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ABSTRACT

This project concerns 4in the studying of digital weight-meter.

ST

It. cons1st.s of two main parts- first, the mechanlcs part; second ‘the
eletronics circuits. Weight applied to the mechanics part is
transformed to be pressure applied to pressure {ransducer and gives
an electrical output signal proportional to the pressure. .Thi‘s éignal
is amplified and.converted to be digital output signal by
instrumentation amplifier and analog to digital converter
successively. This digital signal is sent. to Siﬁgle board and

operated to give output that can be read directly.
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2.1 Bﬂmﬂuﬂ (OPERATIONAL AMPLIFIER)

+
Al -

Vis,
* —-—
-+ : Va Vo = AolVb—Uad

awm 2.1.1

Qmﬂuu‘ﬁ‘lum\:qamanmaamauﬁ

15 nssudﬁiuatiﬁm.jaﬁugn ¢input) FrBui1adeas (INVERTING) uaehi
puauRuL 185Ree (NONINVERTING) mavapikaui (OP-AMP) §d1tﬁ1ﬁu§ué {hiaan
3u¥n5u§uauﬁ‘(input impedance (Z )) naqaaﬂuﬁuﬂﬁsﬁﬂ1nﬁaﬁu5

2. 5@1wuawaﬁw‘iaxm¢a’u (OPEN-LOOP GAIN) uazwimdad (BANDWIDTH)
navaauabBlid i In¥alhe

3. ﬁna11wﬁjﬁnﬁ§ugnﬁaﬂaq TR SIEOE o AP R e -
i fﬁaqwﬂnﬁhsﬂnaﬂauuuTatyuaﬂnaqaauuauﬂﬁaﬁtﬁﬂ1ﬂ53ﬁuﬁ uacitna Wi
ﬁtaﬂﬁgn (output voltage (v )) a1t lueadunns

v, = Ao(vb—v_) (2.1.1)

uaelun17 1w v, T N A1 (v -v_) 3@33«561|§u5u5 nin
nﬁﬁvﬁnﬁauﬁq1ﬁiwﬁnaﬂluﬁ1ﬁnﬁ3ugnﬁvdaqﬁdﬁtﬁﬁﬁu .

a. laﬂﬁgnﬁuﬁuauﬂ (output. impedance) ﬁnﬂtaﬁﬁgnnaeaaﬂnaaﬂﬁdﬂtﬁw

- { [ ' ] -
fugua wasHERTnIEnTHLd [Raans bisiados
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2.2 Fuiaaieas usmnBunaiaad (INVERTING AMPLIFIER)

R .
O———AAA

Vi

é ~

-
anm 2.2.1

i 2.2.1 ﬁnm‘lﬂﬁﬁ‘mmmﬁuna‘?&ﬁaﬁdﬂﬁuﬁuﬁ wn liinnau
adan. anmus i tingaaudiailau (virtual ground) ,ndﬂaﬁaﬁﬁﬂmtﬁﬂﬁtﬁuﬁ
Tﬂﬁ‘lﬂﬁﬁﬂﬁﬂﬂﬂWéﬂﬂﬂﬂ‘: é’mrhm-:-sua i aﬁmﬁuﬁeﬁunw

i = v /R, (2.2.1)
taaﬂ’mﬁwgnﬁuﬁmuﬂd'quu'm Fobhingsud lvat Bamaaw pfAaeTBY
apue e othungruam Ivasinu R, 3winiiu i Feliin
v_ = =iR, = -V,R/R, (2.2.2)
uazaz‘l&'iwﬁmﬂnmaum‘inaaeu ‘(,CLOSE—DOOP GAIN) naﬁuna‘fﬂgwauﬁ
(&) wiiiy | :
A, = v /v, = —i"‘.‘,,_/R1 (2.2.3)

v A, ﬁ;ﬂ’;am'mﬁuau uﬁm'i'mhﬁa‘umv‘nguas?m\gnwnwi"mﬁu
QaTAMANNNT (2.2.3) W A S sy ‘Rl uas R, i IeE TR MR
#aI1mas (gain) nmwaﬂﬁamqﬂm&mauan iﬁmﬂné’m']nmana\nﬂﬂﬁﬁuﬁu
Qnmuﬁnmaamauﬂ uasamﬁmgnﬁufuau‘ﬁnaﬁmqﬁnﬁmauﬂ‘lﬁﬂn .

R, = V/(V/R) = R (2.2.4)
An 1 1 1
Y y 4 X = . ' aded o
amﬁﬂﬁmm‘s‘lﬁunammauﬂmaﬂ R, 9 S-PRNL | R, TeiAde uay
’ 1 L] 4‘ 1 ’ J
5ﬁaen'n‘lﬁ'é'a-rma'mnaquﬁmsjﬁqaazﬁm‘lﬁm R, fengann  Feiuiiads

X
HANINITU



o 1 . ¢ X
ﬂ?ﬂﬂﬂﬂﬂﬂ’ﬂﬁsqnéqﬂaulQQTQHQuﬂNﬁ

z=

e ol
awm 2.2.2

«f ' 4

AMNWT 2.2.2  AEARINAT lasum R, uav R, Gandnuent Z, uaL Z,
e ar . - 3 o L

ANARY amw‘l&'am'ma'muuuriﬂaaz:ﬂ (A)

A v.Iv, = =Z,/Z, | (2.2.5)

A

«
an 2.2.3
- T s JT{C

/

o - v
1/jwC  eenam 2.2.3 w8

1 4l
nar wunsam Z1 = R uar Zz

-1/JwRC (2.2.6)

A, = VIV,
S hindnaei2an (time-domain) v i
ity = v (LR (2.2.7)
5wz<uzgauw?‘x t =0 #nawmisu C ﬁdjlﬁ'\fﬁ@fﬁ L -
v_(t) = (1/0) . i(i)dt. = - (1I/RO) v (b)dt (2.2.8)

. . & Y 1 - O
NEUNTT (2.2.8)  IWIWUIN V_ (hudwin¥a C(integral) pav v, A
»

N o



-

- o Y. - «f £ . - e
AL TANINITUINMITAUNLATLRAT (integrator) UasIMANNT (2.2.4) '-w‘la'n

- - «f [ 2t s ' e
amgnauwm:ﬁna\mqmmtmnu R

- X
2.3 uBuUBUL ':a'fm»;uamﬁtha 3 aa-f (NONINVERTING AMPLIFIER)

RrRZ

g-—fv\, ‘\—?1 ) i
vo
< ~

-
amwn 2.3.1
- & \1 o ¢ X . ‘j ' e
IAWn 2.3.1 Az iadnan itinznBui 2aTaRana v a sk auRe L Y
o - s K o 8 ° .
dnan Wit nnuaudut 18 TeaAs v . Ean SeMArHMATNAMIaMINTELR i THan
| i = v,/R, (2.3.1)
] pe) ' Y . - o
wazas Wi nTzuan vadm R, szt i Bn Gau
LR v, + 1R2 Y + (vt/R.i)R2 (2.3.2)
ar 3 ar - - £ 2 ﬁq 44 e
amawnnmauuﬂnaﬁgﬂnmw'-i'mauam aaTaasaNiRe LN
A, = Vv, = 1+R/R (2.3.3)
3 «f - - ¢« X Ve 4 P
(aesnnTeuaEn luat ‘ﬂ'r-:aamgnnamauam 2ataawuan Linfiudud - Aeiiuae
\leo'c - - oy £ . -4 W ‘lﬂv o & -4 a o ‘la )
ﬂawgnamau'ﬁna\nﬂﬂsumtm AP 293 THAN MR MTUNTT LT TMLuB

[ ) ot o UA -~ adag o 46
LARTENITUMANANE (source) maﬁuﬁmmfzimﬁmammﬁuﬁzwﬁm



2.4 ivai nciusnBvhaiead (DIFFERENCE ANPLIFIER)

R2
A
R4
VI O——"\ P~
+
va Al
w2 -+
R2
R4 Vo
4
amwm 2.4.1

P & 1 3 - - v < -
IMnwn 2.4.1 axtm’x’nﬂmaa\am‘nﬂa v, v, uaznmam{nnm
- [ < Y ’
aamauﬁmaawwmﬁnaﬂvﬁhvn'mu v, UREEWIIIND Vv, 1%
v, = V,R/(RR,) (2.4.1)

RAYATAMNNTIA 1 1R lag

i = (v,~v,)/R, (2.4.2)

Gaaas s
O\ Zov, - iRa = v, - Cv v )/R IR, (2.4.3)
v, N\ CO4R, /R, / (4R /R DIV, = (R/RV, (2.4.4)
MANNT (2.4.4) EaenaatnasaTaenana i thaiual i Fnauaan
(DIFFERENTIAI, AMP.) Mawaﬂznmmwwsmmﬁmummti'aaTm
(differential mode) usiﬁrm;’mauuaﬂma (common mode) qsgnﬁﬁaaan‘lﬂ

' . - 4 * " e T e - 4

nanMaLiaNaEMTY v, uae v, e iuas LRaTeiuas Bidnan wilncanmm
( . ar d. 11

v, s awdinT (2.4.4) 1Joulmiaz 1 hiadefidaiia

R /R, = R,/R, (2.4.5)

2

¥ 1d
Fdndwmunn v_ ilea

v, = (R/RDWV,-V,) _ (2.4.8)
Ao = R/R, (2.4.7)
S o 4 -
AMANNNT (2.4.7) A, .. ietﬁuﬂmnnﬂanaqumm‘\’@ywam‘cmﬁu

/



winmvtvas nuTea e iinifuinsadmees R, @8 R, uav A Fuihudinanmana.

4‘ -y ¢ ar (' Us
an1ﬁa11uaﬁyquugntﬁuuuunauuauﬁﬁuaﬂstnﬂnuﬁua #il CMRR (OOMMON MODE

. 4“@" o e [y

REJECTION RATIO) 1B9INITUINHATHINN ue lumaie @1 CMRR 1B9avaTiinazan
0 e - q [y ar 1 4 ’ -1
Siia TasE L TauEe L Tuiaad ez Aavaa LAl

frdwualid R =R, uaz R =R, LR eI I B eaTaeiian

cd

Hawana ke 13

'1#'3 - p 3 -y 1 e

WmidaRitAIRwEaAaLTY 1%

R, =R, = 10K uax R, = R, = 100K

NAUNT (2.4.4) 3R

A = Vv /v
cm (=] cm

= =R /R,) + TR,/(R#R,)IL(R R )/R,D (2.4.8)

‘4 ’4 -4 < 1 e -
'lunmanq‘aﬂa AMAWA AT Rz Hwax Ra inany +1% AUAWAWAIANDY

[ ) : X
R, Waz R, iniy -1% Gainuiaummanas lusdun (2.4.8) a1l

(AL ovur cuse = —10.20202 + 10.16498 = -0.03704
WEEE & (12
Fandelinn
(CNRR) worst case 7 20 IOg Ad if‘f/Acm
= 20 log 10/0.03704 = 48.6 ds

4 '~ & M, 8 a - o o W Q -
asmnqmu‘lm'}m CMRR mn"ﬁ\l'ﬂﬂ,\YJ\!"I'I"WI‘ITI'Q"lﬂﬂﬂ']ﬂﬂ'lﬁ']'lﬂﬂﬂﬂﬁ']ﬁﬂﬂ\!

#2R2UAMNUL A




‘4 m‘ 4' ‘luc 1 [ ©
AW 2.4.2 ez, 189937 14D BANBRENITAM IR YA
2 - N * .
Wr =R, usr R, = R, auuuqsiﬁﬁuqn?%ﬁuauﬁhuﬂaﬂtuarsutﬁaa (differ-

ential-input resistance (R, _.))

Ryjer = (Vpmvy/i (2.4.9)

. ¥ ' e -p
Lﬁaqawnnqauqnuaeﬂaﬂuauﬂnaaaaﬁﬁna11uﬁ1tnwnu T Aiau

tﬁuaataavﬁu Waras L ST (loop equation) 1Hiih

v, -v, = iR + 0.+ iR, | (2.4.10)

R = 2R (2.4.11)

d1ff 1

@ adaf
ANANNNT (2.4.7)  RsLnieesnTeT A, a1 avins ¥ R,

. S v o 5 . -1
atiaan Tewiwa i R, Saaen Zuiihubiatdanaersan

2.5 T')mammgtama"fuwmpm (SERIES TYPE VOLTAGE REGULATOR)

¢

T"\ 1/ as
o | AL e
D1
7
R2
— AAA +
R3 im. .
?D = Yo » Y
Rz+Ry
Vo = v CRURS)Y
IV 4
Fs J amm 2.5.1



- ¢t 0 - o~ L]
(2.5, 1) unasniadnattdisuinay  (reference voltage
v ¢ add s a e v < -~ . ¢ X
source) D, ¥ WilaWmmR ALY v uazaziiput H M muBUAKL 28 TRRITBY
4 o '3 . 3 b ]
A, (01vmmBe A, sefimInddiend Q, (il Wansneud B nae ladnvi e
4 4 4 o -« ¢ .
dnar Wiiiiativm (v_) T emitter mae Q, ﬂsgnﬂaunau‘laamumc feedback
Pe ] ¢ B ' .
network R, war R, (Hfimndutiaiedenes A, @in1Taanau (attenuation) w9

feedback network (B) ’-lmﬁ\&hh’lﬂﬂ!lﬂ'\‘!
B = R’z/(Rz+R3) 2.5.1)
4 ~ ~ ¢ X - ¢ X . Y ) ' e
: z.uaxr-rmﬁnmnn'mauaut 20FRAMW KL TIDUL 2DTAAINAN A1 ACHAIUANINU

A
B.v_ = IR,/(RARDIV, = v __. (2.5.2)

Fouan liaa
v; Y (1 4 Rb/RZ) vr.f (2.5.3)

o ¢ - 3 o o v -
IWAUNTT (2.5.3) IWLIWI v, Nﬂfltlﬂ‘:&:uTﬂaﬂ‘Nnﬂ Vil ATUUNIM

o YR ’ s - - v o Y
wn i v, ﬁamqmahluamﬂamwwuaznm unaanL aEnan LT s Nau

. Ha :
zﬁmﬁqmduiﬁﬂma
’ 4( - SR ' o By
g\ mﬁuﬂszﬁmmuw (temperature coefficient) NAWUANIIUA
£ X Y [ *
dnant T suL NauRERagL f}ugua iwnwﬁﬂﬂ"faamﬂnm'lﬁnwuamvmmmmqﬁ'l iR
[] 4 L] x L]
dnanuiauimiiae  uarlumalfisadalranaweamning wna i ladnen
e o e -4 afad s [ ' -y O T
c 1T THaEin AT RN TIIN TEUHAUMBNA TS L 1T
L] 4 . [
2. v PR ~ T e AN G L fdnTiRnulaseiag  1HaNnan
4 . . ) ) -~ P "
louminidsuaul (dynamic resistance) pasuMERAL Badnen L 3 s Rmminasiidn b
4
tf]ugua
H [ o . .
uanAHAT LI [R3N9AT9 v mmu’[namsﬁdwzjcqa‘la‘”lmﬁu V-V,
LaznTEuAT Inaei R, qzﬁéﬁzjqqakulﬁtﬁu I, 18N Q, iAa R, Jehaan bi

or O

$ o - ¥ 1 1 - 0 o o L
AKIUTUN ALY LUNT 'n’sz'mwm'mm\:mnam'mawﬂmnaqqﬂmwaasmma

026916



2.6 Eudazguutuiuungﬂauwatsa%—(InEnjunnyvrxTIou AMPLIFIER)

P
awn 2.6.1

- < & VU
W'T\Tm')?'\ﬂ']\i'i'i‘luﬂm 2.6.1 & AU THIENRIMIadB AR Tﬁan'm

-

WINUTENELEIE A URY A, Sonsnsae thann differential Tnput differential
¥ S 4
output UAEAANHAAB A, Failanba LAIEINAT v 2.4.1

v 4 12 v
saxTalFondlaut Eleduymnasvasenmm 2.6.1 AEAWATDAWBIT V_.

v
2 - v

« a ] - [ " e Y]
T Taase iuindnmr s RS BAnuiniy v -v, e

i = v, -v,)/R, z.6.1>
iwﬁmsw. \\\
‘ v, = Vv, t [(vi—vz')/R“]R3
= V1(1 + RS/RA) - vz(R3/R4) (2.6.2)
v, = v, - T -V, )/R IR,
= V(1 + R /R - V,(RJR) (2.6.3)
Fths
vV, = [(V,=V,)/RI(R R IR,) (2.6.4)
A o = (RURIR)/R, (2.6.5)

cm
.

'hmﬁrﬁrgmﬁm‘m;ﬁuumnauuaﬂmaﬁa v, =v, =V Ax binTeud

10



* © [} [ 8 : "
‘b R, inBibitineudvadm Ry uae R, Swbis TR v, uas v, asim

A = volvc y

(=2}

= [R,/(R*R,IIL(RR,)/R,I ~ (R,/Ry) (2.6.6)

™m

EEaem e T avshnnouina Lia L u Faa Tawinie 13ia

' 4 -1 -
vV, =V, =V__ oo v, ﬁmsﬁuﬁuﬁ FMNIUN1T (2.6.6) Nau‘lnuqmﬂqu

R/R, = R,/R, (2.6.7)

URCL N BT (2.6.7) 1ia3y aelA
V=35 (voz—voi)(R7/Ré) (2.6.8)

LIMANENNNT (2.6.4) (2.6.8) 3t lh
v, = =(v =V, )E(R+R R )/R IR, /R) - (2.6.9)

[-3

¥pins42937 INSTRUMENTATION AMP.

1. MMEUNIT (2.6.5) 3z ANARINTAIvATIVIENEAT S/N RATIO
~z‘a‘ggy1y‘l-3'ﬁd*1§~i§u tﬁa«nnﬁfmmmﬁummm&i’aa‘[mtﬁm?m?‘nsgnnma fu
donnaummau (noise) 'r"uf]mmmauuaﬂmmsgnﬁﬁ’aaan‘lﬂ

2. IMNFUNT (2.6.9) ’-wtﬁu’i'lm‘m%'uﬁm'\_na’mnae'lx:’-rsa"lu'r:nn'ssﬁﬂ.&'
Tasmuumaasdinm R, , R, w38 R, Tz Litivadann CMRR B P
S lnnasaunnt- t2o6 7 HRaL ﬂuﬁeaé ua‘luma@‘ﬁﬁ'ms‘[i’dﬂmwﬁmmu R,
Tunrnifudainnananneieis

3. ‘lumt'ffn A, uaz A, ﬁqmﬂuﬁtm‘m‘fm‘mﬂwnw AvTas (drift)
PBINRTIE L TIA LTINS L AATR 28 TMNA LU é’mrmﬁt'gywﬁt?mmnmm’mﬁnmﬁ\:
A, uay A, ’wna'\tﬁuﬁrypuﬂauuaﬂmﬁqqsgnﬁﬁa‘[aa A, GoadRenld A,
?‘m"}uaamauﬂ"rﬁqmwﬁ aaviTnadwn (of fset drift) M AR n9asHAETA

8 .
uaauIN
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2.7 A/D CONVERTER (ADC)

- . 4 o
Sz wnaean 117877y A/D CONVERTER
. ~ o s . 5 '

resolution WA MMIAWMNALGN (output state) mav ADC Felldn
imin 2" Tas n Aeawm bit naqﬁ’mama'\ﬁb‘m (digital output) maY ADC

. < 4 & - . - v

quant.um m'mmﬂwman@auammaanmn (analog input) mae i
ANBYAIRBAL aﬁ'fm‘tmﬂud'i tamai Teremn WA

Q = Fsrs2” 2.7.1)

- L3
Tan FSR @a full scale range BBNAUIRBABUWN

QUTPUT STATES
QUTPUT CODE
~

3 010 |

J/

2 001 rrud

’

{
PO S 1 1 1 1 1 J

©125 ¢25 +375 500 ¢ 675 «15 -825+1000

AN INPUT VOLTAGE _L_ .
s 1‘\] NENEANEN N NN
N

e e e ==
e T wm OGNS Ve gl | Bt |y
P A, N L | B

b e o

-
awm 2.7.1

ﬁflwamaan'éw‘nﬁd'\uﬁawum'luﬂw full scale range WRMWAAT

- - A . £ . a 3
nmﬂmaanmnfnﬂmwammmgmﬁﬁ error function ﬁamtfh&zﬂ sawt.ooth Bs:..

{38191 quantizing error Hanml (2.7.1) LAY LI IR WaR 19 IBBUTREN
Mxﬁ“ﬂﬂamam‘w‘mwﬁdmﬂuﬂw (1/2)Q  FvamaEums 2.7.1) 3eiiulidn
AAWAIA (error) ﬁ\md'nwmu'rmaa‘lmaam-:u‘iué'l n

monotonic 33u';aﬁ'\n'rn-iﬁ'auum\zd'maqamaan'ﬁw‘tn uliaaein b weea

'S - ar - Y] - -
tmmgﬁn'mxﬂmmﬂunﬁmmamnuawgmva Swda wm 2.7.2 (W)
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Digital output

Ideal
transition

Actual’
transition

RN

1 2 3 4 5 6 7
Input analog vol!agf

(a)

()

(R)
e
4
/
P4
vd
L.
4 LINEARITY
[ p EAROA
4
7/
7/
7/
4
0 nfS fS
)

1988 o
_ o T
= ]
-;7 01 Missed —
S 100f- codes 4o
3o \\ —
2 i
010 ¢
(]
© 00t l L
| S N N N N |
0000 1 2 3 4 5 6 17
) ~ lngu! analog voltage
) ()}
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Y GAIN .’
ERHOR W  “
N
P4
rd
b 41
4
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N i
0 wFS S
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B
awm 2.7.2
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missing ¢ode ﬁﬂmﬁ‘nmﬁ\gnmmuwdwwa‘m namERwiREsin T LAm
uﬂa\whnaqau'man'ﬁwgmaaaﬂwmi‘emﬁ'zﬁmu ﬂs‘lu'ﬁd'lna{ﬁwgnd'\'la?‘tﬁﬂﬁtﬁa
tmr‘nfndmnd'r&uw FaudasTunndl 2.7.2 o |

of fset érror' 3aﬂ'ﬁm1ﬁ'~uﬁﬂhﬂmﬁ'miasﬂw (step) DANAWAAN
ﬁmm?'lfn‘lu”a?mama'n‘mﬁn'mﬂ%‘mmﬂmd'mﬁﬁd'uﬁﬁﬁu 1 'LSB udgaﬁ'mm\mm
ﬂfzou'xn‘lu‘lamamwumm Foidaclunmal 2.7.2 (@)

. -
galin error ammwﬁq t na'-rmn'r:maasﬂwnammaanmmnmﬂvl

- . r'd . -2 ] () ) ] ar o as .
a?maalmngrﬁmzuﬁmmwwnmmmmuﬂ\lmmu 1 LSB amm'\mmﬁmﬂau:.

9, % [ [ ¥ 4
'wvrnq*-:aﬁmawenaquaasivmﬁ'mz‘lﬁtﬁuzﬂtﬁum»: Sadaslunmm 2.7.2 (V)
. y - -~ y - o -
linearity error ABAWaWRRTIL AR AN TILERYT I TR AUTABNEKYN
% o e s 4 ] Y Y
T leaaaat AWM S unankzeiian b mnuaaaaﬂ'nnmﬁm«‘m R T PR IR 1)

4 ¢ Q' . 1) -r 4
t3au':xm'1~:Qamnamax:uaasﬂqwﬁﬂs'lu‘lﬁzutﬁuﬂw Suday lunnwm 2.7.2 (3

£.7.1 DUAL SLOPE A/D OONVERTER

5 40 o ; 4

A/D CONVERTER fleanazlTENBIN IR UNA WA attpniauninTiead

aamauﬂaawwﬂma‘s (um::'lﬂmu‘lwmnm zero crossing detector) tmumm

(counter) am control logic uavum\m'uunﬁnmlﬂ" AuLNay uani'muma'n
e Iy = . .

alyenaveaad i automatic-zero-correction (AUTO ZERO) Fare T unTaa

wansvanaaviTn (DC of fset) DEYRIIIITIAY
4 . .
MW 2.7.4 FauSuidd 1 (AUTO ZERO) 9iihidmmannas conv-
o ' -r dor £ 04
ersion cycle &nt s, waaﬁwfnnamamauﬂwmmu'-}anﬂ'm (s, agn
L [] N o - x 'x
@ WY A) uae S, asda7939n i@ AUTO ZERO LOOP 1 aviiu C,, wan
o d -
charge T lwasmoesiinaiamitn (of fset voltage) MAAAM A A, UdE A,
-4 X ° '
Y3 ngiicuaudus 1 TeRTas A, Faviaam i lasiud 1 (b)) ngnnmm‘lﬁm
) .
A
a < . Y o €
LBLTIMA 2 (SIGNAL INTEGRATE) S, A1 DRINITN 1 AUTO ZERO

LOOP ﬂﬂﬂﬂﬂﬂﬂ"l'\ﬂ?\ﬂ‘l i“'lﬂ'g S wamﬁna'lawmmamwm (S aanua'umusz B)

A9RTIUNLATL@ATIATIAUILATT (integrate) ﬁ‘mmawn'luﬂ'w t 'Ja'lm'mm‘l'{

#
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' Ve 4 & = ¢ ! o X
wuEUL NI b, uar e 2 fastiannem3ntaiiaed i Sl
o Au 1 4 .l Pl J o
3wnsihnna clock TiiulRazildaemaas LﬁaﬁuQQtﬂg 2 @i s 3wl iy

3 - et s < <t v - ° . Soa @ w
#nant 1m NaUTRiA 1A TASTTHNR T WTUEMD . AWms C uunat1utuﬂ§
v ¥ 4‘1 Y. | -
(Wd 3 (REFERENCE INTEGRATE) AU UIWE 2 CHBNNAIUTANINITIARS
- : T4 4
AT7vdBITRN B S s 1 e Bidna 1 R sy maiwm signéia uaz 1 iByINEnAY
- o =) - - & ¢ < & =~ o aday
(T auNanaianaen  avituARIwEu (slope) LERIY: A, NITURRIM wazund
ar 4 « - 0 P . .
nﬂen1q§ﬂunutawngnntua 2 J9a1anam B 3 tihin1s de-integrated Sua
4 Y T X
ﬁuqnuazTunmznt?utﬁqgtuﬁ 3 e S lwidnaT ol Tudas A, Jzass
[ s - " e {d | o [v] -«
A323BUINL A NNDEY A, FRNANITILENEWIBEY N MININTATIIVY @74 control

‘. | Y3 4 4 o -y 4 4 fay o o o
logic asnauquTntﬂwutaa1“qauu aﬂaaataﬁngnnaetnﬁusnaiiqnwuﬂ1uun1§nu
-, =3 d - ¢ y o
auqnnasgnuanﬂ (latch) 15tﬁun11§uq9xua 3 uazaztwuzﬁﬂétua 1 #naTe ANTM

o 1 . aMy
3y A/D CONVERTER vl Jaanie dun enana UiuRanediu
’ ; IR, ) J
MM 2.7.4 nmsﬁ§u§ax1aq t, Ananiamnes A, AriinnTLREu

wyasi Ny

V(A b=, = -V /R C b, (2.7.2)
P { <4 o (Y
uasm?ﬁwfm I t’s dnamt B'Vﬂ\fnﬁﬂ\! A2 FeANTL amatiatininy

v (Apt=t, = =V /RC (2.7.3)

ref int

| 24
ar &

% < o - 4 ] ' e
Lﬁaqaﬂnﬁnawn§n11tﬂaaugﬂaqquﬂQQtaawnqﬂaqﬁﬂﬂxnﬂnu RV
by, = b V) (2.7.4)
- ° 40
wiaanaaz 1 Imisint (2.7.4) Tugunesimudaa clock witu 18
N, = Nyv /v ) (2.7.5)
& ]
IMFUNT (2:.7.4) uar (2.7.5) 1sxuu1ﬂnﬁn1qugnﬁaq (accuracy)
-y X - [Y) -y ]
‘luneminas A/D CONVERTER asnunuaﬁaqwugnaaqnaqﬁnaﬂtﬂ?autnanuasnﬁadﬁu
[v3 i O 0 - veld [ -~
Qnaaqnaeﬁmyﬁm clock tnm  &mARIMEeWRWIBY C, 3¢ LiaRDNITINEY
. : v ' 3 . '
uae 1 Ctnt qzamﬁmmn @ar conversion cycle innwu
¥aanay DUAL SLOPE A/D CONVERTER
B e g 2947a0 t, Tiluidd 2 #e1uniiiy integral multiple
4 ' [v) |
TAIANIL IRTDIRAANUTUN M (i luniimesion Al 50 Hz.  Spneasnanse

- J ) S - Y - o, A oy
gnauﬁ;nvﬂn1uaﬂu11a1uaa SethidBunTanasinnwaawinaeiian teud 3 bis

£
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Buffer Intzgrator Comparator *

REF 1 (+ or - A e
reference voltage) | Controt -
L Control
J o
:l_,- Polarity Contrc! Legic
= - Clock
A
Y .
= Digital N-bit Counter }
Output and Latches
«
awm 2.7.3
(2)
VIAL) A
l«— Phase 1 Phase 2 Phase 3—A—>
Auto Zero l Signal Integrate [ REF 1 Integrate
[e—— I, ILJ }fg }J £ N>
(fixed) 1 (fixed) .
| Large Constant Slope  Zero Crossing
V. Detected
1 IN
l Smatl True Zero
| Crossing
0} '
¢ —_—] NN T, T, V) 1
Fixed Number of  Number of Clock Pulses N,
Clock Pulses N, (proportidnal to Viy)
4
amwm 2.7.4



() v - o~ . wadd ' - .
WARBAIBUTINSATAIHRNAMABIN1TIA ieqnﬂumm?am'l normal mode w8 line

c s o <
frequency rejection (NMR) Sauday lunwm 2.7.5 .

Frequency
1 1 10
0 10T T T
] , T
! i Coob
I ; : Envelope of ! 1 ¢ :
i | ¢ Narmal-Mode (Gain , ;
; o ) R
—~ ‘ [T
2 i P
\; 1
£ -2 —
(8
o
o
& :
Integral Multiples
of /T are
Asymptotically
Nulled Out
- 40 ‘ ' ‘
Frequency
<
awm 2.7.5 L

. [ N . N . .
Tun-dtvaeianaaaun 50 Hz. @7 integration time havdun (b))
d v ' e %
nuaam{mznmm'mu 1/50 = 20 msec.
fiauiiin DUAL SLOPE A/D CONVERTER qsﬁd'\d'\m'\ugnﬁma UAATHAWA IR
w1eanae Ligunsana3a lean 1ty
1. ‘lutaepBeidd 1 (AUTO ZERO)  analog switch S, AwHNILUATT VR
; 4 o 4
«(leakage current)’ IN3asfinaMar charge C,, uay¥ C, . uaxdiiimi nan
fideiradatdedint S , uae s, o 15aeanariine lidaesa e lunns charge
o (-3 -~ - 0 . R
mmuﬂ-:s'a‘mm1w1'n\:n'unn (gate) uarp@m (drain) BN analog switch
»
a8 )
° B ' g . . -
2. A, uat A, astrliiieaaw it e i (onlinearity) Teivm
3. ﬁuﬁml'w'-: C,,., use C aziian dielectric absorption Fase
. L . ~ & ] )
- an7 1 A han a3 (polystyrene)

n"?auun‘[mw‘luﬁu (polypropylene)
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- - " - . . .
4, '-azmmhxu'Jmmﬁuﬂwmmmswdw true zZero crossing Uar zero

. <l .
crossing ngna'maaaﬂaad'mnaxrwa'r control logic

) - d 1 v < t [ <
WRTINNBIAWAUAIIANL nm'lmxwmwmsammﬂu i (1/2)LSB N3

ﬁ'\'lt'i’iﬂd'\‘waei'mgnﬁm e

2.7.2 SUCCESSIVE APPROXIMATION A/D OONVERTER

- DA " |, Precision T
__ _.Converter ’ Reference e
—
i Digital
- Output
Analog C
Input Successive
O——AAA 1 Approximation
Regicter +——— End of Conversion
(SAR) . (EOC)
= Comparator i *
Start | Clock
pe |
awn 2.7.6

J d . x L 4 4 ar
MW 2.7.6  awiiuin A/D CONVERTER LINARETEN BRI AR UTTR 1KY

- V4 - L -~ -4
aaaamauﬂaaum-nmm , D/A CONVERTER (DAC) , unagInadna L lTauINEY WAL

SAR (successive approximation register)
) ! . - 2l ¢ - ~
131813u conversion cycle 'Qﬂ?mnaq SAR azgmrﬂn‘lmd’nﬁuqua Lan

donrwe clock z:nu‘smhutﬁ'lm most significant bit (MSB) mBY SAR'-azgm‘dn'lﬁ'

] = - 3 ‘

dauih "1 uazde‘lﬁxﬁuﬁ%ﬂaaa@nm DAC M eI RET
W 0 P . P's 0 0

W3 am?muﬂ'na'\ﬁwnna\: DAC fiuauaBnauyn niammnas DAC s iiaanin

(YY) 4 . [
amaanau\m MSB wa\meumsﬁu "1" UGN BIMNEAN DAC Hanunnalanauiasn

awn MSB ’-wnn-u'ﬁn‘lwmtﬁu "o" ﬂwmmma1mvnnt'z{n'lmﬂﬂtﬁu " nwaau

aa‘lﬂnmmmw'}msuam twaunm'smna\: HSB mmw'm‘luanumv t tfuu'-t"msm

/



fetm

o

- o a ° d'lu ¢ s ‘lnv o e - | 3 »
IWATUINIMLWANIEN niammnay DAC uan alnaQﬂuauﬁaanauqnuﬂanQ iqqan1a
Y ] t £ ar - < .
ﬂz1maﬂuaaquanwqLaﬁnqnnaq DAC nnaunaanauwnqsuaqaé1uﬂaq (1/2)LSB
- . H 3:' [ o . - s
w3y A7D CONVERTER wimi @7 conversion time (t__ ) s=aaws
o o o I's . 1 -4 ¢
i TasmaaRoaa e Sanasaanaead uas DAC  Tedwiaan b T eipdian
0 ~ " . ° [
aintiaanAaL iy n clock period Tas n ApiwnimnadAInealammuey DAC
4 - 4 < © » 1 o . .
wazs it uTau s §2 lun i’ m successive approxination
° v < [
Az 8L 5an9mn dual slope
ar | Y4 ‘\. - " .ll s
Tunq7 v ndinasfaviwag’T sampling and hold LW I aNEuaRBA
- A‘l 4 o 4
BuymAah (upaTl ADC NTHAY }

. '3 . : -« 4
¥aldAanps successive approximation A/D CONVERTER ABAIAIIIEN

¥ae i iheeBaidu war t

conv

. Y . o
7189 A/D CONVERTER umngmwnﬁaazhu DAC
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um 3

ATTRMBUAZNITRIN
WEIGHT ) TRANSDUCER INSTRUMENTATION
AMPLIFIER
DISPLAY HICH)Q)MPUTER A/D CONVERTER
-
aun 3.1

A

4 d - 3 & g V ‘°’ -
A 3.1 udeeusan laazunTu (block diagram) 129t ATavtaiwiin
-y v - o ° ‘13‘)04 Na % o <o . e 4 T
WS Iasadudun TnamnmEnn TN R iRaE N DRD N VIENREAN LA v

M ' N o ¥ .,-“
iquqaguuuuu1aazuuvu (diaphram) lawe m ﬁuwuunugntdgndqﬁaéquzﬂnaﬂ

-r 60 4 “ 03 1] o
-"~wwnaqﬁnnﬂnhsnﬁnunaqtnadnaéqauwulﬁasuuiu ~ﬂamuauuazgndqu1unas&uaalﬂnnxmav

ﬁun11uaadtﬁafﬁﬁqﬁ1ﬁﬁqmﬂm1wﬂ1%ﬁd1uﬂ1ﬁuTaaasqﬁu&wnﬁnﬁaﬂqaé Soprniae
dﬂunﬁﬂnuﬂaﬁqtﬁuqqa1§uﬂaztuuta§u wand  ufadedn lEea93s A/D CONVERTER
Liauias i thinnaaInes 3 single board arFudonnon 3naadenand i
UTENIRGR ua:uﬂhqd1§1uﬁnLﬁu§1tanﬂdquq1ndnuﬁn151haa1a
Al 3.2 usavrva Tl lunn lufangsusdo R By TP P TP R LT
luiiata 2.5 AN 3.2 As i aanagieanieneiog R, UREMTURAD
et Taa R, dai%tﬁaﬂaLﬁauanaqqmngﬁﬁﬁéan1ﬂua§1tﬁa%%qﬁﬂwuadﬂ R, it
R, = 3.577 R, . (3.1)
Tan R_ I e (X ¥ k] Fermmaiaselidn R T60

»
.

i 430 Tod  doi R, FaiA iy 1.538 Tt
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IC, U thuwaan Badnan L idau sy %hazqﬁdwﬁnaﬂﬁtawﬁqnﬂ:zuﬁm
- o o . o ¥ ' .
2.5 Tianlanil R, Lhisiasfianszua® nasim 1C HHMAIMFEUNTT (2.5.3)3 -
1891
I's
v_ = (1+5.1k/5.102.5 = 5 lan

Tea v, tﬁuﬁnﬂﬂﬁﬁﬂﬁﬁmtma% (emitter) mavy Q

nﬂwﬁ 3.3 udﬂqddunaqac?1ﬁuaﬂ3tuutaﬁuuéuﬁ %Q?ﬂﬂﬁuﬂﬂi (2.6.5)
qzﬁwudqudﬁ591ﬂnaqﬂngﬂuaséwqanacqeasnﬂﬂu1n1§ Tﬂﬂﬁﬂ:ﬂnaﬂﬂﬂsﬁdﬂgoqﬂ
Vil R,, ﬁdﬂtﬁﬂﬁuqué uas?sﬁdﬁéWQQlja R,, NAWiY 1 Aalavi dendeld

41

A = (1 + 2%20k/1k)

diff1{(max)

21

A = (1 + 2%20k/2Kk)

diff1(min)

TG!Z] Ad T Lf}ui}'m'mmana\n\m‘mmamﬂu'm LAY ITUNBATINENE DN

< v o &
WITARNFRN (A, o) 18 naunns (2.6.8) Gl

A = -(50k/4.7k) = -10.6

diff2

2

GOHATNEAIDENAIINTANINIT (A ) MNANT (2.6.9) 160 T

= 41 ¥ (-10.6) = 436.6
vi{max)
= 21 % (-10.6) = 222.6
v{min)
POLARITY 2ERO CROSSING
/ DETECTED~__ OCCURS
. IONJTEPGURTATOR i /\ / ZERO CROSSING |
) i , /DETECTED )
>-—AZ PHASE l——4~—lNT PHASE It ” DEINT PHASE lll—-‘-—AZ—‘

INTERNAL CLOCK n_r' "Ln_rUL m ,J_LrU—LrLF "U"U'LFU'LI"

INTERNAL LATCH !

STATUS OUTPUT I l

! 2048 ! FIXED
o COUNTS——ejm— 2048 4096 Soums |
AX ‘

| MIN. | COUNTS .
I / l \\AFTER ZERO CROSSING,

NUMBER OF COUNTS TO 2ZERO CROSSING ANALOG SECTION WiLL

PROPORTIONAL TO Vin BE IN AUTOZERO
CONFIGURATION

-

|
!
!
!

—

ﬂ'l'bﬁ"l 3.4

d1unn97933 A/D CONVERTER @a IC7109 wifle ADC uuy dual slope

- ¢ ¥ a < PP PN
e 12 1n lﬂ'“'ﬁ!ﬂﬁa\f IC7109 unvnua 14 'lm‘i:ﬂtl"l-‘fﬂ 2 IMLWIMEIRe overr-



ange Way polarity nﬁwﬁ 3.4 uﬁaouwugﬁtaaﬂ (timing diagram) a3
1c7109  Teaziilianiinlia3dmea (crystal) a1d 3.58 MHz unnadiedhnna
clock inﬁda convertion time .
tomy = 8192 ¥ (58 / 3.58%10°) = 132.7 msec.
ARANNTMNUNAY IC7109 avisnsainafimnauia inia 2.7.1 @1
mas R, , WAz C, . #lEdwsad i
R = full scale voltage / 20 uA

int

s o 4% 4 : o
- F9lumiaz1¥ full scale voltage 1 2.048 Taant iilavandnan i
\13‘) = 3 [ - B ) T 4 . b,
ammargnafannedidnagszwiie 0 - 1.5 ban anu
PN s
R,, = 2.048/ 20 uA = 102.4 i [ Lo
C.d/ (2048T) (20 uA). / integrator output voltage swing
¥ 23 ° 'Y Ny * 4 - O
B el voltage swing danlszanm 4 Tan Saiaar 16
C,.. = (2048%16.2 usec)(20 uA)/4 =" 0.16 uF
taﬁnwnnac ADC v~dq1wnuaumnuaﬁn (input port) 30ﬂ"1§ua1nnu13Lan
10H-13H Tan high order byte QsdﬂqﬂﬂUWBﬁﬂ A uaz low:order byte qudq
‘ a«r
Twadn B uanﬂﬁnﬁaeqﬁﬁyywm STATUS an 1C7109 xﬂuaugntwaﬂﬁdﬂﬁaunaga
' ' o ' (s 'S g [
e Taie  wazaxliwain C lﬁulaﬁﬂgﬂua?ﬂlﬁﬂﬂﬂﬂﬂ?ﬂﬁﬂ1ﬂﬂ§ﬂ convert—~
. Q‘u ' 3 3 '3
ion cycle 1%nmsnn1nﬂiaﬂuﬁa§atﬁaq§§a§a1u§n11;ﬂ%auuﬂac
‘i 4 - Vv o - U -
LNBHNNTTUTAYRIN ADC #an asu1nagaeenaﬂ11ﬂﬂ1zu1awauasuﬂ@qwa
% o . . 5 o o 1 ¢
lﬁunﬂuwwuniaa’s1ng1e;board ?euann11n1qnunaquqasﬁasuﬁho‘ﬁT&nTﬂadﬂﬂin

(flow chart) @snwm 3.5
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d'm'n'mdm'mm STATUS

naua stable

wia i
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Hold ma 274 DATA

393/P137 overrange

wia

uyavy DATA tﬁa‘lﬂumﬁ display

!

8

UHASHNA
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FBOO

02

04

o7

0A

0D

10

13

16

19

1cC

20

23

24

27

2A

2D

2E

30

32

34

35

38

3B

3E

41

44

46

3E

D3

21

22

21

78

32

22

11

28

3E

A8

CA

CA

21

8

20

C3

B2
13
24
59
69
15
24
87
69
17
5B

9F

19
1A

oD

52,

06

00

OF

54
48
46
20
F9

04

FC

FC

FC

FC

15

FC

FC

00

FC

FC

FC

02 -

FB

CHECK 2

XFORM :

DISPLAY :

27

LD A,O0B2H
OUT (13H),A
LD HL,ZERO
CALL WAIT
CALL READ

LD (FIRST),HL
LD HL,ZERO
CALL READY
CALL READ

LD (SECOND),HL
LD DE, (FIRST)
CALL SUBTRACT
LD A,B

LD (SIGN),A
LD (DIFF),HL
LD DE,O

XOR A

SBC HL,DE

JR Z,XFORM

LD A,O

XOR B

JP Z,ERROR
CALL BINTODEC
LD HL,WEIGHT
CALL DISP
CALL 0246H
CP 20 H

JR 'NZ, CONT

JR START



1B
4AE
51
54
58

59

60
63
64
66
68
69
6B
6D
6F
71
73
75
7
78
TA
7C
TF
80
82
84

86

06

OE

oD

20

10

3E

DB

28

D3
DB
6F

DB

Cc2
67
DB
F6

D3

B9 09 DISP :
CA 09
95 03

21 2C FF

WAIT :

22 LOOP1
9B 02 LOOP2
FA

F6

00 READ :
12 IBF :
6F

FA

12

11

10
67

09 FC

12
o1

12

(1]

28

CALL O9BSH
CALL O9CAH
CALL 0395H
LD IX,O0FF2CH
-

CALL DISP
LD B,OFFH
LD C,2
CALL 029BH
DEC C

JP NZ,LOOPZ
DJNZ LOOP1
RET

LD A,0

IN A, (12H)
BIT 5,A

JR Z,1BF
AND OFEH
OUT (12H),A
IN A, (11H)
LD L,A

IN A, (10H)
BIT 4,A

JP NZ,0VDSP
LD H,A

OUT (12H),A
OR O1H

OUT (12H),A

RET



87
8A
8D
8E
90
93
95
97
99
" 9B
9D
9E
9F
AQ
Al
A3

A4

A7

A8

A9

AC

-

Bl
B2

B4

21

06

10

28
DD
18
E1
c9
4A
a4
3E
A2
57
3E
A4
67
3E
Al
4F
3E
AO

47

A9

28

4B FB

DO 6F

10

9B

02

04

E3

Fi

OF

OF

20

20

03

{9 -

02

READY :

LOOP3 3

LOOP4 :

PRESS :

CALL 0298B
LD HL, 6FDOH
PUSH HL
LD B, 16
CALL 0298H
DJNZ LOOP4
CP O2H

JR Z,PRESS
EX (SP),I1X
JR LOOP3
?OP HL

RET

SUBTRACT :LD C,D

LD B,H
LD A,OFH
AND D.
LD D,A
LD A,OFH
AND H

LD H,A
LD A,20H
AND C

1D C,A

LD A,20H

"AND B

LD B,A
XOR C

JR Z,SUBT

. ADD HL,DE

29



BY

3

&

BF

C1

C3

D2
D4

D7

DE
DF
‘El
E3

E4

18

38

18

19

=

3E

A8

47

Ccs

" DD

<

10

10

52
02

09

52

20

21
21
04
00
5E
23
56

23

52

03

F9

B

59 FC

1C FC

00

XCNG

SOLN :

JR SOLN
XOR A
éBC HL,DE
JR C,XCNG
JR SOLN
ADD HL,DE
EX DE,HL
XOR A
SBC HL,DE
LD A,20H
XOR B

LD B,A

RET

BINTODEC :LD IX,RESULT

CLOOP

DECLOOP

ADDBACK

LD IY,TENS
LD B, 4

LD C,0

LD E, (IY)
INC 1Y

LD D, (IY)
INC 1Y

XOR A

SBC HL , DE
JR C , ADDBACK
INC A

JR DECLOOP
ADD HL , DE
CALL SUPRESS

DJNZ CLOOP

30



EC

FO

F1

F3

F6

F8

F9

FA

5

01
02
.03
05
o7
09
ocC
OF
12
15
17
18
1A
1C
1B

20

A7

28

4F

DD

DD

79
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28
3E
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21
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30
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00

00
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RET
SUPRESS : AyD A

JR Z,YESO

LD C,A

ADD A, 30H
STORE @ LD (IX),A

INC IX

RET
YESO : LD A,C

AND A

JR Z,QLANKO

PRINTO

LD A,B

JR STORE
BLANKO : LD A,B

DEC A

JR Z,PRINTO
LD A,

JR STORE

OVDSP LD HL,OVRNG

JP DISPLAY

ERROR : LD HL,ERRMSG

JP DISPLAY
FIRST : DEFW O
SECOND : DEFW O

SIGN : DEFB O

DIFF :  DEFW O

TENS :  DEFW 1000
DEFW 100
DEFW 10



22

24

2D

33

34

3A
43

44

4E
53
54
59
5B
5D
63

FCo64

01

20

20

30

4D

0D

20

20

4F

41

20

20

45

oD

20

00

00

20

53

00

20

20

20

20

56

4E

20

20

52

20
00
00
47

0D

20

20

47

20

45

47

20

20

52

20

52

20

20

52

20

52

45

20

20

AF

20

41

20

41

20

52

oD

20

20

52

20

4D

OVRNG

WEIGHT

RESULT

DEFW

DEFM

DEFM

DEFB

DEFN

DEFB

DEFM

DEFM
DEFB
DEFNM
DEFW
DEFW
DEFM

DEFB

v

'0 GRAM’

ODH

’ERROR’

ODH
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' The Basic Structure . . .

The Motorola pressure sensor is
designed utilizing a monolithic silicon
piezoresistor, which generates a chang-
ing output voltage with variations in
applied pressure. The resistive ele-
ment, which constitutes a strain gage,
Is diffused or ion implanted on a thin
silicon diaphragm.

Applying pressure to the diaphragm
results in a resistance change in the
strain gage, which in turn causes a
change in the output voltage in direct
proportion 1o the applied pressure. The
strain gage is an integral part of the sil-
icon diaphragm, hence there are no
temperature effects due to difterences
In thermal expansion of the strain gage
and the diaphragm. Thu oulput puram-
eters of the strain gage itself are tem-

perature depencdent, however, requiring

that the device be compensated if used
over an extensive temperature range.
Simple resistor networks can be used

for narrow temperature ranges, i.e.,
to 80"C. For temperalure ranges fi
—40°C to +125°C, more extens
compensation networks are necess:

AL
1 UHuusy l!t J- x4

Basic uncompensated sensor
element — Top View

‘The Basic Elements . . ]

Motorola silicon pressure sensors are
.available ir. three different configura-
tions that permit measurement of abso-
lute, differential and gage pressure.
Absoluta pressure, such as barometric
pressure, is measured with respect to a
built-in vacuum relerence. A pressure
differential, such as the pressure_drop
across a damper or filter in an air duct,
is measured by applying pressure to
opposite sides of the sensor simulta-
neously. Gage pressure, as in blood
pressure measurement, is a special
case of ditferential pressure, where
atmospheric prossure Is used us B
refarence. _
The top view of the pressure-sensor
chip shows the strain-gage resistor
diagonally placed on the edge of the
diaphragm to maximize shear stress,
and sensitivity to shear stress, when the
pressure-is applied normal to the plane
of the die. Current is applied between
pins 1 and 3, while the taps that sense
the voltage dilferential transversely

across the pressure sensilive resistor -

are connected to pins 2 and 4.

The cross-sectional view illustrates
the differential pressure sensing die
which is also used for gage pressure
measurements. The difference in die

. Structure between a differential pres-

sure sensor and azsolute pressure sen-
sor is that the lzmer does not have a
hole in the consiraint waler, and the
chamber formed oy the etched cavity
and the solid cons:raint water contains
the sealed-in reference vacuum.

The cross-section of the ditferer

- die'in its’ chip-carrier package show
. silicone gel which i1solates the die s

face and wite bonds from harsh e
ronments while allowing a pressure ¢
nal to be transmitted to the silic
diaphragm.

P

Cross-sectional diagram of
differential pressure sensor chlip

HFUSED
S e METALZATION
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= 'é‘\ ML iy 4 Cross-section of
WIRE BOND E:;:wruswc ditferential pressure
sensor dle in its basl
package
LEAD FRAME




' -
Dperation
lotorola pressure sensors support
ree types of pressure measurements:
bsolute Pressure, Differential Pres-
re and Gage Pressure.
Absolute Pressure Sensors mea-
re an external pressure relative lo a
aro-pressure reference (vacuum)
2aled inside the reference chamber of
e die during manufacture. This cor-
sponds to a dellection of the dia-
wngm ociial 1o 14 5 P51 (one atimno-
hiera), generting A quinscent full
:ale output for the MPPXI100A (14.5
S1) sensor, and a half-scale output for
e MPX200A (29 PSI) device. Mea-
irement of external pressure is
:complished by applying a negative
essure to the “Pressure” side of the
NSOr. i '

NESATIVE PRESSURE -

|
) Sensor
1
V0§ P& o o e e e =—
u
—a— INCREAS W% VA7 1/1,M 1210 Puax

NPEAGING PEESSURE ——

| Absolute

Motorola sensing elements can withstand pressure inputs as high as four times their rated
capacity, althcigh accuracy 8t pressures exceeding the rated pressure will be reduced. When
BrCUSSIVE Drassure 1S reduced, the previous hneanty will immedialely be restored.

. NEGATIVE PRESSURE

] POSITIVE PRESSURE

{7y S R

t el R
iy

'

Ditferential
Sensor

VOS I e e e e o e e e e e

DIFFERFNTIAL PRESSURE INCREASING ==  Pmax

Ditferential Pressuro Sensors ineu-
suro_the dillerence balween pressures
applied simuitaneously to opposite
sides of the diaphragm. A posilive pres-
sute apjlied lo the "Pressure’” side gen-
erates lhe same (positive) output as an
equal negative pressure applied o the
“Vacuum" side.

Gaye Proasure readings are a spe-
clal case of dillerential measurements
in which the pressure applied to the
Pressure side is measured against the
amtiefit atmospheric pressure applied
to the Vacuum side through the vent
hole in the chip of the differential pres-
sure sensor elements.

"emperature Compensation . . .

e Motorola MPX series of pressure
2nsors is available in three forms:
wcompensated or temperature com-
onsaled and calibrated or tully signal-
nditioned.

The standard, uncompensated sens-
g elements permit manulacturers to
asign and ardd their own extaernal com-
nating aned nigoal conditioning net
orks  Compansation lechniquaes are
mplified because of the predictability
| Motorola's single-element strain-

gage design, In addition, temperature
compensation ¢can be accomplished
without the need to characterize each
MPX sensor over temperature.

In the compensated MPX2000 series.
the strain-gage e'ement is ionimplanted
onto the-silicon diaphragm. Standard
bipnlar IC processing techniques com-

. binod owith ntnto af-the et motnllizntion
a1 used 1o add the appropriale passive
elements on the unetched portion of the

die. These consist of rwo_dmused ther-.

mistors which compensate the offset for
the effects of temperature, and 10 thin-
film resistors which calibrate the offset
voltage and adjust the voltage span.
The thermistors and five of the resistors
are laser trimmed, on-chip, to insure
accuracy of calibration and temperature
compansallon
The nulputl charnctarinticn of hmh
compeansated and uncompensated
devices are shown in the illustration.

Fully compensated pressure sensor chip adds two dittused thermistors and ten thin-hiin rasistors
to the hasic chip Difterences in performance are given in the graph below. Output voltage versus
pressure aifferental as a funchion of tamperature tor compensated and uncompensated pressure
sensors, beiow. Schemauc diagram of compensated device, al nght
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Basic Element

Chip Carrlor

Pressure or Vacuum (Stovepipe) Port
(conaull factory)

Pressure or Vacuum
Side Portod

% ::[J:’.E"n‘p

P S . ’ . '[,

Pressure and Vacuum
Side Ported

e

Aotorola’'s MPX series pressure sen-
ors in the chip-carrier package provide
ne design engineer several packaging
Iternatives. They can easily be tested
vith or without pressure ports.

Pressure Coanection

Testing o' pressure sensing elements
in the chip-carrier package can be per-
formed ezs:y by using a clamping fix-
ture which nas an o-ring seal to attach

to the. chamfered surface. Figure 1 is a
drawing of the fixture that Motorola uses
to apply pressure or vacuum to
unported elements. E

. SoA T A0N2
Figure 1. O-Ring Test Fixture { ey 1%
—i ) e MY
el e AOR
o = B 010! 2
FOR VACUUM FOR RETAINItG AING f 0038 L
] OR PRESSURE  (WALDES A O=INOOR INC :\o“" L S (Al Twiont ]
- SOURCE TRUARC 51u0.31) R
0125 DIA °“‘5 S [ 1
& g WY 52 4P { 0648 0780
o SRS S W PEETELS ¢ I & “ 0650 DA
-0000 ~— = P> DY 4 N
DIA X N S =y -, .5
_‘ ’t&ﬂ—d—l A

00700A- |

RN 0 NG
(PAVER SEALS 2:015.5469-40)

r————————l?’sﬂﬂ — ———

When performing tests on packages
vith ports, a lgh durometer tubing is
mrm:s.‘\ry fo minimize lonks aspocianlly
n higher pressure range sensors.
3emoval of tubing must be parallel to
ha port since large forces can be gen-
aratedd to the pressure port which can
yreak the nozzie of applied at an angle.
Nhether sensors are tested with or
vithout ports care must be exercised so
hat force is applied unitormly to the
ek or ofinol srora cnn roaalt,

y S0t € fg §¥N] 4

e e i T T

Electrical Connection

The chip-carrier package is designed
for printed circuit board attachment on
standard 0.100" spaced holes. For test-
ing, and those applications where a per-
manent attachment is not desired, sev-
eral manufacturers make connectors
that can be used.

Lead Forming

The leads on the chip- carrier package
can bo formad at nght anglea for atiach-

s
4

nb« A

TOP CLAMP AREA ;
D
1Y

il

\G VA
el

ficgl

I T
3 BOTTOM CLAMP AREA -}

Figure 2. Area to be Clamped
During Lead Forming

“ment to PC boards. Standard metal

forming procedures should always be
observed, however. Leads should be
securely clamped top and bottom in the
area between the plastic body and the
form being sure that no stress is being
put on plastic body. The area betwsen
dotted lines in Figure 2 represents sur-
faces to be clamped.

NOTE: Hand pliers should never be
used for lead forming unless they are
speciatly constructed for this purpose.

Leads that are not straight as the
result of shipping or handiing can be
straightened with no degradation in
application performance. Leads formed
al right angles, however, cannol be
straightened and reformed without
expecting reduced durability.

Gl e b g =



7 S
Motorola Pressure Sensors
Temp. Temp.
. Etfect on | Effect on
|Pressure| Over |Full Scale| Sensitivity | Linearity | Full Scale| Offset
Range | Pressure Span Offset (mV/PSI- | (% of F.S.,| Span (%) (mV)
Device (PSI) |(PSI Max)| (mV Typ) [(mV Max)| Typ) Max) (MAX)* | (MAX)*
Integrated . ..
Operating Characteristics: Vg = 5Vdc, Tp = 25°C
MPX3100D 010 15 60 25 06V 175 2 +2.0 +50
Compensated ...
Operating Characteristics: Vg = 10 Vdc, Tp = 25°C
MPX2050 Oto 7.5 30 40:= 15 +10 /5 ol 24 =10 £=1.0
MPX2051 01075 30 4026 | =20 55 *05 *1.0 * %10
MPX2100 0to 15 60 20 =156 [/ <10 78 +=0.25 =10 +1.0
MPX2101 Oto 15 60 4025 | /220 2.75 =05 %£1.0 =1.0
MPX2200 01to 30 ‘60 4D 211 55N 1.9 138 +0.25 +1.0 =10
MPX2201 010 30 60 40 £ 25 | 220 1.38 =05 =1.0 +1.0
“Ta = 0°C 10 85°C.
Uncompensated ...
Operating Characteristics: Vg = 3 Vdc, Tq = 25°C
B o 5] s | o [T T [DEia ] et s
MPX11 Oto 1.5 15 20/60 35 34 -0.510 -15 =13
+3
MPX12 Oto 15 15 20/70 35 38 Oto +5 -15 £%3
MPX50 - 01075 30 45/90 35 8 +0.2 -15 +1.3
MPX51 075 30° 30/60 35 6 +0.2 -15 =13
MPX52 0to75 30 30/90 238 8 =05 -15 1.8
MPX100 01015 60 45/90 35 4 +0.2 -15 =13
MPX200 | 01030 60 45/90 35 2 =02 -15 +1.3
MPX201 01030 60 - " | - 45/90 35 2 =05 -15 * 1.3
Ta = 0°C to 85°C.
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Juality and Reliability 7

‘Major Objective of the Production Cycle QA inspection to insure product conformance to specification.
From rigid incoming inspection of piece parts and materials In add:on, Statistical Process Control (S.P.C.) techniques

stringent outgoing quality verification, the Motorola assem- are ut'ized on all critical processes 10 insure processing
y and process flow is encompassed by an elaborate systoem equipment is capable of producing the product to the target
“test and inspection stations; stations to ensure a step-by- specification while minimizing the variability. Quality control
ep adherence 10 prescribed procedure. This produces the in wafer processing. assembly, and final test impart Motorola
gh level of quality for which Motorola is known ... from Sensor products with a level of reliability that easily exceeds
art to finish. ; almost all industrial, consumer, and military requirement. It
As illusirated in the process fiow overview, every major is this built-in quality that insures failure-free shipments of
anufacturing step is followed by an appropriate in-process Motorcia Sensor progucts.

ompensated Sensor Process Flow

a INCOMING WAFER INSPECTION: Both sides of the wafers are chacked for roughness, contaminants,
dimension, integrity, flalness, scralches, chips, and pits.

POST PHOTORESIST/ETCH INSPECTION: The integrity of the protoresist coating for each lot of wafers is
evaluated. :

RESISTIVITY, THICKNESS: Sheet resistance and oxide thickness are carefully measured and compared to the
process specification. : «

zz POST PHOTORESIST/ETCH INSPECTION: (See Step 2.)

DIFFUSION INSPECTION: The wafers are inspected for contamir ztion and conformance to process
specification. o0 3

DIFFUSION INSFECTION: (See Step 5.)

3} POST PHOTORESIST/ETCH INSPECTION:(See Step 2)

[ POST PHOTORESIST/ETCH INSPECTION: (See Step 2.)

DIFFUSION INSPECTION: (See Step 5.)

DIFFUSION INSPECTION: (See Step &)

POST PHOTORESIST/ETCH INSPECTION: (See Step 2)

m POST PHOTONESIST/ETCH INSPLCTION: (Sue Stap 2)

POST PHOTORESIST/ETCH INSPECTION: (See Step 2) _

POST PROBE INSPECTION: After probing;-each lotis sampled 2~d inspected visually before shipping to the die.
cage. ; : :
POST WAFER TO WAFER BOND VISUAL: After bonding, each ot is sampled and inspected visually and x-
rayed for proper waler alignment. :
POST SAW/SORT GATE: This microscopic inspection checks for proper saw cut, cracks, chibs. foreign material,
and missing or scratched metal. :

DIE BOND INSPECTION: This inspection checks uses a optic scope 1o verify-die placement and orientation to
the process specification and visually inspect tor chips, cracks, scratches, or metallization defects.

WIRE BOND VISUAL: Wire bords are checked microscopically to discbse lited bonds, and damaged or missing ;
wire. This QA gate also checks tor proper bond formation and impression, bond placement, and wire angle.
DESTRUCTIVE ‘WIFIE-PULL: A random sample from each wire bonding machine is subjected to a destructive

wire pull test. : :

PRE-FILL VISUAL INSPECTION: This microscopic inspection checks for damaged units from the laser operation
including crushed wires or contamination. This QA gate also inspects for any scratches, pits, Qf metallization
dolocta. : : : : ;

—
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uality and Reliability | i
POST-F!I.L VISUAL INSPECTION: The random sample is |nspected for proper fill'height and contamination in

addition to a bubble |nspecl|on of the gel.

FUNCTIONAL TEST GATE A random sample from each final test lot is electncany tesled to limits esxabhshed by
product specification. :

PRE-PACKAGING VISUAL INSPECTION Samiples are visually inspocted lor physical dulut.l.,, damagu, ur
contamination.

OUTGOING FINAL INSPECTION All outgoing lots are mspected for correct packaging, device marking, part
types, parts count, and documentation requirements.

ympensated Sensor Flow Chart
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LM725/LM725A/LM725C

National
Semiconductor

Operatronal Amplmersl Buffers

LM725/LM725A/LM725C (Instrumentahon) Operahonal

Amplifier -

General Description

The LM725/LM725A/LM725C are operational am-
plifiers featuring superior performance in applica-
tions where low noise, low drift, and accurate
closed-loop gain are required. With high common
mode rejection and offset null capability, it is
especially suited for low level instrumentation
applications over a“wide supply voltage range.

The LM725A has tightened electrical performance
with higher input accuracy and like the LM725, is
guaranteed over 2 -55°C to +125°C temperature
range. The LM725C has slightly relaxed specifica-
tions and has its performance guaranteed over a
0°C to 70'_’C temperature range.

Features :

. ® High open loop gain 3,000,000
= Low input voltage drift D.G-MV/‘C
= High common mode reiection‘ 120 dB
® Low input noise current 0.15 pAA/Hz
® Low input offset current 2nA
= High input voltage range *14V
= Wide power supply range +3V to *22V
= Offset null capability
L] Oulpu( shon circuit urotect-on )

Schematic‘ and Connection DiagramS' .

Matal Can Package
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LM725AH or LM725CH
See NS Package HO8C

Dual-In-Line Package

AuXiiiary Circuits

Voltage Offset Null Circuit

Compensation Component Values

m | o | R2]| c2

Aver |80 | wh) | | wh
0000 | 10K |S00F | - 3
1om |40 foor | - &
w| @] o | - -

w| 27| 06 |270 | 0o

1| w] os | 3| o2

*Use R » 512 when the
amplifier n operated wth
apscitive load.
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~
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10 wew

Order Number LM725CN
See NS Package NOSB
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CoyRRRE
Absolute Maximum Ratings

122v

supply Voltage Operating Temperature Range TA(MIN) TAMAX)
Internal Power Dissipation (Note 1) 500 mV LM725 —55°C to +125°C
pitferential Input Voltage 5V . LM725A -55°C to +125°C
Jnput Voltage (Note 2) B2V -2 -=  LM725C 0°C 10 +70°C
Srorage Temperature Range -65°C to +150°C e ;
Lead Temperature (Soldering, 10 sec) 300°C &
Electrical Characteristics. (Note 3)
3 g LM725A LM725 LM725C
TATAMETEN CONDRDIONS MIN  TVP  MAX MIN_ TYP  MAX MIN . TYP  MAX | UMTS
—
fnput Otfset Voltage (Without Ta=25°C, Rg <10 kD 05 0.5 1.0 0.5 25 mV
External Trim)
—
tnput Offset Current Ta=25°C 20 5.0 20 20 20 35 nA
Input Bras Current Ta=25°C 42 80 42 100 « 42 125 nA
Input Noise Voltage Ta=25°C
7 . fo = 10 Hz 15 15 15 i nVA/Hz
fo = 100 Hz 20 8.0 3 9.0 nvA/Hz
fo = 1kHz 8.0 8.0 8.0 nVA/Hz
Input Noise Current Ta=25°C
4 1= 10 Hz 10 10 1.0 pAR/Hz
fo = 100 Hz 03 3 03 03 PANHZ
fo =1 kHz : 187 o8l g 015 - 0.15 pANHZ
Input Resistance Ta = 25°C ! 15 1.5 .18 5 MO
Input Voltage Range Ta=257C *135 214 135 2147 2135 +14 2 v
Large Signal Voltage Gan. == - | Ta # 25°C, Ry > 20, 1000 3000 1000 3000 250 3000 =3 VimV
Vout=1ov ¥ Tl — ' :
Common-Mode Rewection Ratio TA=25"C.Rg< 10k | 120 110 120 99 120 B dB
Powe Supply Regection Ratio Ta=25°C, Rg € 10kD 20 50 20 10 20 35 uwn
Output Voltage Swing TA = 25°C; < : 4
RL > 10kQ 2125 2135 212 2135 12 C oF EEREatE L ]
RL> 20 2120 2138 =10 2138 210 2135 v
Power Consumprion Ta=25°C 80 105 80 105 80 150 mN
Input Offser Vottage (Without Rg < 10 k22 07 1.5 35 mV
Caternal Trim) -
Average Input Otfset Voltage Drift | Rg = 500 20 20 5.0 2.0 wrrc
Without External Trim)
Average input Otfset Voitage Nrift | Rg = 500 06 10 08 0.6 wvrc
With External Trim) C
kel
Input Offset Current TA* TMAX 12 40 1.2 20 1.2 35 nA
Ta*TMIN 75 180 2.5 40 40 50 nA
Average input Offset Current Drift 35 90 35 150 10 pASC
Input Bias Current Ta* Tmax 20 70 20 100 125 nA
Ta*TMIN 80 180 80 200 250 nA
e
Large Signal Voltage Gain RL>2kQ
TA * TMAX 1,000.000 1,000,000 125,000 v
RL22kQ . .
TA=TMIN 500.000 250,000 125,000 N
Common-Mode Rejection Ratio | Rg < 10 k2 110 100 18 : ¢
Power Supply Repection Ratio Rg < 10 kQ 80 20 20 2
Output Voitage Swing RL> 2 k02 212 210 210 v

Not 1: Derate at 150°C/W for operation at ambient temperatures abov: 75'C. =
Note 2: For supply voltages less than 222V, the absolute maximum input voltage is oqull 10 the supply voltage.
Note 3: These specifications apply for Vg = £15V unless otherwise specified.
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LM725/LM725A/ILM725C

Typical Performance Characteristics

Open Loop Voltage Gain vs

Temperature for Various Nulled Input Offset Unnulled Input Offset
Supply Voltages Voltage vs Temperature - Voltage vs Temperature
"o ——= n—— — - - 18
A 3 Vg o215V | S G3%
= -t Vw15V = s =
s N ] 5 " [vassavarate 3 | e
ERRT ) R g PO " = u & Vge 215V
- - Vg 5V g 7 = 1=
s o= = a8 — -
= i s P |
= &=y = : .
s (22k0 | S — e i
3 -
s ; s |
S n i - T
= = g w2 T
3 & e = B
Ed | !
80 = (]
-4 - b ] 8 100 W0 4 -2 20 8 w0 140 40 -0 n 6 100 M3
TEMPERATURE C) TEMPERATURE (°C) TEMPERATURE (°C)
Input Bias Cursent Input Offset Current Common Mode Input Voltage
vs Temperature vs Temperature ws Supply Voltage
: 3
19— ] 2 n
bt \ 2
== e g
I w Vs '| 20 S/ \ = N
= = \ Ve = 15V - Tar25°C
= CEn b e | o
FR & B
S =Wy = 215V 78 3 /‘I/’
=2 ) ¢ 4
5 “@ . ‘\I I E 3 E ]
= I g = z
ped - Vg =210V 0 = - /
i Al A5 LE AV
£ | T V= :5V T By ™ : .
T e ’
i d ! | B v o
40 -2 20 68 100 4D &0 -0 .20 0 WA W@ O § " 15 n
TEMPERATURE (°C) TEMPERATURE °C) SUPPLY VOLTAGE (:V)

-
. 1 o
- £ 2
= =
- 3 =3 %
g 3 - 3
b ] = =
s E = H
= o 2 ]
H H E g
= = -
a a
: :
H H
FREQUENCY (Mz) FREQUENCY (Hz) CLOSED LOOP GAIN (V/V)
P Frequency Response for
Output Voltage Swing vs Open Loop Voitage Gain vs Various Closed-Loop Gains
F y for R ded F y Using R ded Using Recommended
Compensation Nuwvodu Compensation Networks Compensation Networks
n - prempey
& ' W1 ";; I o T o [Py TamC
E g L L s i TTII Sl vems1sv
= 0 ] T Tl <10000] = ) s o [medmicrs Wi
x R R et g u |
= LA I R s = A z
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= i \! IE\A 1 i § 8 e .“1"] }
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= Vg = 116V W) 1 =
E o lame {Iné Bl 5 e -
w oW @ e i w oW e e W W W w1 W e W 2
FREQUENCY (Mz) FREQUENCY (W) FREQUENCY (Hz)
s A

Input Noise Voltage

vs Frequency

Input Noise Current
v3 Frequency

Values for Suggested
Compensation Networks for
Various Closed Locp
Valtage Gains
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Typic.al' Performance Characteristics (continved)

Absolute Maximum Power

Stabilization Time of Input

Change in Input Offset
Voltage Due to Thermal Dissipation vs Ambient Ofiset Voltage from Power
Shock vs Time Temperature - Turn-On
s n 00 3w
2 | i { | { II 2 Tae25°C
-
e ] ot ! © Vg= 215
S u ‘ - E b N = » PREVIOUS Vog < 14V
S FLELEL = I N e
{ © 400 T 2 et
1 Yobok bbbk ey i . ™\ = on
e Vyo 18V ~§o g N g
s T | PREVIOUS CUIESCENT g i s
= Ve < 1.V e 5 »
H ERRERA g m £ N
B { |- teny | ¢ 100 - Ton
s T T T ; -
Pt 4
2w HERE. 1l g ¥ I :
20 9 I & st w0 R T T T (] 1 2 3 ]
TIME FROM NEAT APPLICATION (ssc) " TEMPERATURE (°C) TIME FROM POWER APPLICATION (MIN)
Power Consumption ‘
vs Temperature Transient Response Transient Response Test Circuit
e — 1200
i =l e V4B g .
[ A |
i 120 1 N > gog frib .
Y AREREEr A A TN ‘ 4 -
= W + 5 V=218 ﬁ g
S vt = P Tas25°C
R N A s o = o |—— ne2xe ]
: 4 B, 1) - > J | / | -
S w ; 5 - Cy = 150 pF
= BT o £ oo/ 0 Avey = 100
Pou Vi v i 3 e 2 : I
<R Rid o | reet miSE TME |
P S :
K NNANNER
] 400 — - £
. U om s 10 e N 2 . s ;
TEMPERATURE (°C) TIME (1)
\
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LM136-2.5/LM236-2.5/LM336-2.5

National
/a Semiconductor
Corporation

LM136-2.5/LM236-2.5/LM336-2.5V Reference Diode

General Description

The LM136-2.5/LM236-2.5 and LM336-2.5 integrated cir-
cuits are precision 2.5V shunt regulator diodes. These
monolithic IC voltage references operate as a low-tempera-
ture-coefficient 2.5V zener with 0.2 dynamic impedance. A
third terminal on the LM136-2.5 allows the reference volt-
age and temperature coefficient to be timmed easily.

The LM136-2.5 series is useful as a precision 2.5V low volt-
age reference for digital voltmeters, power supplies or op
amp circuitry. The 2.5V make it convenient to obtain a sta-
ble reference from 5V logic supplies, Further, since the
LM136-2.5 operates as @ shunt regulator; it can be used as
either a positive or negative voltage reference.

" The LM136-2.5 is rated for operation over —55°C to
+125°C while the LM236-2.5 is rated over a —25°C 1o

+B5°C temperature range.

Both are packaged in a TO-46 package. The LM336-2.5 is
rated for operation over a 0°C to +70°C temperature range
and is available in a TO-82 plastic package.

Features

m Low temperature coefficient

Wide operating current of 400 pA to 10 mA
0.201 gynamic impedance

+ 1% initial tolerance available

Guaranteed temperature stability

Easity trimmed for minimum temperature drift
Fast turn-on

Three lead transistor package

Connection Diagrams

TO-92
Plastic Package

TO-46
Metal Can Package

SO Package
+ NC NC ADJ
17 |6

e

w

TUHI5715-8 \
Bottom View ; ~HI§715-20 I Iz 1B ‘
Order Number LM3362-2.5 Bottom View MEF NC D NCE -
or LM336BZ-2.5 Order Number LM13€6H-2.5, TUM/5715-12
See NS Package Number Z03A < LM236H-2.5,LM336H-2.5, Top View

LM136AH-2.5 or LM236AH-2.5
See NS Package Number HO3H

‘Typical Applications

O:2er Number LM336M-2.5
or LM336BM-2.5
See NS Package Number MOBA

2.5V Reference with Minimum

2.5V Reference
5V

Temperature Coefficient

Wide Input Range Reference
Viy 15 - dov

i 8

]

inas?*

Vour*? £
LM336-2.5 '
o M336-25

TL/H/ST15-9

INa§7* 5

TL/H/ST1S=11
i *+Adjust to 2.490V =
* Any silicon signal diode :
= TL/H/5715-10

7-28
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Reverse Current
Forward Current
- Storage Temperature

LM136
LM236
LM336

Absolute Maximum Ratings

it Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
pistributors for availability and specifications.

15mA
10 mA
—60°Cto +150°C

Operating Temperature Range

-55'Cto +150°C
—25°Cto +85°C
0°Cto +70°C

Electrical Characteristics (Note 1)

Soldering Information
TO-92 Package (10 sec.)
TO-46 Package (10 sec.)
SO Package

Vapor Phase (60 sec.)
Infrared (15 sec.)

260°C
. 300°C

215°C
g 220°C
See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” (Appendix D) for other methods of °
soldering surface mount devices.

—

LM136A-2.5/LM236A-2.5 LM336B-2.5
Parameter Conditions LM136-2.5/LM236-2.5 LM336-2.5 Units
Min Typ Max Min Typ Max
Reverse Breakdown Voltage | Tp=25°C,Ig=1mA
“LM136/LM236/LM336 2.440 2.490 2.540 | 2.390 | 2.490 { 2.590 Vv
LM136A/LM236A, LM336B 2.465 2.490 2.515 | 2.440 | 2.490 | 2.540 Vv
Reverse Breakdown Change | To=25'C, 26 6 26 10 mV
With Current 400 pA<IRS10MA
Reverse Dynamic Impedance | Ta=25'C,Ig=1mA 02 0.6 0.2 1 0
Temperature Stability VR Adjusted to 2.490V
(Note 2) In=1maA, (Figure 2)
0°C<STA<70°C (LM336) 1.8 6 mvV
—25°C<Ta< +85°C (LM236) 3.5 9 mV
-=55°C<TA< +125°C (LM136) 12 18 & mV
Reverse Breakdown Change | 400 pA<Ig<10 mA 3 10 3 12 mV
With Current z
Reverse Dynamic Impedance | Ig=1mA 0.4 1 0.4 1.4 0
| Long Term Stability TA=25'C £0,1°C,Ig=1mA 20 20 ppm

0'C < Ty £ +70°C,

from 25°C 10 TA_(mm) or Ty (max).

Note 1: Unless otherwise specihied, the LM136-2.5 is specified from —55°C

Note 3: For elevatad iamperature operation, Tj max is:

LM136 150°C
LM2368 125°C
LM336 100°C
Thermal Resistance TO-92 TO-46 SO-8
8j, (Junction to Ambient) | 180°C/W (0.4".leads) | 440°C/W | 1€5°C/W
170°C/W(0.125" lead)
6,3 (Junction to Case) n/a 80°C/W n/a

Reverse Voltage Change

Typic}al Performance Characteristics

Zener Noise Voltage

Dynamic Impedance

< Ta S +125°C, the LM236-2.5 trom —25°C < Ta < +85°C and the LM336-2.5 from

Note 2 Temperature stability for the LM336 and LM236 family is guaranteed by design. Design limits are guaranteed (but hot 100% productign tested) over tha
indicated temperature and supply voltage ranges. These limits are not used to calculate outgoing Guality levels. Stability is defined as the maximum change in Vgt

1 250 - 100 Y
s I I g imA | TR |
£ 3 1 T2 = : n
- Tj=ns'C 200 3 Il 1
s -
L = \ &L |
! S 2 X H T8¢
i < % | zm H e S
i i P e P N 2 T 1
s '8 0 a N Qo
: / 1, .nlg z 3 i |
2 10 l e 100 = T -85°C
e o
=
% T,=25°C
(] 50 o L | 10
: ] ? . L} ] " 1L 100 * 10 100 " 10 " 10 100k
1 REVERSE CURRENT (mA} FREQUENCY (Wa) FREQUENCY (W)
i TL/H/S715-2

S'C-9EENT/S'2-962N/G'2-9EL NN



LM136-2.5/LM236-2.5/LM336-2.5

: e
Typical Performance Characteristics (Continued)

Response Time Reverse Characteristics Forward Characteristics

T L LT
oot 1" = ot /)
3 R S = a2 : 3%
= -
e 24T ‘L’ z I E o e
I S £ Tje-ssC | : e
R ) S ST 2,3 F Tease } 3 T, . -55°C -~
b ) ow i S : LN ]
T a f S g | | N ' H e
e oid 4 A 2 yeuse| D E? FL 1,25
- e S Ly e - o t
s w 4 < v
s | INPUT | 02 1025
|
I ws ! . l
0 2 4 [} 1 os 18 14 1.8 2 6 0.001 o | B} 1 "
TIME (a) REVERSE VOLTAGE (V) FOAWARD CURRENT (mA)
Temperature Drift
2550 T " -
250 7 :
1550 - : -
2 2530 . - -
S asis D L |
< = er | _i iy
¥ 2490 o 1
> 2000 s T I
- i :
21 — P Tt B
S 24% “.’\1;\\}
2 T i !
= a0 Wre] Tl b S~
2390 ig=1mA — T
2319 b —— —— .

~55-35-18 § 25 45 5 5 WSO
TEMPERATURE 'C)
TUM/ST18-2

Application Hints
The LM136 series voltage references are much easier to

If minimum temperature coefficient is desired, two diodes 32 -1
use than ordinary zener diodes. Their low impedance and

can be adced in series with the adjustment potenticmeter

wide operating current-range simplify biasing in almost any
circuit. Further, either the breakdown voltage or the temper-

ature coefficient can be adjusted 1o optimize circuit perform-

ance.

s shown in Figure 2. When the device is adjusted to 2490V
the temperature coefficient is minimized. Almost any silicon
signal diode can be used for this purpose such as a IN914,
1N4148 or a TN457. For proper temperature compensatior

Figure 1.shows an LM136 with a2 1Ck potentiometer for ad-
justing the reverse breakdown voltage. With the addition of
R1 the breakdown voltage can be adjusted without affecting
the temperature coetficient of the device. The adjustment
range is usually sufficient to adjust for both the initial device
tolerance and inaccuracies in buffer circuitry.

the diodes should be in the same ther mal environment as

the LM138. It is usually sufficient to mount the diodes near 1
the LM13¢ on the printed circuit board. The absolute resist-
ance of R1 is not critical and any value from 2k to 20k will
work.

INST4

=
LM136 S 1 LM126 108 i
INSTE '
= TUH/ST15-4
FIGURE 1. LM136 With Pot for Adjustment FIGURE 2. Temperature Coefficient Adjustment
of Breakdown Voltage (Trim Range = 170 mV typical)
(Trim Range = 120 mV typical) y

O ESEE e B
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Typical Applications (continued)
Low Cost 2 Amp Switching Regulator!

Vin 3 AMP PNP

; 6V 10 20 4 Nt Vour SV
6004
“
y L
$ - 0
Lo PN2905
P AAA ety
I8k
— VN4

1.5
+ R
__.l VaNo ~ 200 .F
VSK330 /1
ot

PN2222 PN2222 —AAA
L, 0

-—

i

G'C-9EENT/G°C-9ETNT/SC-9EL N

<
S <620
>
1
*L1 60 tums ¢ 16 wire on Amold Core A-254168-2 TL/H/S715-5
TEfficiency = 80%

Precislon Power Regulator with Low Temperature Coeticlent :

M7
Vi = NPUT our b i ld o
. L <
hs
; <
]
|
|
i
i le
23825
< §
OUTPUT
- ADIUST . =
*Adjust for 3.75V across R1 TL/H/5715-13
Trimmed 2.5V Reference with Temperature
5V Crowbar Coefficlent Independent of Breakdown Volitage
v . o v
LM336-2 § =
LM336.2 §
0
LM336-2.5 CALIBRATE
2100 SENSITIVE GATE
2 < SCR : : .
I [ S 4
i i T Boich & *Does not atiect temperature coefficient ~ TL/H/5715-15
i g :

TL/H/5715-14 . : : =
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LM136-2.5/LM236-2.5/LM336-2.5

Typical Applications (Continued)

Ad]ustable Shunt-Regulator

Rs
) 5= __ ouTPUT
5V T0 40V —AAA~ 5V 70 40V
20k $£0
2N2905
100k 100 pF l\
N
+ N
]
LM308A
2
20k - 4

LM336-2.5 *

22

TL/H/5715-6
Linear Ohmmeter
v;
R
LMIM 8
k)
10k
CALIBRATE
TUH/ST15-18
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Typical Applications (continued)

Op Amp with Output Clamped Bipolar Output Reference
Rg sv
— AN

Vour
3V MAX 2%

2V —AA—4

TL/H/5715-17
%s.

-5V
2.5V Square Wave Calibrator

5V

2%
i < OUTPUT
IN2222
2y CALIERATE

(M136:2.5

3 TL/H/ST15-19

10
™

TUH/ST15-18
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LM136-2.5/LM236-2.5/LM336-2.5

Typical Applications (continued)

5V Buffe

WEVIN SV

red Reference

W

Low Noise Buffered Reference

P 2.5V
e
cAL
TUH/ST1S-7
Schematic Diagram
7 e * +

T

Sox ¥ on

24k
ot RS
/r W L
6.8k
c,-\‘4 AI
2? e BA —-—gt‘n F 016
R y
4 I—'\NHV——J i At
. 600
AAA— ADJ
RS
0

Ll R10

(Y

on

TL/H/ST15-1
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Mlcroprocessor Interfa

. \(,'

°°*’§

i FEATURES E; et : ;
* _® 12 bit binary (plus polarlty and ov&range) dual G d
. slope Integrating analog-to-digital converter. =~ . ~ The ICL7109 ls a h|gh performance low power mtegf:f =

~ _ Byte-organized TTL-compatible three-staje outputs ~ A/D converter df”'g"e"' sy ‘mferzace with mae
.. and UART handshake mode for simple parallel or ghesgen R eain e T s

- . J -, ‘4 >

Bt 5T serlal interfacing to mlcroprocassor systems. ‘The ou(pu( dala 12 blts polanty and overrangé) m:.r -
¢+ = . ®* RUN/HOLD Input and STATUS output can be used girectly accessed under control of two byte enable ippA:;
£ :*  “to monitor and control converslon timing. : -~..and a chip select input for a simple paralle! bus interface.¥.
* True differentlal Input and differential reference. - . UART handshake mode is provided to allow the ICLTHEE::

® Low noise — typlically 15pV [ RN sl workewith mduslry-standard UARTS in providing senafﬂl%
e 1pA typlcal input current.ot . = =0 L rai w0 _~ transmission, ideal1orremoledataloggmgapphcalion&hv
Operates at up to 30 converslons per second / " “RUN/HOLD inputend STATUS outputallowmomtorinqn
® On-chip osclllator operates with inexpensive °°‘“'°' of convigon """"9 =5
.:3.58MHz TV crystal giving 7.5 converslons per
. second for 60Hz rejectlon. May also be operated as’
“RC osclilator for other clock frequencles.: ;
_0 Fabricated using MAX-CMOS™ !echnology )
comblning analog and dlgnal functions on a slngle

e

The ICL7 109 provldes tha user with the hig
noise,-low drift, versaﬂlny and” ‘economy of the dual-w—
R integrating” A/D  converter.”Features like true’ diffe :
Input and reference, drift of less than 1uV/°C, maximq-‘
.. Input bias current of 10pA, and typical power consumphes.
- low power LSI CMOS chip. - - - of 20mW make the IGL7109_an attractive per-chanw:;
.® All inputs fully protected ngalnst stahc dlscharge. .. | alternative to analog mumplexmg ior many data acquisitse,
- no special handling precautions necessary. . . "% “ T applications. ; iR -

PIN CONFIGURATION AND TEST CIRCUIT:

(See Figure 1 for typical connection to a UART or Microcomputkr)_ \ }

" Topview

O e B Lol e GND =7 GND N~ TVt e
2y 2RV NG N o wQastatus REF IN-3% s
el R YA e Wich aPOL L°D meFcAp—3s [, g DIFFERENTIAL :
e A% - ORDER 40R - " . ‘REFCAP + 37— REFERENCE -
BYTE se2 3 REF IN+ 36 L g R R
outputs | Jeen . el AN HES INPUT HIGH
gret ST INLO M
s e COMMON 13
= % b IcL7108 - INT 32
| 10 87 AZ 31
LOW 188 p BUF 3
ORDER i2es REF QUT 29
BYTE 13 B4, =
OuUTPUTS ue SEND 27
e s {Jse2 RUN/HOLD 26 el SR
] 16 B1 BUF OSC OUT 25§ . ; 3
¥ogs .. v 7 TEST . 0SC SEL 24 [— GND 24k0) A R
i % BYTE 18 (BEN 0SC OUT 23 f——my f Z e X
; comnm{ 19 ABER OSC IN 22 3.5795 MMz s ;
INPUTS, 20 CE/LOAD MODE 21 [0~ I gwcnmn ) L £E5 S

“Rint = 20k1) FOR 0.2V REF
: ARS8 s . .= 20011 FOR 2.0V REF

Y i | _(OUTLINE DWGS DL, Jt, PL)

. i e e o R G )

ORDERING INFORMATION : s

Part Temp. Range Packaga Order Number e 0K &
v 1 7109 | -55°C to +125°C | 40-Pin Ceramic DIP ICL7109MDL j HENTE
A0S 7108 | ~20°Cto +B5°C | 40-Pin Ceramic DIP ICL7100IDL
S 7108 | —-20°Cto +85°C | 40-Pin CERDIP ICL71091JL
(=8 7100 0°Cto 70°C 40-Pin Plastic DIP ICL7109CPL -




%17109 7 . | EAINMERSIL -
#3OLUTE MAXIMUM RATINGS : : , G S SR
. O A ‘.' o v o ' ; . ok s Sy iy » % ¥
".*  Positive Supply Voltage (GND to V*) %
Negative Supply Voitage I(GND to V™)
- Analog Input Voltage (Lo or Hi) (Note 1) .......... PR I
‘ + . Reference Input Voltage (Lo or Hi) (Note 1) . B g Y R S A ;
* Digital Input Voltage i $ o >
. IPins 2-27) (Note 2) ...... N e b e b e e "
Power Dissipation (Note 3) Nt Lok ;
Ceramic Package -..... SLiy A it i es e e ey e N EBEC T
Plastic PBCKBQR ..:...cescsessscioscsacicarecnisssoscrs LA 500mW @ +70°C s o
Operating Temperature . — : . s
o Ceramic Package fMDL) ......c.ccovensnsenisasssonsess -55°C < Ta < +125°C :
W elh e R AR s ... -25°C < TA < +85°C - :
2 s Plastic Package = (CPL) soitui. o. sy S A 0°CS TAS+70°C - it S5
~ Storage Temperature e PRI R ses =B°C S TAS4125°C ¢ SISy
" "'’Lead Temperature (soldering, 60 S€C) . ...\ vivanancnnns R T 4B00°C < L et

) . o - = v R, ) > 3 o b
5

e ; : o 0
/ ENT: Stresses above those listed uncer “Absolute Maximum Ratings” may cause permanent damage 1o the devices. This is a stress
~ Jémg only and functional operation of the cevices at these or any other conditions above those indicated in the operational sections of the

wpefcations is not implied. Exposure 1o absolute maximum rating conditions for exiended periods may affect device reliability. : 2

LA3LE | OPERATING “HARACTERISTICS =, o ! T it
& gerameters with V° = +5V, V- = -5V, GND = 0V, Ta = 25° C, unless otherwise indicated. S o
“a¢f circuit as shown on page 1. . LR T _ 5k
4»4L OG SECTION ‘e ; v Lo i : : RSy
i <°. PARAMETER - SYMBOL : CONDITIONS MIN TYP MAX UNITS
<»p Input Reading B Vin = 0.0V € -0000g | +0000z { +0000s Octal
3 R Full Scale = ¢09.6mW. Reading
{metnc Reading ‘- Vin-= VRef 37778 | 3777 | 4000s Octal
b, SEIBERDR - o, VRef = 204 EmV 2 4000: . Reading
:mon-Linearity (Max deviation . < Full Scale = 408.6mV 1o 4.096V | T R e
{wam best straight line fit): .. . . Over full operating temperature <. | &8 +1_ |- Counts
e R TN range. ] ' : g S ek
. scit-over Error (difference - - p . | Full Scale /= 409.6mV to 4.096V R b y B A
! roading for equal pos.and : 7 Over {ull operating temperature =13 2 “"4+1.-.| Counts
“eaq inputs near full scale) " | . range. ' -t R b b
“Lemmon Mode Rejection Ratio] CMRR | Vem &1V Vin =0V o . T | N RS S eV
. : L Y Full Scale = 409.6mV : ;
#eut Common Mode Range VCMR Input Hi, Input Lo, Common V-#1.5 V=10 v
" “wase (p-p value not h “en Vig = OV 5 % 15 MY
““Yegeeded 95% of time) ; Full Scale - 409.6mV ‘
iaakage current 2t Input hex Vin = 0 All cevices 25°C ! 1 10 pA
ICL7109CPL 0°C < Ta £ +70°C 3 20 100 pA
St s : ST ICL7108IDC -25°C < Ta < +85°C 100 250 pA
. s : ICL7109MDL -55°C = Ta < +125°C 2 5 nA
~ero Reading Drift Vin = 0V 0.2 1 uV/eC
wale Factor Temperalure ViN = 408.9mV. => 77708 * : g
S llicient s e e s | reading . Sy R
e W g < | Ext. Ref. 0 ppm/°C . 1 5 ppm/°C
“jupply Current V* to 3z o .
@D 8 : Vin = 0, Crystal Osc. : 700 1500 wA
3.58MHz test circuit
S.pply Current V* to V™ Isusp Pins 2-21, 25. 26, 27, 29, open 700 1500 pA
42t Out Voltage R VReF Referred to V°, 25k{} G
1 between V* and REF OUT -2.4 -28 =32 \J
Aet Qut Temp. Coefficient 25k(} between V* and REF OUT 4 80 ppm/°C |
rput Common Mode Range Vem IN HI, IN LO, COMMON . VT #15 :I/: o 2:3 v+ -10 v
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E
;
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DIGITAL SECTION - . o a0 ey rfg

PARAMETER SYMBOL " CONDITIONS MIN TYP MAX UNIT3 %

Output High Voltage Vo lout = 100uA 35 < 43 . it Vg

: Pins 2-16, 18, 19, 20 : = 4

" Output Low Voltage VoL lout = 1.6mA 0.2 04 | v #

3 Output Leakage Current Pins 3-16 high impedance +.01 +1 uA ’g
Control 1/0O Pullup Pins 18, 18, 20 Voyr = V' -3V : Aty . 'ﬁ

Current MODE input at GND g -.5 o

. Contro! I/0 Loading HBEN Pin 18 LBEN Pin 18" - 50 pF Aﬁ

: Input High Voltage ViH ‘| Pins 18-21, 28, 27 S i ﬁ
: <t referred to GND * PE 5 . v "'g :

5 Input Low Voltage e Pins 18-21, 28, 27 2 S ,g

- . . referred 10 GND : 1 =V g

input Pull-up Current Pins 26, 27 Vour = V" =3V i e M'fﬁ

R Input Pull-up Current Pins 17, 24 Vour = V" -3V 25 pA

FeeTILE Input Pull-down Current Pin 21 Vour = GND +3V 5 - pA § 3
Oscnllator‘Oulpul .. |Highl Oon Vour = 2.5V »- ¥ Vi s mA

Current -~ © - |Low Oor — . .| Vour = 2.5V 1.5 MA &3

Buffered Oscillator  [High] BOow | Vour= 235V : g 3 2% mA_3%

Output Current Low BOoL Vourt =25V * - 5. - mA ﬁ

MODE Input Pulse Width tw : 50 - ? u}

Nole 1:

i
i
i

Input voltages may exceed the supply voltages provided the input current is limited 10 £100uA

S

AR

Note 22 Due 1o the SCR structure inherent in the process used 1o fatricate these devices, cohneclmg any digital lnputs oroutpuls lovor

greaterthan V" or less than GND may cause destructive device latchup. For this reason it is recommended thai no inputs from M

. Other than the same power supply be a pphed 10 the ICL7108 S<foreiits powerxupply is cstabhamd and thatin multnpla supply s;st-u 3

the supply to the ICL7109 be activated first.

Note 3: This limit refers 10 that of the package and wili not be o>tained during normnl operation.

: v
; =
0 ‘ &
i f = . v* 4 “ 3
' s 4V ——ad iV TRC 40— _.GND={ 1 GND 5 REFIN - 39 | =
! o L2 O3cCONTROL osCIN 17 25 BUF OSC OUT  REF CAP - 34 ik
' " GND 3 GND T EPEN 17 —{ 2 sTATUS REF CAP + 37 |- =
i { +sv—4 RRD CLsi % , ¥ REFIN + 38 2
e P } 512 asan i —{ 19 HBEN ‘L IN ML
y —{RBR1-8 85 % « INLO 34
o . PI3Sk-GND -8 AL ST - com 3
—{ 13 PE CAL M f— 45y 85-812,POL.0R INT 32 5
=14 FE 26-33 s ‘916 AZN g
—{1s OE TER1-S 7 81-88 ' BUF 20 §
i +8V—ry,16 SFD TRE 24 |~ s8v—] 17 TEST ° REF OUT 29 2
DRR 18 - 1 (BER v 28 4
20 RRI DR 19 21 MODE RUN/HOLD 28 S o
SERIAL TBAL 23 20 EULOAD 0SC SEL 24 R
INPUT TBRE 22 27 SEND.. oscouT 23 ,}
e T 25 TRO MR 21 }— GND \ i OSCINZ2 350 MHz © t
R Pp——— S IR 15 ) € 17) FOR LOWEST POWER CONSUNPTON, DYSES Lol LCRYSTAL ~ %
' i & IM6403 TOAL-THAS INPUTS SHOULO MAVE 120811 ICL7109
CMOS UART PULLUP RESISTORS TO 13V L CMOS A/D CONVERTER H

Figure 1A. Typical Conmchon Diagram UART Inte-‘ace - To transmif latest result, send any word 1o UART i

min

'

AT RS

-
—--one ¥
By, - ExTeRNs
R REFLATES
_.__m__——.o PR
01 *g
=z O'Ngh' e |
e B
v—" LA 5
- ST
- Rt 20K(1 0 2V pa? 3
- ./ 200u() 2V &9 .- 0
st M ;
L Pt

T R

2 3 sV & v’ REF IN 290
¥  {xTauy XTAL2 = . GND.—{ 1 GND © REF CAP-38
- -8V 170 «sv =] 17 TEST REF CAP + 37
i « RESEY 21-2¢ - . i : REF IN + 34
; s ss e i h C MM
H ¢ INY P20-P27 oTHER ' i INLO M4
~ g, [vO : cou 33

QGND —{7 EA = . s N
. b P14-P17 "fr - ; 3 A
—{ v PSEN P13 0 2¢ RUN/ADLD ° BUF 30
{11 ALE P12 2% 2 STATUS REF OUT 29
+8v —{25 PROG P11 28 WiBEN ' v 2
~ +sy—{2s VOD . P10 27 " s SEND 27
sy — 39 TL 2| 3.8 ‘' Bsuroscouras
. +8V —4 &0 VYCC = 5 N 29-812,POL.0OR OSC SEL 24
" 4249 18 0sC OuT 23
i H DB0-0B7 ') #181-88 ¢ . OsCiN22
r~QGND —{ 20 0w * AD10 20 CE/LOAD MODE 21

o ., 87408048 - .- CL7109
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TABLE 2 - Pin Assignment and Function Description

SYMBOL DESCRIPTION PIN SYMBOL DESCRIPTION
2300 Digital Ground. OV. Ground return lor all 21 |MODE _ - | mput Low - Direct output mode where
e e digital logic : : "~ - u--.| CELOAD Pin 201, HBEN (Pin 19) and
“¥er g BTATUS | Output High during integrate and deinte- 5 [BER (Pin 18 act as inputs directly
; . grate until data 1s laiched. = controlling byte outputs. z
; i v Output Low when analog section is in . Input Puised High - Causes immediate
2 S Auto-Zero configuration. A entry intc handshake mode and output of
2% 100t Polarity - HI for Positive Input. . 5 data as in Figure 9.
B Lo Overrange - HI if Overranged Input High - Enables CE/LOAD (Pin 20»,
.."'4"".fg|2 Bil 12 | Most Signihicant Bit HBEN (Pin 19, and LBEN (Pin 18 as cut-
sooen Bit 11 L et | puts, handshake mode will be entered and
Pis YT 8110 Al gata output as in Figures 7 and B at con-
E S three vers:on completion.
P f: 2:: : state 22 |0SC N Osciliator Input
e ;’ R T 2 Rl outpul 23 {0OsC out Osciltator Output
- dala 24 | OSC SEL Oscillator Select - Input high configures
: ¥ bits OSC IN, OSC OUT. BUF OSC OUT as RC
But 5 : s osciliator - clock will be same phase and
Bit4 duly cycle as BUF OSC OUT.
(R Bit 3 - Input low configures OSC IN. OSC ouT
== Bit2 tor erystal oscillator - clock frequency will}
ta Bit 1 |iLeast Signuticant Bill be 1.58 of Irequency at BUF OSC OUT.
..:.'- TEST Input High - Normal Operation. 25 | BUF OSC-OUT | Buttered Oscillator Output -
b Input Low - Forces all bit outpuls high 26 |RUN/HOLD Input H:gh = Conversions continuously
- Note. This input is used for lest purposes performed every 8192 clock pulses
3 i At only. Tie high'if not used. input Low - Conyersion in progress com-
¢ % JLOEN Low Byte Enable - With Mode (Pin 21 1o ocleted. converter will stop in Auto-Zero 7
y and CE/LOAD (Pin 20/ Tow, taking this pin couris belore integrate
s low activates low order byte outpuls B1-83 27 | SEND input - Used in hanashake mode to incicate
i g ! . R4 N4/ abity of an éxternal device 10 accept gata
i “With ModePin 211 high. thispin serves 35 Connect 1o + 5V If not used.
& a low byte dlag outp.ut used in handshakg % v Anaiog Negalive Supply - Nominally w3
3 mode See Figures 7,8.9. with respect 1o GND (Pin 1) ;
¥ fne EN' ‘R FighByte EnatirWiyigde JFi 21,' G 20  |REF OUT. | Reterence Voltage Output - Nominaliy 2.8V
i ) and CE/LOAD 1Pin 201 low, taking this pin oditirom VEiPin A0l
| e - 0
S_ Iaca:vz‘a;touv:f:)snr'ugr_s.ovge‘v byte outputs BS- 30 |BUFFER Ehite: Amonter Glibol
,2;_"." Q@i N e L L 31 |AUTO-ZERO | Auto-Zero Node - Inside foil of Caz
o ~With Mode (Pin21)high. thispinserves as 32 INTEGRATOR | Integ-ator Output - Outside foil of CinT
. a high byte flag output used 1n handshake |, 33 | COMMON Analog Common - System is Auto-Zeroed
‘ : mode. See Figures 7. 8. 9. . to CCMMON
# [CE/LOAD Civp Enable Load - With Mode (Pin 211 low, 34 |INPUT 1O “Differenuial Inpul Low Stde
' g & - | CE/LOAD serves as a master oulput enable 35 INPUT HI Ditterential Input High Side
R When high. B1-B12. POL, OR oulpuls are 36 |REFIN» Dulerential Reference Input Positive
}- 5 L ' 4 : 37 | REF CAP + Relerence Capacitor Positive
s ; ‘ - With Mcde (Pwn 211 high, this pin serves as 38 |REF CAP Relerence Capacitor Negative
;"" saliias: a load strobe used in handshake mode. 39 |REFIN Diflerential Relerence Input Negative
- See Figures 7.8,9. - 40, |V Positne Supply Voltage - Nominally =5V
¥ 3 ¢ ; with respect to GND (Pin 1).

&se All dig.tal levels are positive true. | ¢

t€TAILED DESCRIPTION
talog Section ™ ¢ v

g9 2 shows the equivalent circuit of the Analog Section
s =4 ICL7109. When the RUN/AOLD input is left open or
s=ected to V*, the circuit will perform conversions atarate
wwemined by the clock frequency (8192 clock periods per
). Each measurement cycle is divided into three phases
& anown in Figure 3. They are (1) Auto-Zero (AZ), (2) Signal
e zrate (INT) and (3) Deintegrate (DE). )
* &nto-Zero Phase " Tt v o
_Owring auto-zero three things happen. First, Input high
+~d low are disconnected from their pins and internally
snorted to analog COMMON. Second, the reference ca-
zacitor Is charged to the reference voltage. Third, a feed-
sazk loop is closed around the system to charge the auto-
“z=ro capacitor Caz to compensate for offset voltages in

* * the buffer amplifier, integrator, and comparator. Since

4.33

" the compardtor is incluced in the loop, the AZ accuracy

is limited only by the noise of the system. In any case, th.o 5

* offset referred to the input is less than 10uV.

Signal Integrate Phase ]
During signal integrate the auto-zero loop Is opened, the
internal short is removed and the Internal input high and
low are connected to the external pins. The converter
then integrates the differential voltage between IN Hl and
IN LO for a fixed time of 2048 clock periods. Note that
this ditferential voltage can be within the common mode
range of the inputs. At the end of this phase, the polarity
of the integrated signal is determined. R

GINTERSIL
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- ICL7109 "]

DEINT(-) -

BUFFER
+

©OINT — It
DEINT (+)~—
DEINT (-} =—

-, INTEGRATOR
., OUTPUT

; ‘:-l_._ 1
I

% INYERNAL LATCH

Flgun 2. Analog Section  ;
% 'POI.AN“I'V
DETECTED

*J s L-—Az PHASE |—4~—-m’r PHASE |l—-+———-o—,740£mr PHASE m—-l——Az—-

i

ZERO CROSSING  ~
©OCCURs

... ZERO cnossma [
*"_/DETECTED

e s 2

N
'
1 |
|
0

PROPORTIONAL TO Vin
‘ Figure 3: Convcr:non Timing (RUN/HOLD Pin ngh)

N De-integrate Phase

2 : | s ;
: gy “STATUS OUTPUT ] ’ , o I A L O S i
=it b e L 2048 * FIXED . AN :
e o ¢ f—— COUNTS——le " 2048 < } 4096 COUNTS_ | i
o L NN MIN ) | ~‘coums [ T MAX R R
SR Ny R g 7 I \Ansuzsnocnossmo," B
s W i /s Nwa:n OF COUNTS 'rozznocndssma .. ANALOG SECTIONWILL ° - " - """~

The final phase Is de-integrate, or reference )n!earate. In :

“put low Is Internaily connegted.to analog COMMON and
Input high is connected across. the previously charged

(during auto-zero) reference capacitor. Circuitry within'

the chip ensures that the capacitor will be connected

with the correct polarity to cause the integrator output to.

. return to zero crossing (established In Auto Zero) with a

fixed slope. Thus the time for the output to return to zero

. (represented by the number of clock periods counted) is
proportional to the input signal.

Differential Input

The input can accept differential voltages anywhere within~

the common mode range of the input amplifier; or

“specifically from 1.0 volts below the positive supply to 1.5

volts above the negative supply. In this range the system has

= a CMRR of 86dB typical. However, since the integrator also

swings with the common mode voltage, care must be

- exercised to assure the integrator output does not saturate.

" A worst case condition would be a large positive common

mode voltage with a near full-scale negative differential input
voltage. The negative input signal drives the Integrator,

»

4-34-
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positive when most of its swing has been usod up byﬁ:"
positive common mode voltage. For these critical lppﬁv.g
tions the integrator swing can be recuced to less than pw
recommended 4V full scale with some loss of accuracy. T 4
integrator output can swing within 0.3 voits of either suersy. %
without loss of linearity. "3

The ICL7109 has, however been optimized for épen:r
with analog common near digital ground. With posss -
supplies of +5V and -5V, this allows a 4V full scale integra=s:
swing positive or negahve maxlmnzmg tho perfomnml&
the analog section.

Differential Re'erence ; ,'- i ', o § e ko

The reference voltage can be generated nnywhen wnthm‘)
power supply voltage of the converter. The main source & §
common mode error is a roll-over voltage caused by ¢ 3
reference capacitor losing or gaining charge to_ - 3
capacity on its nodes. If there Is a large common ez
voltage, the reference Capacitor can gain charge (incress
voltage) when called up to deintegrate a positive signal b .
lose charge (decrease voltage) when called up to delnm v
a negative input s:gnal Thls difference in reference 1«!9‘0".'-
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