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Data Acquisition And Monitoring of 3 Phase Inverter Fed Induction Motor
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2003

ABSTRACT

The project concerned with is data acquisition and monitoring of 3 phase inverter fed
induction motor.The objective of this thesis is to study ‘about detection of input voltage and
current signals of three phase induction motor.The measured voltage and current waveforms are
attenuated ‘into lower values by the voltage divider and the current transducer (LEM),
respectively. The voltage signal and current signal are also calculated for el ectromagnetic torque
and power of induction- motor by digital signal processor (DSP).We write program to interface

with DSP by delphi program to display motordata on PC monitor.
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Rotor speed
N, =(1=8)Ng (rpm) (2-4)
Rotor frequency
1 =sf Hy) (2-5)

o

a ’ a ' a
VULITUHMIU (Starting) rotor NYANRYTUN 5 =1

Rotor frequency = stator frequency

2112 Nﬂmuyamaauamm’mﬁmm (Three-Phase Induction Motor Equivalent Circuit)
isngadunuiafiununudnyugve unfeadnsIvihm ioni lugdvesiees Tudh
Q/ = ¥ 1] J
Tavorfunnu Augrumandman Iiuasaaus I 19Tunn Rotor Equivalent Circuit (per
phase)
o < PRI a a o v ' . v @
VINANMSH 2-5 3z uld 11 N8 ves Rotor aziianaoulumiue Sip Fatiu
N a g A J ' J %
A5 A19 M AT Rotor 93 ¥uBGAUAT Slip
uienemos 145y Tnanszi ifianssua nanwludmyu uazila g ve sty
; W TTIN 2 4 . ; el o F
$rae) uloiuminiudensinldin Stip tiniude Mufoi s undow gy iy

1 " ‘:‘ | ' 'J Q. E"
sE2 @7ush Leakage reactance X, Aidouilu sx, dausr R, Tidufumsn/ounsvea Stip



X5 =X, (2-6)
E,s =SE, 2-7)

1o X5 =1 Leakage reactance 194 rotor 11f1 slip 1a7)
X, =1 Leakage reactance U4 rotor VUL gt
E,s =11 Induced voltage ¥4 rotor H1fi1 slip 1a9)

E, =1 Induced voltage Y84 rotor YULNYATI

€

293 muyan 1 1WA per phase 904 rotor susnnaRa 18R
Y n yao dy
299 5auyan19 1WA per phase 194 rotor cuIsnTR RG]
82X, I, X5 i
YT — W QWYY ———>
SEfL 3 R E, d) R,
S
n) ar)

31 22 dsauyganie Ifhnomla veslsines 2 gy

R, = 11 Resistance 104 rotor

g1
SE.
Rotor current [ === (2-38)
’ VR +(sX,)’
Faguaumsii 2-6 Tmi 2ld
L= ? . (2-9)
\/(Rz/s) +(X,)
nanuiueesauyalddagl v)
S ANUAUNIUYINDSAE &:RZ +&—R2
s s
:&+&929 (2-10)




& ’ 1
Fasznoudiuan g 2 dufe

drunsnifludiuvesnamAnmiuues Rotor i R, imunisgayidvusuduada tu Rotor (Cu loss)
R;(1—75)

duiaeifien —=—= fio load ATMWMUNIL R, Aauya load e TR 1MUY Load n1unaves
N

Lo IUIDY

Stator Equivalent Circuit (per phase)
esvinuamesmiivnhefondnms lumsiausudonsundonyaq AaAUATIN

g a A a v & 2 a ' = o 3
Uﬂlﬂﬂiuﬁﬁuﬂlﬂﬁﬂu“ﬂqﬁRotor muuwmumwiﬁmgla"lﬁwummnwmuﬂm

7 X I
Sy P
O—ANA—=L Y YY) O
V
1 X g R K
& O

1A 2.3 2sauyanie ihdemavosanned

11AN15WITUITINAD TAINYATEN I Rotor 1102 stator Y8 Induction motor #1431/

smualim R, uazX, fusifiiorsonegdiu Stator 1

[1 Ri Xl I XZ [2
—_— (4 I —
o_/\/\/\',_/‘Y'Y'Y\ +- S Y Y
4 X, R 2 B
S
O

31 2.4 200 euyani Ifhaetaveaemesmiivnidefinsadmanined



FY ' A v oA a ] 2
nszuanszdu [, amsouonoon ldaesdiude nsznadiqoydoluunuman 7,99
= =3 Q Q U I ‘& o/ C3
weliMafoniufy E uaznszuadaaniman 7 Fegdmds £ 18wy 907 lureesauya
nssuansydu 1, awsonaas Bludnnaswiisznesdionnudumn R, uazauwnila

T3 SusnUAUR X

2.1.3 Masuazusada (Power and Torque Characteristics)

I,
1, R X X,
- v T
O—AA— Y Y Y °
1 )
R,
; ! : &

O

<

37 2.5 2995auyane Ifhdeaveseinosmluniuiio #9101 Core loss

aviagilyAnswiunisgaidonena

¥
A

HAZAINANAIIN 2-8 I aBuwses auyalnaIddedl

7.
]1 RI Xl X2 : R2
P —a
Ly
§ (1-5)R,
n X, s
O

317 2.6 29vsuyan IihaoavowemesiviunimldAsanmisida i

aumsusedanaziaelihvewemesmivnhamsongulldvinesauya
o_w a oA ¥
AdsgayFuiiiosn1nadwd um Ty Stator (Stator copper loss)
Pc‘u,l = 3112Rl (2 _1 1)



.
a A

ﬁﬁqqiym oiiio91nA WA Wy Rotor (Rotor copper loss)

P,,=3LR,
S8 it ou (tnput power)

P =3V cosg
Rotor input (power across air gap)

P =3I; ]EZ

Rotor output (electromagnetic power)

P,=P,-P, ,=(1-5)F,

Electromagnetic torque

pefiile
o, o,
Output power (mechanical power)
P=F-P
Output torque
€A
a

TuUnIUNIS N5 RMIAIRIAY IWThu s Bm oM Tinn1i( Induction motor)

Stator

cu Loss

Rotor

cu Loss

Rotational
and

Core Loss

314 2.7 Tupoumsinsanmmiiie IihvoweineSintivai

(2-12)

(2-13)

(2-14)

(2-15)

(2-16)

(2-17)

(2-18)
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£
' Aaa

¥
ISR AR Stip A 1@ Tavmsimual Slip udIRNNuNNTUAY

=2

Fwduidounua Stip Widwiafty o fa 1.0 v 1Wnsmidsgy

180 36— T T T 7] ¥°
160 32 L\ 160
140 28 A—L 1140
o'l
120 24 4 i 120
Ig
£ 100 520| B AL 100
ST s v et I R A <
W 80 16 // //:\ 80
]
!
60 12 e ——/ i\l 60
L—"1 B !
0 @ 8F= /7/ H—§ 40
1
20 4 // M 20
0 0 L
20 18 16 14 70 08 06 04 /02
4 _ s, per unit Smax T~ Smax P
"]
= NEcRRYe

| KLLF Braking region —4-——— Motor region ——*-I

310 2.8 pnudnEuzvoDINeSIMTIvITh 3

2.1.4 msmaaunama‘f (Three-Phase Induction Motor Tests)
Asnade B miivii 235 fe
No-Load Test
nagouiiataus sy lihened Motor ogludaiw noload udatuiing v,AW 1

fvsaniludveda ¥, 7, P,

03703

Volt \
O_‘ A 3-phase i al
| mp
o— | Motor \

Watt . L

. // -
~ No-load

11 2.9 nesnadouneme i tiuniludnuaiz No-load
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VINMITNATOVA WO ¢, R X, it

g, = cos™ 22 (2-19)
0[0
V2
R =22 (2-20)
£
- Lo (2-21)
I,sin @,

Blocked-Rotor Test
nageunianszualihluvnsi Motor agluanin block-rotor duRnA1 V,.A W 1

wavuliuswonte 7,7, P,

Q7 Nr=0
Volt
O.—-—
>— Amp
(O
Watt Blocked-rotor
gﬂﬁ 2.10 W SMAFRUN DN MU U S YA Blocked-rotor
MMInareTLld
|
=C0S 2-22
¢, Vi ( )
i = Yy (2-23)
Ib
&:% (2—24)
Ib
Vs
X, =2, - (&) =150 (2-25)
Ib
R =R +R, (2-26)
i R] (Armature winding resistance per phase) 7101301 114910353 VI-method (DC)
X, =X, +X, (2—27)

Maximum Torque Calculation

v
[ Y

Maximum torque 81501520081 1ARa1l
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% -, [R? +(X, +X,)? (2-28)

max,T

N
o & . a 4 4, . -
ANUUAT Maximum toque YEINAVUNAT slip IN1NY
R
.. S (2-29)
max,T 2 2
R+ (X + X))

N

2.1.5 nnﬂwaummﬁmﬁmm 3 iyl (Operations of Three-Phase Induction Motors)
aAnISNUBINDS (Starting Conditions)
11m:x?wguuama{%z!ﬁﬂﬂmmqaﬂimnﬁ A 13aiido Stip = 1
L= 4 (2-30)
VB A+ R+ (X, 4 X, )
w8 mssdavaeSumyusinsuiden

P 2 2
4 @, wy (B +R) +( X +Xy)

wusamIsnaamasEiavusuyuld Tagfivisanninauns 2-30

e

aausadlvih sl motor (isstin vaiiSunyuazanag)
- Autotransformer
- Star-delta Start
mamnnumumadlthi rotor
113 IVHNAINMITI(Speed Control)
] ' = Y
AIINLTIVDY Motor VUV WATSENNaason)Sountasld Tae

lﬂﬁﬂuﬂ']mmri'n Synchronous Y949 Motor

5. i@ 120 4 : X
Tauldnrwduiiusvinaums N, =Tf Fevztin 183 1nImi3a Synchronous 12 Y

£l

Y

o s v a'
AUIIUIUVNILNIY AN uazmmmms:uu"lﬂ%

[

o
PNUUAINLGTI Rotor

120
N, :(l~s)hf (2-32)
P
Feamrsoi1dlnold55ms
- Pole-changing
- Variable Frequency
Potential control Frequency control
AC ] Controlled Induction
] T Inverter
source — rectifier motor

30 2.1 nsnuguaSwemesSmiiuni Taudvun i vee IWh
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dmFITmsn/asuning ddesmsimusidavewemes liiaounlas vedeninl?
L5 1 1] ﬂ' { Al 1 1 $ & o
Amumiudusakimnfimmwddea i nAounae  Faannsoznseinld

Tagmsi i SnsrdhunssdiuInihdonwd 7/ £) demai
14
=k B, (2-33)
f

h

Rated[-———————\———————————————,

0

mMstfdeumnu tagnseau IMivosszuu i

nstasumadd (Stip)

a ) 4 .
nsnIuRN ALl v weINeSEH1 InUn1SAILAN Torque-Speed Curve ¥oaNBINDTFNTE 2
ad M
Bhih
- Variable Stator Voltage

- Variable Rotor Resistance

Break down torque

) 250 er
=]
o
s
o 200
D
s
s 150
=
S 109
o
S
[

50-R4 > R;3 > R > Ry

0 {12 i ] 1

0 20 40 60 80 100
Speed (% of synchronous speed)

a v @ a =] 4 Y a ' a
Ui 213 nsmlanmdiusvewsetianazmmisuioUSummidwenes Tnvmsnldousiasy
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a ¢ ¢ A v A d oA
2.2 Buneimesiiien1sdumaeuneme fwila a3
a % s s o Y d' Y a
ouneiineinldlumsmunuusinesiniivni sxdearmison/aoun asussdunanimi
y v o Y A4 4 ' ) s v o a ¢ sha Y va
lagsagimibiidonTvsznhessuuswiiiazuemes dufudunefinefAadedinuau s
Mugwiaeandosiuanudesnisvesuomod

auwsofivzfuamdld iiudadiufummisseiidesmsamsausuuseiueniym

.
A o Qs ]

WesnyvANMILIswUABA WD (V/ f) IRsiinasaiiieIMuseiinneficsosonszualdidiy

aw

= o £ ' a
AnaRn D 19 F9glum9 Torque nafi

TN

DC | Output, /

}
Input . | L
‘ﬁp_F\l {:'\\ :>/ Induction \)
L/ Rectifier : Inverter
'/l / Motor /
| v
L ST

31U 2.14 uomsudenTnezunsiyvesszuuB NS MO N 13 T ame fintuni

FABUNDSINDTA IS Induction Motor
- _PWM VSI
-~ Six step VST %30 Quasi VSI

- Current source inverter CSI



ac line
+
mput Induction
] —~ Vd
Motor
(a)
B
+
_ AYA Induction
-~ Vd
Motor
(b)
id
_—
YT
ac line v

Induction

input
Vd T3

Motor

(c)
(a) Pulse Width Modulation Voltage Source Inverter(PWM-VSI) f'laTonsnd 1Wioos

(b) Square-Wave Voltage Soure Inverter ftisnd IMivasuuumunu'ld

(c). Current Source Tnverter (CSD) fiuisad IWivosuuunuay'lé

gﬂﬁ 2.15 FiAvY Variable-Frequency Converters
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Pulse Width Modulation Voltage Source Inverter (PWM — VSI)
Tassadves PWM-VSI ludvesanssiudaadamisnldisad Iieosfifu'laTen ¥
(% Aaaa JdA PR ] o v a aJ [ q’a‘
Wussduvodddedfisneiias hiaunsansnan I i ldei Power Factor Medmunndu fafu
Awdiazussdue iR veaswuyagwanwsamunu Tasldinatinues PWM mailn PWM-
vst g ussdueninniifiowlsenoveiueiindg  (Harmonic) SuuAwAs mIUATIvEINS
. . L o & a q A
Switching gaiusaiudaiitlyninmsnszfionvoausaiia
J a ¥ a . =]
st PWM-VSI admnsnanmsgayufuveauomasiiiodnnnavesarsueiing Mamonic)

AmuAszAnFnmuesduesinesaoud1ang1 s 128§ 119U switching 74

Ac
input 7 7% J )&) zz) z'x
_ = w b : 7\'”%%%?“
A ﬁ A % 5 ﬁ A
(a)

HECT L T
LRI

Vebl

VBT M
TEEAHET

o

(b)

317 2.16 PWM-VST (a) Tn39519909PWM-VSI (b) 31nALYEI PWM-VSI
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Square - Wave Voltage Source Inverter
dW3U SQUARE-WAVE VSI ou130niuaunssensssuemymingfunldouniwd1d
Y Aaa a @ 1 o v 4
nsMIUANNS AT Tauldi5ad Thios Silugunsaifadorlfdumne Suramespower factor)
a a1 o a P o
meuguniindus s oudly1d Tnondoumnld dedo) converter Miffurerifosimug
o ' K:J a = ; LA o o o &'!
iAo SunanesPower Facton) AU Sunefinesstiafimuirdm uuomesvnigd,
Y < Y Yar ' Sa % % r 1 oow g o
IWoutwainae gl ldalusemwasunesinodgs  udetielsAnwdnyaizns
i o P o o [} [ aaa o a 4 J
aunuiiioagl (7/ f) aefivedoamununesiide 2 dnfleludiuvesdigadinzdunesinos

o 3. ¥ v Y 2 o qY a s
ﬂﬂﬂ5ZU“U“IﬂJ“IﬁJUﬁ]\i"ﬂﬂﬂlﬁﬂﬂiﬂ'wﬁmdizﬂﬂﬂ"IfN

Motor

Phase voltage

(@

Motor current

Fundamental

/ component
/

& \4\/ 7"

(b)

317 2.17 () Anyazd Y09 Square-Wave VSI (b) Hav04a15uoiindnina
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Current Source Inverter (CSI)
cst amsamuay1d Tasmsmuguinaues AC Line nozldudnnesvinalnajseeunsy
' ' ‘a4 v ' & v Yo Aa o d& 3 v
ogua hifidunulssynevueghuieauimaswnszualdfudunesinesdududounnd
o v a A o t;‘ o '
voalnsaardanaesves VST dmiy cst fidefdirmnsangylddad wesdidnsInguas
ny Yt v @ Vet 1S Y A A = a s gy Y Y o
Belaldd  Headunisdanessléd  uddlideidededisnimivedunesinoiliyldnoutidi

uagluawsainuldiannz 1 van

L, Iy
 NYYY\——>
A -
;<_|H_n__i (_n

Jz e
Vi 2

I
]
I
|

1
AN

L
=

(a). 3993199 CSI

Va

v

[

(b). dnvauzdyymlugaund

31 2.18 AnBUL IR TLALTYYIMYDI DSI

U

55600
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2.3 NI simawsadauazmianig
2.3.1 aUMINIAINTIY

Tumsmsuseiavesweamesimiiunit siawisolFTUsunsy MATLAB Tun1s3insigr
ioviAveauseta Taverfvaunsniimnssy §ai

1. nedifudayaunseua 1ng daymaisau e 3 et

selaumsdadl
Ty = %[(i/l - ia)_"(vo: _R(ic _/A)dt)—(/c _/A)j(VAB _R(/A _/B)dt)] (2-34)

2. 1o I hunensfi e Boudun1s VoINS SRS NN 1T VOIUSIAUDINTS Y 3
e 3 upwiu 2 upy

Tagoffoanns

e :
(Y gt WA,
1 VAR SEAR l! % ll
RAYSANERY £ e - : :
li 1 [?)) : YC'_{:' ‘; ;' six
,‘ \\\ m-‘ : ol f';
L R
A (.' ‘\\«Ifé s ',s{"/,
. 3B - | L ORSS /
\ \,\_“. ]2
14 s =

32,19 nemensn)Aouszo 3 e 3 unnuihu 21nu

Up = i(um —Uyc) 2-35)

Uy =— %)(uAC +ug,) (2-36)

ip =1, (2-37)
1

iy =( ﬁ)(z'A +2i,) (2-38)
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1
+
. ® LA S
i,0 @
) @ fl\
. 1
"o 5 / — oY%
b P
gﬂﬁ 2.20 vionlaezinsumsnaiEn
Vi = [ V- LRyt (239)
Wiy = [ V=1, Rodr (2-40)
CRIRP R LRI TN
R 1 Va Wals
uA
\_f P
i 14\
A @/ :’) te
{ ——>
j T o
B ‘\@/ -
u * :
B - :
571 LAY Vsl

31 2.21 vAen lnezinsUMIA WIS ITA
tz = Wsdlsq - l//sq[sd

msinsziNonaiiae Inia
3
P= 5 (V;d[:d + V;qlsq)

Q :%(V;dlsd =¥, Isq)

59

(2-41)

(2-42)

(2-43)



2.3.2 NINAADVNBINDS
Wumsnameuiemausidamde Wi uazdszdninmvoanoines Taonisii e
P 1dR @ v i [Y] 3) : e Al J A Y 1o
anudafiyadsdnEdingszuoniwiouTaolfildimelu muiassniaudensuyiade:
Wunsedavean1se (Load -Torque) Admsniasrlddananenugiiiz.22 niouisfinieeia
Ysurama I deuTausafnar Wi

Atlowdn (virp)

At 7 :/'/ s ¥ o /4/ 7
.«'-v,\ ':’ {/’N o
/ } e OT5 T T g | L5
\"wv" 6\‘””
e <
e PR =TT 1
7 RN y { Ay
1 ' i dotor {, -
NPy i ‘
O SR P O
W, X

31 2.22 wemamis Taogmsdausetinvoinise

vasgnwenosta i nyuns g mamanvegniminldividy winazifouoined
=1 ' o a o 1 o o/ A {a
NYUAWAIMIETINIRY N seu/aniinsfesiunimiinidfovauiiu w2 Tavhuseifannniia
' b
senInAveadu unsaiigiegaimiin

Tunsldnsenunauppiisgdmuananemsnyuludnuusinlffausdegniimin

& ° Y ) ' Yy Y v A 4 4 =< 4 A (-
‘U’uﬂﬂﬂﬁﬂ“ﬁ\i@’mﬂﬂﬂuﬂﬂm MIANIINYAFUINANVDIYAVNIDIYAFUINDNUDIUFBAININY R

Y
Yo A

AT (m) TSR IR THRed

usadafidumsx(7,) = 981(W, -W,).R (2-44)
fdsdoonvewanes (P, /p) = T, . o (2-45)
= 981(W, —-W,) . R.(21N/60)
(P,/P) = R.N.(W, -W,) (2-46)
Ada i flewd (P, ) = ..k, (2-47)
| 4 p /p

UszdnSnmvesuoines (1) = (P, /DWPilp) (2-48)
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n1iﬁ1mmmm%'msazmseanmm

3.1 MFINNUVRIIATINH
AmdungnmsiavesIasenumsinamausedasegldaums luiate 23.1

& = Y o &
F9921U AUUTNNITUDINTTUTUAZAUMITUVDISTIAUINTSVY 3 e 3 unuzi‘lu 2 UNU ANUU 5\1
I

AoamsBunn vosdan st 2 fyyol uag dyaanssue 2 dyana As V, LV, g

ac

]
L] o/ I=3

o o u’/’ d 3 o ’ Aa o @ o
uag I,  awdwu nndunhdygai @ ndnnamia useiia uag Araa i Taod=

’
o =

Ussuanadyyndsnea (DSP) fyanunldiaasmaivensuiunoSimmofavum

00

Vi

3

e NEM PR

SR(0!

V.

ac

199IAT IV

AERo!

& —»  DSP 3| Computer

19AIATIIVU

NI

/4
IATIIN

Agele

314 3.1 Block Diagram M311911¥041AT 997U
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3.2 PMIAIIVVUNILUA (Current Detector)

2 Y o o A A ve v £ saq ¥
2esiiimihiinsnduaszumitonsaduay Tulaseailldly LEM Fudugunself 19
nann1s hall-effect 1JudIns I8 UNTZUA 111099100 F0ANT1 CT (Current Transformer) Tugud
awsons v ldnszuaniiuglatuMihnssuansunznszuaady aumsoaouauofUIUf

a v a & ) Ay Y o g Y A ¥ as v &
AMuD g 1d AnwRaouvesdyaui I8Ndwnzi iden1dnunavunaditmsldnude slu
n1sAuaNil 1Y LEM asndunszuaninueines iefivziimnldauisde’ly Taufeniidaves

A 9 g ~ | 3 W é
LEM 50 A ju LASS-P dmsumisldaiu LEM sedeafinmsiamdulunisanseavvesnssuaasialy
Tnseamilld 1:1000 uenandidetieesmivayuirunionfiu LEM o gu undstg g
+/-15 25 iieSuazaae S umeeiandyaauiofivei I dyg i Idimugansvreesi g

o - , —
NUNAIIA LEM oo 1vnisiiauaedy

+15 W
LEM -15 Vv 10k
N v 10 k
s 1N 4001
00 ) .
ohm (g.gi u \ I
L +15 ¥

=

30 3.4 2wesasndudygunszid



Stppped B VLRI N2 BEtnh
CHIRHENY.  SHRSER . YA
B : EEAGE o] : { $0mve Aedive )}

et g ol

wFragein  Pap o 20 B ek A0B . Swv

Frag S0 5002
=racodw PaP 830w . s I8 4wV Frag  BORUHe
5 " : : { :
e
:

31 3.6 Taseadhanouenves LEM

3.3 NIINTIVDUUIIAY (Voltage Detector)

199305205 DUs U ifeanszAVvINIS UG I ITuns wudrdmsuldavqunts
M191U1092995 Tavoonuuulianseduusaauain 380 v IMinaessduusedu 10V iMaazadn
FmSumstieunuuasin A5msaanounsauldlFanudumiuuududiunisveans iy

A 3 Y 3 o ' A [ al Y Yy v
(Voltage Divider) o 1dusedunmdsanisudrngthminiunesaiuguinosainsouusaau i la

v A a o ¢ y X 4, v a
ﬂWUﬂUQﬂWSLlﬁSlWM@UWHﬂu‘ﬁ‘UOJ'NﬂS‘IﬂfIQ‘UH nau‘ni):m"lﬂ‘lmmﬂmﬂmsam'lﬂ



J 10K
1k 10 K
I/N 10k 1N4001
:r- f t +
l 10k 33K
= +15V h 10k 10 K
2K 1NS22
1K ¥ -
-

307 3.7 2993037930 FryaBiS9AY

Stepped § 2004/03 515 GRO%3T
Gy st H o 1gmadhy
TS0 55 BRI RS R i £10m% faiiv}

; : ! JLHE L HORMOTHIES /s

wTracdis PP 1L 7P0Y S0 Rado SEE.dww ©  Frisg 50,51Hg
=Tracwze \B-P 01,880V Rk

SEEL 2 AoV Tyl B8 Bt

517 3.8 Syaomssiu V,, uaz V. 1ldnneesasinfuusdu

3.4 Milszananadyae@dnea (Digital Signal Processor:DSP)

FlszunonadyuAinea DSP sziunuiivesnmsiiidanadamaas Taod

° I'd [ a 5 %
anilaonssumsiaunusudiserauad i farvaunsnsqa (Multiplien), a15ans
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ananaTWine{(Scaling Shifter). A2 IANANNATIAATTNT Y095 S 01n 03 (Auxxiliary Register
Arithmetic Unit) nondersg 1fudy SelinahifszuunivauiiosnuuuTnold Dsp Sadmisalunns
Ussunananuadiamansfiganiudemoufuiseuananu uian Wi uvie fu

Fenmolutsznoudlvgtnsalseudrefildlunsnivquueineidredramu dulas
Fayas owinen 1ifu @3nea A1maziBua 10 §n 2 A (Dual 10-bit analog — to — digital converter) A
aduduaaiduingy ewm), fe31amstsg3aan Dead Time), MifuRasnndulaames
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3.5.4 THuAMNINAIGINYDY TEEE1284-1994 Standard
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Fodoyau Fodoanaly | n/ou
o o ANy IveIdayanai 1y nibble Mode
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NSTROBE NWRITE Out Low = 1904, High = 91U
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STROBE
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319 3.5 LdaedaananlSeuiioulu EPP Tnua

4 56 7
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BURR-BROWN®
==

1ISO122

Precision Lowest Cost
ISOLATION AMPLIFIER

FEATURES

® 100% TESTED FOR HIGH-VOLTAGE
BREAKDOWN

@® RATED 1500Vrms

@ HIGH IMR: 140dB at 60Hz

® BIPOLAR OPERATION: V =+10V

@ 16-PIN PLASTIC DIP AND 28-LEAD SOIC

® EASE OF USE: Fixed Unity Gain
Configuration

© 0.020% max NONLINEARITY
@ 4.5V to +18V SUPPLY RANGE

DESCRIPTION

The ISO122 is a precision isolation amplifier incor-
porating a novel duty cycle modulation-demodulation
technique. The signal is transmitted digitally across
a 2pF differential capacitive barrier. With digitalmodu-
lation the barrier characteristics do not affect signal
integrity, resulting in excellent reliability and good high
frequency transient immunity across the barrier. Both
barrier capacitors are imbedded in the plastic body of
the package.

The ISO122 is easy to use. No external components
are required for operation. The key specifications are
0.020% max nonlinearity, 50kHz signal bandwidth,
and 200pV/°C V drift. A power supply range of
4.5V to +18V and quiescent currents of £5.0mA on
V, and 1£5.5mA on V, make these amplifiers ideal
for a wide range of applications.

The ISO122 is available in 16-pin plastic DIP and 28-
lead plastic surface mount packages.

Intemational Airport Industrial Park  +
Tel: (520) 746-1111  +  Twx: 910-952-1111

Mailing Address: PO Box 11400
+  Cable: BBRCORP

» Tucson, AZ 85734
» Telex: 066-6491 -

APPLICATIONS

® INDUSTRIAL PROCESS CONTROL:
Transducer Isolator, Isolator for Thermo-
couples, RTDs, Pressure Bridges, and
Flow Meters, 4mA to 20mA Loop Isolation

® GROUND LOOP ELIMINATION
® MOTOR AND SCR CONTROL

® POWER MONITORING

® PC-BASED DATA ACQUISITION
® TEST EQUIPMENT

* Street Address: 6730 S. TucsonBlvd. - Tucson, AZ 85706
FAX: (520) 889-1510 - Immediate Product Info: (800) 548-6132

1989 Burr-Brown Corporation PDS-857F

Printed in U.S.A. November, 1993




SPECIFICATIONS

AtT,=+25°C, V,, =V, = +15V, and R = 2kQ unless otherwise noted.

1S0122P/U 1SO122JP/JU
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
ISOLATION
Voltage Rated Continuous AC 60Hz 1500 * VAC
100% Test (» 1s, 5pc PD 2400 * VAC
Isolation Mode Rejection 60Hz " 140 i dB
Barrier Impedance 10M]| 2 * Q|| pF
Leakage Current at 60Hz Viso = 240Vrms 0.18 0.5 * * nAms
GAIN V=110V
Nominal Gain 1 3 Vv
Gain Error 10.05 10.50 o * %FSR
Gain vs Temperature +10 * ppm/°C
Nonlinearity® $0.016 10.020 10.025 +0.050 %FSR
INPUT OFFSET VOLTAGE
Initial Offset 20 150 * . mv
vs Temperature +200 o uVre
vs Supply +2 * mVNV
Noise 4 - uVAHz
INPUT
Voltage Range +10 +12.5 k S \
Resistance 200 . kQ
OUTPUT
Voltage Range +10 +12.5 - M \%
Current Drive 15 15 - * mA
Capacitive Load Drive 0.1 = uF
Ripple Voltage™® 20 * mVp-p
FREQUENCY RESPONSE
Small Signal Bandwidth 50 1 kHz
Slew Rate 2 * Vius
Settling Time Vo =110V
0.1% 50 % us
0.01% 350 < us
Overload Recover Time 150 5 us
POWER SUPPLIES
Rated Voltage 15 & A
Voltage Range 4.5 +18 4 - \%
Quiescent Current: V,, 5.0 7.0 & N mA
ks 5 7.0 ™ . mA
TEMPERATURE RANGE
Specification -25 +85 L - °C
Operating -25 +85 * 2 °C
Storage —40 +85 . 3 °C
8, 100 . °C/W
[ 65 b °C/W

* Specification same as ISO122P/U.

NOTES: (1) Tested at 1.6 X rated, fail on 5pC partial discharge. (2) Nonlinearity is the peak deviation of the output voltage from the best-fit straight line. It is expressed
as the ratio of deviation to FSR. (3) Ripple frequency is at carrier frequency (500kHz).

Theinformation provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility forinaccuracles or omissions. BURR-BROWN assumes
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications are subject to change
Wwithout notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant
any BURR-BROWN product for use in life support devices and/or systems.

BURR - BROWN®
ISO122

|88}



CONNECTION DIAGRAM

Top View —P Package

+v3| E
'VS| E

Veur [7]
end [8]

E] Gnd

15|V,

E _Vsz
E Vs,

Top View—U Package

+Vg, |1

-VSI E

VME

Gnd (14

28| Gnd

27] v,

E "Vsz
E +Vg,

PACKAGE INFORMATION®

ABSOLUTE MAXIMUM RATINGS

PACKAGE DRAWING
MODEL PACKAGE NUMBER
1ISO122P 16-Pin Plastic DIP 238
1SO122JP 16-Pin Plastic DIP. 238
1IS0122U 28-Pin Plastic SOIC 2171
1ISO1220U 28-Pin Plastic SOIC 217-1

NOTE: (1) For detailed drawing and dimension table, please see end of data
sheet, or Appendix D of Burr-Brown IC Data Book.

ORDERING INFORMATION
NONLINEARITY
MODEL PACKAGE MAX %FSR
1S0122P Plastic DIP $0.020
1S0122JP Plastic DIP +0.050
1S0122U Plastic SOIC $0.020
1S0122JU Plastic SOIC +0.050

Supply Voltage 118V
Va +100V
Continuous Isolation Voltage 1500Vrms
Junction Temperature ... +150°C
Storage Temperature +85°C
Lead Temperature (soldering, 10s) +300°C
Output Short toCommon ........... Continuous

BURR- BROWN®

IS0122



TYPICAL PERFORMANCE CURVES

T,=+25°C, V4 = +15V unless otherwise noted.
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TYPICAL PERFORMANCE CURVES

T, = +25°C, V¢ = 115V unless otherwise noted.

PSRR (dB)
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(NOTE: Shaded area shows aliasing frequencies that cannot
be removed by a low-pass filter at the output.)
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THEORY OF OPERATION

The I1SO122 isolation amplifier uses an input and an output
section galvanically isolated by matched 1pF isolating ca-
pacitors built into the plastic package. The input is duty-
cycle modulated and transmitted digitally across the barrier.
The output section receives the modulated signal, converts it
back to an analog voltage and removes the ripple component
inherent in the demodulation. Input and output sections are
fabricated, then laser trimmed for exceptional circuitry match-
ing common to both input and output sections. The sections
are then mounted on opposite ends of the package with the
isolating capacitors mounted between the two sections. The
transistor count of the ISO122 is 250 transistors.

MODULATOR

An input amplifier (A1, Figure 1) integrates the difference
between the input current (V,/200k2) and a switched
+100pA current source. This current source is implemented
by a switchable 200pA source and a fixed 100pA current
sink. To understand the basic operation of the modulator,
assume that V, = 0.0V. The integrator will ramp in one
direction until the comparator threshold is exceeded. The
comparator and sense amp will force the current source to
switch; the resultant signal is a triangular waveform with a
50% duty cycle. The internal oscillator forces the current
source to switch at 500kHz. The resultant capacitor drive is
a complementary duty-cycle modulation square wave:

DEMODULATOR

The sense amplifier detects the signal transitions across the
capacitive barrier and drives a switched current source into
integrator A2. The output stage balances the duty-cycle
modulated current against the feedback current through the
200k feedback resistor, resulting in an average value at the

V. pin equal to V. The sample and hold amplifiers in the
output feedback loop serve to remove undesired ripple

voltages inherent in the demodulation process.

BASIC OPERATION

SIGNAL AND SUPPLY CONNECTIONS

Each power supply pin should be bypassed with 1uF tanta-
lum capacitors located as close to the amplifier as possible.
The internal frequency of the modulator/demodulator is set
at 500kHz by an internal oscillator. Therefore, if it is desired
to minimize any feedthrough noise (beat frequencies) from
a DC/DC converter, use a 7t filter on the supplies (see Figure
4). 1SO122 output has a 500kHz ripple of 20mV, which can
be removed with a simple two pole low-pass filter with a
100kHz cutoff using a low cost op amp. See Figure 4.

The input to the modulator is a current (set by the 200k
integrator input resistor) that makes it possible to have an
input voltage greater than the input supplies, as long as the
output supply is at least 215V It is therefore possible when
using an unregulated DC/DC converter to minimize PSR
related output errors with =5V voltage regulators on the
isolated side and still get the full £10V input and output
swing. An example of this application is shown in Figure
10.

CARRIER FREQUENCY CONSIDERATIONS

The ISO122 amplifier transmits the signal across the isola-
tion barrier by a 500kHz duty cycle modulation technique.
For input signals having frequencies below 250kHz, this
system works like any linear amplifier. But for frequencies
above 250kHz, the behavior is similar to that of a sampling
amplifier. The signal response to inputs greater than 250kHz

Isolation Barrier

200pA
1pF
|
1
1pF Sense
150pF 200kQ

200pA
1pF
|
|
Sense 1pF
200kQ 150pF
100pA
Y Oww I "

]

-y

*Vs, Gnd1 -V,

FIGURE 1. Block Diagram.

BURR - BROWN®
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performance curve shows this behavior graphically; at input
frequencies above 250kHz the device generates an output
signal component of reduced magnitude at a frequency
below 250kHz. This is the aliasing effect of sampling at
frequencies less than 2 times the signal frequency (the
Nyquist frequency). Note that at the carrier frequency and its
harmonics, both the frequency and amplitude of the aliasing
go to zero.

ISOLATION MODE VOLTAGE INDUCED ERRORS

IMV can induce errors at the output as indicated by the plots
of IMV vs Frequency. It should be noted that if the IMV
frequency exceeds 250kHz, the output also will display
spurious outputs (aliasing), in a manner similar to that for
V,, > 250kHz and the amplifier response will be identical to
that shown in the Signal Response to Inputs Greater Than
250kHz performance curve. This occurs because IMV-
induced errors behave like input-referred error signals. To
predict the total error, divide the isolation voltage by the
IMR shown in the IMR vs Frequency curve and compute the
amplifier response to this input-referred error signal from
the data given in the Signal Response to Inputs Greater than
250kHz performance curve. For example, if a 800kHz
1000Vrms IMR is present, then a total of [(-60dB) +
(-30dB)] x (1000V) = 32mV error signal at 200kHz plus a
1V, 800kHz error signal will be present at the output.

HIGH IMV dV/dt ERRORS

As the IMV frequency increases and the dV/dt exceeds
1000V/us, the sense amp may start to false trigger, and the
output will display spurious errors. The common mode
current being sent across the barrier by the high slew rate is
the cause of the false triggering of the sense amplifier.
Lowering the power supply veltages below 15V may
decrease the dV/dt to 500V/ps for typical performance.

Isolation Barrier
1

'
1
1
1
1
'
i
V 1
™ i
© i
1
1
i
Gnd i
] i
1
I
P
+Vs, Var
—0> >
Vs, Vg,
| 5 >
1uF “—1uF 1wF T “—1uF
- T

FIGURE 2. Basic Signal and Power Connections.

HIGH VOLTAGE TESTING

Burr-Brown Corporation has adopted a partial discharge test
criterion that conforms to the German VDE0884 Optocou-
pler Standards. This method requires the measurement of
minute current pulses (<5pC) while applying 2400Vmms,
60Hz high voltage stress across every ISO122 isolation
barrier. No partial discharge may be initiated to pass this
test. This criterion confirms transient overvoltage (1.6 X
1500Vrms) protection without damage to the ISO122. Lifetest
results verify the absence of failure under continuous rated
voltage and maximum temperature.

This new test method represents the “state of the art” for
non-destructive high voltage reliability testing. It is based on
the effects of non-uniform fields that exist in heterogeneous
dielectric material during barrier degradation. In the case of
void non-uniformities, electric field stress begins to ionize
the void region before bridging the entire high voltage
barrier. The transient conduction of charge during and after
the ionization can be detected externally as a burst of 0.01-
0.1ps current pulses that repeat on each AC voltage cycle.
The minimum AC barrier voltage that initiates partial dis-
charge is defined as the “inception voltage.” Decreasing the
barrier voltage to a lower level is required before partial
discharge ceases and is defined as the “extinction voltage.”
We have characterized and developed the package insulation
processes to yield an inception voltage in excess of 2400Vrms
so that transient overvoltages below this level will not
damage the ISO122. The extinction voltage is above
1500Vrms so that even overvoltage induced partial dis-
charge will cease once the barrier voltage is reduced to the
1500Vrms (rated) level. Older high voltage test methods
relied on applying a large enough overvoltage (above rating)
to break down marginal parts, but not so high as to damage
good ones. Our new partial discharge testing gives us more
confidence in barrier reliability than breakdown/no break-
down criteria.

le—A,

1SO150 e A,

Y;SV —-15V  i+15V -15V =

1ISO122P

v

FIGURE 3. Programmable-Gain Isolation Channel with
Gains of 1, 10, and 100.

BURR- BROWN®
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it ;
Isolation Barrier 13kQ
| — AN
I
: 100pF
: 11
Y 1
"
! 13kQ 385Q |,
Vpo—| 1so122 || VWV N
|
! 4700pF = OPAG02 0 Vour= Vi
| _
Gnd] !
I
1
1
10pH
+V,,
o i A, I
T TT1T |-k
1wF uF fpF L WF1uF AuF
v ; '

FIGURE 4. Optional © Filter to Minimize Power Supply Feedthrough Noise; Output Filter to Remove 500kHz Carrier Ripple.
For more information concerning output filter refer to AB-023.

This Section Repeated 49 Times.

= RN/ &
° 1 P,
i 1S0122P }
10kQ ’
e, =12V = l +V |
| 10kQ 9 | V=e
| 15 7 /N Z
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e=12V T — | y I :
| 2 i | |
| 16 | 5
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I | I =
= Control
| b e - | Section
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| Control { |
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FIGURE 5. Battery Monitor for a 600V Battery Power System. (Derives Input Power from the Battery.)
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+15V
ZT
R e i 10.0v 6| Rer [4
VoL 102
Pl R, = +15V 15V +15V —15V )
[
o +15V
LY
[}
[ T B '
V! Isothermal ' 15 1
1 Block with ! 2 2
Ll IN41480 _- ) 7] +in 1S0122P
[
[ 5 1 10
v R, INA101 Vour
i 14 8
o MQ 1
: ] -In A
|
A 3 16
'
: : RJ RS ‘
L 100Q 50Q
P —15V
L
L R, P SEEBACK
r 2 Adi ISA COEFFICIENT R, R,
! ' TYPE | MATERIAL (LV/°C) (R, = 100Q) (R,* R, = 100Q)
1
: ; o Chromel
it 2 SRRl g £ | Constantan 58.5 3.48kQ 56.2kQ
i Ground Loop Through Conduit ) Iron
""""""""""""""""""""" J 50.2 4,12kQ 64.9kQ
NOTE: (1) =2.1mV/°C at 2.00uA. Chromel
y. K Alumel 39.4 5.23kQ 80.6kQ
Copper
| T Constantan 38.0 5.49kQ2 84.5kQ2

FIGURE 6. Thermocouple Amplifier with Ground Loop Elimination, Cold Junction Compensation, and Up-scale Bum-out.

4-20mA
Ty

1mA 1mA

> Vg =15V
on PWS740

4 1so122p

R 2
S 1
2mA
& > Gnd
> Vg =-15V
on PWS740

FIGURE 7. Isolated 4-20mA Instrument Loop. (RTD shown.)
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FIGURE 8. Isolated Power Line Monitor.
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Channel 1

1SO122P
Vo151
16
2
0.3uF
0.3uF
Channel 2 H——-‘b
(Same as Channel 1.) 4 1
PWS740-3 PWS740-3
+V
T 3 6 3 6
3 12 1 3 [2 1
Lo ] L
“=10pF 204H P W574°'2| = L o
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| |
: I I
T
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3

Channel 3
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(Same as Channel 1.)

PWS740-2

11

FIGURE 9. Three-Port, Low-Cost, Four-Channel Isolated, Data Acquisition System.
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+5V

Regulator Regulator
1 g

MC78L05 o o1 MC79L05
3 2

NOTE: The input supplies can be subregulated to +5V to reduce
PSR related errors without reducing the 10V input range.

FIGURE 10. Improved PSR Using External Regulator.

A INPUT RANGE
v) [\

20+ -2t0+10
15 -2to +5

12 -2t0 +2

Vgy (+15V) O

.||_N

Signal Source

Vi ’\/\

Rs

\
X

5
<

l7
INA105
Difference Amp
M) 00
Ry Ry
0 15
LN
3 Ry Rs Rcm
AN — =W =W 45
% Reference
IN4689
5.1V

4

NOTE: (1) Select to match Rg.

+Vsy (+15V)

—Vs2 (-15V)

NOTE: Since the amplifier is unity gain, the input
range is also the output range. The output can go to
-2V since the output section of the ISO amp operates
from dual supplies.

FIGURE 11. Single Supply Operation of the ISO122P Isolation Amplifier. For additional information see AB-009.
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INPUT OUTPUT Qutput
SECTION 1SQ122P  secTioN
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1 | fo? 71]8
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FIGURE 12. Input-Side Powered ISO Amp. For additional information refer to AB-024.

( Q1 2 rr4 05 <‘re
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Rl L UL
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Input
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Auxiliary
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Power 1 2 7 8
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Gnd
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FIGURE 13. Powered ISO Amp with Three-Port Isolation. For additional information refer to AB-024.
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B Texa PACKAGE OPTION ADDENDUM

TEXAS
INSTRUMENTS
www.ti.com 24-Oct-2003

PACKAGING INFORMATION

ORDERABLE DEVICE STATUS(1) PACKAGE TYPE PACKAGE DRAWING PINS PACKAGE QTY
1ISO122JP ACTIVE PDIP NVF 8 50
1SO122JU ACTIVE SOP DVA 8 28

1ISO122JU/1MK ACTIVE SOP DVA 8 1000
1ISO122P ACTIVE PDIP NVF 8 50
1ISO122U ACTIVE SOP DVA 8 28

1ISO122U/1K ACTIVE SOP DVA 8 1000

(1) The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: T! has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.




IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (T1) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subject to TI's terms
and conditions of sale supplied at the time of order acknowledgment.

TI warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are used to the extent Tl
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using Tl components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

Tl does not warrant or represent thatany license, either express orimplied, is granted under any Tl patent right,
copyright, mask work right, or other Tlintellectual property right relating to any combination, machine, or process
in which Tl products or services are used. Information published by Tl regarding third-party products or services
does not constitute a license from Tl to use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that
product or service voids all express and any implied warranties for the associated Tl product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Following are URLs where you can obtain information on other Texas Instruments products and application
solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DSP dsp.ti.com Broadband www.ti.com/broadband

Interface interface.ti.com Digital Control www.ti.com/digitalcontrol

Logic logic.ti.com Military www.ti.com/military

Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork

Microcontrollers microcontroller.ti.com Security www.ti.com/security
Telephony www.ti.com/telephony
Video & Imaging www.ti.com/video
Wireless www.ti.com/wireless

Mailing Address: Texas Instruments
Post Office Box 655303 Dallas, Texas 75265

Copyright © 2003, Texas Instruments Incorporated



MC34071,2,4,A
MC33071,2,4,A

Single Supply 3.0V to 44 V
Operational Amplifiers

Quality bipolar fabrication with innovative design concepts are
employed for the MC33071/72/74, MC34071/72/74 series of
monolithic operational amplifiers. This series of operational
amplifiers offer 4.5 MHz of gain bandwidth product, 13 V/ps slew rate

and fast settling time without the use of JFET device technology. PDIP—8
Although this series can be operated from split supplies, it is P SUFFIX
particularly suited for single supply operation, since the common 8 CASE 626
mode input voltage range includes ground potential (Vgg). With a d

Darlington input stage, this series exhibits high input resistance, low

input offset voltage and high gain. The all NPN output stage, SO-8
characterized by no deadband crossover distortion and large output @ D SUFFIX
voltage swing, provides high capacitance drive capability, excellent 8N CASE 751

phase and gain margins, low open loop high frequency output
impedance and symmetrical source/sink AC frequency responise. = | s A558NSO -
The MC33071/72/74, MC34071/72/74 series of devices are

available in standard or prime performance (A Suffix) grades and are

specified over the commercial, industrial/vehicular or military ( PDIP-14

temperature ranges. The complete series of single, dual and quad P SUFFIX

operational amplifiers are available in plastic DIP, SOIC and TSSOP 14 CRRS48

surface mount packages. 1

e Wide Bandwidth: 4.5 MHz sdd

e High Slew Rate: 13 V/us 14 \(ﬁ D SUFEIX
Fast Settling Time: 1.1 psto 0.1% ] CASE 751A

Wide Single Supply Operation: 3.0V to 44V

Wide Input Common Mode Voltage Range: Includes Ground (VEE) rslb_14

Low Input Offset Voltage: 3.0 mV Maximum (A Suffix) 14@ DTB SUFFIX

Large Output Voltage Swing: —14.7 V to+14 V (with £15'V 1 CASE 948G

Supplies)

e e o o o

e Large Capacitance Drive Capability: 0 pF to 10,000 pF
e Low Total Harmonic Distortion: 0.02% PROEQING I GRMATION
B =<1 3 See detailed ordering and shipping information in the package
e Excellent Phase Margin: 60° dimensions section on page 17 of this data sheet.
e Excellent Gain Margin: 12 dB 2 C-E“IAVI KIING - o o"'
N . Vi AR INFORMATION
* Output Short Circuit Protection See general marking information in the device marking
o ESD Diodes/Clamps Provide Input Protection for Dual and Quad section on page 18 of this data sheet.
e -@.s.a;“m!nduaa & ams lndusmes' LL..C' ;'06;2-;'}.' ............................................. i .................. R e
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MC34071,2,4,A MC33071,2,4,A

PIN CONNECTIONS

CASE 626/CASE 751 CASE 646/CASE 751A/CASE 948G
\_/
Output 1 [T} 4] Output 4
13
Inputs 1 {EDJ l.‘<pg } Inputs 4
[z 12
Ve [4] 1) Vee
B2 3479
Inputs Z{Ej>-] l—ﬂtg } Inputs 3
Output 2 [7] 8] Output 3
(Quad, Top View)
(Dual, Top View)
0 0 o)
Ld MJ VJ o
Q3 Q4 ~al Q5 ~| Q6 Q7 J«”
& A A N N\,
Q1
& R2 I\A
ik 4 D2y a8
Bias
R6 | R7
i a—— Q8 Q9 Q10 an —AAA Output
Inputs ¢ R8
‘o C2 D3
ol Q19
Base Qi3 Qi4 Q15 Q16
Current
Cancellation Qi2
A\ ; I\/A Current
D1 g Limit
R5
R3 ’—_% R4
: o)
! Vedlond
Offset Null

(MC33071, MC34071 only)

Figure 1. Representative Schematic Diagram
(Each Amplifier)

MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltage (from Vgg to Vee) Vs +44 \
Input Differential Voltage Range ViDr Note 1 \%
Input Voltage Range VIR Note 1 \%
Output Short Circuit Duration (Note 2) tsc Indefinite sec
Operating Junction Temperature Ty +150 °C
Storage Temperature Range Tstg —60 to +150 °C

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




MC34071,2,4,A MC33071,2,4,A

ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Vgg = —15 V, Ry = connected to ground, unless otherwise noted. See Note 3 for
Ta = Tiow 10 Thign)

A Suffix Non-Suffix
Characteristics Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage (Rg = 100 Q, Ve =0V, Vo =0V) Vio _ mvV
Vec = +15V, Vgg = =15V, Ta = +25°C - 0.5 3.0 _ 1.0 5.0
Vec =+5.0V,Vgg =0V, Ta = +25°C _ 0.5 3.0 _ 15 5.0
Vee=+15V, VEg =-15V, TA = Tiow to Thigh - 5.0 - 7.0
Average Temperature Coefficient of Input Offset AV|o/AT - 10 - - 10 - uviec
Voltage
Rs=10Q,Veu=0V,Vo=0V,
Ta = Tiow t0 Thign
Input Bias Current Ve =0V, Vo =0V) ) nA
Ta = +25°C - 100 500 - 100 500
Ta = Tiow tO Thigh - - 700 - - 700
Input Offset Current (Vem =0V, Vo = 0V) o nA
Ta = +25°C = 6.0 50 - 6.0 75
TA = Tlow to Thgh - = 300 - = 300
Input Common Mode Voltage Range Vicr \
Ta = +25°C VEg to (Vcc-1.8) Vgg to (Ve —-1.8)
Ta = Tiow to Thigh VEe to (Vee—2.2) VEe to (Vec-2.2)
Large Signal Voltage Gain (Vo =10V, R_ = 2.0 kQ) AvoL VimV
Tp = +25°C 50 100 - 25 100 -
Ta = Tiow t0 Thigh 25 5 - 20 . -
Output Voltage Swing (Vip = +1.0 V) Vou v
Vee =+5.0V,Vege =0V, R = 2.0kQ, Ta = +25°C 37 40 - 37 4.0 -
Ve =+15V, Vgg = -15 V, R = 10 kQ, Tp = +25°C 13.6 14 - 13.6 14 -
Vec =+15V, Vge =-15V, R = 2.0kQ, 134 - - 134 - -
TA = T|ow to Th'lgh
Ve =+5.0V,VEg =0V, R = 20 kQ, Ty = +25°C VoL X 0.1 0.3 - 0.1 0.3 \
Vee=+15V Vgg =-15V, R = 10 kQ, Tp = +25°C 0 -14.7 | -143 - -14.7 | -143
Vee=+15V, Vgg = -15V, R = 2.0 kQ, o - -13.5 - - -13.5
Ta = Tiow 10 Thign
Output Short Circuit Current (Vip = 1.0V, Vo =0V, Isc mA
TA = 25°C)
Source 10 30 - 10 30 -
Sink 20 30 - 20 30 -
Common Mode Rejection CMR 80 97 - 70 97 - dB
Rs <10 kQ, Voy = Vicr: Ta = 25°C
Power Supply Rejection (Rs = 100 Q) PSR 80 97 - 70 97 - dB
Veo/VEe = +16.5 V/-16.5V to +13.5 V/-13.5V,
Ta =25°C
Power Supply Current (Per Amplifier, No Load) Ip mA
Vee=+5.0V, Vg =0V, Vg = +2.5V, Ty = +25°C - 1.6 20 - 1.6 20
Vec=+15V, Veg = =15V, Vg = 0V, Tp = +25°C - 19 25 - 19 25
Vee=+15V, Vg =15V, Vg = 0V, L] - 28 = - 238
Ta= Tiow tO Thigh
3. Tiow = —40°C for MC33071, 2, 4, /A Thign = +85°Cfor MC33071, 2,4, /A
= 0°C for MC34071, 2, 4, /A = +70°C for MC34071, 2, 4, /A

—40°C for MC34072, 4/V +125°C for MC34072, 4/V

3



MC34071,2,4,A MC33071,2,4,A

AC ELECTRICAL CHARACTERISTICS (V¢ = +15V, Vgg = —15 V, R, = connected to ground. T = +25°C, unless otherwise noted.)

A Suffix Non-Suffix
Characteristics Symbol | Min | Typ | Max | Min | Typ | Max | Unit

Slew Rate (Vin =-10 Vto +10 V, R = 2.0 kQ, C_ = 500 pF) SR Vips
Ay=+1.0 8.0 10 - 8.0 10 =
Ay=-1.0 - 13 - - 13 -

Setting Time (10 V Step, Ay = -1.0) ts us
To 0.1% (+1/2 LSB of 9-Bits) - 1.1 - - 1.1 -
To 0.01% (+1/2 LSB of 12-Bits) - 22 - - 22 -

Gain Bandwidth Product (f = 100 kHz) GBW 35 45 - 35 45 - MHz

Power Bandwidth BW - 160 - - 160 - kHz
Ay =+1.0,R = 2.0kQ, Vo =20 Vpp, THD =5.0%

Phase margin fn Deg
RL=2.0kQ - 60 - - 60 -
RL =2.0kQ, C_ = 300 pF - 40 - - 40 -

Gain Margin Am dB
Ry =2.0kQ - 12 - - 12 -
RL =2.0kQ, C_ =300 pF - 4.0 - - 4.0 -

Equivalent Input Noise Voltage en - 32 - - 32 - nV/VHz
Rs=100Q, f=1.0 kHz

Equivalent Input Noise Current in - 0.22 - - 0.22 - pAVHz
f=1.0kHz

Differential Input Resistance Rin - 150 - - 150 - MQ
VCM =0V

Differential Input Capacitance Cih - 25 - — wl:d - pF
VCM =0V

Total Harmonic Distortion THD - 0.02 - - 0.02 - %
Ay=+10, R = 2.0k, 2.0 Vp, < Vo <20 Vpp,, £ =10 kHz

Channel Separation (f = 10 kHz) - - 120 - - 120 - dB

Open Loop Output Impedance (f = 1.0 MHz) |Zo| - 30 - - 30 - w

Single Supply Split Supplies

30VioasV VocHVegl<ts v

—i|r
Vee % Voe

e ek
> emmppon
g:E>——o = | g:E>——o
g_—_E>—-0 Vee = g:E>—-O

Figure 2. Power Supply Configurations

Vee

Offset nulling range is approximately 80 mV witha 10k
potentiometer (MC33071, MC34071 only).

Figure 3. Offset Null Circuit

4
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1600

1200

800

400

P, MAXIMUM POWER DISSIPATION (mW)

Ve -08

Voo -16

Voc-24

Veg +0.01

Vee

-55

0.8

I, INPUT BIAS CURRENT (NORMALIZED)

0.6

MC34071,2,4,A MC33071,2,4,A

I X
/ /1

SO-14 Pkg 8 & 14 Pin Plastic

/4
/

/]
/

S

Pkg q

]

0
-55 -40

-20 0 20 40 60 80 100 120 140 160

Ta, AMBIENT TEMPERATURE (°C)

Figure 4. Maximum Power Dissipation versus
Temperature for Package Types

L) |

Voe —t VooVee = +1.5V/-1.5V 0422 V/-22V/

|
\

0 25 50 75 125

Ta, AMBIENT TEMPERATURE (°C)

-25 100

Figure 6. Input Common Mode Voltage
Range versus Temperature

Vo= 415V _]
Veg=-15V
Ta=25°C

AR AP RN R

-12 -8.0 -4.0 0 4.0 8.0 12

Vic, INPUT COMMON MODE VOLTAGE (V)

Figure 8. Normalized Input Bias Current versus
Input Common Mode Voltage

Vi, INPUT OFFSET VOLTAGE (mV)

VICR . INPUT COMMON MODE VOLTAGE RANGE (V)
g, INPUT BIAS CURRENT (NORMALIZED)

Vo, OUTPUT VOLTAGE SWING (Vpp)

T
40 Veg=+15V _|
Vge=-15V
— Veu=0 ]
2.0 =
-20 ]
-40
-55 -25 0 25 50 75 100 125
Ta, AMBIENT TEMPERATURE (°C)
Figure 5. Input Offset Voltage versus
Temperature for Representative Units
1.3 I
Veg= +15V
1.2 \\ Veg=-15V  —
\ Vew=0
1.1 N
1.0
3o \\\
0.7
-55 -25 0 25 50 75 100 125
Ta, AMBIENT TEMPERATURE (°C)
Figure 7. Normalized Input Bias Current
versus Temperature
50 T T T
| Ry Connected
s to Ground Ty =25°C VA
A
-
30
R_ =10k RL=2.0k
20 — /
10 7
e
o7
0 5.0 10 15 20 25

Vee, IVeg), SUPPLY VOLTAGE (V)

Figure 9. Split Supply Output Voltage
Swing versus Supply Voltage
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MC34071,2,4,A MC33071,2,4,A

g

T T T T T VCC
s M1 veoVee-+50vi-s0vis2vi2v |2 vee [f
o} Vec T~ Tp=25°C 5] )
= Ver -1 0PN £ Vge-20 :
5 Yoo IS — | g, A Vo= +15V
> Source ——] > 7 R, =Gnd I
S V20 | =~ 5 vge-40 . Ta=25C I
/—\A,_L\ —1 1 — = S T s U (L]
5 e —_— g T T~ T T T TT— D E—
& Vee+20 S 0.2
5 —_5
= // [
2 Veg +1.0 Sink/, 3 0.1 ——
= | Vee > — Gnd
© / ©
> Vg = 0 ¥l
5.0 10 15 20 100 1.0k 10k 100k
I, LOAD CURRENT (tmA) Ry, LOAD RESISTANCE TO GROUND ()
Figure 10. Single Supply Output Saturation Figure 11. Split Supply Output Saturation
9 PP
versus Load Resistance to Vgg versus Load Current
0 60
; T
cc Li/
5 04 A =2 Sink
S ) =Y D
3 & 40 \\
E -08 o
e N 3 % Sl \‘
s TN TIN5 SN
5 ’ \ Veg=+15V % 20 \
2 RutoVee  HH <] Veo=+15V
5 10 N Ta=25°C Pl S Vcc=f15v
e i ™ =10 AL<0.10
3 ¥ | T~ ~l_] . AVip=1.0V
100 1.0k 10k 100 k -55 -25 0 25 50 75 100 125
Ry, LOAD RESISTANCE TO V¢ () Ta, AMBIENT TEMPERATURE (°C)
Figure 12. Single Supply Output Saturation Figure 13. Output Short Circuit Current
p
versus Load Resistance to Ground versus Temperature
50 LI LERLBLBLRRLL
Vog =118V 3 T
[ Vge=-15V = \ Veg=+15V | |
—- EE g 2 \ Vee=-15V
G 40 Veu=0 ,f“ = EE*= T
w Vo=0 » o \ PV =+1.0
W Vo S Z 2 RL=20k T |
z Alo =+0.5mA LT [ = \ | =2 I
Z a0l 70 » THD< 1.0%
g A=25°C == w16 o T—
: L] L A a Ta=25°C
= Y /[ [ J 5.1
= / / / E N
3 [} Ay=1000 —f° Ay = 100 [ Ay = 10 A=10 > 80 N
A y /
S ¢ Ii'g T e 3 40
L o S 1
0 L 1 1 L1 > 0 \‘Q
1.0k 10k 100 1.0M 10M 3.0k 10k 30k 100k 300k 10M 3.0M
{, FREQUENCY (Hz) f, FREQUENCY (Hz)
Figure 14. Output Impedance Figure 15. Output Voltage Swing
versus Frequency versus Frequency
................................................................................................ h'ft-;;{l-}aﬁéeml.com
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MC34071,2,4,A MC33071,2,4,A

g | g L
= = cc= + ]
3 &= 1000 é Vee=-15V
: o 5 w0 a0 g
2] Veg= +15V g
e Vgg=-15V o
Z V=20V, Z 20
2 be RL=20k" %
Ta=25°C  — Ay=100
< _ A \V
2 il oL
= o1 } £ 10 Ay=10
< Ay=10 2 ‘ d L
=) - =1 7y =1
10 100 1.0k 10k 100 k 0 4.0 8.0 12 16 20
f, FREQUENCY (Hz) Vo, OUTPUT VOLTAGE SWING (Vpo)
Figure 16. Total Harmonic Distortion Figure 17. Total Harmonic Distortion
versus Frequency versus Output Voltage Swing
116 100
= o —~
g | N\ 22275 :
Z 112_Vcc= +15V / Z 80 N \ 7}
3 Vee=-15V 3 G ]
w EE i N, Gain . w
e — Vo=-10Vio+10V 74 g \PhaSe \ @
5 108}— RL=10k / 5 60 . =)
<] < 10Hz P 2 N Phase |
2 1o I 8w AN NN
= . = | V= +15V . 1358
& a Veg=-15V N\ 3]
Cj_‘wo ' Zzo-vc,:ov AV \ &
o) o) | RL=20k N 180 5
e 9 & 0 LY 5/ AN
-55 -25 0 25 50 75 100 125 1.0 10 100 1.0k 10k 100k 1.0M 10M 100M
Ta, AMBIENT TEMPERATURE (°C) f, FREQUENCY (Hz)
Figure 18. Open Loop Voltage Gain Figure 19. Open Loop Voltage Gain and
versus Temperature Phase versus Frequency
o
Vg 3 1.15
) T T T 11T :
R Phase w0 = Vee = [
Z o> =k L Margin-60° S 11 Vee=-15V
—] ~ 9 = EE 5
s . Gain 2100 B Ci5 \ R =2.0k
o S Magin=12d8_| % 3 N
< 0 o 1.05
5 2 o N
o ~ 140 & I
> NN = o
a -10 AN g 10
<] 1. Phase R = 2.0 k NN 150 2V & \
3 |2 PheseR =20k C =300pF Y T\x N £ = N
% -20(3.GainR =20k TN N 8 2 0% =
S 4.Gain R = 2.0k, C =300 pF N 180w 3 \
5 30| Veg=+15V \ N 8 zZ 9
8 Vee=15V 2 \ \ 5 é ’ N
< |Vo=ov n=25¢ T\ v - \
4020 Lid Z 085
1.0 20 30 50 70 10 20 30 o -55 -25 0 25 50 7% 100 125
f, FREQUENCY (MHz) Ta, AMBIENT TEMPERATURE (°C)
Figure 20. Open Loop Voltage Gain and Figure 21. Normalized Gain Bandwidth
Phase versus Frequency Product versus Temperature
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MC34071,2,4, A MC33071,2,4,A

10T T T TTTTm o T TITTT
I~ Veo= #15V 72y 60 Veo = +15V
g0 | Vee=-15V 1 & =L Veg=-15V
5 R_ =20k L] 5 5 TN Ay=410
2  [FVp=-10Vio+10V o ~ RL=2.0kto »
2 gl Ta=25%C o z . N Vo=-10V10+10V
= il g N Ta=25°C I
o
A = 30 N
= w
v} L7 H \
2 /] <
] % z % ]
20 A = S~
I'd & 10
L+
e 0
10 100 1.0k 10k 10 100 1.0k 10 k
CL, LOAD CAPACITANCE (pF) CL, LOAD CAPACITANCE (pF)
Figure 22. Percent Overshoot versus Figure 23. Phase Margin versus
Load Capacitance Load Capacitance
14
T T f?
12 N~ Veo= 15V 7 -
— N Veg=-15V i I~ P e
5 10 N Ay=+10 & 60 C_ =100 pF
= \\ Ry=2.0kto a [ I
S o N Vo=-10Vio+10V =
< Tp=25°C 1 S Vo= +15V
= E Vegg=-15V 7]
Z 60 = 3
5 : \ w 'bV =+1.0
: N J 2 = RL=20kto |
< Sy 5> A ~ CL=1,000 pF— Vp = 10V 10 +10V.]
" L~ = o —t-
20 o oINS & G, = 10,000 pF
0 0 I l
10 100 1.0k 10k -55 =25 0 25 50 75 100 125
Cy, LOAD CAPACITANCE (pF) Tp, AMBIENT TEMPERATURE (°C)
Figure 24. Gain Margin versus Load Capacitance Figure 25. Phase Margin versus Temperature
16 T T 12 mm
Vog= +15V i 10 ‘ 60 &
= Cp=10pF - L] N0 w
g 12—"—VEE= -15V B 2] 8ol 1 Bemme? 50 8
= Ay=+1.0 = Ry Vo N N =}
() — = o 1G]
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=Z ~ Z 4.0} N 30 =
3 ~. S " veo= 415V X %
£ . 1000\F G, = 10,000 pF c 20k ‘égEjR“fg’ L 0=
] =1, =Ry +Ry h .
8 p \\_‘ < ; Ay=+100 ase | N b eE
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0 111w o1y 0
-55 -25 0 25 50 75 100 125 1.0 10 100 1.0k 10k 100k
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Figure 26. Gain Margin versus Temperature Figure 27. Phase Margin and Gain Margin

versus Differential Source Resistance
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SR, SLEW RATE (NORMALIZED)

50 mV/DIV

CMR, COMMON MODE REJECTION (dB)

MC34071,2,4,A MC33071,2,4,A

1.15 I ,
Vcc: +5V
1.1 Veg=-15V ]
Ay=+1.0
RL=2.0k
105 ] CL=500pF
10 I~
05 = \
09 P,
0.85
-55 -25 0 25 50 % 100 125

Ta, AMBIENT TEMPERATURE (°C)

Figure 28. Normalized Slew Rate
versus Temperature

8
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Figure 30. Small Signal Translent Response
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Figure 32. Common Mode Rejection
versus Frequency

A Vo, OUTPUT VOLTAGE SWING FROM OV (V)

PSR, POWER SUPPLY REJECTION (dB)
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Figure 29. Output Settling Time
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Figure 31. Large Signal Transient Response
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Figure 33. Power Supply Rejection
versus Frequency
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MC34071,2,4, A MC33071,2,4,A
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Figure 34. Supply Current versus
Supply Voltage
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Figure 36. Channel Separation versus Frequency
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Figure 35. Power Supply Rejection
versus Temperature
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Figure 37. Input Noise versus Frequency

APPLICATIONS INFORMATION
CIRCUIT DESCRIPTION/PERFORMANCE FEATURES

Although the bandwidth, slew rate, and settling time of the
MC34071 amplifier 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 Vg potential, single supply operation is
feasible to as low as 3.0 V with the common mode input
voltage at ground potential.

The input stage also allows differential input voltages up
to +44 V, provided the maximum input voltage range is not
exceeded. Specifically, the input voltages must range
between VEg and Ve supply voltages as shown by the
maximum rating table. In practice, although not
recommended, the input voltages can exceed the Vee
voltage by approximately 3.0 V and decrease below the Vgg
voltage by 0.3 V without causing product damage, although
output phase reversal may occur. It is also possible to source

up to approximately 5.0 mA of current from Vgg through
either inputs clamping diode without damage or latching,
although phase reversal may again occur.

If one or both inputs exceed the upper common mode
voltage limit, the amplifier output is readily predictable and
may be in a low or high state depending on the existing input
bias conditions.

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), better
frequency response for a given input source resistance 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

10
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values of feedback resistances (lower current DACs). This
input pole can be compensated for by creating a feedback
zero with a capacitance across the feedback resistance, if
necessary, to reduce overshoot. For 2.0 kQ of feedback
resistance, the MC34071 series can settle to within 1/2 LSB
of 8 bits in 1.0 ps, and within 1/2 LSB of 12-bitsin 2.2 pus
for a 10 V step. In a inverting unity gain fast settling
configuration, the symmetrical slew rate is £13 V/us. In the
classic noninverting unity gain configuration, the output
positive slew rate is +10 V/us, and the corresponding
negative slew rate will exceed the positive slew rate as a
function of the fall time of the input waveform.

Since the bipolar input device matching characteristics
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 frequency performance
characteristics. This combination 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 circuit schematic, offers unique advantages over
the more conventional NPN/PNP transistor Class AB output
stage. A 10 k2 load resistance can swing within 1.0 V-of the
positive rail (Vcc), and within 0.3 V of the negative rail
(VEgE), providing a 28.7 Vp, swing from £15 V supplies.
This large output swing becomes most noticeable at lower
supply voltages.

The positive swing is limited by the saturation voltage of
the current source transistor Q7, and Vg of the NPN pull up
transistor Q7, 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 Qj, the
voltage drop It Rg, and the voltage drop associated with
resistance Ry, where I 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 across Rg, thus limiting the
negative swing to the saturation voltage of Q;e, plus the
forward diode drop of D3 (=Vgg +1.0 V). Thus fora 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 Ve instead of
ground for single supply applications, the maximum
possible output swing can be achieved for a given supply
voltage. For light load currents, the load resistance will pull
the output to Vcc 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 a 20 mA

 htp:

minimum current sink capability, typically to an output
voltage of (Vgg +1.8 V). In single supply applications the
output can directly source 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 Q typ
@ 1.0 MHz) allows capacitive drive capability from 0 pF 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 characteristics of the MC34071 series also
allow excellent high frequency active filter capability,
especially for low voltage single supply applications.

Although the single supply specifications is defined at
5.0V, these amplifiers are functional to 3.0 V @ 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 with most high frequency amplifiers, proper lead
dress, component placement, and PC board layout should be
exercised for optimum frequency performance. 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 frequency 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 conditions, it is important not to allow the device to
exceed the maximum junction temperature rating. Typically
for £15 V supplies, any one output can be shorted
continuously to ground without exceeding the maximum
temperature rating.
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(Typical Single Supply Applications V¢c = 5.0 V)

Vo
0 3.7 Ve

T

Measor r——i

100k Tk
———A——
S RL
iLOK Ay =101

BW(-3.0dB)=45kHz =

Figure 38. AC Coupled Noninverting Amplifier

T 91k
51k
R

100k MC34071 —0 V,
1.0M
AN
L Vin NP

= = i BW (-3.0 dB) = 450 kHz

Figure 40. DC Coupled Inverting Amplifier
Maximum Output Swing

Vin2 0.2 Vdc
Vo
R R O
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c
001
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i
L) )_J fo= zrc
ZOC 20C
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Figure 42. Active High-Q Notch Filter

l

Vcc 0 —QU" 3.7 Vp
100k
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Ay =10 BW (-3.0 dB) = 450 kHz

Figure 39. AC Coupled Inverting Amplifier

25V
0 ﬂ 010 10,000 pF
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3 Cable TTLGate
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Figure 41. Unity Gain Buffer TTL Driver

Vin 7
¢ MC34071 —0O Vo
0.047 + Vee
fo =30 kHz
L Ho=10
= 0.4Vee Ho=1.0

Given f, = Center Frequency
Ag = Gain at Center Frequency
Choose Value f,, Q, Ay, C

Then;
R3= a H1=E R2= il B
m,C 2H, 4Q2R1-R3

Qof
For less than 10% error from operational amplifier GTDVOV <01

where f, and GBW are expressed in Hz.
GBW = 4.5 MHz Typ.

Figure 43. Active Bandpass Filter
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Figure 44. Low Voltage Fast D/A Converter Figure 45. High Speed Low Voltage Comparator

Vee
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o Vin <V,
in < Vref
AT Ve
0
Vip O—— + Ru
MC3407,
N TO 3
= V¢
I o
— o ‘ON .
Vin > Vret L =
17 £
L (A) PNP (B) NPN
Figure 46. LED Driver Figure 47. Transistor Driver
ILoad
Rr
+
MC3407 O v,
Ground Current Rs - | .
i Cell
Sense Resistor Ri —o0 Vo
—AANA—
R2 _ ARi =
| i VO‘!LDadRS <1+ R2>
) ) For Vg > 0.1V -
B3 Veey=0V Vo= ear R
o - 0= lcei RF
BW{ -8 4]~ Caw < R1+R2 ) Vo>01V

Figure 48. AC/DC Ground Current Monitor Figure 49. Photovoltaic Cell Amplifier
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Vo Hysteresis
Z DN
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Vid R Vo [~ 7T ll
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R1
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VirtVio
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V= Ry;p Vou-Vou o= —¢
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Figure 50. Low Input Voltage Comparator

Figure 51. High Compliance Voltage to
with Hysteresis

Sink Current Converter

R1 R2
R4 +Viet
= Re
R3 AAA-
Vo
+V10 O VO
-‘—0
V20—
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Rt ~ R3 ARRE
_ R4 vy R4 Vo = Vet
Vo=1 (+ R3)<V2V1 R n P 2R2
For (V2>V1),V>0 Re>>R = Vo201V)
Figure 52. High Input Impedance Figure 53. Bridge Current Amplifier
Differential Amplifier
fosc . _(.)15
RC 'y *Alg +
7 sc
0 > t
Vin A’
=4 Vo= Vin (1K - Base Chage
MC34071 —0 BSmaT]
+
RL Vp 7~ 10,000 pF
vV, Pulse Width =
Vin P U Contro! Group
A
Ve
; ; 0sC Comparator High Current
e Output
Figure 54. Low Voltage Peak Detector Figure 55. High Frequency Pulse
Width Modulation
.................................. http:/lonsemi.com

14



MC34071,2,4,A MC33071,2,4,A

GENERAL ADDITIONAL APPLICATIONS INFORMATION Vg = +15.0 V

Y
71 C2
0.02
— NN—H

R2
R1 R3 5.6k
560 510

O—AMA AN -
MC34071 —0

fo =1.0 kHz

T [
= Choose: f,, Ho, C2

Then: C1 =202 (Hy+1)

v2 R2 R

R2- -
2= ce A= Fos By

Figure 56. Second Order Low-Pass Active Filter

Ce*

F
Bl VomioV
I Re l Step
20k
MC33071 —0 Vg
+
1| (12 L
= Uncompensated B Ay
0.1/21SB (8-Bits)
" =22us
High Speed s
DAC Compensated 9 1 1/21L58 (12-Bis)
*Optional Compensation SR= 13 Vips

Figure 58. Fast Settling Inverter

MC34071 O Vo
Vin
R2
MA RL§
0 ( R2
==z (1F = L
= = Vig * R1 J:

A1
BW (-3.0 dB) = GBW[ = +R2J

Figure 60. Basic Noninverting Ampilifier

—O
fy =100 Hz
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- Ho#05
Choose: f,, Ho, C1 Then:Ri= ———

m,C1 /2

2

® 2myC1 (1/Hqt2)
c

2= —
C2= i

R2

Figure 57. Second Order High—Pass Active Filter
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) AL
Vin R2 =
A\A/
T Vo Re (R
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Figure 59. Basic Inverting Amplifier
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B

BW, = 200 kHz
Voo20V,
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Figure 61. Unity Gain Buffer (Ay = +1.0)
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=4 R R
MC34074 —— AN~ M
R
2'A%A% _
§ Re MC34074 ——0 Vv,
R +
AMA
“Mcuw R Example:
b ——A—F Let: R=Rg =12k R
Then: Ay=3.0 A= [1+2—]
BW=15MHz Re

1A

Figure 62. High Impedance Differential Amplifier
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By,
‘ AL
R v v b—ﬁ}——“ p 10
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Figure 63. Dual Voltage Doubler
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ORDERING INFORMATION

Op Amp Operating
Function Device Temperature Range Package Shipping

Single MC34071P, MC34071AP DIP-8 50 Units / Rail
MC34071D, MC34071AD Ta = 0°to +70°C SO-8 98 Units / Rail
MC34071DR2, MC34071ADR2 SO-8/ Tape & Reel 2500 Units / Tape & Reel
MC33071P, MC33071AP DIP-8 50 Units / Rail
MC33071D, MC33071AD Ta = —40° to +85°C SO-8 98 Units / Rail
MC33071DR2, MC33071ADR2 SO-8/ Tape & Reel 2500 Units / Tape & Reel

Dual MC34072P, MC34072AP DIP-8 50 Units / Rail
MC34072D, MC34072AD Ta = 0°to +70°C SO-8 98 Units / Rail
MC34072DR2, MC34072ADR2 SO-8/ Tape & Reel 2500 Units / Tape & Reel
MC33072P, MC33072AP DIP-8 50 Units / Rail
MC33072D, MC33072AD Ta = —40° to +85°C SO-8 98 Units / Rail
MC33072DR2, MC33072ADR2 SO-8/ Tape & Reel 2500 Units / Tape & Resl
MC34072VD SO-8 98 Units / Rail
MC34072VDR2 Ta = —40° to +125°C SO-8/ Tape & Reel 2500 Units / Tape & Reel
MC34072VP DIP-8 50 Units / Rail

Quad MC34074P, MC34074AP DIP-14 25 Units / Rail
MC34074D, MC34074AD Ta = 0°to +70°C SO-14 55 Units / Rail
MC34074DR2, MC34074ADR2 SO-14 / Tape & Reel 2500 Units / Tape & Reel
MC33074P, MC33074AP DIP-14 25 Units / Rail
MC33074D, MC33074AD SO-14 55 Units / Rail
MC33074DR2, MC33074ADR2 Tp = —40°to +85°C SO-14/ Tape & Reel 2500 Units / Tape & Reel
MC33074DTB, MC33074ADTB TSSOP-14 96 Units / Rail
MC33074DTBR2, MC33074ADTBR2 TSSOP-14 / Tape & Reel | 2500 Units / Tape & Reel
MC34074VD SO-14 55 Units / Rail
MC34074VDR2 Ta = —40°to +125°C SO-14/ Tape & Reel 2500 Units / Tape & Reel
MC34074VP DIP-14 25 Units / Rail

http:llonsenﬁlcom
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MARKING DIAGRAMS

PDIP-8
P SUFFIX
CASE 626
88 A A S A AA ©SHAA SHAAA BAA AN
MC3x071P MC3x071AP MC3x072P MC3x072AP MC34072VP
AWL AWL AWL AWL AWL
o YYWW o YYWW o YYWW o YYWW o YYWW
«F 888 HFEH 800 88060 HFEHEE
SO-8
D SUFFIX
CASE 751
SHAAA SR A AA 8 A AA SHAAA 8HA A
3x071 3x071 3x072 3x072 3x072
o ALYW o ALYWA o ALYW oALYWA o ALYWV
«HHEH TRER 18 H HH VIR «HHHH
PDIP-14
P SUFFIX
CASE 646
14 14 14
MC3x074P MC3x074AP MC34074VP
o AWLYYWW o AWLYYWW o AWLYYWW
1 1 1
SO-14 TSSOP-14
D SUFFIX DTB SUFFIX
CASE 751A CASE 948G
14 14 14 14 14
AAAAAR ARAAAR
MC3x074D MC3x074AD MC34074VD MC33 MC33
o AWLYWW o AWLYWW o AWLYWW 074 074A
ALYW ALYW
1 1 1 TEHOE LR ELL
1 1
X =3or4
A = Assembly Location
WL, L = WaferLot
YY,Y = Year

WW, W = Work Week

O NS S 5P A B R
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PACKAGE DIMENSIONS

PDIP-8
P SUFFIX
CASE 626-05
ISSUE L
NOTES:
I‘L I‘n'l rn1 |J] 1. DIMENSION L TO CENTER OF LEAD WHEN
FORMED PARALLEL.
s 5 2. PACKAGE CONTOUR OPTIONAL (ROUND OR
ﬁﬁ&mﬁﬁ'Tmcm PERANS!
3
D [-B-] Y14.5M, 1982.

MILLIMETERS INCHES
MIN | MAX | MIN | MAX
. 10.16 | 0370 | 0.400
610 | 660 | 0240 [ 0.260
394 | 4. 0.155 | 0.175
038 | 051 ] 0015 | 0.020
1.02 | 1.78 | 0.040 [ 0.070
254 0.100
076 | 1.27 | 0.030 [ 0.050
020 | 030 | 0008 | 0.01
262 | 343 | 0415 [ 0135
7.62BSC 0.300 BSC
— | 10°
076 | 101 | 0.030 [ 0.040

NOTE 2

+=]
Ter
ik.
z|= [~ |x||x|o[n .;w»[%
3

1

—>”<—D LK M-

&
[6]20.13 0.6/ ®[T[A @[ @)

SO-8
D SUFFIX
CASE 751-07
ISSUE W

< » NOTES:
A 1. DIMENSIONING AND TOLERANCING PER ANSI
H—H—H—H- Y14.5M, 1982,
2. CONTROLLING DIMENSION: MILUMETER.
3. DIMENSION A AND B DO NOT INCLUDE MOLD
PROTRUSION.
2 ' 4. MAXIMUM MOLD PROTRUSION 0.15 (0.006) PER

S [&] 025 0010@] Y @] SIDE.

1 5. DIMENSION D DOES NOT INCLUDE DAMBAR

3 PROTRUSION. ALLOWABLE DAMBAR
= h K _,,/_\_L_ PROTRUSION SHALL BE 0.127 (0.005) TOTALIN
_t_H_H EXCESS OF THE D DIMENSION AT MAXIMUM
MATERIAL CONDITION.

_’l G I‘_ MILLIMETERS INCHES
N P MN | MAX | MIN | mAX
- | '/_ SEATia 4-’ r—

480 | 500 | 0.189 | 0.197
LANE hY
f P |>]0.10(0.004) E \/%
H D M

[— 0 —>
L
v

lé

>
]
N

1.35 1. 0.053 | 0.069
0.33 0.51 ] 0.013 | 0.020
1.27BSC 0.050 BSC
0.25 | 0.004 | 0.010
019 | 025 | 0.007 | 0010
0.40 1.27 | 0.016 | 0.050
0° 8° 0° 8°
0.25 0.50 | 0.010 | 0.020
5.80 6.20 | 0.228 | 0.244

.00 | 0150 [ 0157
J

n|z|Z|x|-|z|o|olo|xol>
2
=3

[&]0250010® [7] YO[ xB]

..................... AL L L N S P i R SRR
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PACKAGE DIMENSIONS
PDIP-14
P SUFFIX
CASE 646-06
ISSUE M
NOTES: o "
1. DIMENSIONING AND TOLERANCING PER ANSI
... W Divaioun
" ] f 2. CONTROLLING DIMENSION: INCH.
3. DIMENSION L TO CENTER OF LEADS WHEN
B FORMED PARALLEL.
@) * 4. DIMENSION B DOES NOT INCLUDE MOLD FLASH.
1 5. ROUNDED CORNERS OPTIONAL
YYYVYYY
INCHES | MILLIMETERS
A | DIM[MIN | MAX | MIN | MAX
A | 0715 [ 0770 | 18.16 | 1880
_.Fk_ L B | 0240 | 0250 | 610 | 6.0
Cc 0.145 | 0.185 3.69 4.89
T \ & 2 0.015 | 0 1 0.53
0.040 | 0070 | 102 | 178
N ¥ L{H c 6 | o0BsC 254BSC
!E H | 0052 | 0005 | 132 | 241
[=1= ) ] J | 0.008 | 0015 | 020 | 0.8
SEATING Y K| 015 | 0135 | 202 | 343
L [ 0.200 | 0310 | 737 | 7.87
PRAE _.]L_ ~-K J""//-— T — | 10°] - | 10°
—>=H G [ D14pL M N [ 0015 [ 0039 ] 038 | 1.01

[05008]@]

SO-14
D SUFFIX
CASE 751A-03
ISSUE F
NOTES:
1. DIMENSIONING AND TOLERANCING PER ANS!
Y14.5M, 1982

2, CONTROLLING DIMENSION: MILLIMETER.
T 2. DIMENSIONS A AND B DO NOT INCLUDE

MOLD PROTRUSION.
4, MAXIMUM MOLD PROTRUSION 0.15 (0.006)
g PER SIDE.
[=B-] p7mL 5. DIMENSION D DOES NOT INCLUDE DAMBAR

PROTRUSION. ALLOWABLE DAMBAR
l @I 0.25(0.010) @I B® l PROTRUSION SHALL BE 0.127 (nms; TOTAL

IN EXCESS OF THE D DIMENSION AT
MAXIMUM MATERIAL CONDITION.

_J L- MILLIMETERS | INCHES

Rx 45 ‘,‘ F MIN MIN | MAX
8. 8.75 | 0337 | 0.344

380 | 4.00 | 0.150 | 0.157

1.35 | 1.75 | 0.054 | 0.068 |
035 ] 049 | 0014 | 0.019
0.40 125 | 0.016 | 0.049
1.27 0.050BSC__ |

019 | 025 | 0.008 | 0.009 |
010 | 025 | 0.004 | 0.009
0°] 7°] o°f 7°

5.80 6.20 | 0.228 | 0.244
o.zzj [ 050 [ o010 | 0019

[-C
o\ B NS

M
[6]025 0010/@[T[B ©]AO)]

= usx'_nmuow>l§

http: lIonsemI com
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PACKAGE DIMENSIONS

TSSOP-14
DTB SUFFIX
CASE 948G-01
ISSUE O
14x K REF NOTB.
S [ TSI v i
2 =
[ 015 (0.008) T| U 0] 3. DIMENSION A DOES NOTINCLUDE MOLD FLASH,
1 ILELELE: N ey B
0.25 (0.010) (0.006) PER SIDE.

4. DIMENSION B DOES NOT INCLUDE INTERLEAD
FLASH OR PROTRUSION. INTERLEAD FLASH OR
PROTRUSION SHALL NOT EXCEED

0.25 (0.010) PER SIDE.

DIMENSION K DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.08 (0.003) TOTALIN
EXCESS OF THE K DIMENSION AT MAXIMUM

2xL12

g+l

B
=T
AN el
MATERIAL CONDITION.

DETAIL E TERMINAL NUMBERS ARE SHOWN FOR
REFERENCE ONLY.
. DIMENSION A AND B ARE TO BE DETERMINED

[2]0.150.008)] T[U O] A — K AT DATUM PLANE -W-.

22 L _71 K1 IT_ MILLIMETERS INCHES

MIN_] MAX | MIN ] MAX
J

E;; 490 | 510 [ 0193 | 0200
TI SECTION N-N

[l

o

~

4.30 4.50 | 0.169 | 0.177
— | 120 — Jom7
005 | 0.15 | 0.002 | 0.006
050 | 075 [0 0.030
0.65B5C 0.026 BSC
050 | 0,60 | 0.020 | 0.024 |
0. 1 0.004 | 0008 |
0.09 |_0.16 | 0.004

0. [0.007 | 0012

c / \«~, Fwg
JL——UE/ 19 | 0.25 | 0.007 | 0.010
6.40 BSC 0252 BSC

A
o0.10 (0.004
'—Ll:r?fﬂ‘—“l DJ T—JGL— ——I H  DETAILE L

sr-:xﬁzt—zﬁ‘ﬂaﬂwblg
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