VA-1 VA-2
PRECISION

INSTRUMENTATION

AMPLIFIER

(TECHNICAL REFERENCE>

‘ Click to see photo: www.eeci.com/va-1p.htm‘

PHONE................... (937) 349-6000
ORDERS................ (800) 842-7714
TECH SUPPORT... (937) 349-6000
E-mail........cceeene. sales@eeci.com

SPECIFICATIONS
Size (VA1) 1.75" by 3.75"  (VA-2)....ce..... 1.75" by 5.25"
Weight (VA-1)...ccovivinnee 1 ounce (VA-2)..ooevene 2 ounces
Voltage output range......... 0 to 5 volts DC
Voltage input range........... adjustable: 0 to 1 millivolt through 0 to 5 volts DC (0 to 100 millivolt typical)
Differential input range......adjustable: +1 to -1 millivolt through +5 to -5 volts DC (+1 to -1 volt typical)
Power requirements.......... 18 to 24 volts DC (50 milliamp)

TECHNICAL SUPPORT

Technical support for our products is available by calling (937) 349-6000. If a technical adviser is not available, please

leave your name, phone number and a time that you can be reached. Your call will be returned within 24 hours.

CONNECTION DIAGRAM

(USE CAUTION, REVERSED POLARITY

Q Q MAY CAUSE DAMAGE)

o} (1) Power Input (+) (18 to 24 Volts DC, 50 ma)*
o) (2) Power Input (-)
o (3) ADC-16 Reference (+) (for differential inputs only)
w o) (4) ADC-16 Reference (-) (connected to terminal (6))
< O (5) Amplifier Output (+)
= O (6) ADC-16 Reference (-)
J1 J2 | O (7) Signal In (+)
~ ~ o (8) Signal In (-) (ground referenced)
Trimmer *Use PS-12VDC-500 power supply (unregulated)
Ag’jb"‘ST The power souce must be completely isolated.

Do not use the VA-1 power source to power the
ADC-16 or any other device.

NOTE: If a zero voltage output is desired with the inputs floating (left disconnected), install a 50K ohm resistor across
the VA-1 input. This will however, greatly reduce the input impedance and may slightly load your signal source.

Terminals (3 ) and (4) are not used unless the input signal is differential.
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VA-2 CONNECTION DIAGRAM

Q Q T (18 to 24 Volts DC, 100 ma)
@) (1) Power Input (+)
o) (2) Power Input (-)
o (3) Channel 2 Reference (+)
) (4) Channel 2 Reference (-) (ground referenced)
o (5) Channel 2 Signal Output (+)
o (6) Channel 2 Signal Output (-) (ground referenced)
43 4 O | (7) Channel 2 Signal Input (+)
- - © (8) Channel 2 Signal Input (-) (ground referenced)
O| | (9) Channel 1 Reference (+)
O | | (10) Channel 1 Reference (-) (ground referenced)
o (11) Channel 1 Signal Output (+)
O] | (12) Channel 1 Signal Output (-) (ground referenced)
1 J2 O | (13) Channel 1 Signal Input (+
- - O | (14) Channel 1 Signal Input (-) (ground referenced)

POWER SUPPLY REQUIREMENTS

The power supply used to power the VA-1 or VA-2 must be isolated from the ADC-16. We recommend a seperate
isolated power source for use with the VA-1 to prevent voltage offsets and to reduce possible noise sources to the op
amps. A wall type transformer supply is available for the VA-1 and VA-2 (specify PS-12VDC-500 when ordering). Note:
The PS-12VDC-500 is an unregulated supply and provides a voltage output of approximately 18 volts DC under a 50
milliamp load. Voltage regulators on the VA-1 or VA-2 convert this voltage to a regulated + and - 8 volts DC.

ADJUSTMENTS

NOTE: Two .01 mf filter capacitors are installed at the amplifier inputs to filter out input noise. These filter capacitors
may be removed to provide a faster response time for the input.

GAIN: (voltage amplification level)...Using a digital multimeter (set to the 10 volt DC range), measure the voltage across
the reference (-) and (+) at the RCT-8 (connected to the ADC-16). Make a note of this voltage to within 10 millivolts (it
should be about 5 volts). Now connect the digital multimeter to the voltage output on the VA-1 or VA-2. Apply the full
scale input voltage to the the VA-1 or VA-2 input. A test voltage may be generated using the circuit shown in figure A.
Adjust the gain trimpot so that the digital multimeter equals the voltage that you previously measured across reference
(-) and (+). The VA-1 is now adjusted for this input voltage range. EXAMPLE: If a 0 to 100 millivolt input range is
desired, apply 100 millivolts to the input and adjust the output to equal the ADC-16 reference voltage. The 8 bit ADC-16
will display the analog information equal to 100 millivolts divided into 256 increments (0 millivolts = 0, 50 millivolts = 128,
100 millivolts = 255, etc.).
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There are several options available when selecting the desired input range and gain sensitivity. Both J1 and J2 may be
removed and replaced with resistances of various values to decrease gain sensitivity and/or to place upper and lower
limits on the gain adjustment. The trimpot may be completely removed and replaced with a fixed value resistance to
prevent any changes to the gain or to prevent minor changes in gain as a result of vibration or temperature changes. A
low temperature coefficient resister may be desired if maximum accuracy is required when the VA-1 is operated in
changing temperature environments.

In the event that the input voltage range is greater than 0 to 400 millivolts, it will be necessary to remove one of the two
jumpers and replacing with a series resistance of the needed value (3K or greater, up to 50K). One of the jumpers may
be completely removed (disconnecting the 5K trimpot) if a gain of 1 is desired. For input voltage ranges below 0 to 200
millivolts, you may wish to replace the 5K trimpot with a 1K or 500 ohm trimpot and adding a series resistance to
decrease gain sensitivity. This will allow you to fine tune the gain with greater precision (see gain resistance charts on the
following pages).

100K to 300K Resistor
(+)

9 Volt DC Battery
0]

(+) &——P> 10K Trimpot

TEST SIGNAL to VA-1 input
(0 to 250 mwv typical)

FIGURE A

INPUT NOISE

Input noise will become more of a problem the lower the input range (at the 0 to 5 millivolt input range, noise will be quite
apparent). When the input to the VA-1 or VA-2 is left disconnected, the output voltage will fluctuate as a result of

this noise and usually will generate a negative output signal as a result of insufficient input bias current. If a zero voltage
output is desired with the inputs floating (left disconnected), install a 50K ohm resistor across the VA-1 input. This will
however, greatly reduce the input impedance and may slightly load your signal source. Input noise is generated by a
variety of sources such as radio signals, light fixtures, electric motors, lightning, etc. Most input noise is easily eliminated
by installing the VA-1 or VA-2 in a metal enclosure and using shielded cable on the input connections (the shield should
not be connected at the source and should be connected to an earth ground at the VA-1). The shield should be also
connected to the metal enclosure and the ADC-16 REF (-)). A1 mf or 10 mf filter capacitor may be installed across the
VA-1 input to help reduce fluctuations caused by noise. The filter capacitor may be removed if faster response times are
required for the analog input.

IMPORTANT: When calibrating the VA-1 or VA-2, it is important that you remain clear of any device which may produce
noise (such as fluorescent lamps, motors, transformers, power supplies, soldering apparatus, etc.).

INPUT IMPEDANCE

The input impedance of the VA-1 and VA-2 amplifiers is approximately 1 trillion ohms with the filter capacitors and the 10
megohm input resistor shunt removed. The amplifiers require only a 5 nA input current and have high common-mode
rejection (115db at G=1,000).

A variety of input configurations are possible. The (V-) input to the amplifier is normally connected to REF (-) which is also
connected to the ADC-16 or ADC-4 power ground and to the RS-232 signal ground. On a desk-top PC, the

RS-232 signal ground is also connected to an electrical system ground (and earth ground) through the third prong on the
computer's electrical cord. The (V-) input to the amplifier may be removed from ground if desired (although a 100K
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(or lower) resistor connected to ground at both (+) and (-) inputs may be necessary to reduce input noise to the
amplifier and to provide the needed input bias current). The data sheets on the following pages show a number of
possible input configurations.

USE OF THERMOCOUPLES

Most types of themocouples may be connected directly to the VA-1 input. Type K thermocouples will reverse polarity at
approximately room temperature so it will be necessary to configure the VA-1 for differential input to read temperatures
which produce a negative voltage. Adjust the amplifier gain to allow for the desired temperature range.

NOTE: The VA-1 is a linear amplifier. Since the output from a thermocouple is not linear, it will be necessary to provide
the proper calculations in your software to compensate for the difference.

DIFFERENTIAL SIGNAL INPUTS
The VA-1 will accept most types of differential input signals from various instruments, load cells, transducers, etc.

To configure the VA-1 for differential signals, all that is necessary is to connect the REF (+) (terminal (3) on the VA-1) to
the REF(+) output on the ADC-16 or ADC-4. The connection of terminal (3) will create a 2.5 volt offset at the output to
allow the negative side of the differential signal to be passed on to the 0 to 5 volt input to the ADC-16 or ADC-4. It will
not be necessary to connect terminal (4) to the ADC-16 if the REF (-) terminal (6) is already connected to the REF (-)
ground on the ADC-16 or ADC-4. Adjust the gain on the VA-1 for the desired input voltage range. EXAMPLE: With the
VA-1 adjusted for a -1 volt to +1 volt input range the VA-1 ouput will be 0 volts with the input at -1 volt, 2.5 volts with the
input at 0 volts and 5 volts with the input at +1 volt.
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BURR-BROWN®

INA118

ADYANCED INFORMATION
SUBJECT TO CHANGE

Precision, Low Power
INSTRUMENTATION AMPLIFIER

FEATURES

@ LOW OFFSET VOLTAGE: 50V max
@ LOW DRIFT: 0.51V/°C max
® LOW INPUT BIAS CURRENT: 5nA max

@ HIGH CMR: 115dB min

@ INPUT PROTECTED TO +40V
@ WIDE SUPPLY RANGE: £1.35 to +18V
@ LOW QUIESCENT CURRENT: 2801A

@ 8-PIN PLASTIC DIP, SO-8

APPLICATIONS

® BRIDGE AMPLIFIER

® THERMOCOUPLE AMPLIFIER

@ RTD SENSCR AMPLIFIER

& MEDICAL INSTRUMENTATION
@ DATA ACGUISITION

DESCRIPTION

The INAI11S is a low power. general pumose instru-
mentation amplifier offering excellent accuracy. Its
versatile 3-op amp design and small size make it ideal
for a wide range of applications. Current-feedback
input circuilry provides wide bandwidth even at high
gain (100kHz at G=100).

A single external resistor sets any gain from 1 to 10,000,
Intemmal input protection can withstand up to £40V
without damage.

The INA118 is laser trimmed for very low offset voltage
(50pV), drift (0.5uV/°C} and high common-mode re-
jection (115dB at G = 1000). It operates with power
supplies as low as £1.35V, and quiescent current is enly
280pA—ideal for battery operated systerns.

The INA118 is available in 8-pin plastic DIP,
and 50-8 surface-mount packages, specified for
the -40°C 1o +85°C temperature range.

- 2
Vi —

Over-Veltage|
Prolection

3

V|: | [Over-voitage

Protecion

INATTE
&0k
&
—CQV,
S50xQ
G=14+
Ra
e
6Cha2
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SPECIFICATIONS

INA111

BURR-BROWN®

High Speed FET-Input
INSTRUMENTATION AMPLIFIER

ELECTRICAL
At T, = +25°C, V, = 215V, , = 10k unless atherwise noted.
HA118PB, UB INAT18P, U
PARAMETER CONDITMIONS MN TP MAX MIN P MAX UNITE
INPUT
Otiset Voltage, AT .
Initial T, = +25°C £10: 50G [+504 25005 £25 1100/G [11251 TSUG W
vs Tampérature Tam T 10 Tuay 020G | 2052 5G 202216 | 21£100G PVAC
vs Power Supply Vy= £1.35V 0 218V £1 113 31 100G B s A
Long-Term Stabiilly £0.611/G . yvimo
impedance. Ditierential 0|5 o a|lsF
Commen-Mode 100 |(5 Q| aF
Input Comemen-Mode Ranga Vo= OV 4V, $0.9 * v
Safe Input Yokage +40 * v
Common-Mode Rejection Vo, =210V, AR = Thid .
= 80 ] 75 0 dB
Gm10 ) 1ns 50 106 dB
G=10 110 120 108 110 OB
G =000 115 120 08 110 de
BIAS CURRENT i 5 B 70 n&
vs Temperature 120 pAFC
OFFSET CURRENT 11 t5 10 hA
vs Temperature 320 - pASC
NOISE VOLTAGE, AT G =1000, R, = 00
f= 10Hz 12 & v/ HzZ
f= 100H2 10 . nvryHz
= tkHz L] nviyHz
1y =0.1Hz2 to 10Hz 0% nwpp
Hoiga Currant
f=10Hz 0.6 . pAsYHZ
te1kHz 0.3 . pa/VHZ
f; = 0 1Hz to 10Hz 5 * pAR-p
GAIN
Gain Squation 1 + [BOKCAL) % v
Range of Gain 1 16000 g . v
Gain Error G=1 +0.01 +0.02 . 0.1 %
G=10 .02 104 N .5 %
G=100 16.05 05 * 0.7 %
G= 1000 05 31 - 2 %
Gain vs Temperature G=1 12 10 s 10 MG
50K Resistance +25 1100 : o ppmrs
Nonlinearity G=1 F0.0001 0.000 ¢ 10.002 *o ol FSR
G=10 10.0005 20.002 . 10.004 % of FSR
G =103 +0.0005 a0.002 & +0.004 % of F&R
G = 1000 +0.003 2001 * #0.02 % ot FSR
OUTPUT .
voltage lp= 2MA, Ty 10 Ty | +14/-14.8 | +14.2—145 . - v
Vgm 2135V, Ry = 2k |+035-1.15] +0.5-1.25 * B v
Load Capacitznce Stability . 1000 - oF
Short Cirguit Current +12 * mA
FREQUENCY RESPONSE
Bandwidth, —3d8 G=1 500 - kHz
G=10 400 . kHz
G =100 100 : KHz
G= 1000 10 N kHz
Slew Rate Vo= 210V, G= 10 1 * Vips
Settling Time, 0.01% Ga=1 15 : Ms
Geld 15 N ps
G=100 1% * Hs
G = 1000 150 £ us
Owerload Recovery 50% Overdrive 20 b ps
POWER SUPPLY
Voitage Range +1.35 15 118 * = * v
Current V=0V +280 ‘ pA
TEMPERATURE RANGE |
Specification —40 &5 B . ¢
Operating 40 i25 B . c
o &0 T
* Spacification same a5 WNA118P8, UB.
NOTE: {1) Tamperature cosfficient of the "50k" tarm In the gain aquation.
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FEATURES

® FET INPUT: |, = 20pA max

® HIGH SPEED: T, = 4us (G = 100, 0.01%)
® LOW OFFSET VOLTAGE: 5004V max
@& LOW OFFSET VOLTAGE DRIFT:

DESCRIPTION

The INAI11 is 2 high speed, FET-input instrumenta-
tion arnplifier offering excellent performance.

The INA111 uses a current-feedback topology provid-
ing extended bandwidth (2MHz at G = 10) and fast
settling time (4us to 0.01% at G = 100). A single

RINASmEX ternal resistor set in from 1 1 1000
external resistor sets any gain fro ver .
@ HIGH COMMON-MODE REJECTION: o
106dE min Offset voliage and drift are laser trimmed for excellent

DC accuracy. The INA1LLs FET inputs reduce input
bias current to under 20pA, simplifying input filtering
and limiting circuitry.

The INAIILI is available in 8-pin plastic DIP, and
SOL-16 surface-mount packages. specified for the

@ 8-PIN PLASTIC DIP, SOL-16 SOIC

APPLICATIONS

& MEDICAL INSTRUMENTATION —40°C to +85°C tempcraturc range.
® DATA ACQUISITION
v
7?(13)
R INAT11
v ) Fupdback
1 DIP Connected
o Intamalty
Re Vo
8 50k
Gel+
{15) ? Ry
= Rt
Voo TeKeL 10k an
5)
417}
oiP—~ l, e {S0IC)
V=
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SPECIFICATIONS

ELECTRICAL

T, +25°0. V= £15V. R, « 2k, unlgss otherwise noted.

INAT11BP, BU INATT1AP, AU
PARAMETER CONDITIONS MIN TYF MAX MIN TYP MAX UNITS
INPUT
Olfset Voltage, RTH
Initial T.= +25%C +100 + 500/G | 4500 +2000/G 200 + 500G [+£1000 £5000/G WY
vs Temperature Tom Taawto T 12 £ t0/G 15 £ 100/G 42 + 20G 110 £ 100/G pVPC
vs Power Supply Vo= 16V to 218V Z2+100G 30 + 100:G : - RV
impedance, Ditierential 102|| 6 : QllpF
Comman-Mode 10?713 . : allpF
Input Cemman-Mods Range Vg = OV =10 X2 v
Common-Moda Rajection | Ve, = 270V, ARg= k2
Ga=i 80 20 75 * ds
G=10 % 10 30 * ds
G =100 106 15 100 : d8
G = 1000 106 15 100 - a8
BIAS GURRENT 12 120 . . pA
QFFSET CURRENT 101 119 - * pA
NOISE VOLTAGE, ATl G = 1000, R; - 002 s
f= 120Hz 13 * n¥/¥Hz
fatkhz 10 . nv/ VHZ
- 10kHz 10 * nvivHz
fy= 0.1Hz 10 10Hz 1 = BVEP
Noise Curram i
fu 10kHz 0.8 * A/ NHz
GAIN
Gain Equation 1+ (S0kVR) & . ViV
Rarge of Gain 1 19000 . v
Gain Error G=1,R, =10k H0o 10.02 D.E‘S e
G- 10.R, - 10KO 0.1 0.5 & %
Gi=100, R = 1060 .15 0.5 " 0.7 %
5= 1000, R, = 10k .25 1 * 1;.2 Yo
Gain ve Temparatura G=1 41 +10 o . pemeC
50K Rgsistance 125 1100 . ppmAC
ineart . M % ol FSR
Nonlinearity G=1 +0.0005 +0.005
G=10 10.001 20,005 * 20.01 % of PSR
G=100 20.001 10,005 . 0. % ot FSR
G = 1000 30,005 10.02 * +0.04 * of FSR
ouTPUT . . "
Vollage Iy = SMA, gy 10 Toax £ 127
Load Capacilance Stability 1000 X pF
Short Glrcuit Surrent +30-25 mA
FREQUENCY RESPONRSE .
Bandwicth, -3¢B G- 2 MHz
G=10 2 * MHz
G=100 450 - kHE
G =~ 1000 50 * kHz
Slew Rate Vo3 10V, G = Z t0 10C 17 ' Vips
Setting Time, 0.01% G=1 2 : ps
G=10 2 us
G =100 + * HS
G = 1000 40 * [
Qverlcad Recovery 50% Qverdrive 1 ps
POWER SUPPLY \ . . ”
Voltage Range 6 #15 +18 .
Corrent V= QY 3.3 4.5 . mA
TEMPERATURE RANGE . . .
Spacification -0 85 N : ﬂc
Coeraiing Plastic P. U —40 125 . . C
8, Plastic P. U 190 CW
" Specification same as INAT11EP,
NQTE: {1) Temparawre coatficant of the *S0KQ" tanm In the gan equation.
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INA111

INSTRUMENTATION AMPLIFIERS

APPLICATION INFORMATION

Figure 1 shows the basic connectious required for operation
of the INAL11. Applications with noisy or high impedance
power supplies may tequire decoupling capacitors close 1o
the device pins as shown.

The output is refered to the output reference (Ref) terminal
which is normally grounded. This must be a low-impedance
conncetion to assure good common-mode rejection. A resis-
tance of 2} in series with the Ref pin will cause a typical
device with 90dB CMR to degrade to approximately 30dR
CMR (G=1).

SETTING THE GAIN

Gain of the INAT I is set by connecting a single external
resisior, Ry

G=l+m

RG

(1)

Commonily used gains and resistor values are shown in
Figure 1,

The 50kL2 term in equaticn 1 comes from the sum of the twg
nternal feedback resistors. These arc on-chip metal fily
rasistors which are laser trimmed to accurale absolute va.
ues. The accuracy and temperature coefficient of thege
resistors are included in the gain accuracy and drift specif.
cations of the INAIL1L.,

The stability and temperature drift of the external gajn
setting resistor, Rg, also affects gain. R;'s contribution 1o
gain accuracy and drift can be directly inferred from the gaig
equation {1). Low resistor values required For high gain cag
make wiring resistance important. Sockets add to the wiring
resistance, which will contribute additional gain error {pos-
sibly an unstable gain error) in gains of approximately 109
or preater.

DYNAMIC PERFORMANCE

The typical performance curve “Gain vs Frequency” shows
that the INA111 achieves wide bandwidth over a wide range
of gain. This is duc 10 the current-feedback topology of the
INAT1i. Setling time also remains excellent over wide
gains.

Pl numbers ars
for DIP package,

Q. IuF

—M— o
10k Aol |

INATT1

Vo= G iV =V

Gty kg

Ra
B 0
.
Load Vg
s -

DESIRED R, NEAREST 1% R,
GAIN ) Q)

1 No Cannaction No Cannaction
F] 50.00k 49.9k

5 12.50K . 124k

10 5.556k .62k

2 - 2.632k 261k

56 §.02k 1.02k

16¢ 505.1 511

200 2513 243

500 100.2 100
1000 50.05 499
2000 25.01 249
5000 10.00 10
10000 5.001 4.39

41,
Et = Als0 drawn m simplitied form:
-

1uF

Vin © =
Ra 3 jINATTY vy
+
v Fet

FIGURE 1. Basic Connections
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The INA111 exbibits approximately 6dB rise in gain at
2MHz in unity gain. This is a resalt of its current-feedback
sopology and is net an indication of instability. Unlike an op
amp with pocr phase margin, the rise in response is a
predic[ahlc +6dBfoctave due o 4 response e, A simple
pole at 700kHz or lower will produce a flar passband
response (see Input Filtermg).

The [INA11? provides excellent rejection of high frequency
common-mode signals, The typical performance curve,
«common-Mode Rejection vs Frequency” shows this be-
havier. If the inputs are not properly balanced, however,
common-mode signals can be convered w differential sig-
aals. Run the ¥V and V| connections directly adjacent
aach other, from the scurce signal all the way to the input
pins. If possible use a ground plane under both input traces.
Avoid running other potentially noisy lines near the inputs.

NOISE AND ACCURACY PERFORMANCE

The INALLL's FET input circuitry provides low input bias
corvent and high speed. [t achieves lower noise and higher
accuracy with high impedance sowrces, With source imped-
ances of 2k€2 to 50kS2 the INALi4 may provide lower offset
voltage and drift. For very low source impedance (S1kid),
ke INAL103 may provide improved accuracy and lower
noise.

OFFSET TRIMMING

The INAIIL is laser trimmed for low offset voeltage and
drift. Most applications require no external offset adjust-
ment. Figure 2 shows an optional circuit for trimming the
outpat offset voltage. The voltage applied to Ref ierminal is
swmmed ai the output. Low impedance must be maintained
at this node to assure good commeon-maode rejection. The op
amp shown maintains low output impedance at high fre-
quency. Trim circuits with higher source impedance should
be buffered with an op amp follower circuit 1o assure low
impedance on the Raf pin,

100pA
1/2 REF200

1000™

wDTn“’

100pA

NOTE: [1} Far widar trim range required 12 REF200

in high gaine, scala resistor valuas larger

FIGURE 2. Optional Trimming of Output Offset Voltage.

INPUT BIAS CURRENT RETURN PATH

The input impedance of the INA11} is extremely high-—
approximately 104 However, a path must be provided for
the input bias curvent of both inputs. This input bias curent
is typically less than 10pA. High input impedance means
that this input bias current changes very little with varying
input voltage,

Input circuitry must provide a path for this input bias current
if the INA111 is 1o aperate properly. Figure 3 shows vatious
provisions for an input bias currem path. Without a bias
current return path, the inputs will fleat to a potential which
exceeds the commen-mode range of the INAILE and the
tnput amplifiers will saturate.

If the difterential source resistance is low, the bias current
retun path can be connected to one input (see the thermo-
couple example in Figure 3). With higher source impedance,
using two resistors provides a balanced input with possible
advantages of lower input offset voltage due to bias current
and better high-frequency common-mode rejection.

Crysial or
Coramic [ | INA111

Themocogpie % INAT11

¥

FIGURE 3. Providing an Input Common-Mode Current Path.

INPUT COMMON-MODE RANGE

The linear common-mode range of the input op amps of the
INA111 is approximately 12V (or 3V from the power
supplics). As the output voltage increases, however, the
linear input range will be limited by the output veliage swing
of the input amplifiers, A, and A,. The common-mode range
is related to the outpul voltage of the complete amplifier—
sce performance curve “Input Common-Mode Range vs
Quiput Voltage™.
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INA111

INSTRUMENTATION AMPLIFIERS

A combination of commen-mode and differential input
voitage ¢an cause the oulpul of A, or A; 1o saturate. Figure
4 shows the output voliage swing of A, and A, expressed in
terms of a common-mode and differential input voltages.
For applications where input common-mode range must be
maximized, limit the output voltage swing by connecting the
INAILL in a lower gain (s2e performance curve “Input
Commeon-Mode Voltage Range vs Quiput Voliage™. If
necessary. add gain after the INA111 to increase the voltage
swing.

[nput-overload often produces an output voltage that appears
normal. For example, consider an input voltage of +14V on
one input and +15V on the other input will obviously exceed
the linear common-mode range of both input ampiifiers.
Since both input amplifiers are saturatcd to the ncarly the
same oulput voltage limit, the difference voltage measured
by the output amplificr will be near zero. The output of the
INAIIl will be near 0V even though both inputs are
overtoaded.

INPUT PROTECTION

[nputs of the INALLL are protected for input voltages from
L7V below the negative supply 10 |5V above the positive
power supply voltages. If the input current is limited to less
than ImA._ clamp diodes are not required; internal junctions
will clamp the mput voltage to safe levels, 1 the input source
can supply more than ImA, use external clamp diodes as
shown in Figure 5. The source current can be limited with
series resistors R, and R, as shown. Resistor valuzs greater
than 10k{ will contribute noise to the circuit.

A diode formed with a 2N4E17A transistor as shown in
Figure 5 assures low leakage. Common signal diodes such as

the 1N4148 may have leakage currents far greater than the
input bias current of the INALL1 and are usually sensitive to
light.

INPUT FILTERING

The INA1I1's FET input allows use of an R/C input filter
without creating large offsels due to input bias current,
Figure 6 shows proper implementation of this input filter to
preserve the INAT11's excellent high frequency common-
mode rejection. Mismatch of the common-mode input ca-
pacitance {C, and C,), either from stray capacitance or

V&
o, A Ao,
Vie O
A,
R, INA111 Y,
a, < =
i, ,
o, & Ao,
Vi
. - 2N4117A
Diodas: 104 Leakage

FIGURE 5. Input Protection Voltage Clamp.

Vi

7

25k0

25k

INATTY
10K 10k 50k
G=1+——
Re
F——0Vy3G-Vy
Wt
/ 10Kt 10k L

FIGURE 4. Yoltage Swing of A, and A,.
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mismatched values, causes a high frequency common-mode
signal to be converted to a differential signal. This degrades
common-mode rejection. The differential nput capaciior,
¢, reduces the bandwidth and mitigates the effecis of
mismateh in C, and C,, Make C, much larger than C, and C,.
If properly matched, C, and C, also improve CMR.

QUTPUT VOLTAGE SENSE

(SOL-16 Package Only)

The sueface-mount version of the INA11E has a separate
output sense feedback connection (pin 12}. Pin 12 must be
connected, usually to the output terminal, pin 11, for proper
operation. (This connection is made intemnally on the DIP
verston of the INALILL,)

The output feedback cennection can be wsed 10 sense he
output voltage directly at the load for best accuracy. Figure 3
shows how to drive a load through series imerconnection
resistance. Remotely located feedback paths may cause
instability. This can be generally be eliminated with a high
frequency feedback path through C.

1
f—!dB =
To = 4::R1(cj+-1—)
RI
Vi 0—— WA k-
h =, % INATT1 Vo
Vi o—— £Tret
e Cz HI = Hz
" &
— C, =400,
FIGURE 6. Input Low-Pass Filter.
G = 500
Vo
INATTY
. Ret

FIGURE 7. Bridge Transducer Amplifier.
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Surface-maunt package

/ varsion only.
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. o——\ _Fog(;pF /\

[y

IRATT1

o
~

( ¥
AAA

¥

L

%Load
=L

Equal resistance hara preserves =
good commen-mode rejection.

FIGURE 8. Remote Load and Ground Sensing.

Isolaind
Common

<
o—i} e
I
Ra % IHATT1 Vo
G
fot 1 Ret
N o =
R Ry 1
¢~ 2xR,C,
NQTE: Te praserve goad low fequency CMR,
make Ry = R and Gy = G,
FIGURE 9. High-Pass Input Filter.
16V to 18V
Isolated Power
V+ V=
Vo
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Page 12

fier.

CONTROL SYSTEM
TECHNOLOGY

Web* ... http://www.eeci.com
*International & Domestic

Copyright © 1989 - 2021 Electronic Energy Control, Inc. All Rights Reserved



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7

