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After this presentation you will be able to:

Explain how to reject noise and undesired signal from
fransducer outputs using differential amplifier circuits

List the electrical characteristics of the differential amplifier
Analyze differential amplifier circuits

Utilize differential amplifiers to measure voltage and current
with minimal loading effects.
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Common mode voltages are voltages that have the same
magnitude and phase shift and appear at the inputs of a data
acquisition system. Common mode voltages mask low level signals

from low gain tfransducers.

Data
recording
system

Sensor and signall Induced voltage
conditioning source and noise

Common mode voltages also appear on shielded systems
due to differences between input potentials
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Common mode voltage due to ground

Differential Amp

Total common mode voltage Vi, = VemntVemg

OP AMP differential inputs designed to reject common mode
voltages. Amplify only V4= V* -V~
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A. = gain of OP AMP to common mode signals
(designed to be low)

A, = differential gain of OP AMP. Typically high
(A4 = 200,000 for 741)

Ideal OP AMPs have infinite Ay and zero A,

Common mode rejection ratio (CMRR) is a measure of quality for
non-ideal OP AMPs. Higher values are better.

CMRR=ﬁ
A

C

Where A, = differential gain
A.= common mode gain

Lesson 11_et438b.pptx

Common Mode Rejection (CMR) calculation

C

CMR=20 Iog[%} = 20log[CMRR]

CMR units are db. Higher values of CMR are better.

Example: A typical LM741 OP AMP has a differential
gain of 200,000. The typical value of common mode
rejection is 90 db. What is the typical value of common
mode gain for this device
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From problem statement V4 = 200,000 CMR = 90 db

il solve for A by using
the aniflog

CMR=20 Iog{i
A

Raise both sides to power
of 10

Solve for A.

A Plugin values and get numerical
solution

200,000 _ 200,000 _ 200,000 _632=A, Common mode gain is

1033 -~ 10* 31623 6.32 for typical LM741
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Characteristics of Instrumentation Amplifiers

Amplify dc and low frequency ac (f<1000 Hz)

Input signal may contain high noise level

Sensors may low signal levels. Amp must have high
gain.

High input Z to minimize loading effects

Signal may have high common mode voltage with
respect to ground

Differential amplifier circuit constructed from OP AMPs are the
building block of instrumentation amplifiers
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Input/output Formula

v o RetRe | [Re)y | Re |y
“\R#+R,J\R ) *\R) "
To simplify let

R, =R;and R,=Ry

R
V, = (R—jj-(vz -Vi)
Amplifies the difference between

+/ - terminals 5 5 n—
Polarity of OP AMP input indicates

order of subfraction
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Practical considerations of basic differential amplifiers

Resistor tolerances affect the CMRR of OP AMP
circuit. Cause external unbalance that decreases
overall CMRR.

Input resistances reduce the input impedance of
OP AMP

Input offset voltages cause errors in high gain
applications

OP AMPs require bias currents to operate
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To minimize the loading effects of the OP AMP input resistors, their
values should be at least 10x greater than the source impedance

Example: Deftermine the loading effects of differential amp Input
on the voltage divider circuit. Compare the output predicted by
differential amplifier formula to detailed analysis of circuit.

vee Assume no loading effects and

R6 =10kQ use the OP AMP gain formula

_(R6) , _
Vo[ Fe v, -w

R1=5kQ

(Vz _V1) =(V'-V) =—Vg,

Vi R2 Ve —5kQ _
00 R?2 | R14R2+R3 5kQ +5kQ +5kQ

vV, = {ﬁ]w 03333V
15kQ
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Find the output ignoring the loading effects that the OP AMP has on
the voltage divider.

VOZ(RG)(_VRZ)

R4

0=

10 kQ
10kQ

j-(— 0.333)=-0.333V

Now solve the circuit and include the loading effects of the OP AMP
input resistors. Use nodal analysis and check with simulation.

Remember the rules of ideal OP AMPs:

li,=0and V*=V-
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Solution using nodal analysis

NoBAL AnALRSIS
@O Vb2V feam OP AMP THRRY
@) AT NedE v, (AssuminG ALL T5 Leave)

_Yv.w I"r‘fl_ AP
Soce |\~ (19,000 5co

A.0045 Vt-o.ooo]\l‘- 0.000V, 70,0062

V.-V v.-vH I\,
AT nodE V. ‘[_____’ ) e sl B P B
@ 2 oy 1 ):m,ouo].lsm"

O-60¢§VL— o.wozv‘ < o,ogqv*:o

@ AT MeDE VT

+ = =\
- 'Vo .__\r =
- vt Vz - "-V {=0 '-[U 1 - [ao aull
13,830 lo,emul 19,002 )
=N - VT Y =0

2\;1'-\/,_:0 1u'—vl V=6
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Solve simultaneous equations and determine percent
error due to loading

s Eqruw\mhs and § Unknowon g

ELimInATE VF Fram EQuaTiONS Lesine (D)

& -st{\f“'D.aoanl‘6~m°w—f0\ff°-°°°z
@ - 6.5002V, 3 Gxii?d v, - 0.0001N 7y ay, =0

@ oV, +-IN_t LV 4 0V =6

@ -1v, + 0V, 4+ 2V v ~lVg=a

SelVE Using TI-85 c4LcuLaToR
Vv 0.514v V,= 0.229v V=04V

(-0.28¢)" = -333,
(=0,28¢)
Y Earor = ~16,53%

0/y ERROR =
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Results of operating point analysis in LTSpice

Jniclude Im741.5ib V,=0.286 V

.op
V,=0.514V

V,=0.229 V
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Dc motor draws a current of 3A dc when developing full
mechanical power. Find the gain of the last stage of the circuit
so that the output voltage is 5 volts when the motor draws full
power. Also compute the power dissipation of the shunt resistor

=3 A 12Vdc 820 kQ

!

10kQ Ri=¢
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Example Solution

Cu’m‘\‘ENT SEMNSING
V = VOLTAGE ACResS SHUNT
Vyz IR

VALTAGE IS PRePORT IOV AL T CURRENT

AT Futl LAD \,i : 3A) (o157 a3V
\fd: 30¢ my

AN Compur: GAIn OF DIFE AME

OWTELT OF DIFF., Amp )
\,, = Ay, v, = .\g.z)(u‘éz-'ajv)? .46V
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NON~INVERTING AmP CIRCQLT

= ﬁi D S.0Vv 2103
Ay “Tj = Jagv - o

Compute power

dissipation at full load R¢is a non-standard value. Use 8.2

=3 Aso.... kQ resistor and 5 kQ potentiometer.

Calibrate with 300 mV source

PR Re0.s5 Until 5.00 V output is achieved

P 2aY (0 n): 03w
#) (.12 Note the maximum differential

Use 1 Watt or greater Voltage specification of OP AMP.

Standard value (30 V for LM741)
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Simulated with Circuit Maker (Student Version)
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