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Tassmiiflunnieanuuy  “ Differential Pressure Transmitter”  Usznaueny
Pressue sensor (MPX200DP) uaz Instrument Amplifier W 2337 Voltage to Current
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duaagumd undudwanmaat Fmifinenausau (1-5 V)

V to |wiun laaritaadunizud (4 - 20mA )

ABSTRACT

This project is to design “ Diffferential Pressure Transmitter” consist of pressure sensor
(MPX 200) and instrument amplifier and V to | circuit.

The MPX200 series device is a silicon piezoresistive pressure sensor . Provide a very
accurate and linear voltage output pressure sensor operating charateristic proportional to the
pessure applied to the device. This device uses a unique tran verse voltage diffused
semiconductor strain gauge whih is sensitive to stresses produced in a this silicon diaphragm by the
applied pressure.

Instrument amplifier to act gain voltage ( 1- 5V ).

Vto ! convert voltage to current ( 4 - 20 mA ).
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AMUARUATHHIBIRAMUAR (Pressure and its Measuring Units)
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o o a [~3
AMUARNLIAAIINN1B(Pressure of gasses)
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P= AMUMINUKUYBITBINAT kg/m3

g = usliuday mis?
ale P = Pgh

sifiwihamudufitiaan maommazﬁfuagﬁu h use Puazfn static head
VB4R INAITAMUFAUIR %:%uagjﬁ'u gavsnvanin flsanisinlife static
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i o /A
Urknown pressure in /
AlMCSONeric Dresswees chamber ts equat to 9
. measured value (h) ;
. £g:h n
e [ . B /
of iquid in the chamber ; h
Liauid h . ;1
X Unknown ;
- . sressure '
, A 4
r}

ot /////// i

A 18 BOIR =uasd 1rvs L8 SENWESED A o,

LW'; 1.2 Basic Hydrostatic Head Pressure Measurement Concept
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Arfitnuaiiin Gauge pressure aziidadasiavieiilu G nie g L% psidv
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Wind box Furnace
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fITANFIVEIVBINAT LTU in.H2O, mm.Hg ufigadayneads Vac 1w 700 mm Hg

Vac
A N
e 5 7.3 Psic= 22 Psia
é GAUGE
u PRESSURE
¥ arse g [Rsbure I ABSOLUTE PRESSURE
0 Psic = 14.7 Psia
REFFERENCE POINT OF VACUUM NEGATIVE PRESSURE
GAUGE PRESSURE —» and T
: PRESSURE
ABSOLUTE PRESSURE
OR BACK PRESSURE
REFFERENCE POINT OF
ABSOLUTE PRESSURE ABSOLUTE ZERO

0 Psia
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AMNAANATIA IWN15Iq (Error in Measurement)
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2. ANUAAWANANAANIZUL(Systematic error)
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wWaatadaIasfiada (instrument error)
3. anuRananafitiadulasindyi (accidental error)
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fmuuJaﬂuuﬂawaomwtammuma'lumsaa'mtwmmnuaﬂ wWiafiamnmasulna
vasenumiliasdiaisuiniay
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Ox =/ (X)) +Xz= X} * e + (Xp - X)
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vasunaudaldin - x Lﬂuci'uo.%i'u'?ignd’mﬁqﬂ uith O 7 daannnduiluaaarinniy
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Accuracy liaz Percision
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mﬂmﬁgnﬁaoﬁmﬂumﬁﬂﬁﬁ mistake AMUAANRIATILAAIINTIVY UazAINY

“ o v

Rananalasiady oy axtiiu Accurcy fifle Wauaastia range vasfidaldndidlng
[@paruenfiuraiainls L'ﬁumﬁmﬂ"s"'omfuﬁmmwgnﬁao 1 v WiadestadisuLlsein
fﬂﬁﬁ‘lﬁ’i‘]nﬁad 0.5% ufia accurcy 1w range ﬁﬁauﬁqﬂ fidadpvasdriiiald base
nefiuiai
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dispersion yasrfiiaNasday L‘ﬁugﬂ'ﬁ 1 (a) § precision ﬁn’i’lzﬂﬁ 1 (b) ﬁ")uzﬂﬁ 1 (c)
§] accuracy \auddl precision @ ua:zﬂﬁ 1 (d) 1 accurcy @uddl precision 187
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sniva et
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{Converterftransmiiter)

fAflawdnprocess

315 pat 3-15 pei
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(Controlier)

NI
(Set point)
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o =}’ -t & @~
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e [ Ad 1 al 3 gt d‘A v s M v ‘.
anousIan Wi dsuanzwaniidieng v Afeuldineg ldun
1.1 FYLUIUNIEUE

]
=4

420 mA (Taduitsaldinniiga)

10-50 mA
0-20 mA
' 0-50 mA

1.2 Fygruusanlni

[
al

15 v (hadullsalduniige)
0-10 \
0-10 mv
& oy A - o v oa 3w Y ) .-
wannft Haliddugdn Seludndadoniu elfinasmudyonatlimion
o o v}
Munle
2. FynosanaTguluszuuad(pneumatic) Taaiudldiuag 2 wihaedenu
fio TTuLEdN UWRTTTULSINOW
JTUULGIn 0.2 - 1 kglem2
JsuuaInge 3 - 15 psi
& ' A a 1Y -y v a o o Y CaAv o
fgssmibafiafisuudesiamlndifonin dnu  aUnsoinfudygnaln
] ) w A’ { ~ ] (=3 L L et fad ¥
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(MUNBLIAG JEYTUI 4-20 mA f1 4 mA ﬂ:tﬂuﬁw’hqﬂuuama (0%) uazd 20
mA DUAFIFAUUANR(100%) FQyny i 3-15 psi f1 3 psi ﬂ:tﬂudﬁwqmuuama
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+ - + -+ .
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+

(3.5 e . et
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finafuazaaaimniaefiasunezlidnligneas) atelsfianu defuases Susaguuatu
ENIAATIsLLIGuanatanr T udnaeilasasiuaziisstuaawden lasdla Eq

= Vgollector W82 E2 = V emitter 719214

Vo = (1)(E1-E2) = VcE (35)
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WaNN1SaaNUUY Pressure Transmitter

pressure _ _
pressure AMPLIFIER VTOI

sensor
\ 4-20

sensor m mA

3ﬂﬁ4.1 Block Diagram Pressure Transmitter

N15N191% 389 Block Diagram
\ail Pressure ¥ @} Diaphragm sy W Silicon Diaphragm (fig@anuaTuavia
W Generate Voltage filufiadlaarioanun dan Amplifier vnlfiAamsunsliAaloar
m'ﬂ:agl’wﬁw 1-5 V %aﬂwuﬁﬂzgnmuqummwsﬁaammum Anfioananazriuly
9V to | LﬁattﬂaaTdaﬁLﬂunsthaa;Ji'lwzho 4-20 mA Wohdnszusiiaanly LAY
qﬂm‘tﬁ: Instrument @a 'l
‘
HANNITYINIINVDI2IVT Pressure Transmitter
UNnu
'l:ummﬂaca'&yry'\m Pressure liflunszua unanmilumsiauazmsaiuga
lumegaswmnisy *‘fmmaﬁi“:‘l'ﬁ'l.ﬂummﬁwaqqﬂmvxmmsmfj i Tsenunauinin
Tssdnslah o.:ﬁv'ul.ﬂumuéﬂé‘muazmmn‘lumqqﬂmﬁmm Furidyanme Pressure
Transmitter lUnunuatnsoimediaantafind  wiedsdyanmlifeeuRuneafifatn
URSULFAINR
MPX 200 DP LﬂuqﬂnsrﬁﬁlﬂuTsaoﬁuqﬂmﬂnﬁu Tuda MPX 200 DP fiazlwuss
@u OUTPUT aanuiilumyv f‘ﬁommmﬁﬂﬂﬂi:qnsﬂumu air conditioning liquid level
sensing and flow control
aunsal sensor fszdarialnanufinadaufidainisia uassssanlufdaiy
a1fin computer,automatic controller
tumssdym Adadldiiusaenalng g AlumuaugUniaiBinansafindiu

- e

h o s ko a l‘: I3 b A 1 : g +
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Tnaquaanziumsdszaenolng widunddentzug  sswansdumsdaduszazma
Ina Suszliduansmuifeniudyanasuniu wiad LOSS Tumossyo ums
sodtygmIzninegunsal instrmentation Al Was CONTROL ROOM
ﬁ‘ugmﬂanoa‘s

MPX200 (iu very high performance piezoresistive LWﬁ:Q:‘IfWﬂ:G'fEN
saunusuiidainisia Slufifimalsnmuedasenauasil MPx200 lufidrais
NN a:ﬁv'uqmﬂqﬁﬁNaeiamﬂﬂ'é;uuuﬂm

MC34074 a:Lﬂuaaﬂuauﬂ"r"{ﬁ high slew rate uazdl low input offset uac
DATIMNTULNYF '

NANANTNIINYB92997 Instrumentation Amplifier Interface

WS¢ OUTPUT flsananda MPX 200 DP suifluuseen mv lad 1IC1:B uae
IC1:A anilumiuAygnausIduaMILanes Aflvwaidn Asanuneinds MPX200 DP
wanbfdynusiuiiiamadnfieaananiin - MPX200DP  Sufludygmaanunan
a1 lad 1Ic1B uaz IC1A sUSuuRoudarmyvenelan Ve, uasdesialerume
anuuandy a9led 1c1:c auiudaveny Tﬂaﬁnﬁﬂ%’uu.mﬁ'uﬁmv‘fv!mﬁ Ve, 39104
Ict:D suiudiied edsauussaniivsunaouuads ssrlitusienaeilais
maasuwlaslamuanuivesunssingln wnzasiu Vg sduanlsudamms
VNBFIU Vg, 0TUAINAUTIAU OUTPUT ‘lﬁ'ﬁms‘i'}qﬂmuﬁﬁmms

HANNITYINIINYDI2995 VOLTAGE TO CURRENT

wanmstnuesinuuylnaeses  Simunsadafouadaudrdumulides
dasdnTd  munTonenzussdu ldisslarlidasdasinmialad Ic;A  smiine
Wagw ussdulwifunszus m:uma"wgv‘i?n:tﬂﬁuu'lﬂmmmﬁu funa nmudmaed Q
was Q, ardsuLy mAsswRarnminfivenonszuafioanunanled 1Ic.A AifinTzugesn
aiiwlulasuauiua) tieluvmadiu ftusuilma) R.R, sznfludailaunauluauau
OUTPUT 1asfl Ve, sansadiusammvensrasnszug ouTPUT 1¢ Taedl Qg 1ilud
AANTUR A IMaaINT e Li"jai'lmaﬁ'utamﬁf‘itﬂuautiﬂmd'm D, 3evwmif BLOCK 'lai
'lﬁ'&'mumﬂmauvgnﬁiﬂuau WhanTUnIu §7u OUTPUT axgnedavuiuny ZENER DIODE
Wetnmzduusesdnlailiiygsuena LOAD
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INSTRUMENT AMPLIFIER

INSTRUMENT AMPLIFIER  Liluasasumesayanawuunibildiadygimen
nﬂuﬁﬁdL-naf(TRANSDUCER)LLnusi’Nquuﬁé’mvtynmﬁ%'ummmumfm:ﬁn’nugnﬁmgo
flanuRauiud

#1iu INSTRUMENT AMPLIFIER ﬁw:ﬁaaﬁqmamﬁtﬂmmwma'lv.qﬂuﬂe‘uﬁa
ﬁmsmszuumuquué”zﬁl:wuﬁﬂﬂuﬁﬁlﬁ'ﬁnagli'lmham'mﬁ's'i'l fia saud 0 Hz flv 500
kHz daiummhastusudinlFfrmdaingunsolumedaafianzey ferlilums
aousuasnMaic ldaasudsuRiautnmativesnerrsswunduingvasaatuauil 1
maalenen aoiunTWaIM INSTRUMENT AMPLIFIER Tldnuldvsasdasfiouamnid
wail

1BuRuandfivnduinatud

2nizuseanlTamAUd uasuiauaaWloanien (INPUT OFFSET,CURRENT
AND INPUT OFFSET VOLTAGE)

saanmsvenuiduanng Aarsa INSTRUMENT AMPLIFIER Usznausae 2 diu
fa é’mu.sntﬂué’:m:aaauwmﬁuﬁuﬂwﬁﬁﬁmg« URZRIANIDMINUADATIN TVE LB
avldlanls

Vis

31]ﬁ4.2 ®IUVBY Instrument amplifier

M7y Vg iRssdudien azld output szwinteatuandnisasdicugas
Vo = (Via - Vi )[ 2R/R+1] R¢R;
Twsesheenuuuasle

s



Re =Ri, Vii=(Via - Vi), Re=Vr
Vo =Vin [2RVgi#1]
Myt muasaTMITtnTansiasdumsimuatrtaemueuiidanisany
AuAIL(riTMUa span )
§uAl 2 w89 INSTRUMENT AMPLIFIER {luisasvensamnauandafill dam
wrpwhiunile Instlenuuuay fsmsﬁwuﬂqﬂé‘mﬁﬂﬂumsﬂ%’uszﬁnvlwmoﬁﬂauma
¢u21 NON - INVERTING v8d0a1iuaui] Lﬂ'mﬂumsﬁmuﬂqﬂ ZERO 7832937

NNMAR 1 171920112995 INSTRUMENT  AMPLIFIER aanilu 2 ma el
inadamasunnlasimesimuadiudseng quinluluasesil

VIA
3
' o
2
R4 £
V2B
2
-w
2
- 6
VvIB A2 .
. . VB
3 -v
31]#4.3 #§IUV83 Instrument amplifier (mﬂf'i 1)
meaf 1

dumauy @ty im COMMON MODE Taslt veom (ilu Vi, uaz vy

7 OPAMP A 927 Vpu= Vool opamp B 22Y W Vi = Voo
wmzasin 3:lifien VOLTAGE enataun R, wansanuit alifinszualnaru Ry uas
IR VazVo,=Veom

IWTIzas1ii common mode gain 184 opamp A uas B Sewinny 1 szldauns
aldrums



Vo-Vp = V2a-Vap (1
R3+R4+Rs R4

51If14.4 #1084 Instrument amplifier (1A 2)

PNAmaNLRTEd opamps 131921691 V,=Vs

Va-Vp a ViaVio 2)
“Ry+R¢*Rs R
nie
Va-Vy R (Via-Vie)  Ra*+Ry+Rs ()
R4
W = I (4)
Va-Va = VorVo ®)
R, Ry
V.RAVAR, = VaR, - VoRy
VoR = VoR -V R + VoRs
VoRy = V2(R1+Ry) - VaR¢ (6)
ln B w1 V; Tan VOLTAGE DEVIDER
\') = Vp(R2/R1+Ry) (N
fmuald
Va = V3 (8)

unn (7) asluaunsi 6) e
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VoR; = Vo Rz (R+Ry) - VR )]

Ri*+R;
W R = Ry (10)
Ra = Ry (11)
arldaums
VoR, = VoRrV,R
Vo = (Vb-Va) R¢ (12)
R
MNFU8I2997 Va 1 Vb daduin azlamumsin
Vo = VeV R (13)
‘, %
WRNTNT (3) UNw (13)
azldin
Vo = (Via-Vi)  (Ra+Ry*+Rg)" Ry (14)
TN A 2
fmualit R;=Rs=R el
Vo = (Via-Vib) 2R + 1{* R, (15)
. e Y

V TO | CONVERTER CIRCUIT

Lf‘iaomnmﬁhﬁ'm"tywmtﬂuu‘mﬁuﬁtymtﬁﬂﬁumnmu Favnliifiams
ERROR awldnrsumindiumumadmannismsdsdygnouivumy LOOP maw/feu
fyanouilunszus uasdedyanoludiinas ww wlifngyFevesdyana iiaawn
franusnunuvasaywW w‘s‘aqﬂdaﬁhiﬁ'lunwﬁoé’tyty'\mlﬁ'ﬁ'um:mumsmmﬂgww?'i
Humsssdygrafeduiuniuen sxdidn 3-15 PSI ussaulwild 1-5 VOLT uasdh
iunszug 92l 4-20 mA Tunssedtyanns 0-100% il 0% Fyanmfigadanlsivi
AU 0 wwwmzieldhbinmuhdfygamuauagnislilasusasdn 3 PSI 1 voLT
uas 4 mA Winldnmu madames v TO | a:ﬁ‘fuagﬁudﬂﬂqnuﬁﬁunwumao'[ﬂam Uas
midensduaslnen ssssafyunmTunnuazdnuuunilifia GROUND LOAD 497
WNEAUMIIE UMy SygiouwTe muuamwauazqﬂnmi‘a‘Laﬂmaﬁnéﬁlﬂums
mupuiungIzasnuuuanmLALINLLLY GROUND LOAD
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vtatisd iy Vi duaaslugy Faufluuuy NON INVERTING AMPLIFIER
CIRCUIT MIfIFtynmuazmMInluga LOAD fldrndygnufidunndulennduuuy
sumnsaieTeieTingfia  OP-AMP Lﬂuﬁaﬁmﬁlﬁﬁamuﬁﬂua:nmﬁ'mfum
NON INVERTING '«J:ﬂﬂngﬁm NON INVERING &t udunsduffazanaionamnudin

| 84 n‘: 4-' -
muagmuum:uaﬂ%a R fia |

R2 100K ohm
'A%

R1 200K ohm v+ T -~
+
vin o———— AN R3 500 ohm v ouT
val A
- —_—
2 louT
V- -v T LOAD

p
31]713.5 IL§®a3 voltage -controlled current source

1 = E./R

- v o v ‘l' \ 3 o A\ «
fvaRnsannanatafidssRasanluniiliiies v uwuulnaesas mdmﬂugﬂ
' L. H. 3 ) 3 ' 4 & ! [ s
mmmmu'lugﬂﬂ 1Hlunse Az lunadanszuglumsas Lmu.smmmﬁvgmwuag nu
; W TN O 2 -
Rioop “Ruire + Riged 3% WifiNasianszualumsy udusiauia1dwazinatiny Reop

Vour = (1+Ryo0p /R) Ein < Vsar

Tasdaanm ey Ry, Senannifiull  audldifiamssudqld opamp
asmanTndenTudlaiisinadannudaims innslimIRsggimagnasnau
“» ¥ J ." ] 3 < A - . &
dasldnizus 20-60 mA @9 oPaMP MU limunIndrelatedasld nrudsasitisas

GE i
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e +15V

LM 324
T v
»> +
/F\ N1 2N2222
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v 1N4148 r
¢ 4 .
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—— e
O :
VR 1K ohm

1N4148

A sl W
31]113.6 2997 V/I WHLUARVUNTISUR

(flasenn TRANSISTOR aglu LOOP miflawnduuvuay OP-AMP Waansarng
BT TRANSISTOR Ini389mT BIAS , M3 OFFSET & NON-LINEARITY ddqianm
Sandsuiitseng dedinssusnaufiamandasld Q, (PNP) Baflu COMPLEMENT
199 Q & mIudenIzuaTAuIININGa faslnandusimufissfidensy OP-AMP
wmmzsatlimanTnssnizuganlvan dadlnandumanufians 2 dulumahausas
19918 inTzuad Inalumeiaaasiifiameasaiudinuiumaantoldanuuandmianses
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CRITRRIGRILET

wurimsidalnan mwrethoaalnaesanaeiliimileundvuunaudeezs
ual OP-AMP (ign1T SATURATION lasimaansailasiuldlasns SHOT OUTPUT
oz litinedmahauniion v ITnuuRa RN mnszuaiias lifinadadsas
NON-NVERTING  wztfiudilasiuundsdnousiaudunngnivaadonizud  imanse
8192993 n7zud TO wsven TanldaaaTuensuuy INVERTING 1o
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luanwazidsdilalnsaniansdsdyanmva guUnInlBlaaAnTafindiiants
Rawmanazihlitiemifawnaraimldife |, = 0 1tu nizusezanidugudila E, =0
immansauitigmitldlasnisusu oFFseT W
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i

HATINVEINIRLIN E; B8 e dumliResan R 10 Alalariu darmaeuifioy
Ein-lin(1M) - lin (1M) - Erer = 0

wien 1, 199
lin = (Ein-Ere)/2M

KATINTBIFUIN Eofld V, lddadt

Ein-lin(1M) - Vy = 0
Vi = Ein'(Ein'Eref) *1M2M - = EintErer2

nnsumIuuwsezlad
I = (Ein -Erer2R

ua:ﬁqw Aaeld
la = (Ea 'Eref)/2R

uazfiya B 13z et
Iy = (Ep*+Er)/2R

INNFUMINIATNIRD (AB)

2R, E+E..
2R*|b = Eb+Eref

mid1 R lalagnmrin e E nua'ld
2R(la'lb)= Ep-Ea

LTTEUITAVIN B 10970

Eret = 2Rlpy-E(b)
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(TIRUNTONIAT Ep 1070
Eref = 2R|(b)'E(b)

o ; ' v o ( o o
LTIITIWTNATUITUNIAT R UREAT Eof 'ﬂaﬁ']ﬁﬂfvlﬂluaﬂ']“uﬂﬂqﬂqU-lh'ﬂ\]“

E(a) = ov I(a) = 4 mA
E(b) = 5V I(b) = 20 mA
R* = EerEow)
2(lpylay)
= 5V-0V/2(20mA-4mA)

Vv
o~ e

ganuiTezlamanudimwmu

R 156.25 lany

] ' v & A‘
NN R ITENTOMIAT E o L1107

Eret 2Rl y-Ep)
2(156.25amal)(20mA)-5 VOLT

1.25 VOLT

TunsUSuUds99T VI 1uusn (mdasinmidiud R tNevimsuTuduialvll
YUAAIUADINMT URLUTUAN E tNBMIAN ZERO WNUTdRE
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Pressure sensors (MPX200 O to 29 PSI) Uncompensated
silicon Pressure sensor
MPX 200 Series device Lilw sillcon piezoresistive pressure sensors ﬁlﬁ'ﬁi’l
Voltage output uaasfudwdadu iialdiuusinadl diu Sudedsesndsomiiinlnig
aanuY
dmiinaspuiil alummlenda natTumudalildeanuuyraiss |y
mulud sensor it Lfiaﬁqmﬂqﬁtﬁui‘fu whbidanaessiuiamauisuulaes
gnnl MaasmslimIzaiTeses sersor it amilu Motorala single element strain
gauge design
fnunusfiddnes sensor
1.dznda negn
2..1lu Sillicon Shear Stress Strain Gauge
3.0.25 % gogatumaduidudu
4.FULL Scale Span 60 mV
5.8onuuuan Il Fedluuuy Chip Carrier Package Options
6.19% Voltage matussduiing
7.Absolute differential and Gauge option
musnaaudsslfemldadalud
1.A7UAU pump/motor
2.Robotics
3.UanTEAU
4.Medical Diagnostics
5. §ANTIpAUATINAY
6.Lﬂ'§'a\1’fﬂ Barometers
7.Altimeters
VOLTAGE OUTPUT versus APPLIED DIFFERFNTIAL PRESSURE
Voltage output U83 x-ducer fonduanuuandvasanusufinsedenlwidrlu
a:ﬁzﬁﬂ:auamq'h 233N Py, Py

m'méfuauy‘mfmao sersor WANFINAWBINUFUYINA output Voltage vzl

Y v e

A

v =t e J - <
amw'lnammnuamwmsmmﬁmﬂuan FUNBLUTINGIU Pressure (P1)
output voltage V83 differential / Gauge sensor Wamldanuaunieau P4
[ - & v & i P -~
WisunuauauA% Py output Voltage =tANUN @9 LUAITUANANUGUNWGIU Py

IRadfiunudu Py tiunu
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PIN3 ®+\
PIN 2
®
+VOUT
PIN4
L g
PIN1 - VOUT

U7 4.7 duguuumeluraasesfisuiuuiduds 189 pressure sensor chip
ATAMANTAYBINTN

OPERATING CHARACTERISTICS (Vg = 3.0 Vcz, Ta = 25°C unless atherwisa noled, P1 > P2)

Characteristic Symbol Min Typ Max Unit
Pressure Range(1) Pop 0 — 200 xPa
Supply Voltage(@) Vg — 3.0 6.0 Vde
Supply Current lo — 6.0 — mAdc
Full Scale Span(3) VESS 45 60 90 ° mv
Ofiset{4) . Vot 0 20 35 mv
Sensitivity AViaP - 0.3 - mVikPa
Linearity{S) ;' — -0.25 — 0.25 %VESS
Pressure Hysteresis(5) (0 to 200 kPa) .« -’ - - 20.1 - %VESS
Temperature Hysteresis(S) (-40°C t0 +125°C) - - =05 —_ %VESS
Temperature Coetiicient of Full Scale SpantS) TCVess -0.22 - -0.16 %Vrss/'C
Temperature Coetficient of Otfset(S) TCVoff - £15 — pvrc
Temperature Ccetficient of Resistance(S) TCR 0.21 —_ 0.27 %Zie/*C
Input Impedance Zin 400 - 550 Q
Cutput Impedance Zout 750 - 1800 Q
Resporise Time{5) (10% to 90%) R - 1.0 - ms
Offset Stability(5) - - £0.5 - %VESS
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A1TAMANUGENTIS MECHANICAL

MECHANICAL CHARACTERISTICS

Characteristic Symbol Min Typ Max Unit
Weight (Basic Element Case 342) - — 2.0 — Grams
Warm-Up : —_ —_ 18 - Sec
Cavity Volume - - - 0.01 INS
Volumetric Displacement - - - 0.001 INS
Common Mode Line Pressure(?) . — —_ - 690 kPa

NATES:
RUIUN G}

1.1KPa = 0.145 Psi
2. flumIriinua Range mﬂ'ﬁ'mwaoqﬂnmfmaﬁmnﬁafh error
3.Full Scale span ( VFSS ) unsfiinuanssng 93zning output voltage #
pressure 13\13397 was pressure Gi"q@]
4.OFFSET 1ufleny output voltage ‘ﬁminimum rated pressure
5.A1ANURANRAN (L?imma)%mgﬁ'um«ia'lm{
5.1 Linearlity output (figatun afinanuanuaulilumslunsauanugy 2
dauuanntavlulaly
5.2 Temperature Hystersis output Lﬂuatuuﬁqmuqﬁﬁ1ﬂq WEIINIH
gannleiluuuy  cycled mnqm’:’\qﬂua:qﬂqoqmaaqﬂ Temperature = NUAVEY
differential pressure 71 1%,
5.3 Pressure Hystersis output Lﬂﬂd%:gﬂﬁﬁﬁuﬂlﬁa pressure ilu cycles
mnqm‘hqwg«qmaoé’ﬂﬂd’mmwé’uﬁ 25¢°
5.4 Offset stability Laﬁﬁ?‘jﬂtﬁﬂdmu M8997N 1000 temperature cycles, 40
- 125 c‘5 1.5 874 pressure cycles A 0.0 183 differenrial applied

- -

5.5 TcSpan output aifoauui full rate pressure ﬁqmﬂnumm 0-25 c°,

v v

Wisunu 25¢°
5.6 TC offset output Lﬁ’mmuﬁumwﬁué’hqﬂmﬁ' @1 Over temperture
Tugnu -40 c© @9 125 ¢° (fipuniu 25¢°
5.7 TC Zin ijmmuﬁumﬂnﬁue’hqvlmﬁ , over temperature-40fw+125c°
Wguny, 25¢ °
6. Respone Time dfuagﬁ'umsr.ﬂ?iﬂu output Tasmaiaen 10% 'lu 90% au
ﬁqmqﬂv‘hu szilanwiuduana pressure Aiautnly

.
v

J’ 1 & (P ) [
7. Common mode pressure TUaYNU spec ')1136}1‘1’181“‘1@11115!61’1’111711{616

«
e

Lo -I i
usIaunFIrlae
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s.iiwmehriadlilwdfwmmessyhaunsolfome
LINEARITY

linearity 783 output 711%3n transducer a=ldiuaunIdad

Vout = Voff + 1111 * anudufitin Rang aan'ly

fimydwan 2 nadh dmSunsdifisnwaouiin non linearity
1 qm‘?}'uqﬂﬁtﬂmﬁuma
2 qwﬁag'lunsauﬁ"mﬁuu
Linearity error ﬁag‘lumamﬂﬁ'ﬁhﬁﬁﬁqﬂ Frenfwilalumsduam dhaguan
nraufndsalinnhllslumsia wufia eror gemasaglusn rang nansq
TEMPERRATURE COMPENSATION
314.9 u§a9 output YEINTINAMANWTIATIES MPX 200 SERIES luaufs anmndl
un 9 #1289 output iluFadiulasasiius Pressure AilWIY sensor  (HwiBaidu
; The x- ducer Iu pressure sensor TH@ piezoresistive %ﬂlﬂu Semiconductor ‘fd
W ouput iludygnaliih - Sadudasuivusduiilauliivadnsel  falw
pressute 117 1azilvnGa Voltage #i silicon diaphragm ganfioniumsfaiines

strain gauge

LINEARITY L
% % 4
-~

50 -~
g

4
£ SPAN
= W (Vrsg)
3

20

10 OFFSET

ol e e o a0 T Vorr

0 Max } pgp

PRESSURE (kPA)

jﬂ'ﬁ' 4.8 Linearity Specification Comparison
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70__ T T -'——141-c' T P! f

80|+ Vga30Vée ST | sean
= — Pi1>P2 y RANGE
§ 1 P vzsc | (™A
E
gl > l_.,
= : =
% 30 =
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0 T OFFSET

1 (TYP)
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00 Tz01 g fzf:slzo‘ 'zuzsl-an x|
PSI 20 20 50 §0 100 120 340 160 180 200

Pa PRESSURE DIFFERENTIAL

31]17'1'4.9 Output versus Pressure Differential
\WTIE1 strain gauge ¥EIINEIUVBY silicon diaphragm Fnlwanuiaulinade
AMAULAYAY strain  gauge flddasmsliiinansenudasfismoansasinguiafiu
qmmqm'ﬁ"\"lﬂtﬁa'mvmqmuqﬁ
mmmmqmﬂ{]ﬁ une offset calibration mm‘:mﬁ‘a resistive 111 lUlunsaean
wuuszuunuyin lasld MPX 2200 / MPX7200 Seriers sensor
qruunﬁﬁ'lfmmwaafiadﬁ -40 f19+125c Uaz 0+80c
'nJYI4 10 LLﬂm'lm‘nuﬁJﬂo sensing (177) Farilu shlp carrier 189 differential /
gauge s:hcon gel 9T mmaaunumnm s wire bound a.maumnu differential/gauge
pressure signal a:luammwmmu silicon diaghragn
MPX 200 Seriesr pressure sensor maluwasduldivdemeativdasiunms
nageusudndufiliiiadelale Tasmmagauny pressure thunaesfionniauns use
manTaltulaun "fmmw"‘sﬁ'ﬂ%'n'saa‘lﬁﬁvhm:mmsmh:qnﬂ"l‘ﬁ'om‘ld'

SLCONECEL  DFFERENTIAUGAUGE sranvess sTezt SEICONE SEL agsowue STANLESS STEZL
' v JMECER oE 7 VL cOvER
\ THERMOPLASTIC \ THERMOPLASTIC
VIRE ECHD CASE . WIREBOND cas

1

LEAD FRAME O DE
DIFFERENTIALIGAUGE ELEMENT £oNo ABSOLUTE ELEMENT BOND

P2 3

zﬂﬁ 4.10 Cross- Sectional Diagrams(Not to Scale)



Pressure (p4) / vacuum (p2) Size identifcation type

135N Motorola le¥@anuuy pressure sensor 13Yiarassn

pq LIu pressure 1n@

pz \udmgaanme

differrential / gauge l@aanuuuaNueuiisInuNadefiiueqn
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Waim W pressure pq > po 3zliusaduUn® dunlW pressure fggame

¥ v & A
madu Py azliussauiduay

A4 & A ] :
The Pressure (1) Taugasmslfaruametheanait

ORDERING INFORMATION

MPX 200 SERIES Pressure strain mmm'l'&’ﬁ'mmﬁ'uﬁugmf

3 Part Number Case Type Pressure (P1) Side identifler

MPX200A, MPX2000 344-08 Stainless Steel Cap

MPX2000P 352-02 Side with Part Marking

MPX200AP, MPX200GP 350-03 Side with Port Attached

MPX200GVP 350-04 Stainless Steel Cap

MPX200AS, MPX200GS 3},1-08 Side with Port Attached

MPX200GVS 7. B 74 Bl Stainless Steei Cap

MPX200ASX, MPX200GSX 371C-02 Side with Port Attached

MPX200GVSX 371002 Stainless Steel Cap amo 1 3

a & . 4 o
different/Gauge ginTniiiugunyaiiugmiaglugtuas Package Samasnlisanuuy

1 board was barbed hose lumiviavas pressure

MPX Serfes
Device Type Options Case Type Order Number Device Marking

Basic Element Absalute, Difierential Case 344-08 MPX200A MPX200A

3 - MPX2000 MPX2000
Ported Elements Ditferential Case 352-02 MPX2000P MPX2c00P
v Absolute, Gauge Case 350-03 MPX200AP MPX200AP
t MPX200GP MPX200GP

Gauge Vacuum Case 350-04 MPX200GVP MPX200GVP

Absolute, Gauge Stove Pipe Case 371-086 MPX200AS MPX200A

MPX200GS MPX2000

Gauge Vacuum Stove Pipe Case 371-05 MPX200GVS MPX2000

Absolute, Gauge Axial Case 371C-02 MPX200ASX MPX200A

MPX200GSX MPX2000

Gauge Vacyum Axial - Case 3710-02 MPX200GVSX MPX200D




™. W89 PROCESS LAB INST
nsnaaadila
NI VOLTAGE O/P 983 PRESSURE SENSOR (MPX200DP)
LiaUszsdmIzaImmanss
1.1 N1IM1 VOLTAGE O/P 183 PRESSURE
1.2 st lUsanuuunees

2. 1e3naflafild
2.1MANOMETER
2.2METER
2.3lvas
3venatesdaussaiaedia
ﬂu‘u@aumwiaqﬂnmf Lr"’iznﬁ'un’ls'i'@qﬂnmi pressure sersor

I8~ sl
i e :
|
| | | i METER [ i ATM
! Pressure REGULATOR | Y iy ¢ PRESSURE
., Y ol ‘ y 4¥
SOURCE | { 0-29 psi) SENSOR
3 : PRESSURE | . U
| 2G|
| i
LA\ ’
Y. Y
DIFFERENTIAL unadIY
| OuTPUT v
VOLTAGE

< P
31]71 7.1 TUNBUNTITNAREAY voltage output VBY pressure sensor



-11 v
HaNnlaamNnaasy

UTIAU(PSI) ] 4 8 12 16 20 24 28 29
Voltage O/P (mv) 18.7 27.1 37.5 47.5 58.4 68.8 79 89.5 92

Han1InAned VOLTAGE O/P %83 SENSOR

VOLTAG

—~— Voltage O/P (mv)

anl
L3 v I ° o
1imanalasmmasas axdu LINEAR mansalusanuuy santailusen
WUUNITUNBINY pressure transmitter Lot

2.4uezfian1s ERROR (fasanamnniines
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. 4. %29 PROCESS LAB INST.
-
NMIMAIDINTDY

PRESSURE DIFFERENTIAL TRANSMITTER

tiaqUszadmIzaimimaaas

1.uandTUTRASUTEINT calibrate

2.0BU1uTuABUDEINNT calibrate '?‘igns'faa

3. Bentufimanzaalunisldom

417 lananmaiiaures PRESSURE DIFFERENTIAL TRANSMITTER

5. lan Uy use "J'ﬂqﬂ?:mﬁmaamsﬂ%'u ZERO Was SPAN #udastinu
e :
2. 03aeflafild

1.MANOMETER

2.METER
3.luang
3annsaide
AP
MANOMETERI PRESSURE | o ma

TRANSMITTER

SUPPLY

}

1
PRESSURE ! o1 v Ter 1p2 atm
. REQULATOR ——% e

435mMmesaq
1.M’siaﬁaﬁmrywmua:viaaumuﬁuam'l'fﬁagﬂLLazmwaaug‘ﬂﬁ'gnd’m
2.0N SWITCH 1% PUMP auvisuineaulvniy REGULATOR
3.1/3u REGULATOR Wlé PRESSURE RANGE filmdasms
4.%m7UTU ZERO uaz SPAN
5. Jaudygaauvesthuialildaa % i 0-25-50 - 75 - 100 % Al
Lﬂaﬁ%ﬁﬁﬁmomufﬂ
e.dwﬁi‘ﬂ'lé"l;ignﬁadﬁ’ﬂﬁ'uﬁ ZERO uaz SPAN

7. UUNNARILUATTS
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5.4unaun1s CALIBRATE ( 8nénag1a 0 - 29 PSI )

1.4a% INPUT = 0 PSI U ZERO 1ild 4 mA.

2.8lau INPUT = 29 PSI 151 SPAN 8ld 20 mA.

3. Fafidn 1 Ina Uiualild 4 ma. Snadimils (Aanmsedoudlafimasu
SPAN )

aaflagiudnldmada 3 Widada 2 Tna Usudnlile 20 ma.

5.477980L OUTPUT Bnats Tasilow INPUT # 0%, 25%, 50%, 75% waz 100%
6.MINAREY

TNT0in PRESSURE 4 2 atinv

1.PRESSURE Un

2.VACUUM PRESSURE
= lufifinaaeoifins PRESSURE Unfivinti



HRNN1IMaAaal

RANGE 0-29 PSI

wefioue 0% | 25% | 50% | 75% | 100%
ﬂ"maap’nue‘fuﬁ'lc‘fﬂ'mn'\sﬁ'\mm ps)| o 7.25 | 14.5 | 21.75 | 29

1939070 La(mA) 4 7.96 | 12.06 | 16.1 | 20.01
fUIATIIR(MA) 4 8 12 16 20

mA
—_
~

Range 0 -29 PSI

o
L&t L 1 1 1 1 f
B

7.25 14.5 21.75

PSI

—o— Aeiai T 18(mA)

ATUIUAIVBY pressure (psi)
18 mA.

=

.

12mA

16 mA.

20-4/ 20-12 = 29-0/25-y

X = 29-(29*8/16)

= 12.5psi

20-4/20-12 = 29-0/29 - X
X = 29-(29%8/16)

= 14.5 psi

20-4/ 20-16 = 29-0/29-x

47



Han1iNnaxay
RANGE 0-29 PSI
wefiwua 0% 25% | 50% | 75% | 100%
ﬂ'wqaﬂ‘nuﬁ'uﬁ'lﬁmnnwﬁ’\mm (psi) 0 7.25 145 | 21.75 29
fiN339N7@ lA(mA) 4 796 | 12.06 | 16.1 20.01
fNIATIIU(MA) 4 8 12 16 20
Range 0 -29 PSI
22
20 =
18 4*
16 4
P15
E, 10
8 4
31]-
4
2 41
0
0 7.25 145 2175 29
. m de
sy —— f195471 A 1A(mA)
fIUIUAVBY pressure (psi)
1 8 mA.
) 20-4/ 20-12 = 29-0 /25y
X =29-(29*8/186)
= 12.5psi
1 12mA

20-4/7 20-12 = 29-0/29-x

X = 29-(29*8/16)

= 14.5 psi

47



i 16 mA.
20-4/ 20-16 = 29-0/29-x
. X = 29 - (24%4/16)
= 21.75 psi
HARNTINAa] s
RANGE 5 - 29 PSI
weiamd 0% | 25% | 50% { 75% | 100%
frunInnue Ui ldannsiwIt(psi) 5 8 12 16 29
fiN939717@ L(mA) 4 798 | 1211 | 164 20
SNNATTMMA) 4 8 12 16 20

Range 5-29 PSI

20

1 .
. —o— M3 inlA(ma)

(mA)

) 8 12 16 29

PSI

48

AUIUAIYBY pressure (psi)

#i 8 mA.
20-4/ 20-8 = 29-5/29 -x
x = 29-(24%12/16)
= 11 psi
A 12 mA.

20-4/20-12 = 29-5/29 -x
x = 29-(24*8/16)



17 psi

1 16 mA.
20-4/ 20-16 = 29-5/29-x
X = 29-(24*4/16)
= 23 psi
HANIINARAY
RANGE 0 - 25 PSI
wafioud 0% | 25% | 50% | 75% | 100%

ﬂ'waofmud’uﬁ"lﬁmnmsﬁwqm(psi) 0 6.25 12.5 | 18.75 25

TATSITIA o (mA) 4 7.98 | 11.95| 16 20

AIANIATIIU(MA) 4 8 12 16 20

49

Range 0-25 PSI

mA

20

0 6.25 12.5 18.75 25
PSI —o— andininldma)
AUIUAVAY pressure (psi)
ﬁl 8 mA.
20-4/ 20-8 = 256-0/25-x
X = 25-(26*12/16)
= 6.25 psi

#i 12 mA.



20-4/ 20-12 = 25-0/25-x
x = 25-(25*8/16)

= 12.5 psi
7 16 mA.
20-4/ 20-16 = 25-0/25-x
X = 25-(25%4/16)
= 18.75 psi
fan1Inasas
RANGE 5 - 25 PSI
wafiaud 0% | 25% | 50% | 75% | 100%
ﬂ"ruaémﬁhé’uﬁ'lﬁ'mnmsﬁnmmkpsi) 5 10 15 20 25
f1939N7Q LA(MA) 4 7.92 | 11.94 [ 16.08 | 20
l ANUNATIIU(MA) 4 8 12 16 20

Range 5-25 PSI

mA

AJ -~ “ -
—— AA1VITINIA
PSI ‘15(mA)

ATUITUANTY pressure (psi)
7 8 mA.
20-4/ 20-8 = 25-5/25-x
x = 25-(20*12/16)
= 10 psi

i 12 mA.



i 16 mA.
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20-4/ 20-12 = 26-5/25-x
x = 25-(20*8/16)
= 15 psi

20-4/ 20-16 = 256-5/25-x
X = 25-(20%4/16)
= 20 psi
andnammaaas

ITIENNTNT NS EITRTBINM TIAUALRATMIATBIE UM TIA e laslSuft ZERO uas

SPAN

anlFu ZERO awnIn na uas UNEMUYINITIAN RANGE A

1}uﬂ§’u SPAN 813130 N9 WS BRENUYEINMIIAR RANGE e
‘lw‘r’ii{ﬁﬂm‘mﬂaaotﬁm 0-25PSI,5-25PSI,5-29 PSI, 0-29 PSI L&

o [} et hg ] ; v AI a
manravhduialdinnndiit lasld INSTRUMENT AMP. Rundsaadamnisuengy

1UJ5u OUTPUT oaan 1 -

5V, udeaslSumadin 4 - 20 mA. lasusufi ZERO uae

sPAN 1wldd 4 - 20 mA.

TagmaRauniauaasifud 0 - 25 - 50 - 75 - 100 %  T9VAIEUNAI 9

maﬁ'ﬁ'aﬁﬂwmmﬁwmnmsmaaaa;}lumﬁuau%’u"ld'

Regulator

! [: j Alr supply
Gate valus [ ! .
T—

&®
w,..,EG

!
!

il

———

hat |
Mineral oll In air
fsed bubbler

4

C

i

}

|
'

L

G19819M7 1HN AILANTEAL
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+VCC 15V

i

R1
2K

INPUT Vin 1-5V

R2
K

N W
+

4

J.'g kY
518"“ !

ICI:A
LM324

L]
+

I out 4-20 mA

Z1
0.1 n_u..— -N IN4743A
IH Y
R3 .
560
Qt
25C181S
2
_\ szw&
Q3
25CI815 g
27
\ by
VR1
Dl
2 1No14 K
RS
200

Voltage to Current
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'General Description o ’.- o
i The LM124 series consists of four independent “high gam,
internally frequency compensated operational amphﬁers-

" which were designed specifically to operate from a single | !

ply current drain is xndependem of the magnltude of m
power supply voltage. WA= i
Application areas Include transducer amplifi iérs, DC gain
blocks and all the conventional op amp circuits which now ,
can be more easily implemented in single power supply sys-
tems. For example, the LM124 series can be directly operal-

+ ad off of the standard +5 Vpg power supply voltage which

+ Is used in digital systems and will easily provide the required
linterface electronics without' requiring the addlﬁonal

: £15 Vpg power supplies. i :

. split power supplies is also possible and the low power sups; ﬁ

Unlque Characteristics:

-# In the linear mode the Input common- -mode voltage
range Includes ground and the output voltags can also
swing to ground, even though operated from only a sin-
gle power supply voltage.

_m The unity gain cross frequency is temperature

. compensated. 7

.m The input bias current is-also temperature

compensated \ P

power supply over a wide range of voltages. Operation from ; .
_

3t to GND

‘'m Compatible with all forms of logic

LM124/ LM224/ LM324 LM124A/LM224A/LM324A, . |
:L.M2902 Low Power Quad Operatlonal Amphf,ers e

1
0

Advantages

» Eliminates need for dual supplies :
m Four internally compensated op amps in & single
;package ]
o Aliows directly sensmg near GND and VOUT' also- goes

S oy shsoiy

m Power drain suitable for battery operation S o

Features
w Internally frequency compensated for unity gain *
u Large DC voltage gain 100 dB8
B Wide bandwidth (unity gain) 1 MHz
' (temperature compensated) v, .
= Wide power supply range: ’ .
Single supply S 3Vpgto32Vpe
or duat supplies J+1.5 Vogto £16 Vpg
m Very low supply current drain (800 pA)—essenually in-
dependent of supply voltage (1 mW/op amp at
+5 Vpg)
= Low input biasing current 45 nADc
(temperature compensated) 1 _f
= Low input offset voltage 2 mVpg
and offset current 5 nApc
m input common-mode voltage range Includas ground ,
= Differential input voitage range equal to the power ¢ sup-
ply voltage ) u
w Large output voltage swing O Voc to V+ - 1.5 Voc

Connection Diagram

; Dual-in-Line Package

5,'ou!rufl INPUT A" GnPUTA’  GRO  IRPUTIT IWPUTYT QUIPUTl
. . '
1] {0 [} u -t s ]
o0 BE g
: L}
i
mryts
1 1 ] . [ ] 1
QUIPUT Y INrPUr1® mPUTE® v WI® IaruT 2T OuiPUE
TL/H/8299-1
Top View

Order Number LM124J, LM124AJ, LM224J,
LM224AJ, LM324J, LM324Ad, LM324M, LM324AM,
LM2902M, LM324N, LM324AN or LM2902N
See NS Package Number J14A, M14A or N14A

Schematic Diagram (each Amplifier)

g
L

V)u

Turs929073

Z06ZW1/VYZEW/VHZZW /Y PZLIN/YEENT1/VZZNT/VZINT

'2-329




LM124/LM224/1LM324/LM124A/LM224A/LM324A/LM2902

_Absolute Maximum Ratings
If Mllltary/Aerospace speclﬂed devices are re

{Note 9)
M224/L 4/LM224/LM324
LMLﬂli‘/ﬁazﬁ“X/m:f&A LM2902 LML mi//l.nnzz%\//mszm LM2902
Supply Voltage, V* 32Vpcor £16 Vpe 26 Vpcor £13Vpc Storage Temperature Range ! -65°Clo +150°C —65°Cto +150°C
Ditlerential Input Voitage 32Vpe 26 Vpe Lead Temperature (Soldenng. 10 seconds) 260°C 260°C
Input Voltage =03 Vpgto +32Vpe ~0.3Vpcto +26 Vpg Soldering Information
Power Dissipation {Note 1) Dual-In-Line Package
Molded DIP 1130 mW 1130 mW Soldering (10 seconds) 260°C 260°C
Cavity DipP 1260 mwW 1260 mw Small Outline Package
Small Outline Packige 800 mW 800 mW Vapor Phase (60 seconds) 215°C 215'C
Output Short-Circuit to GND Infrared (15 seconds) . 220°C 220°C
(One Amph(]er) {Note 2) See AN-450 “Surface Mounting Me(hods and Their Effect on Product Reliability” for
V™ £ 15Vpgand T4 = 25°C Continuous Continuous other methods of soldering surface mbunt devices. X
Input Current E£SD rating to be determined. x
{Vin < —0.3 Vpg) (Note 3) 50 mA 50 mA

Operating Temperature Range

quired, contact the National Semiconductor Sales Otfice/Distributors for availability and specifications.

e ES
e

—40°Cto +85°C

LM324/1.M324A 0°Clo +70°C
LM224/LM224A —-25°Cto +85°C !
LM124/LM124A —-55'Clo +125°C [
Electrical Characteristics vt = + 5.0 Vpc. (Note 4), unless otherwise stated <
N
§ Parameter Conditions LM124A LM224A LM324A LM124/LM224 LM324 LM2902 Units
Min Typ Max [Min Typ Max [Min Typ Max |Min Typ Max [Min Typ 'Max |Min Typ Max
Input Offsel Voltage {Note 5) *1 +2 *1 +3 +2 +£3 x2 t5 2 *7 2 7 |mVpg
Input Bias Current ling+) of ingg—). Vom = OV
{Note 6) 20 §0 40 80 45 100 45 150 45 250 45 ) 250 |nApc
Input Offset Current hng+) = ling-). Vom = OV 2 10 *2 =15 *5 +30 3 £30 +5 £50 +5 +50 |nApc
Input Common-Mode 0" = 30 Voc. . AN - + + + PO
Vollago Ranga (Note 7) |(LM2902, V* = 26 Voo) 0 Vv 1.5{ 0 v 1.5{ 0 v 1.5 0 v 15| 0 Vi—-151 0 V¥ —-1.5] Vpe
Supply Current RL = o, vt = 30v,
(LM2902V+ = 26V) 1.5 3 1.5 3 1.5 3 1.5 3 1.5 3 1.5 3 A
R = < On AllOp Amps i oc
Over Full Temperature Range 0.7 1.2 0.7 1.2 0.7 1.2 0.7 1.2 0.7 1.2 0.7 1.2
Large Signal vt = 15Vpe, Ry = 2kN,
Voltage Gain (Vo = 1Vpcto 11 Voc) 50 100 50 100 25 100 50 100 25 100 25 100 V/mv
g
Common-Mode DC,Vem = 0Vio VY — 1.5Vpe
Rejection Ratio 70 85 70 85 65 85 70 85 65 85 50 70 d8
Power Supply oc,vt =5 Vgc 10 30 Vpg
Rejaction Ralio (LM2902, V* = § Ve 10 26 Vi) 65 100 65 100 65 100 65 100 65 100 50 100 dB
. e e P i s Ty e e e S e i o e e e R S i e R s




L e e DI e 4 g v— N N

Electrical Characteristics v* ="+ 5.0 Vpc (Note 4) unless otherwise stated {Continued).. ‘
LM124A LM224A LM324A LM{24/LM224 LM324 LM29682
Parameter Condltions Units
Min Typ Max [Min Typ Max Min Typ Max [Min Typ Max Min Typ Max |Min Typ Max
Amplifier-to-Amplifir |1 = 1 kHz 10 20 kHz, f '
-120 : - 120 —-120 -120 ~12 -120
Coupling (Note B) (Input Reterred) 12 2 7120 12 a8
+ + . .
| Ouout Current |Source Viy* = 1Voc, V" = 2 Voc. 20 40 20 40 20 40 20 40 20 40 20 40
) vY = 15Vpc. Vo = 2Vpe mA
' - t =0V . . oG .
: ok % . :gg\)’(‘)"_ v 10 20 10 20 10 20 10 20 10 20 10 20
Vin~ = 1Vpc. vt = 0vpe,
: V* = 15Vpo, Vo = 200 wVoc 12 50 12 50 12 50 12 50 12 50 12 50 pADC
! Short Circuit to Ground  {(Note 2) vt = 15Vpc, Ta = 25°C 40 60 40 60 40 60 40 60 ' 40 60 40 60 |.mApc
input Oftset Voltage (Note 5) t4 +4 *5 7 t9 +10 | mVpe
Input Ofiset Rg = on ” ] . .
Voltage Drift 7 %20 17 $20 +7 %30 17 ! 17 +7 rvIC .
input Otiset Current ing+) — ling~) Vem = ov +30 +30 +75 1100 +150 +45 £200| nApg .
Input Otiset Ag = 0N .
B Current Drift +10 £200 +10 1200 +10 200 +10 +10 +10 pApc/°C
| 2 | input Bias Current i+ OF hN(-) 40 100 40 100 40 200° 40 300 40 500 40 500 | nApg
« | input Common-Mode  [V* = +30Vpg AP T rp 2 | ._ + .
_ | Voltage Range (Note 7) [(LM2902, v* = 26 Vpc) i SN My (¥ N X790 vi-g 0 vi-2 Voc- Y
Large Signa! vVt = +15Vpg
Voltage Gain (Vo Swing = 1 Vpc to 11 Vpc) 25 25 15 25 15 15 vimVv .
’ . Ay 2 2k : : :
Output Voltage [vou  [V* = +30Vpc, Ry = 2 kA1 26 26 26 . 26 26 22 '
Swing a
L2 10k 1 Voc
(LM2902, vt = 26Vpo) 27 28 27 28 27 28 27 28 27 28 23 24
Voo |V = 5Vpc.RL2 10k 5 20 5 20 5 20 5 20 5 20 5 100°| mvpe
]
1
¢
- -".;

Z06ZW1/VHZEWT/VYPZeNT/VIZLNT/PTEWT/VZZINT/VZLINT
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LM124/LM224/LM324/LM124A/LM224A/LM324A/LM2902
Electrical Characteristics v* = +5.0 vpc (Note 4) unless otherwise stated (Continued) )

LM124A LM224A LM324A LM124/LM224 LM324 LM2902 .

Parameter Conditions Units
Min Typ Max|Min Typ Max|Min Typ Max | Min Typ Max|Min Typ "Max|Min Typ Max
= + =
Output Current | Source| Vo = 2Vog| Vin_ = + Yoo, 110 20 10 20 10 20 10 20 10 20 10 20
. IN DC. [2,9] - mADG
Sink vin~ = ¥1Vpe
A 5 8 5 8 5 8 5 8
Vit = 0Voo VF = 15vpc| 10 1° e
Note 1: For op g st high P . the LM324/LM324A, LM2902 must be derated basedon a + 125°C R l+] and a | of 88°C/W whuch applies for the dewce soldered i a printed
clrcuit board, opurating In a sufl air smbionl. The LM224/LM224A and LM124/LM124A can be doratad based on a +150°C function temp @. The di is the total of all four amphiiers—usa extemal fasIstors,
whero possibla, lo atiow \he ampiitior to salwale ol 1o foduce the pawer which 13 diszipaled in the integrated cwcut, ‘
Note 2: Short crcuits from the output to V * can cause excessive heatng and | o ‘Wwhen fenng short circuits 1o ground, the maximum output cutrent is app ty 40 mA it of the magr of

V', Al vaiues of supply voltage in excess of + 15 Vpc. continuous shon-ciculs can axceed (ha powor dissipaton ratings and cause aventual destruction. Destructive dissipation can rosult from swaultanuous shorts on all amptitiars,

Nota 3: This mpul currant will only @ist when the voltage at any of the inpul lsads s dnven nagative. 1t 1s due to the colloctor-base junction of the input PNP transistors becomng torward brased and thereby acting as nput diode

clamps. In addition to lr}m diods action, thora is also tataral NPN parasitic ransistor acthon on the 1C chip. This vansisior action can cause 1Na output voltages of the op amps 10 go to tho V © voltage tovel {or to ground lor a large
tvo) for the time lon that an input is driven nogative, This s not destructive and normal output states wil re-establish when the input votiage, which was negatve, again raturns (o a value greater than ~0.3 Ve (at 25°C).

Nole 4: Those specilications are kmited to —=5§5°C < Tp = + 125°C for the LM124/LM124A, Wiln the LM224/114224A, all lemperature specifications are linwed to —25°C € Ta < 85°C. the LM324/LM3I24A tumperature

spocificatons are limted 10 0°C < Tp £ +70°C. and tha LM2002 specificauons are limited 1o ~40°C < Ta & v85°C,

Note 5: Vg & 1.4 Vpc, Rs = Oft with v* trom 5 Vpg 10 30 Vpc: and over the full input common-mode range {0 Voc to V * = 1.5 V) at 25°C; for LM2S02, v* rom § Vpg 10 26 Ve

Note 6: The direction of the input current 1s out of the IC dua to tho PNP input stage. This current 1s essentially constant,

ndepangent of the state of tho oulput 50 no toading change exists on tho input fines.
Note 7: The input common-moda voltage of either input signal voltaga should not be allowed 1o go negative by more than 0.3V (a1 25°C). Tha upper end of the common-mode voltage rango 1s V' - 1.5V (a1 25°C), but wther or hoth
inputs can go to +32 Vpg without damage { + 26 Vpg for LM2902), i of the magnitude of V .

Note 8: Due lo p ity of [~ insure thal couphng is not onginating via stay e b these | pans. This typicatly can ba detected as this type of capacitance increases at hugher regquancys.
Note 9: Rater 1o RETS124AX for LM124A muitary speciticatons and reter to RETS124X for LM124 military specifications.

.




Typical Performance Characteristics

Vg ~ OUTPHY
VOLYAGE (VI

Vi = INPUT
VOLTAGE (V)

V, - DUTPUT YDOLTAGE
REFERENCED 10V (V)

Vi = INPUT VOLYAGE (1Vpe)

Avo, = VOLTAGE GAIR (4R)

" Input Voltage Range

10 //
MEGATIVE
A
$
/ ’
] ] 1t 15
V' ORY ~POWER SUPPLY VOLTAGE (sVoc)
Voltage Galn
0
| 1]
[NER{ E1H
129
L~ |
y R o200
"
©
[ 0 2n 30 o
¥* = SUPPLY VOLTAGE (Voc)
Voitage Follower Pulse
Response
AT v T-T
N o - n= clo B
Ve 18Voe
H
i LN ]
.A—‘ <
A o <
?
1 1 ———
S T
. 10 k] n 48
1= TIME (o)
Output Characteristics
Current Sourcing
]
’ i
: |
. i ] {
!
‘ “ees ¢ w2 s sves .
INDEPENDENT OF V*
T ra e | f
? I lhl i .
e

soss st 01 1 [T ]
o' - OUIPUT SOURCE CURRENT LmAc)

% - OUTPUT VOLTAGE imV) Avoc = VOLTAGE GAIN L48) Ig = INPUT CURRENT {aAoc)

Vo - OUTPUT VOLTAGE (Voe)

Input Current

L4 LS
(1] Ve * 8Vpe o
n —
© Ve 020 Voe
/"-—-
L Pttt
W Ve ets Ve
n [:_- ] T
8 Viso§Vye
" b4 d
. L1
-85 35 <19 5 23 45785 8% 105 128
Ta - TEMPERATURE ("C)
Open Loop Frequency
Response
e
.

N

10
\ Vi edavac s |
" T ST, geN2s°C
40 N
n _v‘-lnouvx&
~$5°C ST, S e128°C
A FEVT Iss
19 18 188 6 10x 160% 3.5M (0M
t - FREQUENCY [ns)
Voltage Foliower Puise
Response (Smali Signal)
s
468 —r o
et
w bl ¥
' K
iNputT
e +
\UH"UY
s - AT e
Teold
%50 Vo :Voe |
$ 1 2 ) 4 s 1 71t

1= TIME b}

Output Characteristics
Current Sinking

e Vo e eSVog = =
Ve o1 Vpe
m V' ey,
I ec
1 =t i
Gl BT B2
va
o B o
2 ]
- £
1 u:ir
DXY:
o [BRE 1

108 1 et ] " L]

lo ~UUIPYL SINR CURRENT {mAy, )

lp ~ SUPPLY CURRENT DAAIN (mApc) .

CHAA — COMMON-MODE REJECTION RATIO 143}

Vo = OUTPUT SWING {V, ,]

lg* - OUTPUT CURRENT (mAoc)

Supply Current
L] -
[
3 |
: -
H T..-I'C ToHs'c,
. i Tas 45"
[ —
] 1] 0 n

V' - SUPPLY VOLTAGE (Vocl

Common Mode Rejection

il
Iﬂt’llllll&llll%

Ratio

10 i 1on o8y AL}
1= FREQUENCY {Ma)

Large Slignal Frequency
Response

t - FREQUERCY (K2)

Current Limiting
» T T T T ¥V

=35 =)5-35 6 25 48 06 35 WS IN8
Ta - IEMPERATUNE (T3
TL/H/9209-3

2-333

ZORZINTT/YEZCINI /77N /YO ZL IR T 787 CIITT 7807 701 762 1 tAl=)



LM124/LM224/1L.M324/LM124A/1 M224A/LM324A/1LM2902

e

AT

e

Typical Performance Characteristics (m2902 only)

Input Current

100

5
|
|

Iy~ HPUT CURRENT (nhgc)
]

L /TA; +25°C
25
0
0 10 20 30

’
v*- suppLY vOLTAGE (Vpe)

Application Hints

The LM124 series are op amps which operate with only a
single power supply voltage, have true-differentia! inputs,
and remain in the linear mode with an input common-mode
voltage of 0 Vpg. These amplifiers operate over a wide
range of power supply voltage with fitlle change in perform-
ance characteristics. Al 25°C amplifier operation is possible
down to a minimum supply vollage of 2.3 Vpc.

The pinouts of the package have been designed to simplify
PC board layouts. Inverling inputs are adjacent to outputs
for all of the ampliliers and lhe outpuls have also been
piaced at the corners of the package (pins 1, 7, 8, and 14).
Precautions should be taken to insure that the power supply
for the integrated circuit never becomes reversed in polarity
or that the unit is not inadvertently installed backwards in a
lest socket as an unlimited current surge through the resull-
ing forward diode within the IC could cause fusing of the
internal conduclors and result in a destroyed unit.

Large differential input vollages can be easily accommo-
dated and, as input differential voltage protection diodes are
not needed, no large input currents result from large diller-
ential input voltages. The differential input voltage may be
larger than V+ withoul damaging lhe device. Protection
should be provided to prevent the input vollages from going
negalive more than —0.3 Vpc (at 25°C). An input cltamp
diode with a resistor 1o the IC inpul terminal can be used.
To reduce the power supply drain, the amplifiers have a
class A oulput stage for small signal fevels which converts
to class B in a large signal mode. This allows the amplifiers
to both source and sink large output currents. Therefore
both NPN and PNP external current boost transistors can
be used to extend the power capability of the basic amplifi-
ers. The output voitage needs to raise approximately 1 di-
ode drop above ground to bias the on-chip vertical PNP
transistor for outpul-cunenl sinking applications.

For ac applications, where the load is capacitively coupled
to the output of the amplifier, a resistor should be used, from
tha output of the amplifier to ground to increase the class A
bias current and prevent crossover distortion.

Voltage Gain
160 |
@ R =20k
& ol— = ==
E] =
3 — _RL =20k ___
W
'_9‘_ 80
-
1< |- e fmem
1
-
2 40
<
0
] 10 . 20 30

v*= SUPPLY VOLTAGE (Vpc)
TL/H/9299-4

Whaore the load is directly coupled, as in dc applications,
thare Is no crossover distortion.

Capacilive loads which are applied directly to the output of
the amplifier reduce the loop stability margin. Values of
50 pF can be accommodated using the worst-case non-in-
verling unity gain connection. Large closed loop gains or
rasistive isolation should be used if largor load capacitance
must be driven by the amplifier.

The bias network of the LM124 establishes a drain current
which is independent of the magnitude of the power supply
voltage over the range of from 3 Vpg to 30 Vpe.

Output short circuits either to ground or to the positive pow-
er supply should be of short time duration. Units can be
destroyed. not as a result of the short circuit current causing
metat fusing, but rather due to the large increase in 1C chip
dissipation which will cause eventual {ailure due lo exces-
sive junction temperatures, Putling direct short-circuits on
more than one amplifier at a time will increase the total IC
power dissipation to destructive levels, if not properly pro-
tected with external dissipation limiting resistors in series
with the output leads of the amplifiers. The larger value of
output source current which is available at 25°C provides a
larger output current capability at elevated temperatures
{see typical performance characteristics) than a standard IC
op amp.

The circuits presented in the section on typical applications
emphasize operation on only a single power supply vollage.
If complementary power supplies are available, all of the
standard op amp circuits can be used. In general, introduc-
ing a pseudo-ground (a bias vollage reference of V* /2) will
aflow operation above and below this value in single power
supply systems. Many application circuits are shown which
take advantage of the wide input common-mode voitage
range which includes ground. In most cases, input biasing is
not required and input voitages which range to ground can
easily be accommodated.

e g e g ot i g
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Typical Single-Supply Applications v* = s5.0voc)

Non-|nverting DC Galn (OV Input = 0V Output)

p—C Vo

Al
10%

‘R not nuadad duo 10 lumpuraluwe
—_— ingapendant -

DC Summing Amplifier

W m— —— — ———

Vo [VOLTS)

A2
GAIN = t ¢ —
AT

= 101 {AS SHOWN)

Vi tmV1
TL/H/9208~-5

Power Amplifier

(Vin's 2 0 Vpg and Vg 2 Vpe) Al
410
AN'
W, R2
\ 100x v
V =
"W,
3 14 LMI24A
a3
[ Vo
Ve O—AVW—| +
W, Ry
Vg = 0Vpg for iy = 0 Vpe
Ve p Ay = 10 =
100k TL/H/9299-7
TL/H/0290-6
Whara:Vg = Vy + Vg = Vg =V
. (Vi + V2) 2 (V3 + Va) lokeep Vo > O Vg
LED Oriver “BI-QUAD" RC Active Bandpass Filter
A1
1008
= 3]
330 oF
]l
/4 LMI124A
A2 1 fas
100% 470k
TLIHIB299-8 . o
A4
10M
AAN~ 174 L1240
>
A3 2
000 3 310 F +
11
IR0 RS
a0 :
o A O Vo
LKA
. (Y]
. 1004
. - AAA~—O V*
(SR
fo = 1Ktz ,.:: 100F
Q = 50 |

Ay = 100 (40 ¢B)

TU/H/9299-9
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LM124/LM224/LM324/LM124A/LM224A/LM324A/LM2902

Typical Single-Supply Applications "= 5.0voc) (Continued)

Fixed Current Sources Lamp Driver

TL/H/9299-11

= o= (.‘F%) Iy TUL/H/9299-10
Current Monitor Driving TTL
R1® e
0.1 ==t

Vo
iy
Vv, —ats
n °" A
1 vesvt -av

“(increase A1 for Iy small)
- TL/H/9299-12

TL/H/9299-13

Voltage Follower Pulse Generator

Rt

" INS14

Q Vo 0.001uF

“Vin O Vo = ViN

TL/H/9299~-14

TUHI9299-15
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Typical Single-Supply Applications v* = 5.0vpc) (Continued)

Squarewave Osclilator

a1
100k

C  ———AAA——

Pulse Generator

Al s

TL/H/9290-16
TL/H/9299-17
High Compllance Current Sink ¢ Low Drift Peak Detector
1 A
I ——
Ve O lo
H Vo
—-—
Zout
Vi O .—.L [
1WF
Ry Za  (POLYCARSONATE OR
1 POLYETHYLENE}) = N929° . 2
S ]
1o = 1 amp/volt Vin = by AT 100 nA 0.00%.F
(Increase Ag lor I small) TL/H/9298-18
t
HIGH Ziy 2o l
LOW Zout
L AUX AMP
R ts INPUT CURRENT
™ COMPENSATION
TL/H/9209~19
Comparator with Hysteresis Ground Reterencing a Differential input Signal
i
| at
™
. O Vo
Va
TLIH/9299-20
Vem
Vo ~ VY
1
1 TLIH/9299-21
2-337
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LM124/LM224/LM324/LM124A/LM224A/1M324A/L.M2902

Typical Single-Supply Applications (v* - 5.0 vpg) (Continuad)

Voltage Controlied Oscillator Clrcult

0 05aF

A2 1R

100x

\/ =
W 14 LIMI24A >
514
+ 178 LM124A
R/? Ve
§ 50k stk T O

L

—O 0utPyT

NN

) uTPUT 2

. \‘i /;:-
L

*Wide conlrol voltage range: 0 Vo £ Vg < 2(V* ~ 1.5 Vpe)

Photo Volitaic-Cell Amplifler
Ry

. 1M
T AN
leewy l
>—O Vo
{CELL HAS OV
ACROSS IT)

AC Coupled Inverting Ampiitler

Vin

-_-__“_ .

R
Ay = -F—‘%(Asshown.Av - 10}

TL/H/9299-22

TL/H/9299-23

TL/H/9299.24
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Typical Single-Supply Applications v* = 50voq) (Continued)

AC Coupled Non-lnverting Amplifier

a1 R2
100% ™

R2
10uf /_L\ Ay =1 kT
Ay = 11 (As shown)

DC Coupled Low-Pass RC Active Fiiter

1
0.01uF

Co Q _A& 3 vop
v

A1
166
Ve O—AAM—4
p—O Vo
e
Vo |
1o = 1 kHz Re o
Q=1 100k
Ay v 2
High Input Z, DC Ditferential Ampiitier
R2
100%
R1 R4
100% 100k
R3
- 100%
174 LtMI24A -
v, + 174 LMI124A
V2 O—m +
Fotg-; - %(CMRR depunds On tius ramstor FaLo match)

v, lon‘(v-V)
o mve- v

As showm; Vg = 2(V2 - Vi)

TL/H/9290-258

TL/H/9299-28

Vo

TL/M/9299-27

o et R Ates Be S5 B SN tAle® At A Swh daR=w A S iatms 2 wenpiAtvw 7AW PREI™E
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1:M124/1.M224/1.M324/LM124 A/LM224A/LM324A/LIM2902

Typical Single-Supply Applications v+ = 5.0 vpc) (Continued)

High Input Z Adjustable-Gain
DC Instrumentation Amplifier
a1
1008
~ANNV-

Al R4
100k 100

Wy O—d

GAIN ADJYST

0V, O
ITA1 = NS& RI = R4 = RE = A7 (CMAA doponds on match) TL/1/8299-20
2R1
V, 14 = -V
o~ A2 V2 = Vi)

As shown Vg = 101 (Vy ~ Vy)

Using Symmetrical Ampliliers to Bridge Current Ampilifier
Reduce Input Current (General Concept)
A
174 LMI24A —O *Vo A
14 LM124A Vo
O] +
Re

For3 <<tandRy>>R

5\ R,
vo = vees (3) 7

TL/H/9299-20

‘NS AT508A

18 LM124A

AUX AMP

INPUT CURRENT
COMPENSATION

TL/HI9299~29
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Typical Single-Supply Applications (v* = 5.0 Voo (Continued)

<L

Bandpass Active Fliter

c1
0.81uF

o = 1kHz
Q=25

TL/H/9299-31
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athic operauonal _amplifiers. This series of operational
s offer 4.5 MHz of gain bandwidth product, 13 V/us slew
fast settling time without the use of JFET device tech-
Ithough this series can be operated from split supplies,
ularly suited for single supply operation, since the com-

le input voltage range includes ground potential (Vgg). -

rlington input stage, this series exhibits high input resis-
s input offset voltage and high gau) The all NPN output
racterized by no deadband crossover distortion and
ut voltage swing, provides high capacitance drive capa-
sllent phase and gain margins, low open-loop high fre-
Jtput impedance and symmetrical source’sink ac fre-
sponse.

33071/2/4, MC34071:2.4, MC35071.2:4 series of devices
sle in standard or prime performance (A Suffix) grades
-ecified over the commercial, industrial/vehicular or mil-
erature ranges. The complete series of single, dual and
‘ational amplifiers are available in the plastic, ceramic
OIC surface mount packages.

indwidth: 4.5 MHz

'w Rate: 13 V/us

tting Time: 1.1 us to 0.1%

gle Supply Operation: 3.0 V to 44 V

ut Common Mode Voltagé Range: Includes Ground (Vgg)

at Offset Voltage: 3.0 mV Maximum (A Suffix)

Jtput Voltage Swing: - 14.7 V.to +14 V {with =15V
)

.pacitance Drive Capability: 0 to 16,000 pF
i1l Harmonic Distorticn: 0.02%

: Phase Margin: 60°

* Gain Margin: 12 d8B

hort Circuit Protection

R Y R A E T Y r‘-lVlrLlrlcﬁb

SILICON MONOLITHIC
INTEGRATED CIRCUIT

P SQFF!X U SUFFIX
PLASTIC PACKAGE CERAMIC PACKAGE
CASE 626-05 CASE 693-02

D SUFFIX
% 'PLASTIC PACKAGE
8 .
NS CASE 751-02
! S0-8
Y4
Offset Null (& JNC
nout {E 7 Ve
L G (4] Output
Vee ] 5] Offset Null
{Single, Top View)
Y4 &
Output 1 [} 1] Vee.
‘E U (7] Qutput 2
Inputs 1 .
L
nputs
Vee s o]
(Dual, Top View)

CROERING INFORMATION

Device Temperature Range Package
MC34071P, AP - 0°C to -70°C Plastic DIP
MC34071D, AD 0°C to -70°C S0O-8
MC34071U,- AU 0°Cto ~70C Ceramic DIP
MC33071P, AP ~L =40‘Cto -85C Plastic DiP
MC330710, AD -40°Cic ~85°C SO-8
-M{T330710, AU -4G°C 10 ~85°C Ceramic DIP
MC35071U, -AU -55'C w0 -125°C Ceramic DIP
MC34C72P, AP 0*'C 0 ~79C Plastic OIP
MC340720 AD 0°C 0 -70°C S0-8

. MC34072U, AU 0*Ctwo -70°C. Ceramic DIP

' MC33072P, AP -40°Ci0 -85C Plastic DIP
MC330720 AD ., =40°C1w -35C SO-8
MC33072U, AU -40°Cwc ~€5°C -~  Ceramic DIP
MC35272U, sy -55-2 0 -125°C Ceramic DIP
MC34074F, AP 0:C 1o -70°C Plastic DIP
MC34074D, AD 0*C 12 -70°C SO-14
MC34074U, AU 0Cw -70°C . Ceramic DIP
MC33074P, AP -40°C :0 -85°C Plastic DIP
MC330740, AD -40°C t0, -85°C S0-14
MC33074U, AU -40°C to ~85°C Ceramic DIP
MC35074U, AU -55'C10 -125°C Ceramic DIP

14
P SUFFIX L SUFFIX
PLASTIC PACKAGE CERAMIC PACKAGE
CASE 646-06 - CASE 632-08
D SUFFIX
PLASTIC PACKAGE
14 Q‘é{%‘ CASE 751A-02
r S0-14
"\
Output 1[I (] Output 4
e P
. I 4
Inputs 1 [E B nputs
vee o] VeE
Inputs ZIE,‘,_‘_ 2 :Lét:g}lnputs 3
{ng l o]
Output 2 7] (7] Output 3

{Quad, Top; View)

MOTOROLA LINEAR/INTERFACE DEVICES
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MC34071, 34072, 34074 / MC35071, 35072, 35074 / MC33071, 33072, 330747

MAXIMUM RATINGS

Rating Symbol Value Unit

Supply Voltage (from Vgg to Vec) Vs +44 Volts
Input Differential Voltage Range ViDR Note 1 Volts
input Voltage Range VIR Note 1 Volts
‘Output Short-Circuit Duration (Note 2) tg Indefinite Seconds
Operating Junction Temperature Ty °C

Ceramic Package . +160

Plastic Package +150
Storage Temperature Range Tsig ‘c

Ceramic Package - - 7 -6510 +160

Plastic Package: , . . -60to +150

NOTES:
1. Either or both input voltages should not exceed the magnitude of Vo or Veg.
2. Power dissipation must be considered to ensure maximum junction temperature (T ) is not exceeded (see Figure 1).

™y

Base ‘013 Qie QI5L-Q16
Current S
Cancellation | qy2 TSR
“ = 6 Current - "‘":‘.;g‘..:
= %

Limnit
RS

R3 R4

veg/Gnd
) ) )

Offset Null .
{MC33071, MC34071, MC35071 only}

-

MOTOROLA LINEAR/INTERFACE DEVICES
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4071, 34072, 34074 / MC35071,.35072, 35074 / MC33071, 33072, 33074

A Suffix Non-Suffix
Characteristic Symbol | Min] Typ | Max | Min Typ | Max | Unit
.';dpw Offset Voltage (Rg = 1002, Vem = 0V, Vg = 0 V) Vio v
Veg = +15V.VEE = —15V,Tp = +25°C — ] 05|30 ]| —1] 10/ s0
EVec =.+50V. VEg = 0V, Tp = +25°C —tos5 30 |~—1]1%s| s0
gngc = +15V,VEE = =15V, TA = Tiow 0 Thigh — | = Js0fl—] =1 70
“average Temperature Coefficient of Input Offset Voltage AVIp/AT | — 10 - | - 10 -~ | pvrc
WRg'= 100, VeM = 0 V. Vg = 0V, TA = Flow 10 Thigh
Maput Bias Current (Vem = 0V, Vg = 0 V) s nA
:""TA = +25°C —_ 100 500 | — 100 500
.‘.‘!‘s'-TA = Tiow 1 Thigh — — 700 | — - 700
Jnput Offset Current Vem =0V, Vg =0 V) o nA
ST = +25C — 160 | 5s0 | —~]|60]| 75
= Ta = Tiow t© Thigh - - 300 | — | — 300
5 Input Common Mode Voitage Range Vicr \
mif " Tp = +25°C Veeto (Vec-1.8) | VEg to (Vee - 1.8)
;.; ~ Ta = Tiow t© Thigh. Veg 10 Vce=2.2) | Vg to (Veg ~2.2)
3 Large Signal Voltage Gain (Vg = =10 V. R = 2.0 kQ) AvoL 5 VimV
i 1A = +25°C 50 [ 100 [ — |25 100 | —
41T = Tiow 1 Thigh | — | - J2!} -} <
R
4] Output Voltage Swing (Vip = =1.0V) VOH v
- ,vee = +5.0V,VEg = OV, RL = 2.0kQ, Tp = +25°C 3.7 | 40 — 3.7 4.0 —
H VGE = +15V. VEE = ~15 VR = 10 k0, TA = 25 136] 14 | — l136] 14 | —
SIVee = +15V.VEE = -15V, Ry = 2.0k, T = Tiow 10 Thigh 134 — — [13.4]| —~ —_
i|, Voo = “5.0V, VEg = OV, R = 2.0 k2, Ta = +25°C Vo — o1 [ 03— o01] o3 v
. vee EE L L
M Vee = +15V, Vg = ~15V, R = 10k, T4 = +25°C — {-147]-183] — | -147]| -143
H.5Vee = +15 V. VEE = ~15 VLR = 2.0k, TA = Tigu to Thigh — | = |-135] —| — |-135
Y. Output Short-Circuit Current [Vip = 1.0V, Vg = 0V, T = 25°C) Isc mA
i 5+ Source 10 30 - 10 [+ 30 —
] +' Sink 20 30 —_ 20 30 —_—
é Common Mode Rejection CMR 80 97 — 70 97 _— d8
(™ Rg = 100 kQ, Vem = ViR, Ta = 25°C
; Power Supply Rejection {Rg = 100 Q) PSR 80 97 — 170 97 — d8
1 VeCoVeEE = +16.5V/i-165V to +13.5VW/ =135V, Ta = 25°C
£ A
| Power Supply Current (Per Amplifier, No Load) 5) - mA
k i Vee = =5.0V, VEE = 0V.Vg = +25V,Ta = +25C - 1.6 2.0 - 1.6 2.0
|FVee = +15V,Vgg = =15V, vg = 0V, Ta = +25°C — | 19 | 25 | —| 19| 25
| ZVeec = ©15V. Vg = —15V,VQ = 0V, Tp = Tjow 10 Thigh ~ | — |28 | —~| — | 28
t‘:NOTES: (continued)
f{,{." Tiow = -55°C for MC35071.2,4/A Thigh = +125°C for MC35071,2,4/A
¥ = -40°C for MC33071.Z.4/A = +85°C for MC33071,2,4/A
3 = 0°C for MC34071,2,4/A = +70°C for MC34071,2.4,/'A
¥
& -
'\
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IVIC34071 34072, 34074 /| MC35071, 35072, 35074/MCB3071 33072.“‘33074,‘,,‘

ERAR S -:‘k

Y-

AC ELECTRICAL CHARACTERISTlCS {Veg = +15V, Vgg = =15V, R = connected to ground, TA = +25°C unless -
otherwise noted)

A Suffix . Non-Suffix ]
Characteristic Symbol |Min| Typ | Max |Min| Typ Max
Slew Rate [Vin = =10V to +10 V, Ry = 2.0 k0, C{ =500 pF) SR )
Ay = +1.0 80| 10 — |80 10 —
Ay = ~-1.0 _ 13 — — 13 —_—
Settling Time {10 V Step, Ay = —1.0) ) 1s . .
To 0.1% (+1/2 LSB of 9-Bits) —_— 1.1 A — 1.1 -
To 0.01% (+ 1/2 LSB of 12-Bits) —_ 2.2 —_ _ 2.2 —
Gain Bandwidth Product (f = 100 kHz) GBW 35| 45 — |35} 45 — -
Power Bandwidth 4% oW | —]200]| — | —|20 | = [N
Ay = +1.0, RL = 2.0kD, Vo=20VpD,THD=50% : _'.';,_:.:'z-
Phase Margin ' ém " Oeg" ;
Ry = 2.0k - 60 - — 60 —_ T et |
R = 2.0 k(, C|_ = 300 pF — | a0 | — | —| a0 |- jELE
Gain Margin Am : ] e
RL = 2.0kQ -z = | =12}~ .4
Ry = 2.0k, C = 300 pF — 80| — | —] a0 | — |-z
Equivalent Input Noise Voltage en - 32 — — 32 — pA o[
Rg = 100 Q0. f = 1.0 kHz : NCTi|
Equivalent Input Noise Current in 7 | — | 022 — — 022} — pA-]
f = 1.0 kHz ‘ W
Differential Input Resistance RIN — | 150 —_ —~ 1150 | — | Mo
Vem =0V i
Differential Ihput Capacitance - ON —_ 2.5 —_ —_ 2.5 —_ pF
Vem =0V .
Total Harmonic Distortion THD — | 0.02 * — | 0.02 — % .
CAy = +10,R = 2.0k, 2.0 Vp.p S VO < 20 Vp.p, f = 10kH2 i
Channel Separation (f = 10 kHz) _ —_ 120 — —_ 120 — | d8;
Open-Loop Output impedance {f = 1.0 MHz2) 1Zol — 30 —_ — 30 - -
A
&
i . ota
Sy
1,
Al av,
o
%
FIGURE 1 — POWER SUPPLY CONFIGURATIONS FIGURE 2 — OFFSET NULL CIRCUIT
SINGLE SUPPLY SPLIT SUPPLIES
30Vtwoddv Vee + IVegl s 44V \
—i
. % vee l % vee
>t vee T o1
Ot s o S~
o—t—i2. > o—_%z, >-T0
~, ~
ST SEto = | SIDi-fe
"~ - 'j
ST —eito Vee= g____‘& -0 5
_____é_ Vee Vee Offset nulling range is approximately =80 mV with a 10 k ;
= - po(enuome!er (MC33071, MC34071, MC35071 only). :'
* N 7 k
&
4___’-""‘
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5 34071,-34072, 34074 | MIC35071, 35072, 35074 / MC33071, 33072, 33074
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e i - :

TYPICAL PERFORMANCE CURVES

- M‘:’é&b‘ﬁ; 3 — MAXIMUM POWER DISSIPATION versus FIGURE 4 — INPUT OFFSET VOLTAGE versus '
= *  TEMPERATURE FOR PACKAGE TYPES TEMPERATURE FOR REPRESENTATIVE UNITS
L -:5‘377"":""
L0 T
PN § B a0 Voo = +15V |
i .;'.%—- N , s Veg = - 15V
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S:g-t..’a-‘ 2 ; -\_\ M™M=
i 2w | 8 2 =
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SRERLT S0P TSI [ g -20 =
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: T K= = —
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0
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TA. AMBIENT TEMPERATURE f'C, TA‘ AMBIENT TEMPERATURE (:c)
. ,
FIGURE 5 — INPUT COMMON MODE VOLTAGE FIGURE 6 — NORMALIZED INPUT BIAS CURRENT
RANGE versus TEMPERATURE versus TEMPERATURE
= 1.3
4| VeoNgg = +15Vi=15Vie +2vi—2yv | S _ ! [
. YCC™VeE G L z 3 ! Voo = +15V
N 12 . Veg = —15V
g Z N/ ! VEE =0
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s 3 {
3 E 0.9 T I
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£ Zaus LI
Vee ) £ l
/ £ 07 P
0 +25  #50 475 4100 +i25 -55 -2 0 5 0 75 0 125
Ta AMBIENT TEMPERATURE [*C} Ty, AMBIENT TEMPERATURE (°C:
jin , FIGURE 7 — NORMALIZED INPUT BIAS CURRENT versus FIGURE 8 — SPLIT SUPPLY OUTPUT VOLTAGE
INPUT COMMON MODE VOLTAGE . SWING versus SUPPLY VOLTAGE
; Nt 50 T T
ol - zcc = +::“I/ | _ Ry Connected J
EE= —15V T = to Ground Ty = 25°C
Tp = 25°C ) A 7/
\\ g A
- S ~ 3 2 /
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g a,_-mk/ nL‘ 20k
— i
\\ .<>2 20 //
\\j 2 / !
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MC34071, 34072, 34074 / MC35071, 35072, 35074 / MC33071, 33072, 33074 . ;n5a
=

P E:
o,
FIGURE 9 — SPLIT SUPPLY OUTPUT SATURATION FIGURE 10 — SINGLE SUPPLY OUTPUT SATURATIQN ™ Io%
versus LOAD CURRENT versus LOAD RESISTANCE TO GROUND :"‘?j
\/ vee : ’é;’
Cc T A T T v .v‘?‘
J 1 veever = #s0vi-s0ve sVI-nY | vee] | [ TTIm %
vee Ty = 25°C = I TTTT =
vee—10 S e 2 Vec-20 I m §A
Source 3 | Vee = +15y-| =3
] > / | PR =Gd o §:
Vec-20 ~ § Vec-40 i TA=28C 2 §}
L = A1 b1y g
3 02 §
Veg +20 -~ P + = -
. L —13 :
Sink ] ERY 1l &
Veg +10 — =] . —— = R
A ver >;~: il Gnd ¥
o } 0 Al %
0 50 10 15 20 100 1.0K 10K v =
L, LOAD CURRENT (= mA) RL. LOAD RESISTANCE TO GROUND (Q2) '
FIGURE 11 — SINGLE SUPPLY OUTPUT SATURATION versus FIGURE 12 — OUTPUT SHORT CIRCUIT CURRENT
LOAD RESISTANCE TO Vce " versus TEMPERATURE
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By
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FIGURE 13 — OUTPUT IMPEDANCE versus FREQUENCY
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1c34071, 34072, 34074 / MC35071,

FIGURE 15 — OUTPUT DISTORTION versus FREQUENCY

35072, 35074 / MC33071, 33072, 33074

FIGURE 16 — QUTPUT DISTORTION versus
OUTPUT VOLTAGE SWING

04 [ 40 —
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FIGURE 17— CPEN-LOOP VOLTAGE GAIN versus FIGURE 18 — OPEN-LOOP VOLTAGE GAIN AND
TEMPERATURE PHASE versus FREQUENCY
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FIGURE 19 — OPEN-LOOP VOLTAGE GAIN AND FIGURE 20 — NORMALIZED GAIN BANDWIDTH
; PHASE versus FREQUENCY PRODUCT versus TEMPERATURE
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FIGURE 21 — PERCENT OVERSHOOT versus

FIGURE 22 — PHASE MARGIN versus . 73 .44
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FIGURE 33 — SUPPLY CURRENT versus SUPPLY VOLTAGE
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APPLICATIONS INFORMATION
CIRCUIT DESCRIPTION/PERFORMANCE FEATURES OF THE MC34071 SERIES

Although the bandwidth, slew rate, and settling time
of the MC34071 atnplifier series are similar to op amp
products utilizing JFET input devices, these amplifiers
offer other additional distinct advantages as a result of
the PNP transistor differential input stage and an all NPN
transistor output stage.

Since the input common mode voltage range of this
input stage includes the VEg potential, single supply
operation is feasible to as low as 3.0 volts with the
common mode input voltage at ground potential,

The input stage also allows differential input voltages
up to =44 voilts, provided the maximum input voltage
range is not exceeded. Specifically, the input voltages
must range between VEg and Ve supply voltages as

Hz}
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FIGURE 34 — POWER SUPPLY REJEGTION
versus TEMPERATURE
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shown by the maximum rating table. In practice,
although not recommended, the input voltages can
exceed the V¢ voltage by approximately 3.0 voits and
decrease below the Vgg voltage by 0.3 volts without
causing product damage, although output phase rever-
sal may occur. It is also possible to source up to appro!
imately 5.0 mA of current from Veg through either
input’s clamping diode without damage or latching,
although phase reversal may again occur.

If one or both inputs exceed the upper common mede
voltage limit the amplifier output is readily predictable
and may be in a low or high state depending on the ..
existing input bias conditions. ’
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Since the input capacitance associated with the small
geometry input device is substantially lower (2.5 pF)
than the typical JFET input gate capacitance {5.0 pF),
petter frequency response for a given input source resis-
tance can be achieved using the MC34071 series of
amplifiers. This performance feature becomes evident,

& for example, in fast settling D-to-A current to voltage

conversion applications where the feedback resistance
can form an input pole with the input capacitance of the
op amp. This input pole creates a 2nd order system with
the single pole op amp and is therefore detrimental to
its settling time. In this context, lower input capacitance
is desirable especially for higher values of feedback
resistances (lower current DAC's). This input pole can
be compensated for by creating a feedback zero with a
capacitance across the feedback resistance, if neces-
sary, to reduce overshoot. For 2.0 k() of feedhack resis-
tance, the MC34071 series can settle to within 1/2 LSB
of 8 bits in 1.0 us, and within 1/2 LSB of 12 bits in 2.2 us
for a 10 volt step, In a inverting unity gain fast settling
configuration, the symmetrical slew rate is =13 volits/
us. In the ciassic noninverting unity gain configuration
the output positive. slew rate is + 10 volts/us, -and the
corresponding négative slew rate will exceed the pos-

itive slew rate as a function of the fall time of the input -

waveform.

Since the bipolar input device matching character-
istics are superior to that of JFETs, a low untrimmed
maximum offset voltage of 3.0 mV prime and 5.0 mV
downgrade can be economically offered with high fre-
quency performance characteristics. This combina-
tion is ideal for low cost precision, high speed quad
op amp applications.

The all NPN output stage, shown in its basic form on
the equivalent cirfcuit schematic, offers unique advan-
tages over the more conventional NPN/PNP transistor
Class AB output stage. A 10 kf) load resistance can
swing within 1.0 volt of the positive rail (Vo). and
within 0.3 volts of the negative rail (Vgg), providing a
28.7 Vp.p swing from. = 15 volt supplies. This large out-
put swing becomes most noticable at lower supply
voltages.

The positive swing is limited by the saturation voltage
of the current source transistor Q7, and Vgg of the NPN
pull up transistor Q17, and the voltage drop associated
with the short circuit resistance, R7. The negative swing
is limited by the saturation voltage of the pull-down
transistor Q1g, the voltage_drop 1| Rg, and the voltage
drop associated with resistance Ry, where [|_is the sink
load current. For small valued sink currents, the above
voltage drops are negligible, allowing the negative
swing voltage to approach within millivolts of Vgg. For
large valued sink currents {>5.0 mA), diode D3 clamps
the voltage acrosg Rg, thus limiting the negative swing
to the saturation voltage of Qqg, plus the forward diode
drop of D3 (=Vgg + 1.0 V). Thus for a given supply
voltage, unprecedented peak-to-peak output voltage
swing is possible as indicated by the output swing
specifications.

If the load resistance is referenced to V¢ instead of
ground for single supply applications, the maximum
possible output swing can be achieved for a given sup-

NIC34071, 34072, 34074 / MC35071, 35072, 35074/ MC33071, 33072, 33074

ply voltage. Fot light load currents, the load resistance
will puil the output to Vce during the positive swing
and the output will pull the load resistance near ground
during the negative swing. The load resistance value
should be much less than that of the feedback resistance
to maximize pull up capability.

Because the PNP output emitter-follower transistor
has been eliminated, the MC34071 series offers a20mA
minimum current sink capability, typicaily to an output
voltage of (Vgg + 1.8 V). In single supply applications
the output can directly saurce or sink base current from
a common emitter NPN transistor for fast high current
switching applications.

In addition, the all NPN transistor output stage is
inherently fast, contributing to the bipolar amplifier's
high gain bandwidth product and fast settling capability.
The associated high frequency low output impedance
{30 2 typ @ 1.0 MHz) allows capacitive drive capability
from 0 to 10,000 pF without oscillation in the unity
closed loop gain configuration. The 60° phase margin
and 12 dB gain margin as well as the general gain and
phase characteristics are virtually independent of the
source/sink output swing conditions. This allows easier
system phase compensation, since output swing will
not be a phase consideration. The high frequency char-
acteristics of the MC34071 series also allow excellent
high frequency active fiiter capability, especially for low
voltage single supply applications.

Although the single supply specification is defined at
5.0 volts, these amplifiers are functional to 3.0 volts @
25°C although slight changes in parametrics such as
bandwidth, slew rate, and dc gain may occur.

If power to this integrated circuit is applied in reverse
polarity or if the IC is installed backwards in a socket,
large unlimited current surges will occur through the
device that may result in device destruction.

Special static precautions are not necessary for these
bipolar amplifiers since there are no MOS transistors
on the die.

As usual with most high frequency amplifiers, proper
lead dress, component placement, and PC board layout
should be exercised for optimum frequency perfor-
mance. For example, long unshielded input or output
leads may result in unwanted input-output coupling. In
order to preserve the relatively low input capacitance
associated with these amplifiers, resistors connected to
the inputs should be immediately adjacent to the input
pin to minimize additional stray input capacitance. This
not only minimizes the input pole for optimum fre-

' quency response, but also minimizes extraneous “pick

up” at this node. Supply decoupling with adequate
capacitance immediately adjacent to the supply pin is
also important, particularly over temperature, since
many types of decoupling capacitors exhibit great
impedance changes over temperature.

The output of any one amplifier is current limited and
thus protected from a direct short to ground. However,
under such conditioas, it is important not to allow the
device to exceed the maximum junction temperature
rating. Typically for =15 volt supplies, any one output
can be shorted contiruously to ground without exceed-
ing the maximum temperature rating.
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MC34071, 3407234074 / MC35071, 35072, 35074 / MC33071, 33072, 33_079-3»;?1 '

TYPICAL SINGLE SUPPLY APPLICATIONS Vcg = 5.0 VOLTS SRR

FIGURE 37 — AC COUPLED NONINVERTING AMPLIFIER

Ay = 10 BW (-3.0 dB) = 450 kHz

vecé
5.1M S Vo -
0 3.7Vpp
ok Cin e MC34071 /!
\ o Vo 68 k < MC34071
3 - J[ _ vV
© G
. Y in
= 36.6 mVp.p, - : /i )[ 13"( ) —
Vin ook 10K e 370 my 100 &
Ri = = = 1N p-p

>
im k Ay = 101
L 1 BW(-3.0dB) = 45kHz

FIGURE 39 — DC COUPLED INVERTING AMPUIFIER FIGURE 40 — UNITY GAIN BUFFER TTL DRIVER .
MAXIMUM OUTPUT SWING R

__‘L L |

Vo 1 -

4.75 Vp.p g -0 Vee 25V -
2,63V .
T 91 2 l MC34071 MCSa7axx
I N S.1k Vin ‘ 0to 10,000 pF o—— ™~
R Jia B
7T MC34071 5 N
5.1k 3 Cable TTL Gate
VWA + '
v L
100 k T es = -
1.0M
VWA
Ay = 10
4 L L Vin BW (—3.0 dB) = 450 kHz
FIGURE 41 — ACTIVE HIGH-Q NOTCH FILTER FIGURE 42 — ACTIVE BANDPASS .FILTER
Vin ® 0.2 Vdc MC34071 _J__ c R3
e, Vo a1 0.047 2.2k
R TR S Vi § 17 A MC34071
Vin O—_WT““’_ Tk I L oV
16k 16k . c o]
c R2 0.047 + vee
0.01 T S6k | fo = 30 kHz
= Q=10
. & 0.4 Vce Ha = 1.0
fo = 1.0 kHz Given fo = Center Frequency o
32k s 2R Ag = Gain at Center Frequency
1 Choose Value fo, Q. Ag. C Q R3 R1R3
fo = —= & — B e— =
) - © = 4zRC Then R=d M=, Mt mmi-m
2C 2C For less than 10% error from operational amplifier
0.02 0.02
Qofo g
GBW
Where fo and GBW are expressed in Hz.
GBW = 4.5 MHz Typ.
it
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FlGURE 43 — LOW INPUT VOLTAGE COMPARATOR
WITH HYSTERESIS
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R2 L
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FIGURE 50 — HIGH COMPLIANCE VOLTAGE TO h
SINK CURRENT CONVERTER . B
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VH = g7+ R \VOH ~ ou}
FIGURE 51 — HIGH INPUT IMPEDANCE FIGURE 52 — BRIDGE CURRENT AMPLIFIER
DIFFERENTIAL AMPLIFIER
R1 R2 +VRef
it 12 MC34072 —J4 Ar
~ 3 | 112MC34072 Y
i MC34071
+V1 + Vo
—0 :
+V2 0o o
R2 R4 . L
T = s {Critical to CMRR] z s

R R4
Vg = 1( R3)(vz -V )

For (V2= V1,V>0

AR R
Vo = VRef";ﬁ'zﬁ
{(vg =0.1V)
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FIGURE 53 -— LOW VOLTAGE PEAK DETECTOR FIGURE 54 — HIGH FREQUENCY PULSE e
WIDTH MODULATION &

3

4 ¢ 5 985 0.85
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1, 34072, 34074 | MC35071, 35072, 35074 / MC33071, 33072, 33074,...

GENERAL ADDITIONAL APPLICATIONS INFORMATION Vg = =15 VOLTS

{JRE 55 — SECOND ORDER LOW-PASS ACTIVE FILTER FIGURE 56 — SECOND ORDER HIGH-PASS ACTIVE FILTER
§ il
0.02 c2 R1
e AN 0.05 1C10 468.1 k
R2 ‘ : MC34071
c1
o 1.0 R2 o
1.1k fo = 100 Hz
fo = 1.0 kHz Ho = 20
mczao71  Ho =10 = —
S 4 " N H 0.5
— . + 0. .
= T -+ Choose: f, Ho, C2 Choose: fg, Ho, C1 Then: R1 = ;&—m—ﬁ
Then: C1 = 2C2 (Hg + 1) Vi
A2 —m—————
R R2 Zﬂfoc1 (1/H° + 2)
= 1= —
Ho + 1 Ho C2 = £
Ho
= t
FIGURE 57 — FAST SETTUNG INVERTER FIGURE 58 — BASIC INVERTING AMPLIFIER
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[iataintabehaly Il shatbabaty’ )
' ! .
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1 3 K M
: Re i Step _E— N C34071
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Y —[—_- Uncomp grated 3 to 172 LSB (8 Bits)
tg = 2.2 1S Vo R2Z : R1
— = - BW (-3.0dB = GBW | —/——=
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FIGURE 59 — BASIC NON INVERTING AMPLIFIER X FIGURE 60 — UNITY GAIN BUFEER (Ay = + 1.0
MC34071
‘L 0
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MC34G71, 34072, 34074 / MC35071, 35072, 35074 / MC33071, 33672, 33074

FIGURE 61 — HIGH IMPEDANCE DIFFERENTIAL AMPLIFIER
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MOTOROLA

SEMICONDUCTOR TECHNICAL DATA

0 to 200 kPa (0 to 29 PSI)
Uncompensaied,
Silicon Pressure Sensors

/.

The MPX200 series device is a silicon piezoresistive predsure sensors provide a very
accurate and linear voltage output — directly proportional to the applied pressure. This
standard, low cost, uncompensated sensor permits manufacturers to design and add
their own external temperature compensating and signal conditioning networks.
Compensation techniques are simplified because of the predictability of Motorola's single

element strain gauge design.

Features
o Low Cost

MPX200
SERIES

X~ducer™
SILICON
PRESSURE SENSORS

"« Patented Silicon Shear Stress Strain Gauge
o +0.25% (max) Linearity

« Full Scale Span 60 mV (Typ)

. Easy to Use Chip Carrier Package Options
« Ratiometric to Supply Voltage

. Absolute, Differential and Gauge Options

Application Examples

-

« Pump/Motor Controllers BASIC CHIP DIFFERENTIAL
« Robotics CARRIER ELEMENT PORT OPTION
« Level Indicators CAssEy?::—oa CAssfy?es ";-02
« Medical Diagnostics
« Pressure Switching
« Barometers
o Altimeters
Pin Number .
1 2 3 4
Ground +Vout Vg -Vout
MAXIMUM RATINGS
Rating Symbol Value Unit
Overpressurel8) (P1>P2) Prmax 400 kPa
Surst Pressure(8) (P1 > P2) Pourst 2000 kPa
Siorage Temperature Tstq -50to +150 *C
Cperating Temperature TA -4010 +125 *C
PIN3

VOLTAGE OUTPUT versus APPLIED DIFFERENTIAL PRESSURE
The di{erential voltage output of the X~ducer is directly proportional to the
differential pressure applied. Wil
The absolute sensor has a built-in reference vacuum. The output voltage will
decrease as vacuum, relative to ambient, is drawn on the pressure (P1) side.
The output voltage of the differential or gauge sensor increases with
increasing pressure applied to the pressure (P1) side relative to the vacuum
(P2) side. Similarly, output voltage increases as increasing vacuum s applied to
the vacuum (P2) side relative to the pressure (P1) side.
Figure 1 illgs_tga;e,s a schematic of the internal circuitry on the stand-alone
pressure senso"r chip. !
/
N S

‘\'l S
VM

REV 5

Figure 1. Uncompensated Pressure
Sensor Schematic
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MPX200 SERIES

OPERATING CHARACTERISTICS (Vs = 3.0 Vde, Ta = 25°C unless otherwise noled, P1>P2)

Characteristic Symbol Min Typ Max Unit
Pressure Range(l) PoP 0 - 200 kPa
Supply Voltage(2) Vg - 3.0 5.0 vde
Supply Current lo - 6.0 — mAde
Full Scale Span(3) VESS 45 60 90 mv
Offset(4) Vot ] 20 35 mv
Sensitivity AVIAP - 0.3 — mV/ikPa
Lineanty(S) ) — ~0.25 - 0.25 %VESS
Pressure Hysteresis(®) (0 to 200 kPa) W, — - +0.1 - %VESS
Temperature Hysteresis(3) (-20°Cto +125°C) — - =0.5 — %VESS
Temperature Coetficient of Full Scale Span(®) TCVESS -0.22 —_ -0.16 %VEss/'C
Temperature Coefficient of Ottset(S) TCVoft — +15 - pvrC
Temperature Coefficient of Resistance(5) TCR 0.21 - 0.27 %Zip°C
Input Impedance Zin 400 - 550 Q
Quitput Impedance Zownt 780 - 1800 Q
Response Time(6) (10% to 30%) R = 1.0 — ms
Offset Stabilityt5) - - £0.5 — %VFSS

MECHANICAL CHARACTERISTICS

Characteristic Symbol Min Typ Max Unit
Weight (Basic Element Case 344) - — —_ 2.0 —_ Grams
warm-Up . —_ — 15 _ Sec
Cavity Volume — — - 0.01 INS
Volumetric Disptacement - —_ - 0.001 N3
Common Mode Line Pressure(?) — — — 690 xPa

NOTES:
1. 1.0 kPa (kiloPascal) equals 0.145 psi. e
2. Device is ratiometric within this specified excitation range. Operating the device above the specified excitation range may induce accitional
error due to device self-heating. S

3.

(
o

6.

7.
8.

Full Scale Span (VEsS) is cefined as the algebraic difference between the output voltage at full rated pressure and the owtput voitage at the

minimum rated pressure.
Ctiset (Votf) is délied as the output voltage at the minimum rated pressure.

. Accuracy. (error budget) consists of the following: ey 1=/=! Sy Fesst

« Linearity: Qutput deviation from a straight line relationship with pressure, using end point method, over the specified
pressure range. -

« Temperature Hysteresis: Output deviation at any temparature within the cperating temperature range, atter the temperature is
cycled to and from the minimum or maximum operating temperature points, with zero differential pressure
applied.

« Pressure Hysteresis: Output deviation at any pressure within the specified range, when this pressure is cycled to and from the
minirum or maximum rated pressure, at 25°C.

« Offset Stability: Output Geviation, after 1000 temperature cycles, - 40to 125°C. and 1.5 million pressure cycles, with zero
) differential pressure applied.
e TcSpan: Output deviation at full rated pressure over the temperature range of 0 10 85°C, relative to 25°C.
¢ TcOffset: Output deviation with minimum rated pressure apglied, over the temperature range of 0 to 85°C, retative
t0 25°C. \
« TCR: Zin, deviation with minimum rated pressure applied, ovef the temperature range of ~20°C to +125°C,
relative to 25°C. e
Response Time is defined as the time for the incremental change igi the output to go from 10% to 90% of its final value when subjected to

a specified step change in pres:‘ge/ﬁt‘\ R N A
Common mode pressures beyond specified may resuit in leakage at the case-to-lead interface.

Exposure beyond these limils may cause permanent damage of degradation 10 the device.
L \
(\LS‘ : Y



' MPX200 SERIES
LINEARITY
Linearity refers to how wall a transducer's output follows
the equation: Vout = Voff + sensitivity x P over the operating
pressure range (see Figure 2). There are two basic methods
for caiculating 'nonlinearity: (1) end point straight fine fit or (2)
a least squares best line fit. While a least squares fit gives
the “oest case” linearity error (lower ntimefical value), the
calculations required are burdensome.t) Y Er. TR
Conversely, an end poirFfit will give the “worse case” error
{often more desirable in error budget calculations) and the
calculations are more straightforward for the user. Motorola's
specified pressure sensor linearities are based on the end
point straight line method measured at the midrange
pressure. .

TEMPERATURE COMPENSATION
Figure 3 shows the typical output characteristics of the
MPX200 series over temperature. The,'output is directly pro-
nortional to the pressure and is essentially a straight line.
The X-ducer piezoresistive pressure sensor element ig)a
semiconductor device which gives an electrical output signal

.. .
thaest

o

LINEARITY

~

g
?__
bt SPAN
2 {Vrss)
3
OFFSET
o A\ D, . 8D N [, | Mo |
0 MAX 1 Pop
PRESSURE (xPA}

Figure 2. Linearity Specification Ccmparison

SILICONE GEL  DIFFERENTIALGAUGE STAINLESS STEEL

DIE COAT °‘< > /METAL COVER DIECOAT  "pe METAL COVER
— THERMOPLASTIC THERMOPLASTIC
\/IRE BOND CASE  WIRE BOND CASE
) — i —
LEAD FRAME DIE LEAD FRAME _ OIE
DIFFERENTIAUGAUGE ELEMENT BOND ABSOLUTE ELEMENT BOND -
P2 . P2
N Figure 4. Cross—Sectional Diagrams (Not to Scale). s = - .
g ' "\"\5&';".‘: .« { e o
v ' ?3‘]" Vw00 AR S

Figure 4 illustrates the absolute sehsing configuration

(right) and the differential or gauge configuration in the basic

chip carrier (Case 344). A silicone get isolates the die surface
and wire bond from harsh environments, while allowing the
pressure signal to be transmitted to the silicon diaphragm.
The MPX200 series pressure sensor operating characteris-

proportional to ‘l'he pressure appliad to the device. This de-
vice uses a unigue transverse voltage diffused semiconduc-

tor strain gauge which is sensitive to stresses producedina

thin siicon diaphragm by the applied pressure. .

Because this strain gauge is an integral part of the silicon
diaphragm, there are no temperature effects due to difter-
ences in the thermal exp‘a.nsi'?n,(qf the strain gauge and the
diaphragm, as are often encountered in bonded strain gauge
pressure sensors. However, the properties of the strain
gauge itself are temperature dependent, requiring that the
device be temperature compensated if it is to be used over
an extensive temperature range. ‘

Termperature compensation and offset catibration can be
achieved rather simply with additional resistive components
or by designing your system using the MPX2200/MPX7200
series sensors. IS

Several apﬂ?bédhes to external temperature compensa-
tion over both —40 to +125°C and 0 to +80°C ranges are
presented in Motorola Applications Note AN840.

70
L e By
§01—- Vg=3.0Vde i LT 425°C 1 gpaN
L=+ P1>P2 > S NN
Aex RANGE
s
3 . w1zsec | (7P)
E « L7 -
% 30 ,1 .
o
20
OFFSET
. )
i L l 1 1 )] 3} 1l 3
O iepteol iz l1sl 200 T2al28t .30 I|
PSI 20 40 50 80 100 120 140 160 180 200
kPa PRESSURE DIFFERENTIAL

Figure 3. Output versus Pressure Differential

SILICONEGEL gsoiyTE STAINLESS STEEL

tics and intemal rn‘eliability and qualification tests are based
on use of dry air 48 the pressure media. Media other than dry
air may have adverse effects on sensor performance and
long term refiability. Contact the factory for information re-
garding media compatibifity in your application.

~ . .
T\ Ver g ey
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Motorola designates the two sides of the pressure sensor
as the Pressure (P1) side and the Vacuum (P2) side. The
Pressure (P1) side is the side containing the silicone gel
which protects the die from harsh media, The differential or

PRESSURE (P1)/VACUUM (P2) SIDE IDENTIFICATION TABLE

{abie below:

gauge senscr is designed to operate with positive differential

MPX200 SERIES

pressure applied, P1 > P2. The absolute sensor is designed
for vacuum applied to P1 side.
The Pressure (P1) side may be identified by using the

Part Number Case Type Pressure (P1) Side identifler

MPX200A, MPX2000D 344-08 Stainless Steel Cap

MPX2000P 352~02 Side with Part Marking

MPX200AP, MPX200GP 350-03 Side with Port Attached

MPX200GVP 350-04 Stainless Steel Cap

MPX200AS, MPX200GS 371-06 Side with Port Attached

MPX200GVS 5. 371-05 Stainless Steel Cap

MPX200ASX, MPX200GSX 371C-02 Side with Port Attached

MPX200GVSX 3710-02 Stainless Steel Cap

ORDERING INFORMATION
MPX200 series pressure sensors are available in absolute, differeéntial and gauge configurations. Devices are available in the

basic element package or with pressure port

pressure connections.

Wl n e pe &y,

fittings- which provide printed circuit board maunting ease and_barbed hose

MPX Serles
Device Type Optlons Case Type Order Number Device Marking

Basic Element Absolute, Cifferential Case 344-08 MPX200A MPX200A
1 MPX2000 MPX2000

Poried Elements Ditferential Case 352-02 MPX2000P MPX2000P

Absolute, Gauge Case 350-03 MPX200AP MPX200AP

MPX200GP MPX200GP

Gauge Vacuum Case 350-04 MPX200GVP MPX200GVP

Absolute, Gauge Stove Pipe Case 371-06 MPX200AS MPX200A
MPX200GS MPX2000
Gauge Vacuum Stove Pipe Case 371-05 MPX200GVS MPX2000
Absolute, Gauge Axial Case 371C-02 MPX200ASX MPX200A
MPX200GSX MPX2000
Gauge Vacuum Axial Case 371002 MPX200GVSX MPX200D

Motorola Sensor Device Data
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Package Outline Dimensions

Nt

ve—

J——

g
N
iy

v
@r:——_%—ic

— G

<X

—o Nl

—_—]

INCHES MLLIVETERS
gIH __W‘l ¥ix M MAX
n 178 | 60k |_e& 2
s | oi7 | i a3 ] 83
cTogs L geec) 33l ] 43
D | D fogs Lozt gl 38
£ jaeg e 54 A
J G ] nack 118 1x
W ooss a-ce ) gsed g
_—f FRE s 128 ]
K 10501 —f2ry ) —
N L — | &38 -
SECTION X-X o s N ] ogso 1 0uos | got
v NI, EMITTER e} — o0} ——1 24
2 mase Alone | ——1 283}
3 3. COUECTOR vigus) 134
CASE 029-04
(TO-226AA)

ISSUE AD

NOTES:

1. DBIENSIOMNG AND TOLEPANCES PER ANSI
Y1480, 1922

2. CONTROLUNG CAMENSIOR 8iCH

3. CONTOUR OF PACKAGE BZVOHD DIWENSION R
1S UNCONTAQRLED.

& OIMENSION 7 APPUZS BETWEENPANDL
DIMENSION D AND J APP.Y ESTWEENL ANDK
MNMUM LEAD GIMENSION 'S UNCONTROLLED
IN P AND BEYOHD DIMENSION K MININUM,

SILICON TEMPERATURE SENSOR

77 10}

-

PN —"} ' I! L
== |
SEATING R |,
PLANE F_ G
F
D 4 pL—osre—
[&]035 0005 @[ T[ A B
CASE 344-08
ISSUEM

NOTES:
1, DIMENSIONING AND TOLERANCING PER ANSL

Yi48M, 1562
2

CONTROLLING DIMENSION: (N
INCHES MILUIMETERS

domet N | WAL L wy | Wax
A k2 | o668 | 1233 | *&E
5 T gass 1 geat | azir Lian
c 3 il [%: &7

1 o 1 on g41 | (&
Flogmtgesa] @l 3
G | og® 25485C |
S Lops (gt 3341 249 ]
L AR
M 3% VO 23 NG
TR TRES
Rl oex | cesylrpr | e

STRLE:

PIN1, GROUNO
2 - QUTAIT
3+ SUPPLY
&, -OUTAUT

BASIC ELEMENT (A, D)

Package Outline Dimensions

52

Motorola Sensor Device Data




PACKAGE OUTLINE DIMENSIONS (continued)
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PACKAGE,OUTLINE DIMENSIONS (continued)
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APPENDIX 1

Device Numbering System for Pressure Sensors

MPX 2 100 P .
" pORTING OPTIONS

A Absolute, basic element
AP Absolute, ported
AS Absolute, stovepipe ported
ASX Absolute, axial ported
D Differential, basic element
DP Differential, dual ported
GP Gauge ported ’
GvP Gauge vacuum ported
GS Gauge stovepipe ported
GVS Gauge vacuum ported
GSX Gauge vacuum ported, axial
GVSX Gauge vacuum ported, axial
PRESSURE RANGE IN kPa
VERSION NUMBER

o b No Designator ~ Uncompensated
2 Temperature Compensated/Calibrated
4 Manifold Absolute Pressure
5 Signa! Conditioning
7 High Impedance

: MOTOROLA PRESSURE X-DUCER

Appendices Motorola Sensor Device Data
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