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10. Anhang

Sauerstoff-Lambda-Sonde

Messung des Sauerstoffgehaltes

@ Prinzip der galvanischen
Sauerstoffkonzentrationszelle
mit Festelektrolyt ermdglicht
Messung der Sauerstoff-
konzentration z.B. in einem
Abgasgemisch.

@ Sonde mit stabilem und
stérunempfindlichem Aus-
gangssignal fur extreme
Betriebsbedingungen.

Zubehér Technische Daten / Angebot

AnschluBstecker fur das Heizelement: Bestelinummer 0 258 104 002
Steckergehéuse 1284 485110 Einsatzbedingungen

Steckhilsen 1) 1284 477 121 Temperaturbereich passiv (Lagertemperaturbereich) — 40°...+ 100 °C
Schutzkappe 1250 703 001 Dauer-Abgastemperatur bei eingeschalteter Heizung ~ +150°...+ 600 °C

Zulassige maximale Abgastemperatur bei eingeschalteter Heizung

AnschluBstecker fur die Sonde: (200 h kumulativ) + 800 °C
Kupplungsstecker 1224 485 018 Betriebstemperatur am Sechskant des Sondengehéuses <+ 500 °C
Flachstecker 1) 1234477014 an Kabeldurchftihrung <£+200°C
Schutzkappe 1250 703 001 am AnschiuBkabet <+150°C
am AnschluBstecker <+120 °C
Spezialfett fiir Einschraubgewinde: Temperaturgradient in Sondenkeramik-Vorderseite <+ 100 Kis
Dose 120 g 5964 080 112 Temperaturgradient am Sechskant des Sondengeh&uses <+ 150 K/s
1) 5 Stiick pro Packung, 2 Stiick werden Zulassige Schwingungen am Sechskant
jeweils bendtigt. Stochastische Schwingungen — Beschleunigung max. < 800 mes—2
Sinusférmige Schwingungen — Amplitude <0,3mm
Sinusférmige Schwingungen — Beschleunigung < 300 mes—2
Belastungsstrom max. “E1pA
Heizelement
Versorgungsnennspannung (vorzugsweise Wechselspannung) 12 Vet
Betriebsspannung 12...13V
Heizleistung fir daas = 350°C und der Abgas-Strémungsgeschwindigkeit
von 0,7 mes—! bei 12 V Heizspannung im Beharrungszustand =16 W
Heizstrom bei 12 V im Beharrungszustand =125A
Isolationswiderstand zwischen Heizung und SondenanschiuB > 30 MQ
Werte fiir Brenneranwendungen
Lambda-Regelbereich 1,00...2,00 A
Sondenausgangsspannung fir A = 1,025...2,00 bei 8gas = 220 °C
und einer Strémungsgeschwindigkeit von 0,4...0,9 mes-! 68..3,5mV
Sondeninnenwiderstand Rj~ in Luft bei 20 °C und 12 V Heizspannung £250Q
Relative Empfindlichkeit bei A = 1,30 AUg/A ) =0,65mV/0,01
EinfluB Abgastemperatur auf Sondensignal bei Temperaturerhdhung
von 130 °C auf 230 °C und einer Strdmungsgeschwindigkeit
0,7 mes=-1 bei A = 1,30 max.AA * 0,01
EinfluB Heizspannungsanderung 10 % von 12 V bei 8gas = 220 °C
bei X =1,30 max.Ax  £0,009
beiA=1,80 max.AA 0,035
Ansprechzeit bei 9g,s = 220 °C und ca. 0,7 mes~1 Stromungsgeschwindigkeit
Garantieanspriiche Neuwerte flir den 66%-Schaltpunkt A-Sprung = 1,10 <> 1,30
nach den allgemeinen Lieferungsbedingun- fir Sprungrichtung "mager” 2,0s
gen A 17 kénnen nur geltend gemacht flir Sprungrichtung "fett” 1,58
werden, wenn als zuléssige Brennstoffe Richtwert fur Regelbereitschaft der Sonde nach Einschalten von
riickstandsfreie, gasférmige Kohlenwasser-  Olbrennern und Sondenheizung;
stoffe und leichtes Heizo! nach DIN 51603 Vgas = 220 °C; Strémungsgeschwindigkeit ca. 1,8 mes-1;
verwendet werden. A = 1,45; Sonde im Abgasrohr & 170 mm 70s
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Lambda-Sonde

BOSCH

MaBbild. MaBe nach Anziehen mit A7 = 50 N-m.
A Signalspannung, B Heizungsspannung, C Kabeltiille und -dichtungen,
D Schutzrohr, E Schutzschiauch. ws weif3, sw schwarz, g grau.

Lambda-Sonde im Abgasrohr (Prinzip).

1 Sondenkeramik, 2 Elektroden,

3 Kontakt, 4 Gehdusekontaktierung,

5 Abgasrohr, 6 keramische Schutzschicht
(poros).
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Anwendung keramik iber der Funktionsgrenze von Kennlinie fiir Propangasbetrieb

Heizungsaniagen

— Olbrenner. Gasbrenner, Kohiefeuerung
Gasmotoren

Industrieprozesse

. — Verpackungseinrichtungen

i — Holz- und Miilverbrennung/-vergasung
i~ Verfahrenstechnik

 MeB- und Analyseprozesse

— Gasanalyse

— Oz-MeBkoffer

Aufbau und Funktion

Der keramische Teil der Lambda-Sonde
(Festelektrolyt) hat die Form eines einseitig
geschiossenen Rohres. Die Oberfiache
der Sondenkeramik ist auf der Innen- und
AuBenseite mit einer mikropordsen Platin-
schicht (den Eilekiroden) versehen, die
einerseits durch katalytische Wirkung die
Sondencharakteristik entscheidend beein-
fluBt, andererseits zur Kontaktierung dient.
Auf dem abgasseitigen Teil der Sonden-
keramik befindet sich Uiber derPlatinschicht
eine festhaftende hochpordse Keramik-
schicht. Diese Schutzschicht verhindert
einen erosiven EinfluB der Riickstande im
Abgas auf die katalytisch wirkende Platin-
schicht. Dadurch erhilt die Sonde eine
hohe Langzeitstabiiitat.

Die Sonde ragt in den Abgasstrom und ist
so gestaltet, daB die eine Elektrode vom
Abgas umspllt ist und die andere mit der
AuBeniuft (Atmosphare) in Verbindung
steht. Sie miBt dabei den Restsauerstoff-
anteil im Abgas.

Die katalytische Wirkung der abgasseiti-
gen Elektrodenoberflache verursacht
einen sprunghaften Verlauf der Sonden-
spannung im Bereichvon A =1, 1)

Die aktive Sondenkeramik (ZrO,) wird von
innen durch ein keramisches Heizelement
beheizt, so daB unabhangig von der Ab-
gastemperatur die Temperatur der Sonden-

1) Die Luftzahi Lambda (A) ist das Verhait-
nis zwischen dem tatsachlichen und einem
ideaien Luft-Brennstoff-Verhalinis.

350 °C verbleibt. Das keramische Heiz-
element besitzt eine PTC-Charakteristik,
was zu einer schnellen Aufheizung fithrt
und den Leistungsbedarf bei heiBem
Abgas begrenzt.Die Anschliisse des Heiz-
elements sind von der Sondensignal-
spannung vollig entkoppelt (R 2 30 MQ).
Durch zusétzliche konstruktive Mafinah-
men wird bei der Lambda-Sonde der Kenn-
linienvertauf im Mageren von A > 1,0...1,5
(fir Sonderanwendungen bis A = 2,0)
stabilisiert:

- Verwendung eines leistungsstarken Heiz-
elements (16W),

— besondere Schutzrohrgestaltung,

— modifiziertes Elekiroden/Schutzschicht-
System.

Der besondere Aufbau ermoglicht:

- sichere Regelung auch bei niederen Ab-
gastemperaturen (z.B. bei Verbrennungs-
motoren im Leerlauf), :

- flexible Einbaumdglichkeiten unabhangig
von der externen Erwdrmung,

— geringe Abhéangigkeit des Funktionspara-
meters von der Abgastemperatur,
—niedere Abgaswerte durch schnelie
Sondendynamik,

- geringe Verschmutzungsgefahr, dadurch
hohe Lebensdauer,

-~ wassergeschiitztes Sondengehause.

Einbauhinweis

Die Lambda-Sonde soll an einer Stelle
eingebaut werden, die eine reprasentative
Abgaszusammensetzung bei Einhaltung
der vorgeschriebenen Temperaturgrenzen
gestattet. Die Einbaulage ist beliebig, die
Montage erfoigt 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 0.4. muB die Sonde abge-
deckt werden.
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Trager fur Thermokoax — Heizungéwicklung
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Very-High Accuracy
INSTRUMENTATION AMPLIFIER

FEATURES

o ULTRA-LOW VOLTAGE DRIFT - 0.25,.V/°C

o LOW OFFSET VOLTAGE - 25,V

o LOW NONLINEARITY - 0.002%

o LOW NOISE - 13nV/\/Hz at fy = TkHz

o HIGH CMR - 106dB at 60Hz

« HIGH INPUT IMPEDANCE - 10100

e LOW COST, T0-100, CERAMIC DIP AND PLASTIC
PACKAGE

‘DESCRIPTION

The INAIOI is a high accuracy, muitistage, inte-
grated-circuit instrumentation amplifier designed 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.
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international Airport Industrial Park «
Tel: (602) 746-1111

Mailing Address: PO Box 11400 -
o Twx: 910-952-1111 - Cable: BBRCORP -

Tucson, AZ 85734 -
Telex: 066-6491 -

APPLICATIONS

o AMPLIFICATION OF SIGNALS
FROM SOURCES SUCH AS:

Strain Gages
Thermocouples
RTDs

o REMOTE TRANSDUGERS

« LOW LEVEL SIGNALS

o MEDICAL INSTRUMENTATION

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.
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G and P Packages

Street Address: 6730 S. Tucson Bivd. + Tucson, AZ 85706

FAX: (602) 889-1510 - Immediate Product info: (800) 548-6132

©1981 Burr-Brown Corporation
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SPECIFICATIONS
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ELECTRICAL
At +25°C with £15VDC power suppty and in circuit of Figure 2 uniess otherwise noted.
Py
MODEL INA101AM/AG INA101SM/SG INATIOICM/CG / INATOTHP/KU
MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
GAIN
Range of Gain 1 1000 . * * * * * iV
Gain Equation G=1+{40k/Rg) . . * \4
Error From Equation, DC™ £(0.04+0.00016G +(0.1+0.0003G * . . * +(0.1+ +(0.3+ %
-0.02/G} —0.05/G}) 0.00015G) 0.0002G)
—0.05/G =0.10/G
Gain Temp. Coefficient™
G=1 2 5 * + . * ) * ppm/"C
G=10 20 100 * . 10 * * * ppm/°C
G =100 22 10 * . 11 . . . ppm/°C
G = 1000 22 110 . . 1 ¢ . * ppm/°C
Nonlinearity, DC* £(0.002+10°G) | +(0.005+2X10°°G) +(0,001 +(0.002 +(0.001 +(0.002 * * % of p-p FS
+10°G) +10°°G) +1075G) +10°°G)
RATED OUTPUT
Voltage 110 +12.5 * . * * * * v
Current 5 +10 * * * * * * mA
Output impedance 0.2 . . ¢ Q
Capacitive Load 1000 d * * pF
INPUT OFFSET VOLTAGE
Initial Offset at +25°C +(25+200/G) 1({50+400/G}) T(10+ +(25 {10+ +{25+ +(125+ +{250+ uw
100/G) +200/G) 100/G) 200/G) 450/G) 900/G)
vs Temperature +(24+20/G}) +(0.75 +(0.25+ +(2420/G}) w/r°C
+10/G) 10/G)
vs Supply +({1+20/G) . * . wnN
vs Time +{1+20/G) * . * uVimo
INPUT BIAS CURRENT
Initial Bias Current
(each input) +15 +30 +10 * 5 +20 . * nA
vs Temperature +02 ¢ * * nA/°C
vs Supply +0.1 . * * nAN
Initiat Offset Current +15 130 110 * 15 +20 * * nA
vs Temperature 10.5 . ¢ * nA/°C
INPUT IMPEDANCE
Differential 10713 ’ * . Qflef
Common-mode 10'°)13 . . * QlipF
INPUT VOLTAGE RANGE
Range, Linear Response 110 +12 * . * * ¢ * v
CMR with 1kQ) Source Imbal.
DC to 60Hz, G=1 80 90 * * * * 65 85 dB
DC to 60Hz, G=10 96 106 * * . * 80 95 dB
* DC to 60Hz, G=100t0 1000 { 106 110 * ¢ . M 100 105 dB
INPUT NOISE
Input Voltage Noise
fe=0.01Hz to 10Hz 0.8 * . ® W, p-p
Density, G=1000
fo=10Hz 18 * . . nV/A/Hz
fo=100Hz 15 : . . nV/\/Hz
fo=1kHz 13 * ¢ . aVi/Hz
input Current Noise
fs=0.01Hz to 10Hz 50 . * * pA, p-p
Density
fo=10Hz 0.8 . . . pA/Hz
{0=100Hz 0.46 . . M pANHZ
fo=1kHz 0.35 . . ’ pA/\/Hz
DYNAMIC RESPONSE
Small Signal, +3dB Flatness
G=1 300 . * * kHz
G=10 140 4 * * kHz
G=100 25 . . * kHz
G = 1000 25 * » . kHz
Smal! Signal, £1% Flatness
. G=1 20 * * * kHz
T G=10 10 * . * kHz
G=100 1 * ’ * kHz
G =1000 200 * . . Hz
Full Power, G=1t0 100 6.4 * * * kHz
Slew Rate, G=110 100 0.2 0.4 * * * * * * Vips
Settling Time (0.1%)
G=1 30 40 . * * * . * s
G =100 40 55 L » * * . us
G =1000 350 470 * * * * * * us
Settling Time (0.01%)
G=1 30 45 . * * ] ° * us
G =100 50 70 . . . . . * us
G = 1000 500 650 * . * . . * s
POWER SUPPLY ’
Rated Voltage 15 . . . v
Voltage Range 5 +20 * * . * . * v
Current, Quiescent™ 16.7 +8.5 * . * . . * mA
TEMPERATURE RANGE™
Specification ~25 +85 —55 +125 * * 0 +70 °C
Operation —55 +125 * * * ¢ -25 +85 °C
Storage —65 +150 * * * * ~40 +85 °C

* Specifications same as for INAT0O1AM/AG.

NOTES:

(1) Typically the tolerance of R

peak-to-peak full scale output.

Bca = 83°C/W.

 will be the major source of gain error.
(3) Not including the TCR of Rq.
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(2) Nonlinearity is the maximum
(4) Adjustable to zero at any one gain.

peak deviation from the best straight-line as a percentage of
(5) 8sc output stage = 113°C/W, 6ic quiescent circuitry = 19°C/W,
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MECHANICAL
M Package G Package
TO-100 Case = —Vgc Hermetic DIP
¥ - . Leads in true position within 14 Leads in true position within
{ : o 0.010” (0.25mm) R at MMC 0.01” (0.25mm) R at MMC at
r— at seating plane. . seating plane.
-]
Pin numbers shown for

reference only.
Numbers may not be marked

7.
bl Pin numbers shown for refer-
F—-l L— ence only. Numbers may not
A

be marked on package.

[ B

L |
t.

L_l
A e iotat- O 0

on package. c
INCHES MILLIMETERS N
OIM ["MIN | MAX | MIN | MAX
: 335 | .370 | 851 | 9.40 P INCHES MILLIMETERS
Seating 305 838 1775 | 81 K | OM [ MIN | MAX | MIN | MAX
Plane [of 165 .185 4.19 4.70
-”. A 670 710 17.02 18.03
o o |.ote | .021 0.41_ | 0.53 I b . ¥ T % T T
€ .010 040 0.25 1.02 H G I?;aatlng > =75 =21 =38 ]
F .010 L .040 0.25 1.02 ane F 045 060 114 162
G .230 BASIC 5.84 BA_S_IC G 100 BASIC 2.54 BASIC
H 1028 ].03¢8 | 071 0.86 W |.025 070 0.64 1.78
J .029 .045 0.74 1.14 J 008 012 0.20 0.30
K 1500 — 12.70 —— —te- |} K |.120 240 3.05 | 6.10
; ‘;::BASK':‘“ z's‘lsaAm:"’s .| 300 BASIC 7.62 BASIC
™ - 10° —— 10°
N [0 .20 279 | 308 M\J \‘/ ! I
le— | —o1 N .009 | .060 0.23 | .52
BOTTOM VIEW
U Package P Package
A A
Ay DN N O A Case = ~Vee
. t Leads in true position within
NOTE: Leads in true position 8 0.10" (0.25mm) R at MMC
within .010" (.25mm) R at MMC at Q ¥ at seating plane.
seatin . .
B, B ? ting plane MY VW . Pin numbers shown for
- Pin numbers shown for reference Denotes Pin 1 reference only.
A 4 1 only. Numbers are not marked on Numbers may not be marked
e et F
T package. on package.
H - Pin 1 (l:
- = Y INCHES MILLIMETERS H .__..i INCHES MILLIMETERS
¢ tC OIM | MIN | MAX | MIN | MAX N ) K DIM | MIN | MAX MIN | MaX
= L A .400 416 | 10.16 | 10.57 A .660 785 16.76 19.94
N L _J N A | 088 | 412 | 986 | 1046 Y= 1220 [ zeo ss9 | 7.1
G D B | 286 | 302 | 726 | 767 o Seatin c |- 200 - 5.08
Pin 1 Identifier [ 268 | 286 | 681 | 7.26 H— G \ 9 o .01 .023 0.38 0.58
C | 093 | 108 | 236 | 277 Plane + Toso | o0 | 076 | 178
D 015 020 0.38 0.51 L - G 100 BASIC 2.54 BASIC
v G | 050 BASIC 1,27 BASIC W l.030 | oss
H .022 .038 0.56 0.97 J .008 01§ 0.20 0.38
J 'rl % M J | 008 ] 012 | 026 ] 030 < |00 | - 256 |
L L .391 421 9.93 | 10.69 L 300 BASIC 7.62 BASIC
M 5° TYP 5° TYP J M | - 1s° B TS
N 000 [ 012 | 000 030 M o N ] 020 | .050 051 | 1.27
PIN CONFIGURATION
\_/
\J OUTPUT E 1 16 f] common
OUTPUT E 1 14 [] common
e || 2 15 ] Ve
+Vee [ 2 13 ] Veo
| 14 ] +INPUT
-INPUT [ 3 12 ] FINPUT
G G sense 1 [| 4 13 ] GAIN SENSE 2
cansense1 [| 4 or 11 ]] GAwsENsE? u
p GAIN SET 1 [ 5 12 ] GAIN SET 2
GAIN SET 1 [ 5 10 ] GAIN SET 2
oFFseT ADJ. [| 6 11 ]] A2 ouTPUT
orFseT ADJ. [] 6 o |} Az outeuT
oreseT ADu. [| 7 10 [] a1 outPur
TOP VIEW OFFSET ADJ. E 7 8 ] A10UTPUT
ne [| e o[] ne
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ORDERING INFORMATION ABSOLUTE MAXIMUM RATINGS
SUPPLY + e eeteraei it aaaa +20V
Temperature internatl Power Dissipation............cviiiiiiiiiiiinann.. 600mwW
Model Package Range 1NPUL VOHAGE RANGE +uvvveenneeenneeeeanneneeaatnnennns +Vee
INA101AG | Ceramic DIP | -25°C to +85°C Operating Temperature RangeM, G .............. -55°C to +125°C
INA101CG | Ceramic DIP [ -25°C to +85°C PoU teveeiiiiannnns ~25°C to +85°C
INA101AM  {Metai TO-100{ -25°C to +85°C Storage Temperature Range: M, G ................ —65°C to +150°C
INA101CM  [Metal TO-100| —25°C to +85°C PoUciireieiaaenns, ~40°C 10 +85°C
INATO1HP Plastic DIP | 0°Cto +70°C Lead Temperature (soldering, 108) M, G, P ................. +300°C
INA101KU | Plastic SOIC | 0°C to +70°C Lead Temperature (wave soldering, 3s) U ................. +260°C
INA101SG | Ceramic DIP |-55°C to +125°C . Output Short-Circuit Duration ............... Continuous to ground
INAT01SM __|Metal TO-100{-55°C to +125°C
BURN-IN SCREENING OPTION
See text for details. BURN'IN SCBEE_NlNG . .
Burn-in screening is an option available for both the
Bum-in plastic- and ceramic-packaged INA101. Burn-in duration
Model Package |Temp. (160h) .
- is 160 hours at the temperature shown below (or
INA101AG-BI | Ceramic DIP 125°C . . . .
INA101CG-BI | Ceramic DIP|  +125°C equivalent combination of time and temperature).
| - o : .
AT el TO-0) 125 Plastio *BI” model: +85°C
INA1OIHP-BI | PlasticDIP |  +85°C Ceramic “-BI” models: +125°C
INA101KU-BI | Plastic SOIC +85°C . .
INA101SG-BI |G era:ni cDIP|  +125°C All units are tested after burn-in to ensure that grade
INA101SM-BI_{Metal TO-100|  +125°C specifications are met. To order burn-in, add “-BI” to the

NOTE: (1) Or equivalent combination. See text. base model number.

TYPICAL PERFORMANCE CURVES

At +25°C and in circuit of Figure 2 unless otherwise noted.

TOTAL OFFSET VOLTAGE
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0.0 120 ' 3200
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_— SO TRy
ﬁ LA ] :I ...--. -~ —_
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by / 100 4 100- 1000 < » /
£ 0.003 . G=10 N 2320
> Max o —mmeshmerw ady = /
k= il G=1 = 5
(3
@ @ 80 @ v&"
[=4 Typ 2=
2 0.001 i ) ‘5‘“‘\/,
< 35
K 60 a /
(] 60Hz g _/ o
DC mmawa
0.0003 —"1
. 40 3.2
1 10 100 1000 1 3.2 10 32 100 1 10 100 1000
Gain (V/V} Source Resistance imbalance (k) Gain (V/V)
GAIN VS FREQUENCY CMR VS FREQUENCY GAIN ERROR VS FREQUENCY
' 120 5 =700, 1000
—
60 f—G.=.1000 G = 10 / /
I N 100 10%
AN -
G=1
—_ G=1 \ @ /
o 40 % \ o 2 G = 1000
° | cl 5.
c x 80 2 1%
& 20 S0 : A 5 Balanced . c / /
I \\ ; Source 8 / G=100 / G=1
G=1 1% Error 7\ 60 0.1%
() v /]
\ |
G=10
0.01% L
10 100 1k 10k 100k 1M 1 10° 100 1k 10k 10 100 1K 10k 100k
Frequency (Hz) Frequency (Hz) > Frequency (Hz)

79



Anhang

WARM-UP DRIFT VS TIME QUIESCENT CURRENT VS SUPPLY STEP RESPONSE
10 + [
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s g 8 s G = 1000
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3 6 1] £
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by \ o #7 5 0
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DISCUSSION OF PERFORMANCE

INSTRUMENTATION AMPLIFIERS

Instrumentation amplifiers are differential input closed-
loop gain blocks whose committed circuit accurately
amplifies the voltage applied to their 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 amplifier module. Only
one external gain setting resistor must be added. An
operational amplifier, on the other hand, is an open-loop,

By =8+
Gn = 6‘82-8|'= G Ed

; _ ﬁ(ﬂz + ﬂ])/Z _G BCM
b~ TTCMAR  CMAR

GGCM
Bn=68d+—c-m

For INATOT G = 1 +40k/Rg
where Rg is the gain setting resistor.

FIGURE 1. Model of an Instrumentation Amplifier.
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uncommitted device that requires external networks to
close the loop. While op amps can be used to achieve the
same basic function as instrumentation amplifiers, it is
very difficult to reach the same level of performancc.
Using op amps often leads to design trade-offs when it is
necessary to amplify low level signals in the presence of
common-mode voltages while maintaining high input
impedances. Figure | shows a simplified model of an
instrumentation amplifier that eliminates most of the
problems.

THE INA101

Simplified schematics of the INAIO! are shown on the
first page. Itis a three-amplifier device which provides ail
the desirable characteristics of a premium performance
instrumentation amplifier. In addition, it has features not
normally found in integrated circuit instrumentation
amplifiers.

The input section (Al and A2) incorporates high per-
formance, low drift amplifier circuitry. Theamplifiers arc
connected in the noninverting configuration to provide
the high input impedance (10'°Q?) desirable in the instru-
mentation amplifier function. The offset voltage and
offset voltage versus temperature is low due to the
monolithic design and improved even further by the
state-of-the-art laser-trimming techniques.



The output section (A3) is connected in a unity-gain
difference amplifier configuration. A critical part of this
stage is the matching of the four 10k{) resistors which

provide the difference function. These resistors must be .

initially well matched and the matching must be main-
tained over temperature and time in order to retain
excellent common-moderejection. (The 106dB minimum
at 60Hz for gains greater than 100V/V is a significant
improvement compared to most other integrated circuit
instrumentation amplifiers.)

All of the internal resistors are compatible thin-film
nichrome formed with the integrated circuit. The critical
resistors are laser-trimmed to provide the desired high
gain accuracy and common-mode rejection. Nichrome
ensures long-term stability of trimmed resistors and
simultaneous achievement of excellent TCR and TCR
tracking. This provides gain accuracy and common-
mode rejection when the INA101 is operated over wide
temperature ranges.

USING THE INA101

Figure 2 shows the simplest configuration of the INA101.
The gain is set by the external resistor, R¢ with a gain
equation of G=1 + (40K/Rg). The reference and TCR of
R¢ contribute directly to the gain accuracy and drift.

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

1
! This circult may be used as a replacement +V
I forthe single potentiomater. it wili adjust ce
I offsat and ieave drift unchanged.
: 2N2222
OPTIONAL |
OFFSET | 03,4
ADJUST |
¢ {
1uF [ I
gmmun ; i [ 1ok
7\ b2 3
5
HE Ny, (P —————A
E
1
v
OUTPUT
Rig INAIDIM 8 :
4
N €y ={1+ (40k/Rg)] (€5 - Ey)

104
Tuf

o

$m¢mum Veg
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relays, sockets) in the Rg circuit will contribute to a gain
error. Care should be taken to minimize this effect.

The optional offset null capability is shown in Figure 2.
The adjustment affects only the input stage component of
the offset voltage. Thus, the null condition will be
disturbed when thegain is changed. Also, the input drift
will be affected by approximately 0.31uV/°C per 100V
of input offset voltage that is trimmed. Therefore, care
should be taken when considering use of the 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 amplifier. This limits
the resistance in series with pin 7 to minimize CMR error.
Resistance above 0.1} will cause the common-mode
rejection to fall below 106dB. Be certain to keep this
resistance low.

It is important to not exceed the input amplifiers’
dynamic range. The amplified differential input signal
and its associated common-mode voltage should not
cause the output of A; or A to exceed approximately
*10V or nonlinear operation will result.

BASIC CIRCUIT CONNECTION

The basic circuit connection for the INAIO] 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 will affect the
results, therefore, choose one with good temperature and
mechanical-resistance stability. The procedure is as
follows:

INAIGIM
QUTPUT

+15V0C

EXTERNAL
AMPLIFIER -15v0e

FIGURE 2. Basic Circuit Connection for the INA101
Including Optional Input Offset Null
Potentiometer.

FIGURE 3. Optional Output Offset Nulling or Offsetting
Using External Amplifier (Low
Impedance to Pin 7).
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. Set E; = E: = 0V (be sure a good ground return path

exists to the input).

. Set the gain to the desired value by choosing Rg.

3. Adjust to 100k} potentiometer in Figure 2 until the
output reads 0V £ImV or desired setting. Note that
the offset will change when the gain is changed. If the

- output component of offset is to be removed or if it is
desired to establish an intentional offset, adjust the
100k potentiometer in Figure 3 until the output
reads 0V £1mV or desired setting. Note that the offset
will not change with gain, but be sure to use a stable
external amplifier with good DC characteristics. The
range of adjustment is £15mV as shown. For larger
ranges change the ratio of R; to Ra.

[\

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

‘sink on the INAIOIM package. Rapid changes in die

temperature and thermocoupie effects on the pins will
then be minimized. Surrounding the package with low
power components will also help to reduce air flow
across the package and pins.

TYPICAL APPLICATIONS

Many applications of instrumentation amplifiers involve
the amplification 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 1), input
impedance, offset voltage and drift, gain accuracy,
linearity, and noise. The INAIOI accomplishes all of
these with high precision.

Figures 4 through 16 show some typical applications
circuits.

Voo
v OPTIONAL
OFFSET
TRANSDUCER >, P ADSUST
OR SENSOR — ‘h ] 100k
nesnsmcs S i > 2
smtV T N 1 N 3 Eg = [1 + (4OK/Rg] (Ep- Ey)
o v
R \
l Vo
\ ARy : i ! nﬁf: INAIOIM 8
| | ’ ] +
J \\ I / Eour
\ phd
N 0] 7
| LA,
SHIELD &
Voo

v

FIGURE4. Amplification of a Differential Voltage from a Resistance Bridge.

NOISE lﬁmlz HUM)

(‘__..._,—\

N

TRANSDUCER OR
ANALDG SIGNAL

INATOIG OR P

TRANSFORMER
NOISE (sz HUM)
*Gain sense will minimize

gain error due to additional
resistance in the Rg clrcult.

FIGURE 5. Amplification of a Transformer-Coupled Analog Signal.
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RETURN

+15V0C
spN? -
;’23%2’ | DIGITAL
! (FM)
Rg s INATOIM . ‘é
14 EguT § +15VIC
TWISTED % i
PAIR 10k 3 Ry
10 b
; By
S 10K02 3 QFFSETTING
0k <
apPA2T
FOR BIAS %
CURRENT -15v0¢ EXTERNAL
AMPLIFIER The range of +VOC Is OV to +75V

FIGURE 6. Output Offsetting Used to Introduce a DC Voltage for Use with a Voltage-to-Frequency Converter.

Ly I
f « AEm = imV,pp
<

+15VDC {from isolation power supply}

2
4 G =1000
5
RAE
v RgS40040]  INmiOIG 0R P
10
A n
L 1M to 10M0 3
13
-15v0C
(from isolation power supply)
[
v
FIGURE 7. ECG Amplifier or Recorder Preamp for Biological Signals.
*DOES NOT REQUIRE EXTERNAL ISOLATION POWER SUPPLY

INATOIM

d
9

ISOLATION AMPLIFIER

Eout

1

-15V0C +15V0C +15V0C
INPUT ISOLATION POWER SUPPLY OUTPUT  |—=—-15VOC
COMMON 122 COMMON —

FIGURE 8. Precision Isolated Instrumentation Amplifier.
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-1+ CHANNEL SELECT
Eg INATOI T
GAIN SELECT
O \— - | CONTROL LOGIC
Eg INATOT
5 _ —+
Eg | e I':;
O+ - INS
IN4
E3 INA1DY
IN3 O
o—-1 - —1t N2 E
VAEF INT ouT
E INAIOY —r
+ v i
g *Vper AND GROUND .
REF
& INAlOT ' MAY BE USED FOR
ERROR CORRECTION
. p .

FIGURE 9. Multiple Channel Precision Instrumentation Amplifier.

O v lo

- ' l :: 20mA
4mA H
+10Vaer 2N3055 15 mA | 12mA; Ve
5 12 16 —10mv +10mV
\ 9 L1

4 T
mozsn{‘]: w8V T0 H0 xrae P 6 8| amavo zoma
] +2av

+10mv 10

10

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

En o——-7+

EOUT

INAIOIM

GROUND RESISTANCE

_J_—tsv 15V

FIGURE 11. Ground Resistance Loop Eliminator (INAI01 senses and amplifies Vi accurately).
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K N UP-SCALE )
THERMOCOUPLE BURN-OUT
INDICATION
12
6 a
? S e ATDIG
§ Al01 Eour
914 ! $he g ome
coLD 349900
JUNCTION
COMPENSATION i
3
1MQ
15k0
+I5V

FIGURE 12. Thermocouple Amplifier with Cold Junction Compensation.
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FIGURE 13. Differential Input/ Differential Output Amplifier (twice the gain of one INA).
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FIGURE 14. Auto-Zeroing Instrumentation Amplifier Circuit.
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