @ou’rwr
R 3} CUTPUT CLame

Sagrwi-®

4LESD TO -39

Figure 2: Pin Configuration

Mola: Al typical values nave ceen guarantees Ly cnaractanmzadon and are not. tested.

302061 -00;’;';é
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ICL7650 MINIEIROS

< v
'~

. ABSOLUTE MAXIMUM RATINGS

[2]
r
~
o)
[
o

.. Total Supply Voltage VT 10 V) e, 18 Volts Cont. Total Power Dissipn (T4 = 25°C)
" input Voltage......... (V"' +0.3) to (V™ -0.3) Volits CERDIP Package ..........cceuue eeeriaiens ....500mwW
= Voitage-on oscillator control pins.............. LV to v Plastic Package .. 375mwW
* gxcept EXT CLOCK IN:...(V¥ +0.3) to (V¥ -6.0) Volts TO-99 ..o,
Duration of Qutput short Circuit .........ccevvvenen.. Indefinite Storage Temp. Range
Current iNto @NY PiN..iueviieeiiiinireniiiiotiorraneneenens 10mA Operating Temp., Aange........o.cevvveveniennnes Ses Note 1
—while operating (Note 4) .........c.ooveveveiiininanen, 100uA Lead Temperature (Soldering, 10seC) .......c........ 300°C

Stresses above those listed under " Absolute Maximum Ratings’™* may cause permanent damage to the device. These are stress ratings only and functonal
operation ot the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to
apsolute maximum cating conditions for extended periods may aftect device reliability.

ELECTRICAL CHARACTERISTICS

Test Conditions: V¥ = +5V, V™ = =5V, Tp = +25°C, (unless otherwiss specifisd)

—
LIMITS 7650 LIMITS 76508
SYMBOL PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX| MIN TYP MAX
Vos  |input Offset Voitage ¢ Ta=.-25°C z2 =5 2 +£10.0
-25°C<Ta< +85°C 5 =5 uv
-55°C < Ty < +125°C =50 £75
AVos Averags Temp, Coatficiant -25°C < Tp < +85°C 0.1 0.1 WVI°C
—_— of Input Offset Voltage -
AT
AVos Change in Input 100 100 nV/month
—_— Offsat Voltage
At . with Time
Inias Input Bias Current Ta= +25°C =15 =10 = *1.5 *20
(doubles every 10°C) 0°C < Ta < +70°C. i +35 £35 pA
Polarity is + or - o %
(Note 5) -25°C < Ta < +85°C *100 =100
ios” input- Offset Current {Note 5) | T4 = 25°C 5.0 5.0 { PA
An Input Resistance 1012 1012 i 2
AvoL Large Signal Voitage Gain Ry = 10k 1x108{  5x108 1x10%!  5x108 T Y
VouT - Output Voitage Swing RL = 10k +47 =185 247 £4.85 I Y
{Note 3) AL = 100k £4.95 £a.95 !
Common Mode Voitage -52 w0 = -52 to
CMVR Rangs ~-5.0 +2.0 1.5 -3.0 Y20 1.5 v
CMAR. | Gommon Mode Rejecton  fouyA = st «1.5 "¢ | 110 120 110 120 |- a3
PSRA Power Supoly Rejecton Ratio | =3V 10 =8V 120 130 120 130 d8
en Input Noise Voltage- Rs = 10092 > |52 2 -4 EVegp
- i f=0 to 10Hz I |
in Input Noise Current = 10Hz 0.01 0.01 I sA/GHZ
! Gaw Unity Gain Banawidth . 20 2.0 ‘-z
: sA Staw Rate - Cy = 50pF. AL = 10k 25 2.5 Vius
i tr . " |Riss Time N 0.2 0.2 us
: Overshoot . 20 20 *
{ V+ 1o V- |Operating Supply Range 4.5 16 45 18 v
f Isupe Supply Current no load 20 3.3 20 3.5 mA
lL fen . {Intermat Chopping Frequency |pins 12.14 open {DIP) 120 200 375 120 200 l 375 Hz
i Clamp ON Current (note 2} | R = 100k2 25 70 150 25 70 150 HA
L Clamp OFF Current {note 2) [-4.0v <Vour< =40V 1 | 1 pA
NOTES: i. Operating temparature range for M sefies parts is —-55°C to. = 125°C, for | sanaes is —-25°C to +85°C, for C series is 0°C to
+70°C ’

2. See QUTPUT CLAMP under dataled description.
3. QUTPUT CLAMP not cannected. See typical charactenstic curves for output swing vs clamp current charactensucs.
4. Limiting input current to 100uA is recommendaed to avod latchup problems. Typicaily 1mA is salta, however this 1s not guaranteed.

5. l08=2 ® Igias

4-51

Note: All typicai values have been guaranteed by charactanzation and are not tested.
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ICL7650
TYPICAL PERFORMANCE CHARACTERISTICS

SUPPLY CURRENT vs. SUPPLY
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ICL765.
TYPICAL PERFORMANCE CHARACTERISTICS (CONT.)

OPEN LOOP GAIN AND FHASE SHIFT
vs. FREQUENCY
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— QUTPUT
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ouRsa

Figure 3: ICL7650/8B Test Circuit

DETAILED DESCRIPTION
Amplifier )

The funcucnal diagram sngwsithe major siemenis of the
ICLT650. There are two amoufters, the main amolifier, and
the nulling amplifier. Scth have ctfset-aull-capanility. The
main ampiifier is connactad continucusly from the wpoutilo
the output, while the nuiling amplifier-under tha control of
the chopping oscillater and clock circutt, @iternately auils
itself anad the main amplifier. The nulling cannecuons, which
are MOSFET gatas, are innherantly nigh impadance, and two
external capacitors provide the reguired storage of ithe
nulling potentials and the necessary nuiling-feop time con-
stants. The nulling arfangement operatas ovar tha full
comman-mode and Dower-supply ranges, and is also inds-
pendent of the output-evei. thus giving.exceptionaily nign
CMRR, PSAR. and AvoL.

Careful balancing ai.the nput switches, and-the inharent
balance of the input eweuit, MiNiMIzes. chopger frequency
charge :njection -2t he inout terminals, and also the
feedforward-type mjeclion into the.comoensation capaciar,
whicn is the main cause’ of output Soikes in. this type of
circuit.

Intermodulation

Previous chopper-stabilizea amglifiers nave sufferad frem
intermodulation erfegis batween the choppear frequency and
input signals. These anse because the finite AC gain ot the
amglifier necessitates 2 smail AC signal at the input. This s
s@en by the zerong circult 2s-2n-emmor signal, wonicn. s
chopped and fed back, thus ipjecting sdm and difisrence
frequencies and causing Jisturbances’ (o the gammand
pnase vs. frequency cnaractenstics near tne chooping
frequency. These effects are suBsianually rsguceg in the
ICL7ES0 by feeding the nulling Cirguit with 2~ d¥padiic
current, carresponding to the comoensatign tagacitor Sur-
rent, in such 2 way as io cancel thai cortiomgl theuRgut
signal due to fimite AC gain. Since that 1s the major-error
contnbuticn to the ICLTS50. e intermodulangn ana gain/
phase disturbances are heid 0 very low values, and can
generally be ignored.
Capacitor Connection

The nuil/storage capacitors should be connectad to ne
CexTa 2na Cexta pins. with & common cenneciion 10 he
Crern £in. This connection snouid te made dwecty Dy
aither a separate wire or FC trace o avad iniecung loag
current |8 droos into the capacitive Zircuitty. The ouiside
foil, wnere availiatle, snculg be connected 0 CasTw.

Mota S woecsl vawes 2 Caen cuarantesn v Inaracienzanon snag

154

are et &

Qutput Clamp Eh 34

The OUTPUT CLAMP pin. allows r2duction of the oue B8
load recovery tme inherant with chopper-stabilized amogg %
ers. 'When tied to the invertung input pin. or SuMmieg :
juncuon, a currant path betwaen this paint anad the Cumﬂ %
pin occurs |ust oefore the device output saturates. -
uncontrolied input gifferental inputs are avoided, :ogeh,
with the consaquent charge build-up on the corre
storage capacitors. The output swing 15 slightly reducsg

Clock

The ICL7850 has an internai oscillator giving a cho
irequency of 200Hz, availablz at the CLOCK OUT pinoneg
i4-pin devicas Brovision has also been maade for the usay
an axternal ¢logk in these parts. 3,

The INT/EXT oin has a 3
internal oull-up and may beuleft ooen for normal aoarasee
Dul 1o Lutkze-an external CIGCRTNS Coin must Da led lo V™
Fisdole/ipe nternal CIOCK. 1Ne Sxiernal clock signal mey
inen 0e_zppited io—-ne =XT.2CLECK 'N pin. A jow
frequercras,<né duly cyele of e, exXternal clock is ng
criticat, sines anainternal divide-Dy-twoipravides the desmed
50% switcning duty cycla, However, sinca the capaciog
afe charged oniy wnen. EXT CLK IN s HIGH, a2 50-30%
positive duty.cycle is favored for frequencies above SO0k
1o ensure that any.transients have time to satils bafors the-
C30aciors are Wwmeo OFF;, The 2xternal clock should swing §

petween V" and GAOUND for power stiboiies up to =&Y,
and bem-‘-‘en V ™and V7T =8Vior higner sucml!fr voltaga.
N‘Ote iv 3

c‘ocx signal oefor, ‘?l;n“ ‘_".f

"I tnose apolications wnere a strobe signal is available;
an ailernate approach 10 avyoid capacitar musgalancng..
during overload can Ja used. 'f'a stroba signal is cunnec'.ed
10 EXT CLK IN-se.ihat t.is low durmq the.ume that.the

will be charged. Since the leakage at :he capac:aor nms‘
quite fow at reom temcerature, ihe typical @molitier will d

pe made with littie ‘change.in ofiset.

BRIEF APPLICATION NOTES

Component Selection

The. two requiredi.cagacitars, €cxra &nd Cexra, nave
pplimum values depending .on une (ciogk ar chooping.
frequency. ~orthe preset infernal clock, dhe corract value s
0.14F, and to mamntain e same relationsnip oetween he-
chopeing irequency End tha nuliing fime consiant this value
snouid be scaled @pproximatelydn croportion if an -:-x‘-,err.a_t*
clock i8 us2a. A high-quality film-type capacitor such asi
mylar 1s preferred; althougn a ceramic or other lower-grace¥
capacwor may _peove suitadbie in many zgglications ___.'.'2{..
quickest satiling on initigl tyrceoc ow dislectiic af
tapaciiors (sucn as polyorocviene) should be used :
dEramic caoacilors, several seconds may oe eqir:_q_;gg
senie o tuV. 4
Static Praotection I

All dewice pins are siatic-grotected Dy the use of mDU‘; ;
diodes. However, 5irong stauc fields ana aiscnarges shoudd §
pe avoidec, 3s ihey can cause dsgracsd dioce juncuont §
cnaraciensics. wnich may resuitin increasea -ncut-leakag&f 3
surrents.
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Figure 4: Connection of Input Guards

Latchup Avocidance

suncuon-isolated CMCS &rcufts .nnerently inclica \a

parzsitic 4-layer (p-n-p-n)fSimgClure wnich Nas, characlens:
ics similar 0 an SCRI Udder ceriain sirtemsidncsds wis
uncton may De lnggered N0 3 iow-impedance, siate.
.[eSUIUNg In SxCessive supply-current:-To-avoio-this conai-
“tion, NO voitage greater than 0.3V beyond-the supply rails
ishould be applied o0 amy-pin. In-generak. th= ‘amolifier
:supplies must b astaolished sither at the same’ time o
"pefore any inout signals are aoplied; if.this 1S pot possidle.
L. the crive circuits must limit input Current flow to under 1A
‘o avoid latchup, sven under fault corditions.

.Output Stage/Load Driving

- The output cirtit is a hign-imascance type (approxmars-
Iy 18k€2), and therefore with loads less than (his vaiue, ine
-chopper amplifier penaves in soma ways lika a transcon-
_ductance amplifier whosa cpen-loog gain is progorticnal o
“load resistance. For example, ihe open-loop gain will be

amolifier 1§ used sinctly for DG, this lower gain is of fitile
‘consequence, since; the-DC gain is typicaily greater than
120d8 even with_3 1k{) load. ‘However, for widetand
aoplications, the best frequency reésconse will be achieved
with 2 load rasistor of 10k or igher, This will result in.a
smooth 6dB/octave response from-0.1Hz tg, 2MHz,| with
pnase smifts of lessithan 40%n the transihon, region’ where
s main zmolifier takes gver from the null ampifier.

Thermo-Electric Effects

Trhe uitimate limitations. iowitra-nignsarecision DC ampliti-
&rs are the !hermo-elecific oe, Pelter gtgcis znsing in
Termocoucle junctions of dissimilar. metais.. atloys;-silicon,
2tc. Unless all juncuons are atthe same femperafure,
hermosiectnc voltages tygically around@, ! pWEC, but up o
iens of uv/°C for some matenais, wil o genperatac. ™ n
Jrder to realize the exiremely iow offset voitages that the
thooper amplifier can arowide. it 1s essential 1o take soecial
precautions to avoid temperature gracients. All comgonents
should te =nclosed (0 2iminate ar movement. 2soecially
that causeqa by power-dissicating 2iements in the system.
Low tnermoelectnc-coefficient connecucns snouid e usec
‘wnere cossible and cower supoly voilages ana gower
Gissigauon shouid De kepl to 2 mwmmum, =hgh-moecance
Jozcs are preferable, ana good secaration from surrounding
n2at-gissipating Slements 1S 2avisasie,

N Nvoweal vages nfave pean quarantaed

1742 lower with a_t k() loaa than with 2 10kS load. if the.

455

Quarding

Exyra cacs _~—usthe Y&Skan in the assembly of cnnted
boards 0 take ul advantage af e low inout
SGITEOIS e (L oS S8aras must be thorougnily
“leaned wilth_TGE=0r alcondl, 3AC Slown cry wilh _Zom-
Drasseq aw. AMter glaaning, e ogards should he cnziad
wilh 200XV ar siicgoe ryobor 1o grévent contamination.

Evenwith cropedy cleaneg and coated boards, leakage
currents may causa treutle, carticularly since the input pins
ara adjacent-!o 2ins thal are at suoply potentials. This
leakage can be signiicantly reduced by using guaraing o
lower. ihe voltage Cilferenca hatween tha inputs and adja-
cent metal runs. Input guarding of the 8-lead TO-99
package s accomolisn=o oy using a 10-lead pin circle, with
the leaas of the gevice tarmed so that the hales agjacent 1o
tha, inputs are emaly winen it 45 insened in tha toara. The
guard, which Is 2 conductive ning surrounding the inputs
connacied 0 a low. maedance peint thatis at apereximate:
ly_the sama.vollage as ihe nputs; Laakaga currents from
high-voltage pins are then atsérbed by the guard.

The gin configuration of the 14-pin dual in-line package is
designed {o faciitate guarding, since the gins acjaceni 1o
the inputs are not 0sed (thes 18" Eilferant from the standard
741and 101A pin configuration, but.cerrespondas to that of
the LM108).

Pin Campatibility

The basic 2inout of the 8-om devicad cofresoonads, where
sassible, o7 thal oi.ine industhy-standard 8-pin c2vices, he
eM7417 M0 2. The nullsstonng sxternal cacacitors are
gonnectsd do cins 7 and 3,"usudllydised for criset nuli or
compensation caoackars, or Simoly not connscied. The
cutput-clamo oin {Shis Similary ysad. |n the casa of the OP-
05 and OF-07 devices, she réplacement of ihs ofiset-null
pal,/Bonaecies bemEsndoins | and 8 and V7. by wo
Cacacitors fromahosa®dins to V ~, will provice 2asy comoat-
oility. As«ior theLM108. replacemant of tha comoensaton
capacitercétiveen cins | and & oy the two capacitars io V™
¥ ail :hat is necessary. The same operation. with the
removal of any connscton 2 pin 5, will sutfice for tha
LAM101, pAT48, and similar cans.

The 14-pin device pinout carresponds most closely o
that of the LM108 davice, owing 1o the prowvision of "NC"
oins for guarding oetween the input and all other cins. Since
this cevice coes not use any of the extra pins, znd has no
orovisian for offset-nuiling, cut reguires a comoensanon
cepacitor, some changss will b2 raquired in layout o
convert it to the ICLTE50.
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iICL7650

TYPICAL APPLICATIONS

Clearly the applications of the ICL7650 will mirror those
of other op. amps. Anywhere that the performance of a
circuit can be significantly improved by a reduction of input-
offset voitage and bias current, the ICL7650 is the logical
choice. Basic non-inverting and inverting ampilifier circuits
are shown in Figures 5 and 8. Both circuits can use the
output clamping circuit to enhance the overload recovery
performance. The only limitations on the replacement of
other op amps by the ICL7650 are the supply voitage (£8V
max.) and the output drive capability (10k$2 load for fuil
swing). Even these limitations can be overcome using a
simple booster circuit, as shown in Figure 7, to enable the
full output capabilities of the LM741 (or any other standard
device) to be combined with the input capabilities of the
ICL7650. The pair form a composite device, so loop gain
stability, when the fesdback network is added, should be
watched . carefully. v\

L

I
i - T

Ay » Ayjing » 1002 Ay
PO FULL GLAMP EFFECT

LCOCa60
Figure 5: Non Inverting Amplifier
With (Optional Clamp)

NOTE: Ry//R2 INDICATES THE PARALLEL COMBINATION
OF Ry AND R2

AAA,

At
i

1Ry7 ] Ry 2 1OMQ
FOR PuLL, CLAMP EFFECT

[

Atef 1.5
L0087
Figure 6: Inverting Amplifier
With (Optional) Clamp

NOTE: Ry//Rz INDICATES THE PARALLEL COMBINATION
OF Ry AND Ry

Figure 8 shows the use of the clamp circuit to advantage
in a zero-offset comparatar. The usual problems in using a
chopper stabilized amplifier in this application are avoided,
since the ctamp circuit forces the inverting input to follow
the input signal. The threshold input must tolerate the
output clamp cument = V)N/R without disturbing other
portions of the system.

~7.5V

LM AN 3

C0089G
Figure 7: Using 741 to Boost Output Drive
Capacity

O:1sF O-1.F

Lo K
Figure 8: Low Offset Comparator 3

Normal logarithmic. amplifiers are limited in dynamk
range in the volitage-input mode by their input-offset: vcit:
age. The buiit-in temperature compensation and come
nience features of the ICLB048 can be sxtended urs
voltage-input dynamic range of close to 6 decades by usit4
the ICL7650 to offset-null the ICL8048, as shown in Figum
8. The same concept can also be used with such devices &
the HA2500 or HA2S00 tamilies of op amps to add very
offset voitage capability to their very high slew rates anc
bandwidths. Note that these circuits will also nave thett.DC
gains, CMRR, and PSRR enhanced.

T ;

Touw
Ay 2o
>
ALY -
e <, I o 2,
T i T v
| ey Avourmr aowrer § _L
(SR S
-0 o

.
Figure 9: ICL8048 Offset Nulled by ICL7658:
J— g
FOR FURTHER APPLICATIONS ASSISTANCE, SF
A053 AND RO17 al

Nots: All tvpical values have been guarantewd by charactenzabon and are not tested.




ADC08041, ADCO804C

8-BIT ANALOG-TO-DIGITAL CONVERTER

WITH DIFFERENTIAL INPUTS

functional block diagram (positive logic)

e @
“START”
-3l FLIP-FLOP
o
w2 8 10
cuk our S8

cu(-ﬁ c

DaTL (10) y
GND
- cikB
120) L —
Veg === L -+ -4-1 ]
< Loem < oy
LADDER A~ : saIT
neerz 2 AND 5AR SHIFT
—+ <] LATCH L necisten “INTERRUPT
L PLIP-FLOP
Py P— R
] L
LE r
ANLG i8]
aND B e
] INTR
CLK A= CY 8
N+ L____*
N~ [t/
LE €N
1181 5e0 wsm
0 oy
3-SYATE :IN o=
16)
oureur [Sn 083
LATCH -l pBa
113) e
02 e




ADC0804l, ADC0B04C
8-BIT ANALOG-TO-DIGITAL CONVERTER
WITH DIFFERENTIAL INPUTS

D2786, OCTOBER 1983 - REVISED OCTOBER 1988

8.Bit Resolution N QUAL-IN-LINE PACKAGE
(TOP VIEW)
Ratiometric Conversion .
[of:] Ve (OR REF)

100-us Conversion Time B CLK OUT
136-ns Access Time WR D8O {LSB) )

, CLK IN DB1
No Zero Adjust Requirement TR 0B2
On-Chip Clock Generator IN + D83 , DATA

IN- DB4 OUTPUTS

Single 6-V Power Supply AG(C7aNE Ny
Operates with Microprocessor or as REF/2 DB6
Stand-Alone DGTL GND DB7 (MSB) )

Designed to be Interchangeable with
National Semiconductor and Signetics
ADCO0804

description

The ADC0804 is a CMOS 8-bit successive-approximation analog-to-digital converter that uses a modified
potentiometric (266R) ladder. The ADC0O804 is designed to operate from common microprocessor control
buses, with the three-state output latches driving the data bus. The ADC0804 can be made to appear
to the microprocessor as a memory focation or an 1/O port. Detailed information on interfacing to most
popular microprocessors is readily avallable from the factory.

A differential analog voltage input allows increased common-mode rejection and offset of the zero-input
analog voltage value. Although a reference input (REF/2) is available to allow 8-bit conversion over smaller
analog voltage spans or to make use of an external reference, ratiometric conversion is possible with the
REF/2 input open. Without an external reference, the conversion takes place over a span from VGG to
analog ground {ANLG GND). The ADC0804 can operate with an external clock signal or, with an additional
resistor and capacitor, can operate using an on-chip clock generator.

The ADCO804! is characterized for operation from —40°C to 85°C. The ADCO804C is characterized for
operation from 0°C to 70°C.

Data Sheets H
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ADCO0804i, ADC080D4C
8-BIT ANALOG-TO-DIGITAL CONVERTER
WITH DIFFERENTIAL INPUTS

absolute maximum ratings over operating free-air temperature range (unless otherwiss noted)

Supply voltage, VeC fsee Note 1) . ... ... ... o iiov... BBV
Input voltage range: CS,RD, WR ... ................... e e e -0.3Vto 18V
otherinputs . ............. e e -0.3Vite Vees+ 0.3V

OULPUL VOIAgE FBNGR . . . . . o v e e et e e st e s ~0.3VtoVcec+ 0.3V
Operating free-air temperature range: ADCO8041................ O -40°C to 85°C

. ADCOBO4C .......... R U, 0°C to 70°C
Storage temperature FANGE . . . . . .« o vu v io s o e e e e ~65°C to 160°C
Lead temperature 1,6 mm {1/16 inch) from case for 10seconds . . . . . ... ... ..., 260°C

NOTE 1: All voltage values are with tespect to digital ground (DGTL GND) with DGTL GND and ANLG GND connacted together (unlass

otherwise noted). 2 i
recommended operating conditions tn '

MIN  NOM MAX UNIT E;

Supply voltage, Voc 4.5 [ 6.3 v ]

Voltaga at REF/2, VRgp/a (see Note 2) 0.25 2.5 v 5

High-level input voltage at TS, RD, or WR, Vi 2 15 Y

Low-tevel input voltage at C3, RD, or wa. ViL 0.8 v S

Analog ground voltage {see Note 3) b -0.06 [+] 1 v Q

Analog input voltage (see Note 4) -0.08 Ve +0.058 v o

Clock input frequency. feigck (see Note 5} 100 640 1480 kHz

Duty cycle for feigck = 840 kHz (sea Noto 6) 407 60 %

Puige duration clock input (high or low) for feiock < 840 kHz. tw(CLK) {see Note Sl 275 781 ns

Pulse duration, WR input low (start conversion), ty(WR} 100 ng

Operating free-air temperature, Ta ﬁgggggilc _42 :(5) °Cc

NOTES: 2. The internal reference voltage is squal to the voitage applied to REF/2, or approximately equal to one-half of the Vo when
REF/2 is laft open. The voltage at REF/2 should be one-half the full-scale differential input voltage between the analog inputs.
Thus, the differential input voitage when REF/2 is open and Vo = 6 Vis 0 to 5 V. VREF/2 for an input voltage range from
0.6 V to 3.5 V {full-scale differential voltage of 3 V) is 1.6 V.

These values are with respact to DGTL GND.

4. When the differentlal input voltage (VjNy 4+ ~ Vin ..} is less than or equal to O V, the output code is 0000 0000.

6. Total unadjusted error is specified only at an fgjock of 640 kHz with a duty cycle of 40% to 80% (pulse duration 625 ns
to 937 ns). For frequencies sbove this limit or pulse duration below 625 ns, error may Increase. The duty cycie limits should
be observed for an feigck greater than 840 kHz. Below 640 kHz, this duty cycle limit can be exceeded provided tw(CLK) remains
within limits.

L



ADC08041, ADC0804C
8-BIT ANALOG-TO-DIGITAL CONVERTER
WITH DIFFERENTIAL INPUTS

slectrical characteristics over recommended operating free-air temperature range, VGC = 5 V,

fclock = 640 kHz, REF/2 = 2.5 V {unless otherwise noted) [
PARAMETER TEST CONDITIONS ' MIN TYpt MAX UNIT
, Al outputs Vee = 4.75 V, Igy = -360 pA 2.4
-l v
VoH High-lavel output voitage DB and INTR | Voe = 476V, loy - ~10 sA 75
Data outputs | Ve = 4.75 V, gL = 1.8 mA 0.4
VoL Low-level output voltage | INTR output | Ve = 4.75V, gL = 1 mA 0.4 v
CLKOUT [ Veg = 4.75 V., IgL = 360 gA 04

VTs Clock positive-going 27 3.1 15 v
threshold voltage

8 Clock negative-going
) 2 VT~ threshotd voltage — ™R 21 v
VT + - V7 - Clock input hysteresis 0.6 1.3 2 v
U i High-level input current 0.008 1 Pr.3
9, [T Low-leval input current -0.006 -1 uA
:;’ loz Off-state output current zg : : v _g uA
- IoHS Short-circuit output current] Output high | vp = 0, Ta = 26°C -4.5 -6 mA
8 loLs Short-circuit output current| Outputfow | v = 5V, Ta = 256°C 9 16 mA
6 icc Supply current plus reference current SENF orey SR % 1.9 25 mA
TA = 25°C
| RREF/2 input resistance to reference ladder See Note 6 1 1.3 k@
C; Input capacitance (controf) 5 7.5 pF
Co Qutput capacitance {DB) [ 7.5 pF

‘ operating characteristics over recommended operating free-air temperature range, VCC = 5 V,
VREF/2 = 2.5V, fclock = 640 kHz {unless otherwise noted)

PARAMETER TEST CONDITIONS MiN  TYP? MAX UNIT
Supply-voltage-variation error
{See Notes 2 and 7)

Total unadjusted error
(See Notes 7 and 8}
DC common-mode error
(See Note 8)

Vee = 45Vt055V + 1/186 £1/8 LSB

VREF/2 = 2.5V 1] LSB

+1/16 +1/8 LS8

ten Output enable time CpL = 100 pF 136 200 ns
tdis Output disable time Cy = 10pF, R =10k 125 200 ns
tdUNTR)  Delay time to raset INTR 300 450 ns
lock
Conversion cycle time (See Note 9) felock = 100 kHz to 1.46 MH2 65% 72% o
teonv cycles
Convarsion time 103 114 3]
) INTR :
CR Free-running conversion rate connected to WR 8827 | convis

CSatov

YAl typical velues are at Tp = 25°C.

NOTES: 2. The intarnal reference volitage is equal to the voltage applied to REF/2, or approximately equal 1o one-half of the Ve when
REF/2 is left open. The voltage at REF/2 should be one-haif the full-scale differential input voltage between the analog inputs.
Thus, the differential input voitage when REF/2 is open and Vo = 5V is O to & V. VRgg/2 for an input voltage range trom
0.6 V 10 3.5 V {full-scale differential voltage of 3 V) is 1.6 V.

. The resistance is calculated from the currant drawn from a 6-V supply applied to pins 8 and 9.

. These parameters are specified for the recommended analog input voitage range. !

. Allerrors are measured with refarence to an ideal straight line through the end-points of the anaiog-to-digital transfer characteristic.

. Although’intemal conversion is completed in 64 clock periods. a CS or WA low-to-high transition is followed by 1 to 8 clock
periods before conversion starts. After conversion 1s completed, part of another clock period 1s required before a high-to-low
transition of INTR completes the cycle.

L e )
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ADC08041, ADC0804C
8-BIT ANALOG-TO-DIGITAL CONVERTER
WITH DIFFERENTIAL INPUTS

timing diagrams
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ADC0804l, ADC0B0AC
8-BIT ANALOG-TO-DIGITAL CONVERTER
WITH DIFFERENTIAL INPUTS

PRINCIPLES OF OPERATION

The ADCO0804 contains a circuit equivalent to a 256-resistor network. Analog switches are sequenced
by successive approximation logic to match an analog differential input voltage (Vin4+ - Vin-)to a
corresponding tap on the 256-resistor network. The most-significant bit (MSB) is tested first. After eight
comparisons (64 clock periods), an 8-bit binary code (1111 1111 = full scale) is transferred to an output
latch and the interrupt (INTR) output goes low. The device can be operated in a free-running mode
by connecting the INTR output to the write (WR) input and holding the conversion start {CS) input at a
low level. To ensure start-up under all conditions, a low-level WR input is required during the power-up
cycle. Taking TS low anytime after that will interrupt a conversion in process.

When the WR Input goes low, the ADCOB04 successive approximation register (SAR} and 8-bit shift
register are reset. As long as both CS and WR remain low, the ADC0O804 remains in a reset state. One
to eight clock periods after CS or WR makes a low-to-high transition, conversion starts.

When the CS and WR inputs are low, the start flip-flop is set and the interrupt flip-flop and 8-bit register
ara reset. The next clock pulse transfers a logic high to the output of the start flip-flop. The logic high
is ANDed with the next clock pulse, placing a logic high on the reset input of the start flip-flop. If either
TS or WR have gone high, the set signal to the start flip-tiop is removed, causing it to be reset. A logic
high is placed on the D input of the B-bit shift register and the conversion process is started. If the CS
and WR inputs are still low, the start fiip-flop, the 8-bit shift register, and the SAR remain reset.
This action allows for wide CS and WR inputs with conversion starting from one to eight clock periods
after one of the inputs goes high.

sjeays eiedg N

When the logic high input has been clocked through the 8-bit shift register, completing the SAR search,
it is applied to an AND gate controlling the output latches and to the D input of a fiip-flop. On the next
clock pulse, the digital word is transferred to the three-state output latches and the interrupt fiip-flop is
set. The output of the interrupt flip-tlop is inverted to provide an INTR output that is high during conversion
and low when the conversion is completed.

When a low is at both the CS and RD inputs, an output is applied to the DBO through DB7 outputs and
the interrupt flip-flop is reset. When either the CS or RD inputs return to a high state, the DBO through
DB7 outputs are disabled {returned to the high-impedance statel. The interrupt flip-flop remains reset.
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ADC0808, ADC0809
CMOS ANALOG-TO-DIGITAL CONVERTERS

WITH 8-CHANNEL MULTIPLEXERS

D2642, JUNE 1981~REVISED MAY 1988

Total Unadjusted Error . . . £0.756 LSB Max
for ADC0O808 and +1.26 LSB Max for
ADC0809

Resolution of 8 Bits
100 us Conversion Time
Ratliometric Conversion

Monotonicity Over the Entire A/D
Conversion Range

No Missing Codes

Easy Interface jylth Microprocessors
Latched 3-State Outputs

Latched Address Inputs

Single 6-V Supply

Low Power Consumption

Designed to be Intsrchangeable with
Natlonal Semiconductor ADC0808,
ADC0809

description

The ADCO808 and ADCO0809 are monolithic
CMOS davices with an 8-channel multiplexer, an
8-bit analog-to-digital (A/D) converter, and
‘microprocessor-compatible control logic. The
8-channel multiplexer can be controlled by a
microprocessor through a 3-bit address decoder
with address load to select any one of eight
single-ended analog switches connected directly
to the comparator. The 8-bit A/D converter uses
the successive-approximation conversion

N
OUAL-IN-LINE PACKAGE
{TOP VIEW)

}>INPUTS
} ADDRESS
J

INPUTS

21f] 21 (MSB)
20[]2-2
19[F2-3
18[]2-4
REF+ 12 17[]2-8 (sB)
16]J REF -
15[)2-6
FN PACKAGE
(TOP VIEW)
: WYL HON—O
el = = o
282pp2?
222222z
INPUT 70 6 25EA
START)6 24[}8 > ADDRESS
EOC[)7 23{1c
2-5p8 22{]ALE
OEQS 21{J2~1 (msB)
cLkD1o 20[]2-2
Veegn 19fj2-3
1213 14 16 16 17 18
fm W s Ve T U W ¥ o0
% =
S IRELN
@ x =~
w
i
~N

technique featug"lng a high-impedence threshold detector, a switched-capacitor array, a sample-and-hold,
and a successive-approximation register (SAR). Detailed Information on interfacing to most popular

microprocessors Is readily avelilable from the factory.

The comparisonj and converting methods used eliminate the possibility of missing codes, nonmonotonicity,
and the need for zero or full-scale adjustment. Also featured are latched 3-state outputs from the SAR
and latched inputs to the multiplexer address decoder. The single 5-V supply and low power requirements
make the ADCO808 and ADCOBO09 espacially useful for 8 wide variety of applications. Ratiomatric
conversion is made possible'by access to the raference voltage input terminals.

The ADC0O808 and ADC0809 are characterized for operation from —40°C to 85°C.

Data Sheets {3



ADC0808, ADCO80S
CMOS ANALOG-TO-DIGITAL CONVERTERS
WITH 8-CHANNEL MULTIPLEXERS

functional block diagram (positive logic)

SAMPLE-AND-HOLD

BINARY .WEIGHTED
CAPACITORS
{12
REF+ 81 SWITCH
AEF- ———————if MATRIX
{ THRESHOLD
coi28! '\ DETECTOR | 07) ,8 (1s8)
Jfen 14) 57
gRpi 115}
’ 2 2@1 outpur | (8) 2_‘; DIGITAL
&= ANALOG 2~
) anaros Ja ] Smaias LATCHES [(18) , 4 OUTPUTS
o INPUTS ), (21] PLEXER |12} o-3
0 (3) o2
8 5 >'n;mgc. en M2 o1 (mse)
o ot conﬁaon. {7) eno oF
0 t .y . CONVERSION (EOC)
7
3
4
3 crock {19 %
» START CONVERSION (START) !
OUTPUT ENABLE (0F] 2.
{26}
ADDRESS A'('E‘-)i
ADDRESS 82| ADDRESS
ADDRESS C DECODER
ADDRESS LOAD—TL
ENABLE (ALE)

MULTIPLEXER FUNCTION TABLE

INPUTS SELECTED
ADDRESS ADDRESS | ANALOG
C 2] A STROBE CHANNEL
L L L t 0
L L H t 1
L H L t 2
L H H t 3
H L L t 4
H L H t ]
H H L t 6
H H H t 7

H = high level, L = low level
' = low-10-high transition
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ADC0808, ADCO809
CMOS ANALOG-TO-DIGITAL CONVERTERS
WITH 8-CHANNEL MULTIPLEXERS

operating seqt:ilenca

START :
CONVERSION sonf  \50%

—— -
ADDRESS LOAD ! i
ENABLE 50% 50%
l‘---i-----"--——tw(m.c) Wi |
fet—=- ADDRESS STABLE i/ 2
ADDRESS soMM% [ “~
l X4 - .
ke BRHIL n
ANALOG INPUT x : ANALOG VALUE x ‘5
F-—--—t———-| INPUT STABLE ——-——-————-——-l Q
K o
MULTIPLEX OUTPUT ; ;
TeLEX ouT ' . anaLoe VALUE K 77}
] | (1]
i I -
CONVERTIGH L, Pty N3 oo 3
l———'dteoc) —i A i Q
ouTPUT el #
[ENABLE v b s

)
LATCH QUTPUTS v 90% 20%
: Hi-Z STATE 10% 10%

i
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ADCO0808, ADCO80S
CMOS ANALOG-TO-DIGITAL CONVERTERS
WITH 8-CHANNEL MULTIPLEXERS

{0

absolute maximum ratings over operating free-air temperature range {(unless otherwise noted)

Supply veltage, Ve (see Note 1) ... L e e 6.5V
Input voltage range: control iNPULS . . ... ..ot -0.3t0 156V

gllotherinputs . ..................... e -0.3VtoVge + 03V
Operating free-air (eMperature range . .. .. ......... ..o iruet .. ~40°C to 85°C
Storage temperature Tange . . .. .. .. ... e -85°C to 160°C
Case temperature for 10 seconds: FN package. ... ... ... ... ... ..., 280°C
Lead temperature 1,6 mm {1/16 inch) from case for 10 seconds: N package ............ 260°C

NOTE 1: All voltage values are with respect 1o network ground terminal.

recommended operating conditions

MIN NOM MAX UNIY
Supply voltage, Ve 4.5 5 [] \)
Positive reference voltage, Vigf + (see Nots 2} vee Vee+0d) vV
Negative reference voitage, Vg - o -0.1 \
Differential reference voltage, Viaf+ = Vyai — 5 v
High-level input voltage. Vi Veg-1.6 v
Low-level input voltage, Vi 15 . V
Qpsrating free-alr temperature, TA ~-40 85 °C

NOTE 2: Care must be taken that this rating is observed even during powaer-up.

electrical characteristics over recommended operating free-air temperature range. VgC = 4.75 V

to 5.25 V (uniess otherwise noted)
total device

PARAMETER TEST CONDITIONS MmN TYPt  MAX | uNiT
VoH High-level output voltage lp = —360 A Vee-0.4 v
Data outputs ip = 1.6 mA 0.48
\ Low-level out, volt
oL o N 2g¢ End of conversion lp = 1.2 mA 0.45 v
) Off-state (high-impedance-state) Vo = Vee 3
0z output current Vg =0 -3 BA
[ Control input current at maximum input voltage Vi =16V 1 uA
WL Low-level control input current Vi =0 -1 »A
lec Supply current felock = 640 kHz 0.3 3! mA
Cy Input capacitance, controf inputs Ta = 26°C 10 15 pF
Co Output capacitance, data outputs Ta = 25°C 10 16 pF
1 Resistance from pin 12 to pin 16 1000 k@
analog multiplexer
PARAMETER TEST CONDITIONS MIN TYPY MAX | UNIT
lon Channel on-state current {see Note 3 Vi = VCC. folook = 840 kHz 21 A
Vi =01V, fooek = 640 kHz -2
Vee =BV, [Vj=5V 10200}
= o = - -
loft Channel off-state current Ta = 28°C | Vi=0 10_-200
v -5V Vi =8V 1 A
cc Vi=0 =1 “

TTypical values are at Voe = 6 V and Tp = 26°C. :

NOTE 3: Channael on-state current is primarily due to the bias current into or out of the threshold detactor, and it varias directly with
frequency.

clock
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ADC0808, ADCO809
CMOS ANALOG-TO-DIGITAL CONVERTERS
WITH 8.CHANNEL MULTIPLEXERS

timing requirements, VCC = Vief+ = 5V, Vief— = 0 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN _ TYP  MAX { UNIT
felock Clock frequency 10 640 1280 | kHz
tconv Conversion time See Note 4 90 100 116 #8
twis Pulse duration, START 200 ns

| wiALE) Pulse duretion, ALE ) 200 ns
tsy Setup time, ADDRESS 50 ns
h Hold time, ADDRESS 80 ng
tg Delay time, EOC See Notes 4 and & 0 14.6 #us

-

operating characteristics, Ta = 26°C, VcC = Vief+ = 5V, Vigf~ = 0V
otherwise noted)

fclock = 640 kHz {unless

ADC0808 ADC0809
T
PABAMETER EST CONDITIONS NN TYPT AR T MIN TVRT  MAX UNIT 3
Supply voltage Vee = Vief+ = 4.75V t0 6.25 V, @
(KSVS  onsitivity TA = -40°C to 86°C, Ses Note 6 o i A 3 ferv 2
Linearity error £0.25 L08 LS8 (7))
(see Note 7} .0
Zero error (dee Note B) +0.26 +0.26 LS8 ‘6
TA = 26°C +0.26 +0.6 0.6
djusted
:°:' b ’::t" 0 TA = -40°C 10 86°C 0,76 i) e | O
il . Ta_= 0°C to 709C =1
| ton Output enable time Cy = BOpF, R = 10 k2 80 280 80 260 ne
1 tdis. Output disable time CL = 10 pF, R = 10 k2 106 2850 106 260 ns

tTypical values for all except supply voltage sensitivity are at Vo = 5 V, and all are at T4 = 26°C.
NOTES: 4. Refer to the operating sequence diagram.
8. For clock frequencies ather than 840 kHz, tg(0C) maximum is 8 clock periods plus 2 xs.
8. Supply voitage sensitivity relates to the ability of an analog-to-digital converter to maintain accuracy as the supply voltage
varies. The supply and Vyef 4 are varied together and the change in accuracy is measured with respect to full-scale.
7. Linearity error is the maximum deviation from a straight line through the end points of the A/D transfer characteristic.
8, Zero error is the difference between 00000000 and the converted output for zero input voltage; full-scale error is the difference
batween 11111111 and the converted output for fuli-scale input voltage.
9. Total unadjusted error is the maximum sum of linearity arror, zero error, and full-scale error.
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ADC0808, ADC08BOY
CMOS ANALOG-TO-DIGITAL CONVERTERS
WITH 8-CHANNEL MULTIPLEXERS

PRINCIPLES OF OPERATION

The ADCO808 and ADCO809 each consists of an analog signal multiplexer, an 8-bit successive-
approximation converter, and related control and output circuitry.

multiplexer

The analog multiplexer selects 1 of B single-ended input channels as determined by the address decoder.
Address load control loads the address code into the decoder on a low-to-high transition. The output latch
Is raset by the positive-going edge of the start pulse. Sampling also starts with the positive-going edge
of the start pulse and lasts for 32 clock periods. The conversion process may be interrupted by a new
start pulse before the end of 64 clock periods. The previous data will be ost if a new start of conversion
occurs before the 64th ¢clock pulse. Continuous conversion may be accomplished by connecting the End-
of-Conversion output to the start input. If used in this mode an external pulse should be applied after power
up to assure start up.

converter

The CMOS threshold detector in the successive-approximation conversion system determines each bit
by examining the charge on a series of binary-weighted capacitors (Figure 1}. In the first phase of the
conversion process, the analog input is sampled by closing switch S¢ and all ST switches, and by
simultaneously charging all the capacitors to the input voltage.

sjasys eieq I\J'f

In the next phase of the conversion process, all ST and S¢ switches are opened and the threshold detector
begins identifying bits by identifying the charge {voltage) on each capacitor relative to the reference voltage.
In the switching sequence, all eight capacitors are examined separately until all 8 bits are identified, and
then the charge-convert sequence is repeated. In the first step of the conversion phase, the threshold
detector looks at the first capacitor (weight = 128). Node 128 of this capacitor is switched to the reference
voltage, and the equivalent nodes of all the other capacitors on the ladder are switched to REF —. if the
voltage at the summing node is greater than the trip-point of the threshold detector lapproximately one-
half the V¢ voltagel, a bit is placed in the output register, and the 128-weight capacitor is switched
to REF —. If the voltage at the summing node is less than the trip point of the threshold detector, this
128-waeight capacitor remains connected to REF + through the remainder of the capacitor-sampling (bit-
counting) process. The process is repeatad for the 64-weight capacitor, the 32-weight capacitor, and so
forth down the line, until all bits are counted.

With each step of the capacitor-sampling procaess, the initial charge is redistributed among the capacitors.
The conversion process is successive approximation, but relies on charge redistribution rather thad a
successive-approximation register (and reference DAC) to count and weigh the bits from MSB to'LSB.

Sc

——-

THRESHOLD
DETECTOR

120 64 32 16 B 4 2 1 1 OUTPUT
LATCHES
NODE 128 ﬁgso REF+ [ REF~ REF+ REF+ REF REF +
% % % o %
REF- REF- ﬂEF- GEF— REF- REF— REF- REF ~ REF -

St

AT Td99995

FIGURE 1. SIMPLIFIED MODEL OF THE SUCCESSIVE-APPROXIMATION SYSTEM
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ADCO808M
CMOS ANALOG-TO-DIGITAL CONVERTER
WITH 8-CHANNEL MULTIPLEXER

D2642, NOVEMBER 1586 —REVISED MAY 1888

& Total Unadjusted Error . . . £0.76 LSB Max J
DUAL-IN-LINE PACKAGE
@ Resolutlon of 8 Bits {TOP VIEW)

100 ps Conversion Time
Ratlometric Conversion

Monotonous Gver the Entire A/D Conversion
Range :

No Missing Codes

Easy Interface with Microprocessors
Latchad 3-State Outputs

Latched Address inputs

Single 5-Voit Supply

Low Power Consumption

Designed to be Interchengeable with
National Semiconductor ADCO808CJ

description

The ADC0O808M is a monolithic CMOS device
with an 8-channel multiplexer, an 8-bit analog-
to-digital {A/D) converter, and microprocessor-
compatible control logic. The 8-channel
multiplexer can be controlled by a micro-
processor through a 3-bit address decoder with
address load to.select any one of sight single-
ended analog switches connected directly to the
comparator. The 8-bit A/D converter uses the
successive-approximation conversion technique
featuring a highsimpedance thrashoid detector,
a switched capacitor array, a sample-and-hold,
and a successive-approximation register (SAR).
Detalled informiation on Interfacing to most
popular microprocessors is readily available from
the factory.

The comparison and converting methods used
eliminate the possibility of missing codes,

} INPUTS
} ADDRESS

INPUTS

OWFTMNMN~—~O
EEbEEERER
EEAEEREE
2Z2ZEZZ2Z2
4 3 21 282726
INPUT 7 8 25 A
START %a 24(] B} ADDRESS
goc7 23[jc
2-5])8 22 ALE
OED® 21[J2-1 (mMsB)
cucgm 20[02-2
Vel 9{l2-3
12 13.14 16 18 17 18
(o N Yons N e M anm Bun

nonmonotonicity, and the need for zero or full-scale adjustment. Also featured are latched 3-state outputs
from the SAR and latched Inputs to the multiplexer address decoder. The single B-volt supply and low
power requirements make the ADCO808M especially useful for a wide variety of applications, Ratiometric
conversion Is made possible by access to the reference voltage input terminals.

*
The ADCO808M is characterized for operation over the full military tempsrature range of —55°C to 126°C.

13
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ADCO808M
CMOS ANALOG-TO-DIGITAL CONVERTER

WITH 8-CHANNEL MULTIPLEXER

functional block diagram (positive logic)

SAMPLE-AND-HOLD

BINARY-WEIGHTED
CAPACITORS
{12}
REF+ 176) SWITCH
REF— MATRIX
v v L THRESHOLD
, 2 ¢ o 29 b DETECTOR | (‘:7)’ . ) (Lsaﬂ
g {27) 4 2~7
: 1= el
. (28) 151 6
(w) 2= anaLoG outeur | 181 , 5  oiGiTaL
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MULTIPLEXER FUNCTION TABLE

INPUTS SELECTED
ADDRESS ADDRESS | ANALOG
C B A STROBE CHANNEL
L L L t 0
L L H t 1
L H L t 2
t H H t 3
H L L 1 4
H L H t 5
H H L ? 6
H H H t 7

H « high level, L = low level
t = low-to-high transition
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operating soquencei
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ADCOS08M
CMOS ANALOG-TO-DIGITAL CONVERTER
WITH 8-CHANNEL MULTIPLEXER

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

Supply voltage, Ve (see Note 1) . ... ... e e e et e e e 6.5V
Input voltage range: control iNPUES . .. .. ... ittt it e -0.3t015V

allotherinputs . .. ........... .. ... ... ....... -0.3VtoVce + 03V
Operating free-air temperature range . . .. .......ciuin vt inionn s -565°C to 125°C
Storage tempPerature FANGS . . .. . .ot vv ettt i -65°C to 160°C
Case temperature for 60 seconds: FK package . .. .. ... ... it 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C

NOTE 1: 'All voltage velues are with respect to network ground terminal.

, 2 recommended operating conditions

MIN NOM MAX UNIT
O Supply voltage, Voo 4.5 5 6 v
E’, Positive reference voltage, V et . (see Note 2} Vee Vec+0.1 v
o Negative reference voitage, Vegf — 0 -0.1 \'J
¢ | Ditferential reference voltage, Vigf+ - Vief - 5 v
g’ High-level input voltage, Vi Veg-1.6 Y]
o Low-tevel input voltage, Vi 1.5 \J
a Start pulse duration, ty(S) 200 ns
Addrass load control pulse duration, ty(ALC) 200 ns
Address setup time, tsy 50 ns
Address hold time, th 50 - ng

Clock frequancy, felock . 10 640 1280 kHz
Qpsrating free-air temperature, Ta — 126 °C

NOTE 2: Care must be taken that this rating is observed aven during power-up.
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ADC0O808M
CMOS ANALOG-TO-DIGITAL CONVERTER
' WITH 8-CHANNEL MULTIPLEXER

elactrical characteristics cver recommended operating free-air temperature range, VCC = 4.5 V to
8.5 V' {unless otherwise noted)

totail device

PARAMETER TEST CONDITIONS . MiN TYP! MAX | UNIT
VoW High-leval output voltage g = ~360 uA Vee-0.4 v
Data outputs o = 1.6 mA 0.45
VoL Low-level output voftage End of conversion Iop = 1.2 mA 0.46 v
loz Oft-state {high-impedance-state) Vo = Vee 3 A
output currant Vg = 0 . -3
] Control input current at maximum input voltage Vi = 18 V - 1 uA e
h Low-leve! control Input currant Vi =0 -1 pA 2 .
lec  Supply currant felock = 640 kHz 0.3 3 mA 4 :
Ci  Input capacitance, control inputs Ta = 25°C 10 pF )
Co  Output capacitance, data outputs Ta = 26°C 10 pF bt
Resistance from pin 12 to pin 16 1000 k{1 8
' L
analog muitiplexer 7]
PARAMETER TEST CONDITIONS MIN  TYP? MAX | UNIT S
lon  Channel on-state current (see Note 3) z: : (\:'CC' :ﬁ : 2:2 :::: _; uA g
Vee =6V, Vi=5V 10 200 nA
lott Channel off-state current LUAR b NG e {78
Ve = BV Vi=586V 1 A
Vi =0 -1

1 Typical values ure at Vo = & V and Tp = 26°C.
NOTE 3: Channel on-state current is primarily due to the bias current into or ocut of the threshold detector, and it varies directly with clock
frequency.

timing characteristics, VCC = Vrief+ = 5V, Vegf~ = 0V, TA = 25°C (unless otherwise noted)

. PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
| falock " Clock frequency 10 640 1280 | kHz
;q_orw . Convaersion time r - See Notes 4 and 5 and Figure 1 90 100 1186 us
| tanH Enable time, high Sea Figure 1 160 360 ng
 ton|, Enable time, low See Figure 1 90 260 ns
| tdis Output disable tims See Figure 1 200 406 ns

twis Pulse duration, START 200 ng
| twiaALE) Pulse duration, ALE 200 ng
[ tsy Setup time, ADDRESS 1 50 ns

th Hold time, ADDRESS 50 ns
| tdEoc)  Delay time, EOC See Notes 4 and 6 and Figure 1 0 14.5 “s

NOTES: 4. Refer to the operating sequence diagram,
6. For clock frequencies other than 640 kHz, tgany is 57 clock cycles minimum and 74 clock cycles maximum.
6. For clock frequencies other than 640 kHz, tg(eQc) Maximum is B clock cycles plus 2 us.



ADCO8O8M ! 8
CMOS ANALOG-TO-DIGITAL CONVERTER
WITH 8-CHANNEL MULTIPLEXER

operating characteristics, TA = 25°C, Vg = Vref+ = 8V, Vigf— = 0V, fclock = 640 kHz (uniess
otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX UNIT
v 4. . .

ksvs Supply voltage sensitivity T:i _\;’;’Lé 5 122 :’cw 5.6V Ses Note 7 10.05 %IV
Linearity error (see Note 8) : +0.28 LSB
Zero error {see Note 9) +0.25 LS8

Ta = 256°C +0.25 £0.5
Total un 1 Lse

otal unadjusted error {see Note 10) Ta = ~55°C 10 135°C 20965

\' ) B ! Typical values for all except supply voltage sensitivity are at Yoc = 5V, and all are at Ta = 25°C.
e 2 k NOTES: 7. Supply voitage sensitivity relates to the ability of an analog-to-digital converter to maintain accuracy as the supply voltage
R veries. The supply and Vief ;. are varied together and the change in accuracy is measured with respect to full-scale.
o 8. Linearity error is the maximum devistion from a straight line through the end points of the A/D tranafer characteristic.
9. Zero error is the difference between 00000000 and the converted output for zero input voltage; full-scale error is the difference
. between 11111111 and the converted output for full-scale input voltage.
* 10. Total unadjusted error i1s the maximurmh sum of linearity error, zero error, and full-scale error.

PARAMETER MEASUREMENT INFORMATION

s193Yys eyeq

Vee

6 ki

OUTPUT

100 pF ~~ Ct 11.7 k)

FIGURE 1. TEST CIRCUIT



ADCO808M
CMOS ANALOG-TO-DIGITAL CONVERTER
WITH 8-CHANNEL MULTIPLEXER

PRINCIPLES OF OPERATION

The ADCO808M consists of an analog signal multiplexer, an 8-bit successive-approximation converter,
and related control and output circuitry.

mulitiplexer

The analog multiplexer selects 1 of 8 single-ended input channels as determined by the address decoder.
Address load control loads the address code into the decoder on a low-to-high transition. The output latch
is reset by the positive-going edge of the start pulse. Sampling also starts with the positive-going edge

of the start pulse and lasts for 32 clock periods. The conversion process may be interrupted by a new g

start puise before the end of 64 clock periods. The previous data will be lost if a new start of conversion
occurs before the 64th clock pulse. Continuous conversion may be accomplished by connecting the End-
of-Conversion output to the start input. If used in this mode an external pulse should be applied after power
up to assure start up.

converter

The CMOS threshold detector in the successive-approximation conversion system determines each bit
by examining the charge on a series of binary-weighted capacitors {Figure 2). in the first phase of the
conversion process, the analog input is sampled by closing switch Sc and all ST switches, and by
simultaneously charging all the capacitors to the input voltage.

In the next phase of the conversion process, all ST and S¢ switches are opened and the threshold detector
begins identifying bits by identifying the charge (voltage)} on each capacitor relative to the reference voltage.
In the switching ssquence, all eight capacitors are examined separately until all 8 bits are identified, and
then the charge-convert sequence is repeated. In the first step of the conversion phase, the threshold
detector looks at the first capacitor {weight = 128). Node 128 of this capacitor is switched to the reference
voltage, and the equivalent nodes of all the other capacitors on the ladder are switched to REF -, If the
voltage at the summing node is greater than the trip-point of the threshold detector (approximately one-
half the Vg voltage), a bit is placed in the output register, and the 128-weight capacitor is switched
to REF —. If the voltage at the summing node is less than the trip point of the threshold detector, this
128-weight capacitor remains connected to REF + through the remainder of the capacitor-sampling (bit-

. counting) process. The process is repeated for the 64-weight capacitor, the 32-weight capacitor, and so

" forth down the line, untii all bits are counted.

With each step of the capacitor-sampling process, the initiaﬂharge is redistributed among the capacitors.
The conversion process is successive approximation, but relies on charge redistribution rather than a
successive-approximation register (and reference DAC) to count and weigh the bits from MSB to LSB.

S¢

THRESHOLD
DETECTOR

-

wl ok oL oL oL oL oL L ol

TO
OUTPUT
LATCHES
NODE 128 REF+ REF+ tﬁEN ﬁen REF+ REF+ REF+ REF+
y 9% o2
REF- REF- REF— REF~ REF- REF- REF- REF- REF-~
St St St St Sy St St St

et | T 717

FIGURE 2. SIMPLIFIED MODEL OF THE SUCCESSIVE-APPROXIMATION SYSTEM
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