“’"TELEDYNE PHILBRICK

High Performance
FET Input
Instrumentation Amplifier

The 4253 is a high performance, FET input instrumenta-
tion amplifier designed to extract small differential
signals from large common mode input voltages and ac-
curately amplify them with gains to 10,000. A unique
bootstrapped FET input circuit provides a very high,

10Q, input impedance, minimizing source loading errors.

Manufactured with precision active and passive com-
ponents, the 4253 is computer tested ensuring high
frequency stability, low nonlinearity error ( + 0.005%FS),
excellent CMRR (including AC, DC signals and large un-
balanced sources) and low temperature drifts. By apply-
ing an optional external reference, the user is able to
adjust the output for both narrow and wide voltage
ranges.

4253 is ideal for applications that require high input
impedance, high CMRR, low input noise and low offset
voltage drift. These include various types of transducers
and signal conditioners. When applying this fixed-gain
amplifier in data acquisition applications, signal-to-noise
ratio is increased, common-mode noise pickup virtually
eliminated, and system accuracy guaranteed.
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FEATURES

75kHz Unity Gain Bandwidth
10%Q Input Impedance

— 10pA Max Input Bias Current
114dB CMRR

0.7pVrms Input Noise

¢ Bipolar Input Offsetting

APPLICATIONS

¢ Low Level Instrumentation

e High Resolution Control Loops
¢ High Impedance Sensors -

¢ Pressure Transducers

e Bridge Amplifiers

¢ Biomedical Engineering
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4253

SPECIFICATIONS Typical @ 25°C and 15V power unless otherwise specified

GAIN, A
Gain Equation

Range of Gain
Gain Accuracy (RG = 10082, 1%)
Gain

Gain Nonlinearity, max @
A=1
A=10,A=100 ...............
A=1000 .........00nieannn

Gain Non Linearity Temp Coefficient
A=1
A=10t01000 - - -« «v e

Gain Temperature Coefficient, max
(0°C to +50°C)
A=1
A=10, A= 100, A=1000
OUTPUT
Rated Output, min
Output Impedance, A=1,dc..........
Output Impedance, A =1, f = 3 kHz ..
Cap Load Without Instability . . . . ......

INPUT
Input Impedance-Differential
Input Impedance-Common Mode . . .. ...
Input Voltage Range-Differential, Abs.Max
Ecm. Common Mode Voltage Range
Linear Operation, (Min)® . . ... ....

Ecm, Fault, Abs. Max
Common Mode Rejection, CMR, min
dcto60 Hz, A=1,A=10
dcto 100 Hz, A=1000 ...........
dc to 500 Hz, A = 1000
(with optional ac trim) ® - - . ......
OFFSETS AND NOISE
Offset Voltage, Eqg, Initial @ 25°C
Eos RTI, max
Eos RTO, max
Offset Voltage Temperature Coefficient @
Eos TC, RTI
{0 to +25°C, +25 °C to +50 °C), max
Egs, TC, RT1 (—25 to +85°C). typ.
Egs. TC, RTO {0 to +50°C), max
Voltage Noise, RTI
0.016 to 1.6 Hz, Peak-to-Peak
1.6 to 160 Hz, rms
160 Hz to 16 kHz, rms
Voltage Noise, RTO
0.016 to 1.6 Hz, Peak-to-Peak
1.6 to 160 Hz, rms
160Hzto 16 kHz, rms . .. .........
Offset Voltage vs Power Supply, RTI, max .
Offset Voltage Time Drift, RTI
(@ Constant Temp)
Perday - - .-« ooy
PerMonth - .. covvvnunnnnnnnnn
Per Year

DYNAMIC RESPONSE
Small Signal Frequency Response

+100kﬂ

1.002 max

1 ppm/°C
0.5 ppm/°C

20 ppm/°C
30 ppm/°C

+10V @45 mA
<019

1.0Q

0.01 puF

10*Q 11 3 pF

10°Q || 3 pF

+36 V

*10Vo E
tnz-A[—%(EK—)hv
{smaller of above)
$18V

76 dB
114 dB

108 dB

#1.0mV
15 mV

+10uVv/°C
+*10uVv/°C
+100 uV/°C

2 uV
0.3uv
0.7 uv

30 uv
3ouv
60 uVv
*3 uV/%

5 uv
12 uV
50 uv

for 1° Phase Shift {(approximately 0.015% amplitude error)

A=1,A=10 ... ...............
A=100. ... ... ... ... ..
A=1000 ........... . ... ...,

Small Signal Frequency Response
for £3 dB Flatness

A=1,A=10 ..................
A=100 ........ ... ... .. ...,
A=1000

Small Signal Frequency Response
for 1% Flatness.

A=1to10 ..................
A=100 ... ... ...
A=1000 ....................

Large Signal Frequency Response
Undistorted Full Qutput
{fs), All Gains, min .. .. .. ... . ..
Settling Time to 0.1% (Step input)
A=1,A=10 A=100

1 kHz

25 usec
250 usec

34

INPUT BIAS CURRENT, Ig
Initial at +25°C, max  ..............
1g Temperature Coefficient, 0 to +50°C .

Slopeat +25°Cmax . ... ..........
Input Bias Current at +50°C, max . ... ..
IBVSEem .o ovvv i
IBVSEjn ...
IBVsPowerSupply . ...............
Input Current Noise

0.016 to 1.6 Hz, peak-to-peak. . ... ...

1.6 Hzt0160Hz, rms .. ..........

160 Hz to 1.6 kHz, rms

POWER REQUIREMENTS
Nominal Supply Voltage, +V¢c
Voltage Range ..................
Current: Quiescent
Current: Fullload ................

TEMPERATURE RANGE
Operating: Rated . . . ...............
Operating: Derated
Storage . ... ...

NOTES
* Indicates same specification as 4253
Peak-to-Peak deviation from best straight line

-10 pA

Doubles every +10°C
1 pA/°C

—55 pA

0.05 pA/V

0.05 pA/V

0.02 pA/%

0.1 pA
1pA
2pA

15V
$12Vtwot18V
+16 mA

21 mA

0to +60°C
—40 to +85°C
—55 to +126°C

Refer to application note on common mode voltage range for detailed explanation

Refer to procedure for optional CMR trim
Measured without external trim
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BIAS CURRENT VS COMMON MODE VOLTAGE
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APPLICATION NOTES

GAIN

The gain of the 4253 is adjustable from 1 to 10000 by one
external resistor according to the formula:

100k
Rg

R should be a high-quality, low temperature coefficeint
resistor for maximum gain stability.

OFFSETS & NOISE
General

Connect “Ref” to “Common” if output offset trim is
not used.

A=1+

Offset voltage errors and noise voltages appearing at the
output of the 4253 are dependent upon RTI and RTO
values, as well as the amplifier gain (A), and can be calcu-
lated by the following equation:

E, = A Egqy * ERrO

Offsets RTI (High Gain)

If a slight degradation in EqgTC (RTI) can be tolerated, the
“Eqos Trim” terminal can be used to correct the initial input
offset voltage of the 4253 plus a few millivolts of signal off-
set. To zero the initial Eqg, set A = 100 or 1000, connect
the “+In”, “—In”, and “Ref” inputs direct to “ Com”
(common), and trim for minimum output voltage. The
recommended trim network is shown in the Functional
Block Diagram (See Figure 1).

4253

If not used, the “Input Eqg Trim” terminal should be left
floating. Unlike many competitive amplifiers, the EqgTC,
RTI, of the 4253 is not significantly affected by the com-
mon mode voltage.

Output Offsetting Capability

The output of the 4253 may be biased or offset up to £10
volts from ground by applying a reference voltage to the
“Ref” pin. This permits the user to offset such things as
tare weight in a load-cell application, barometric pressure
in an absolute pressure measuring system, etc. In cases
where the gain is constant, this also permits compensation
for input offsets without affecting the EqgTC (RTI).

The input impedance to the “Ref” terminal is approximat-
ely 10MQ. The output offset will equal the applied refer-
ence voltage. Two recommended trim circuits, one for
wide range and one for narrow range, are shown in
Figure 1.

If the output offset capability is not required, the “Ref”
pin must be connected directly to the “Com” pin.

COMMON MODE VOLTAGE RANGE

The input common mode voltage (Ecm) is defined as the
average of the voltages at the two input terminals. With no
differential input signal (Ej = 0), the linear E.yy, range of
the 4253 is £10 volts minimum. It decreases slightly as a
function of Ejn (Peak) and the gain (A), as indicated in the
equation shown below.

Ecm R.ngn-!Q?-A'ElNz.‘EKL')V -:62—|izl’—"l|)v ort10V

v

\— SMALLER OF ABOVE ~——r

E_in + E4in

Where Ecmy = 2

COMMON MODE REJECTION

The excellent common mode rejection of the 4253 is speci-
fied at the full £10 volt E¢py, range. For critical applica-
tions, the CMR can be trimmed for peak performance for
both ac and dc by following the optional trim procedure
shown in Figure 2.

E
IN :’
o—
OPTIONAL INPUT
EOS TRIM CIRCUIT

+15V

AAA

10kQ

75K 10 82K

-15V

EouT = AEIN * VRer

OPTIONAL WIDE

RANGE OUTPUT

OFFSET CIRCUIT
+15V

- 500

15V
§ OPTIONAL NARROW
RANGE QUTPUT
OFFSET CIRCUIT
(£75mv}

+15V

VREF 100k {2

AAA

VY 100k 12
€0
m 5009
4 —15v

CONNECT REF TO COMMON IF OUTOUT OFFSET
TRIM IS NOT USED

Figure 1. Functional Block Diagram
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4253
PROCEDURE FOR OPTIONAL CMR TRIM

For dc Trim:
1. Apply *10V sine wave (10Hz or less) to 4253 as shown
in Figure 2.

2. Adjust dc trimmer for flattest display on oscilloscope.
For ac Trim:

1. Increase frequency of applied CMV signal to frequency
of interest. (If not determined, a value between 50Hz
and 400Hz is recommended.)

2. Adjust ac trimmer for flattest display on oscilloscope.

[ +10v

SINE WAVE
GENER-
ATOR

FO—IN

ACTRIM DCTRIM ouT

oror> s @c
Q
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[ T

YL M ‘L R
e <1ma P Re
f T"‘: <

$ 100pF

VERT HORIZ

10MQ2

Figure 2. Optional Trim Procedure

UNBALANCED INPUT SOURCE IMPEDANCES

The high input impedance of the Model 4253 (10Q |i 3
pf) provides superior common mode rejection with high
source impedance unbalances. Unbalances of up to 100k2
do not affect the dc CMR performance. Even with a 60Hz
CMV signal, and a 100k$2 unbalance, the CMR of the 4253
will be greater than 80dB.

INPUT BIAS CURRENT

The input bias current of the 4253, although very small, is
unipolar and cannot be forgotten. A return path to ground
must be provided for both signal inputs.

INPUT/OUTPUT PROTECTION

The model 4253 is fully protected against input voltages up
to the supply voltages, and output short-circuits to com-
mon. Further, the output will tolerate momentary short
circuits to the supply voltages at temperatures below 35°C.

DRIVING LOAD LEADS

Long leads from the output of the 4253 may introduce
sufficient series resistance to degrade the signal at the load.
To prevent this inaccuracy, connect the “Sense”, “output”,

“Ref”, and “Com” leads at the load as shown in Figure 3.

+15V +15V SENSE
POWER | com JOUTPUT > p
SUPPLY REF e
—15V oM e »
_15y 4253 Vel
RECOMMENDED:

LOAD
PHILBRICK MODEL 2203

Figure 3. Driving Long Leads

USE OF POWER BOOSTERS

A unity-gain power booster may be used to increase the
output current drive capability of the 4253, without de-
grading other performance characteristics, by connecting it
as shown in Figure 4.

LOAD

310V @ 100 mA

OUTPUT
UNITY GAIN b
+ POWER BOOSTER $
REF I )

COoM

fsemse QL
RN

Wy

4263

Figure 4. Unity Gain Power Booster

THERMOCOUPLE EFFECTS IN WIRING

Since there are often long leads from the signal transducer
to the input of the instrumentation amplifier, there may be
one or more copper-to-gold connections in the input wiring.
Therefore, it is significant to note that a copper-gold ther-
mocouple produces a junction voltage TC of about 2uV/°C,
which is a significant error in comparison to the EgsTC,
RTI of the 4253. Use caution!

GROUNDING AND SHIELDING

Inadequate grounding and shielding techniques are the
principal source of applications problems with instrumenta-
tion amplifiers. Therefore, to obtain optimum circuit per-
formance, it is imperative that sound engineering practices
be carefully applied to hold down common mode voltages
and to provide adequate input bias current returns. Some
specific recommendations are as follows:

a. Ensure that the data acquisition system has a stable ground.
b. Ground the signal circuit at one point only.

c. Signal cable shields should not be used to carry signal
currents: they should be connected to ground at only
one point, preferably at the signal source.

d. If the signal source operates off ground at some common
mode voltage, the signal cable shield should not be
grounded: it should be connected to the center tap or
the “low” side of the signal source.

Teledyne Philbrick makes no representation that use of its modules in the circuits described herein. or use of other technical information contained herein will not infringe on
existing or future patent rights nor do the descriptions contained herein imply the granting ot licenses to make. use. or sell equipment constructed in accordance therewith.

“\"TELEDYNE PHILBRICK

Allied Drive @ Rte. 128, Dedham, Massachusetts 02026
Tel: (617) 329-1600, TWX: (710) 3486726, Tix: 92-4439
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