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10. Anhang

Saue rstoff- Lam bd a-So n d e
Messung des Sauerstoffgehaltes

O Prinzip der galvanischen
Sau erstoffkonzentrationszelle
mit Festelektrolyt ermöglicht
Messung der Sauerstoff-
konzentration z.B. in einem
Abgasgemisch.
O Sonde mit stabilem und
störunempfindlichem Aus-
gangssignal fur extreme
Betriebsbedingungen.

Technische Daten / AngebotZubehör
Anschlußstecker für das Heizelement:
Steckergehäuse 1 284 485 110
Steckhülsen 1 )
SchutzkaoÞe

Anschlußstecker für die Sonde:

Bert_ellnC!n!!gI__
Einsálzbed¡ no unÕen

'l 284 477 121 _T€I0 pe ralqÞe_çlqÞ-p qçgly (! 4 g e rte m pejatu rbe rei ch)
1 250 703 001 Qe-u-er-4Þgqq!emp-e4!q,Þrl-e-10s99ç!q!!9!9r Le!zqqs-,-- -

Zulässige maximale Abgastemperatur bei eingeschalteter Heizung
1200 h kumulativ)

0 258 1 04 002

_-_4a1-r19ta
r l gQl =*_ Q!g:q

-,- .:"'
. \- t ,..Ã ' '.

Kupplungsstecker 1 224 485 018 Betriebstemperatur am Sechskant des Sondengehäuses
1 234 477 014

r sA9-"ç-
s  +  500 'C
<  +  200 'C
< + 1 5 0 " C
=< + 120 'C

Flachstecker 1)
SchutzkapÞe 1 250 703 001

Spezialfett f ür Einschraubgewinde:
Dose 1 20 q 5 964 080 112
1) 5 Stück pro Packung, 2 StÜck werden
¡eweils benötigt.

Garantieansprùche
nach den allgemeinen LieTerungsbedingun-
gen A 1 7 können nur geltend gemacht
werden, wenn als zulässige Brennstoffe
rückstandsf reie, gasf örmige KohlenwasseÊ
stoffe und leichtes Heizöl nach DIN 51603
verwendet werden.

an Kabeldurchführung
am Anschlußkabel

Anschlußstecker

Zulássige

amik-Vorderseite
Sechskant des

am Sechskant
Stochast¡sche Schwingungen - Beschleunigung max.
Sinusförmige Schwingungen - Amplilude
Sinusförmioe Schwinqunqen - Beschleunigunq

< 800 m.s-2
<  0 ,3  mm
s 300 m.s-2

Belastunosstrom max t 1 ¡ r A

Heizstrom bei 12 V im

von 130 "C auf 230 oC und einer Strömungsgeschwindigkeit
0 , 7 m . s - r b e i  À = 1 , 3 0  m a x . ^ l  + 0 , 0 1

E

68.. .3.5 mV
i n L < 250 ç)

e i t b e i  À = 1 , 3 0 = 0.65 m
aslemperatur auf Sondens¡gnal bei

be i  À  =  1 ,30 m a x . ^ À  + 0 , 0 0 9

f ür Sprungrichtung "mager" 2,0 s
für Sprungrichtung "fett' ' 1,5 s

Richtwert f úr Regelbereilschaft der Sonde nach Einschalten von
Olbrennern und Sondenheizung;
l)Gas = 220 "C; Strömungsgeschw¡ndigkeit ca. 1,8 m's-1;
I = 1 ,45; Sonde im Abgasrohr Ø 170 mm 70 s

b e i  t r = 1 , 8 0  m a x . À À  1 0 , 0 3 5

Neuwerte für  den 66%-Schal tpunkt  ¡ , -Sprung = 1,10'  '  1,30

Heizelement
Versorgungsnennspannung (vorzugsweise Wechselspannung) 12 VeÍ .

He¡zleistung r)6", = 356"6 und der Abgas-Strömungsgeschwindigkeil
von 0,7 m.s-1 bei 12 V He¡z ¡m = 1 6 W

szustand
und Sondenanschluß

Sondenausgangsspannung für  À= 1,

70
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Maßbild. Maße nach Anziehen mit l ,  = 50 N.m.
A Signalspannung, B Heizungsspannung, C Kabeltül le und -dichtungen,
D Schutzrohr, E Schutzschlauch. ws weiß, sw schwarz, g grau.

Anwendung
Heizungsanlagen
- Olbrenner. Gasbrenner, Kohlefeuerunq
Gasmotoren
iñäüËtrieõrolesse
- Verpackungseinrichtungen
- Holz- und Müllverbrennung/-vergasung
- Verfahrenstechnik
Meß- und Analvseorozesse
- Gasanalyse
- Oz-Meßkoffer

Aufbau und Funkt¡on
Der keramische Te¡l der Lambda-Sonde
(Festelektrolyt) hat die Form eines einse¡tig
geschlossenen Rohres. Die Oberfläche
der Sondenkeram¡k ist auf der lnnen- und
Außenseite mit einer m¡kroporösen Platin-
schicht (den Elektroden) versehen, die
einerseits durch katalyt¡sche Wirkung die
Sondencharakteristik entscheidend bee¡n-
flußt, andererseits zur Kontaktierung d¡ent.
Auf dem abgasse¡tigen Teil der Sonden-
keramik bef¡ndet sich über derPlatinschicht
eine festhaftende hochporöse Keramik-
schicht. Diese Schutzschicht verhindert
einen erosiven Einfluß der Rückstände im
Abgas auf die katalytisch wirkende Platin-
schicht. Dadurch erhält die Sonde eine
hohe Langzeitstabilitál.
Die Sonde ragt in den Abgasstrom und ist
so gestaltet, daß die eine Elektrode vom
Abgas umspült ist und die andere mit der
Außenluft (Atmosphäre) in Verbindung
steht. Sie mißt dabei den Restsauerstoff-
anteil im Abgas.
Die katalytische Wirkung der abgasseiti-
gen Elektrodenoberfläche verursacht
einen sprunghaften Verlauf der Sonden-
spannung im Bereich von À = 1. 1)
Die aktive Sondenkeramik (ZrOr) wird von
innen durch e¡n keramisches Heizelement
beheizt, so daß unabhängig von der Ab-
gastemperatur die Temperatur der Sonden-

t) D¡e Luftzahl Lambda (À) ist das Verhält-
nis zwischen dem tatsächlichen und einem
idealen Luf t-Brennstoff -Verhältnis.

keramik über der Funktionsgrenze von
350'C verbleibt. Das keramische Heiz-
element besitzt e¡ne PTC-Charakteristik,
was zu einer schnellen Aufheizung führt
und den Leistungsbedarf bei heißem
Abgas begrenzt.Die Anschlüsse des Heiz-
elements sind von der Sondensignal-
spannung völlig entkoppelt (/r > 30 M()).
Durch zusätzliche konstruktive Maßnah-
men wird bei der Lambda-Sonde der Kenn-
l inienverlauf im Mageren von À > 1 ,0.. .1 ,5
(für Sonderanwendungen bis À = 2,0)
stabilis¡ert:
- Verwendung eines leistungsstarken Heiz-
elements (16W),
- besondere Schutzrohrgestaltung,
- modif iziertes Elektroden/Sch utzschicht-
System.

Der besondere Aufbau ermöglicht:
- s¡chere Regelung auch be¡ niederen Ab-
gastemperaturen (2.8. bei Verbrennungs-
motoren im Leerlauf),
- flexible Einbaumöglichke¡ten unabhängig
von der externen Erwärmung,
- geringe Abhängigkeit des Funktionspara-
meters von der Abgastemperatur,
- niedere Abgaswerte durch schnelle
Sondendynamik,
- geringe Verschmutzungsgefahr, dadurch
hohe Lebensdauer,
- wassergeschütztes Sondengehäuse.

Einbauhinweis
Die Lambda-Sonde soll an einer Stelle
eihgebaut werden, die eine repräsentat¡ve
Abgaszusammensetzung bei Einhaltung
der vorgeschriebenen Temperaturgrenzen
gestattet. Die Einbaulage ist beliebig, die
Montage erfolgt durch Einschrauben mit
Anzugsmoment 50...60 N.m in ein ent-
sprechendes Gegengewinde.
Das Einschraubgewinde ist mit Spezialfett
zu schmieren.
Bei der Behandlung einer Brenneranlage
mit Farbe, Ol o.å. muB die Sonde abge-
deckl werden.

Lambda-Sonde im Abgasrohr (Prinzip).
1 Sondenkeramik, 2 Elektroden,
3 Kontakt, 4 Geháusekontakt¡erung,
5 Abgasrohr, 6 keramische Schutzsch¡chl
(porös).

Kennlinie f ür Propangasbetrieb
/  f i lanorhoroi¡h\

30

:'
oc a õ

F  ' n
Ø

I t H = 1 2 V

tto = 22O"C

r . 0  1 . 2  1 . 4  1 , 6  1 , 8  2 , 0 )

3.31 5.71 7.54 8.9810,14"/"02

800

þ ooo
l
c

* ¿oo
o
c

Ø 2oo

Kennlinie für Gesamtbereich.
1 Regelung )t = 1; 2 Magerregelung
a fettes Gem¡sch, b mageres Gemisch.

LtH = IZV
rt^ = 220"C

1 , 2  1 , 4  1 , 6  1 , 8  2 , 0

Luftzahl I

Kenngrößenerlàuterung :
Us Sondenspannung
Uu Heizspannung
r9e Abgastemperatur
)" Luftzahl 1)
Oz Sauerstoffkonzentrat¡on in 70
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Tröger fur Thermokoox - Heizungswicklung
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PDS454H

BURR.BROWN@
,.*Fè\\-y
1,,r,S/ rNAl 01

El¡:r

Very-High Accuracy
INSTRUM ENTATION AMPLI FI ER

FEATURES
o UITBA-L0W V(|ITAGE 0RIFT - 0,25pV/oG
. L0tT 0FFSET V0LTAGE - 25p.V
. LOW lú0t{Lll{EARITY - 0.002%
. Lf|W 1{0lSE - lSnV//{-z at f¡ = ll¡¡¿
. lllGll CMB - l06dB at 60Hz
. HIGH lt'|PUT |MPE0AÎ{CE - tOl0o
. LllW C0ST, T0-100, CERAMIC 0¡P Al{0 PLASTIC

PACKAGE

DESCRIPTION
The INAl0l is a high accuracy, multistage, inte-
grated-circu it ins trumentation am plifier d esigned for
signal conditioning requirements where very-high
performance is desired. All circuits, including the
interconnected laser-trimmed thin-film resistors, are
integrated on a single monolithic substrate.

APPLICATIONS
o AMPLlFlCATl0ll 0F S|GÎ{ALS

FR(IÎI Sf|UBCES SUCH AS:
Straln Gages
Thsrmocouplæ
ßT0s

o REM0TE TRAI{S0UCERS
. L(lW LEUEL S|GI{ALS
r ME0ICAL lllSTRUMEtlTATl0l{

A multiamplifier design is used to provide the highest
performance and maximum versatility with mono-
lithic construction for low cost. The input stage uses
Burr-Brown's ultra-low drift, low noise technology
to provide exceptional input characteristics.

flFFSET AllJUSI f¡FFSET Áf¡JUST

.II¡PUT
GAIII

sEf{sE I

GAI]I SET I

GAI]I SET 2
GAIX

sEilsE 2
+ ll{PUT

*VCC -UCC C0fftit0l{

M Package

+Ugg -l/6ç A2 0UTPUT

G and P Packages

Inlematlonåt Alrporl lndultrlsl Perfi . llalllng Addrers: PO Bor 1 1400 . Tuclon, AZ 85734 . Str€lt AddrGr!: 6730 S, Tucton BlYd, . Tuc¡on, AZ 85206
Tel : (602)746-111f.  Tw¡:91G952-1111. Cable:BBRCORP. Teler06f f i491.  FAX:(602)889'1510. lmmcdls leProduct ln lo:(800)548-6f32

ol98l Burr-Brown Cornoration
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SPECIFICATIONS
ELECTRICAL
At +25'c with tlSVDC power supply and ¡n circuit of Figure 2 unless otherwise noted

+ Spec¡t¡cat¡ons same as for lNA.lOlAM/AG.
NorES: (1)Typical ly thetoteralgg.gf¡gwi l lbethemaiorsourceofgain.etor- .  (2)Nont inear i ty is themaximumpeakdeviat ionfromthebeststra ight- l ¡neasapercenrageofpeak-to-peakful l  scaleoutput '  (3)Not includingü,"rõaorn. .  1+"¡eo¡u"r"ore 'ózl ìò 'ä iãïy 'onrga¡n.  (5)dJcoutputstage=113.c/w,dJcqu¡escenlc i rcui t ry=19"ç7y¡,0u= 83"C/W.

GAIN
Range of Ga¡n
Gain Equation
Error From Equalion. DC"'

Gain Temp. Coefficientr3'

G = 1 0
G = 1 0 0
G = 1000

Nonlinearily, OC''?¡

II'¡PUT OFFSET VOLTAGE
In¡tial Offset al +25oC

vs Temperatule

vs Supply
vs Time

INPUT VOLTAGE RANGE
Range, Linear Response

DC lo 60H2, G=10
' 0C to 60H2, c=100 to 1000

INPUT NO¡SE
Inpul Voltage Noise

fo=o.0lHz to 1oHz
Densiry, G=1000

lo=10H2
fo=100H2
lo=lkHz

Inpul Current Noise
fs=0.01H2 to 1oHz

Dens¡ty
lo=l0Hz
lo=100H2
fo=lkHz

DYNAMIC RESPONSE
Small Signal, t3dB Flatness

G = 1 0 0
G = 1000

Small S¡gnal. J10,6 Flatness

G - - 1 0
G = 1 0 0
G = 1000

Full Power. G=l to 100
Slew Rate, G=l lo 100

G = 1
G = 1 0 0
G = 1000

setrling T¡me (0.01o/o)
G = 1
G = 1 0 0
G = 1000

300
140
25
2.5

20
10
1

200
6.4
0.4

30
40
350

30
50
500

kHz
kHz
kHz
kHz

kHz
kHz
kHz
Hz
kHz
vhß

t/s
Æ
tis

¡rs
rrs
ts
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MECHAN¡CAL

The Information provided her€in is bel¡eved to be r€liable: however, BURR-BRowN assumes no respons¡bility for ¡naccuracies or omissions. BURR-8ROWN assumes
no responsibility for the use of this ínformation, and all us€ of such information shall be ent¡rely at the us€r's own r¡sk. Prices and specifications are sub¡€ct to change
w¡thout not¡c€. No patent rights or licenses to any of the circu¡ts described herein are implied or granted to any third party. BURR-BROWN does not authorize or
warent any BURR-BROWN product for use ¡n l¡fe support dev¡c€s and,/or systems.

M Package

Case:  -VccTO-100

BOTTOM VIEW

Leads in true pos¡t¡on w¡th¡n
0 .010"  (0 .25mm) R a t  MMC
at  seatang p lane.

P¡n numbers shown tor
reierence only.
Numbers may not be marked
on package.

o tM
I N C H E S M I L L I M E T E R S

M I N M I N

. 3 7 0 4 . 5 1 9.40

a .335 7 . 7 5

c 1 6 5 r a 5 4 1 9 1 . 7 0

D o r 6 021 o . 4 1 o 5 3

. o 1 0 .040 o . 2  5 1 . O 2

.o ro o¿o o 2 5 1 0 2

.230 EAS|C

H .o2g .o34 o . 7 l o.a6

.o29 1  7 À

K .soo t 2 . 7 0

120 . r  6 0 4.G

3 6 o  B A s t c 36'  BAstc

N 1 0 120 2 . 7 9 3-05

G Package

Leads in l rue posi t ion w¡th in
0 .01 '  ( 0 .25mm)  R  a t  MMC a t
seating plane.

Pin numbers shown loÍ  (eÍet-
ence only.  Numþers may nol
be marked on package..

DIM
INCHES M I L L I M E T E R S

M I N MAX M I N

6 7 0 7 1 0 t 7 . o 2 I  8 . 0 3

c . 065 |  7 0 r . 6 5 1 . 3 2

.o r5 .02r o.3a o.53

.95 æo t . t 4 1 . 5 2

G 1 æ  A A S T C 2.5¿ BASIC

H .o25 . o 7 0 o.64 .78

.oæ . o 1 2 o.20 o.30

2 0 2AO 3 0 5 6 . r o

L .300 BASrC 7.62 SASTC

to - ro -

N ,o(x) .æo 0 , 2 3 r .52

U Package

NOTE: Leads ¡n true posit¡on
w¡thin .010" (.25mm) R at MMC at
seating plane.

Pin numbers shown for rêf€r€ncg
only. Numbers are not marked on
package.

....-,
,tlE-\J,t'- 1  

|  , _ _ ) l

D I M

INCHES MILLIMETERS
M I N MAX M I N MAX
.400 .416 10.16 10.57
.388 .112 9.86 10..16

B .286 302 7.26 7.67
264 2AE 6  8 1

c 0s3 10s 2 3 6 2 7 7

0 1 5 o20 0.38 0.5f

.o22 03E 0.56 U

008 012 0.20 0.:
.391 .421 9.93 10.69

M 5' YP 5' TYP
N .000 .012 0.00 0.30

P Package

--l
l l B

sçTn¡çTçi t
LDcnorcsPin I

Case = -Vcc

Leads in true pos¡tion within
0.10" (0.25mm) R at MMC
at seat¡ng plane.

P¡n numbers shown for
ref€rence only.
Numbers may not be marked
on package.

DIM
INCHES MILLIMETERS

M I N

660 ,85 I  6 . 7 6 1 9 . 9 4

) 2 0 2eo 5.59

.200

. o 1 5 .o23 o.3a o.58

.030 .o70 ta

.100 BASTC 2.54 SASrC

.o30 .o9s

.o6 o r 5 o.20 o.38

t æ 2.54

300 aasrc 7.62  BASTC

r 5 o t s o

N o20 o50 o . 5 t | , 2 7

PIN CONFIGURATION

GAIN
ù E l

OUTPUT

*Vcc

_INPUT

GAIN SENSE 1

GAIN SET 1

OFFSET ADJ.

OFFSET AOJ.

COMMON

+INPUT

GAIN SENSE 2

GAIN SET 2

A2 OUTPUT

A1 OUTPUT

OUTPUT

*Vcc

_INPUT

GAIN SENSE 1

GAIN SET 1

OFFSET AOJ.

OFFSET ADJ.

NC

COMMON

+INPUT

GAIN SENSE 2

GAIN SET 2

A2 OUTPUT

A1 OUTPUT

NC

OFFSET
ADJUST

OFFSET
ADJUST

GAIN
5 E l

1 4

r 3

t 0

I

I

1

2

t G

4 0 f

. P

7

'I

5

6

7

1 6

1 5

1 2

1 1

1 0

o



ORDERING INFORMAT¡ON

Model Package
Temperalure

Range

INAlOlAG
tNAl01CG
INAlOIAM
rNA10lCM
INAlOlHP
INA.IOlKU
tNA10lSG
tNAl01SM

Ceramic DIP
Ceramic DIP
Metal TO-100
Metal TO-100
Plastic DIP

Plastic SOIC
Ceramic DIP
Mêtãl Ta'l-ínn

-25"C to +85'C
-25'C to +85'C
-25'C to +85"C
-25"C to +85'C
0oC to +70oC
0"C to +70'C

55"C to +125"C
55oC tô +125oC

BURT{-IT{ SCREENING OPTION
S€e text for deta¡ls.

Model Package
Bum-ln

Temp. (160h)r"

INAlOlAG-BI
rNAl0lcG-Bl
INAlOlAM-BI
tNAl01CM-Bl
INAlOlHP-BI
INAlOlKU-BI
tNAl01SG-Bl
INAlOlSM.BI

Ceramic DIP
Ceram¡c DIP
Metal TO-100
Metal TO-100
Plast¡c DIP

Plastic SOIC
Ceram¡c DIP
Vêtâl Tô-1ôn

125"C
+125"C
+125'C
+125 "C
+85"C
+85"C
+125.C
+1250C

NOTE: (1) Or equivalent combination. See t€xt.

TYPICAL PERFORMANCE CURVES
At +25oC and in circuit of Figure 2 unless otherwise noted.

GAIN NONLINEARITY VS GAIN CMR VS SOURCE IMBALANCE

Anhang

BURN.IN SCREENING
Burn-in screening is an option available for both the
plastic- and ceramic-packaged INA l0 I . Burn-in duration
is 160 hours at the temperature shown below (or
equivalent combination of time and temperature).

Plastic "-BI" models: *85oC
Ceramic "-BI" models: *125'C

All units are tested after burn-in to ensure that grade
specifications are met. To order burn-in, add "-BI" to the
base model number.

TOTAL OFFSET VOLTAGE
DBIFT VS GAIN

o

-a 320
=
ò
o
oõ=
o ^ ^
> ó ¿

o
f

100

ô'
ã e o

at,
r

c;
o

€ o.oo3

=
c
9  n m r

'õ
o

L i = t

G : 1
UU - ìUOU
ä^ -..
- G = l;'--.

G = 1 0 \
G = 1 N G = 1

60Hz
DC

10  100
Gain (V/V)

1 3.2 10 32 100
Source R€s¡stance lmbalance (ko)

10  100
Ga¡n (V/V)

fl)

o

U
.E
6

0

ô 4 0

ã'õ
( o 2 0

1q) lk  |0k 100k

Frequency (Hz)

ABSOLUTE MAXIMUM RATINGS

S u p p l y  .  . . . . . . . . . . . . . . . .  f 2 0 V
Internal  Power D¡ssipat¡on . .  . . . .  , .  600mW
I n p u t v o l t a g e R a n g e . . . . .  . . . . . . . . .  t V æ
Opera t i ng  Tempera tu re  Range  M ,  G  . . . . . . . . . . . . . .  - 55 'C  t o  +125 'C

P , U . . . . . .  - 2 5 ' C t o + 8 5 . C

Storage Temperature Range: M, G . .... .. -65'C to +150'C
P ,  U  . . . . . .  . .  - 40oC  to  +BS .C

Lead Temperature (soldering, 10s) M, G, P . . . . . . . . . . . . . . . . . +300'C
Lead Temperature (wave solder ing,3s) U . .  . . . . . .  +260'CL E a s  ¡ ç r ¡ r P s r q ( v r e  \ r f q f e  s v ¡ v v ¡ t ¡ ' 9 '  v g ,  v  . .

Output Short-Circu¡t Duration . . Continuous to

,1
Max

Tvp

I
Y
-$ -/ 7

õ\\

GAIN VS FREOUENCY

I
G = 10OO

I
G = 1 0 0

t a \

I
G = 1 0

G = 1 ,"rrrlr)\ \

\

CMR VS FREOUENCY GAIN ERROR VS FREOUENCY
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WARM-UP DRIFT VS TIME

\
\

\

\
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+ 1 0

- + q

=
o

; 0
f

5
u - )

e ^
c
o

l
Q + 7
c
o
o

.9

o - '

;
õ o

=
- Ã

o
o
c

.c

3 , 2
cõ

1000

l i
I I

è too
o

ñ

o

z
f
q

1 2 3 4
T¡me (M¡nutes)

+ r ^  + 1 6

S u p p l y  V o l t a g e  ( V )

t 0  100
Gain (V¡r')

STEP RESPONSE

I
G = 1

,Æ-,*[

I \
\

O 100 20o 300 400 50O 600
Time (r¡s)

INPUT NOISE VOLTAGE
VS FREQUENCY ( ' IOO S GAIN < lOOOì

¡<

10 100
Frequency (Hz)

E
t
= 2 0
o

o

õ
o
'õ  

10
z
l

6
i-1 320
o
E
tr
o

E
ã loo
U'

SETTLING I IME VS GAIN

RL = zko
Cl = 1000pt

".rr*-il'2,*
l 0  100

Ga¡n (V/V)

DISCUSSION OF PERFORMANCE
INSTRUMENTATION AMPLIFIERS

I nstrumentation am plif iers are differential input closed-
loop gain blocks whose committed circuit accurately
ampl i f ies thc vol tage appl ied to thei r  inputs.  They
respond only to the difference between the two input
signals and exhibit extremely-high input impedance,
both differentially and common-mode. Feedback net-
works are packaged within the amplif ier module. Only
one external gain setting resistor must be added. An
operational amplif ier, on the other hand, is an open-loop,

uncommitted device that requires external networks t(ì

close the loop. While op amps can be used to achieve tl¡c
same basic function as instrumentation amplif iers, it is
very diff icult to reach the same level of performancc.
Using op amps often leads to design trade-of,fs when it is

necessary to amplify low level signals in the presencc ol

common-mode voltages while maintaining high inptrt
impedances. Figure I shows a simplif ied model of arr
instrumentation ampliñer that eliminates most of t ltc

oroblems.

8 0 = 0 t + 8 h

0 r = G [ 0 2 . s ¡ l = $ s t

.  _ G [ e 2 + e ¡ l / 2 _ 0 0 ç ¡'b-  cmsn 
-cMuR

,o=e ,¿*ffi
tor ll{Al0l G = | +¡l{lklßG

where Rç ls lho galn sonlr¡g reslslor.

FICURE l. Model of an Instrumentation Amplifìer.

THE INA lO l

Simpl i f ied schemat ics of  the INAl0 l  are shown on t l tc

first page. It is a three-amplif ier device which provides all

the desirable characteristics of a premium performatlcc
instrumentation amplifìer. In addition, it has features n<¡t
normally found in integrated circuit instrumentatl()rl
amplif iers.

The input section (Al and A2) incorporates high pcr-
formance, low drift amplif ier circuitry. The amplif iers arc
connected in the noninverting configuration to providc
the high input impedance 1l0r0O) desirable in the instru-
mentation amplif irer function. The offset voltage and
offset voltage versus temperature is low due to thc
monolithic design and improved even further by thc

state-of-the-art laser-trimming techniques.

QUIESCENT CURRENT VS SUPPLY

/

OUTPUT NOISE VS GAIN

I
Bs ,"/
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- fhe 
output  sect ion (43)  is  connected in  a uni ty-gain

di f ference ampl i l rer  conf igurat ion.  A cr i t ica l  par t  of  th is
stage is the matching of the four lOkfl resistors which
provide the difference function. These resistors must be
init ially well matched and the matching must be main-
tained over temperature and time in order to retain
excellent common-mode rejection. (The I06dB minimum
at 60Hz for gains greater than l00V/V is a significant
improvement compared to most other integrated circuit
instrumentation amplif iers.)

All of the internal resistors are compatible thin-fi lr ir
nichrome formed with the integrated circuit. The crit ical
resistors are laser-trimmed to provide the desired high
gain accuracy and common-mode rejection. Nichrome
ensures long-term stabil ity of trimmed resistors and
simultaneous achievement of excellent TCR and TCR
tracking. This provides gain accuracy and common-
mode rejection when the INAl0l is operated over wide
temperature ranges.

USING THE INA101

Figure 2 shows the s implest  conf igurat ion of  the INA t0 l .
The gain is set by the external resistor, R<; with a gain
eq uation of G = I + (40K/ Rc). The reference and TCR of
Rr; contribute directly to the gain accuracy and drift.

For gains greater than unity, resistor R<; is connected
externally between pins I and 4. At high gains where the
value of R6 becomes small. additional resistance (i.e.,

Includirrg Optional Input Offset Null
Potentiometer.

Anhang

relays, sockets) in the R<; circuit wil l contribute to a gain
error. Care should be taken to minimize this effect.

The optional offset null capabil ity is shown in Figure 2.
The adjustment affects only the input stage component of
the offset voltage. Thus, the null condition wil l be
disturbed when the¡ain is changed. Also, the input drift
wil l be affected by approximately 0.31¡rV/"C per l00pV
of input offset voltage that is trimmed. Therefore, care
should be taken when considering use ofthe control for
removal of other sources of offset. Output offsetting can
be accomplished in Figure 3 by applying a voltage to
Common (pin 7) through a buffer amplif ier. This l imits
the resistance in series with pin 7 to minimize CMR error.
Resistance above 0.lO wil l cause the common-mode
rejection to fall below l06dB. Be certain to keep this
resistance low.

It is important to not exceed the input amplif iers'
dynamic range. The amplif ied differential input signal
and its associated common-mode voltage should not
cause the output of Ar or A¿ to exceed approximately
+l0V or nonlinear operation wil l result.

BASIC CI RCUIT CONNECTION

The basic circuit connection for the INAl0l is shown in
Figure 2. The output voltage is a function of the
differential input voltage times the gain.

OPTIONAL OFFSET ADJUSTMENT PROCEDURE

It is frequently desirable to null the input component of
offset (Figure 2) and occasionally that of the output
(Figure 3). The quality of the potentiometer wil l affect the
results, therefore, choose one with good temperature and
mechanical-resistance stabil ity. The procedure is as
follows:

Using External Amplifìer (Low
Impedance to Pin 7).

8 l

Thh clrcull may öe üssd as ¡ ruphr.nonl
for hr rlngle polantlomotsr. lt rlll sdlü¡t

*vcc
olf¡rl rfld losvo drllt unchangd.

nnzn
L - - - - : - - - - - : ] - - l

0PTt0tAt

(|UTPUT

Eo = fl + flllt/R6ll fE2 - E¡l

FIGURE 2. Basic Circuit Connection for the INAI0I

+l5U0C

l.IlJ rm*,,
ß ¡  { n s

l ko
âftPUflER fr2 -l5voc

FIGURE 3. Optional Output Offset Null ing or Offseuing
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l .  Set  Er  :  E:  = 0V (be sure a good ground return parh
exists  to the input) .

2.  Set  the gain to the desi red value by choosing Rc.
3.  Adjust  to  l00kO porenr iometer  in  F igure 2 unt i l  the

output  reads 0V +lmV or  desi red setr ing.  Note that
the offset wil l change when the gain is changed. If the
output component of offset is to be removed or if i t is
desired to establish an intentional offset, adjust the
l00kO potentiomerer in Figure 3 unti l the output
reads 0V + I mV or desired setting. Note that the offset
wil l not change with gain. but be sure to use a stable
external amplif ier with good DC characteristics. The
range of adjustment is +l5mV as shown. For larqer
ranges change the ratio of R¡ to R:.

THERMAL EFFECTS ON OFFSET

To maintain specified offset performance, especially in
high gain, prevent air currents from circulating around
the input pins. This can be done by using a skirted heat

FIGURE 5. Amplification of a Tiansformer-Coupled Analog Signal.

s ink  on  the  INAl0 lM package.  Rap id  changes in  d ie
temperature and thermocouple effects on the pins wil l
then be minimized. Surrounding the package with low
power components wil l  also help to reduce air f low
across the package and pins.

TYPICAL APPLICATIONS
Many applications of instrumentation amplif iers involve
the amplif ication of low level differential signals from
bridges and transducers such as strain gages, thermo-
couples, and RTD's. Some of the important parameters
include common-mode rejection (differential cancellation
of common-mode offset and noise, see Figure t), input
impedance, offset voltage and drift, gain accuracy,
l inear i ty ,  and noise.  The INAl0 l  accompl ishes a l l  o f
these with high precision.

Figures 4 through 16 show some typical applications
circuits.
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FIGURE 6. Output Offsetting Used to Introduce a DC Voltage for Use with a Voltage-to-Frequency Converter.

+l5V0C fkom lsolstl0n powsr supplyl
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FIGURE 7. ECG Amplif ier or Recorder Preamp for Biological Signals.
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FIGURE 8. Precision Isolated Instrumentation Amplif ier.
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CHAIIIIEL SELECT

Eout

I

CONTRf¡L LflGIC

FICURE 9. Multiple Channel Precision Instrumentation Amplif ier.

o,,,^ i--Jñi'u*o
-l0mv +lomv

lmA T0 20mA

FIGURE 10. 4mA to 20mA Bridge Transmitter Using Single Supply Instrumentation Amplif ier.

FIGURE ll. Ground Resistance Loop Eliminator (INAlOl senses and amplifies Vr accurately).
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FIGURE 12. Thermocouple Amplifier with Cold Junction Compensation.

FIGURE 13. Differential Input/ Differential Output Amplifrrer (twice rhe gain of one INA).
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FIGU RE 14. Auto-Zeroing Instrumentation Amplifier Circuit.
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