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Zout =0
Zero output resistance
No offset voltage,
INVERTING RSOk =0
TERMINAL
v
d
Iin I
NON-INVERTING Infinite voltage gain,
TERMINAL A,
Bandwidth Infinite

Gain constant for all f

I,,=0 due to Instant recovery
infinite Z, from saturation
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OP AMPs are voltage amplifiers designed originally for use in
analog computers

OP AMPs are direct coupled (dc) amplifiers that amplify both ac and
dc signals simultaneously. Requires bipolar supplies.

+Vin vy V,>0, V,<0

+Vi, V, V,>0, V,>0

Schematic symbol for non-ideal OP AMP

= inverting input
non inverting input

Two inputs:
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ed by saturation
causes V, = xV

Ri» = R;, of OP AMP
A, has minimum value of 1

damental OP AMP Circuits
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Circuit causes
minimum
loading on
previous

infinite

:age Follower Circuit
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No load V,

vo=(ij~12v
5kQ+10 kQ

V, =40V

With load resistor

R, [15kQ=5kQ|5kQ =25k

v, =[—25K2 _ iov_24v
25kQ+10kQ

ple 3-1 Buffered Voltage Divid
it
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With load resistor
VRL||1MQ=5kQ||1MQ=Req

_IMQ5kQ 0o

T 1IMQ+5kQ

v, =[- 297582 )15y_3087V
49750 +10kQ

V, =V, =3.987V ¢E
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Output is inverted sum of vy, v,, and v;

onic Addition and Subtraction
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Practical OP AMP chips require
bias currents to operate.
Unequal R values at each input
cause voltage differences that
produce output errors.

= Bias
compensation R

Re=Ri |l Ry [ R3[| Re

pnic Addition and Subtraction
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Assuming R;=R,=R3=...R,

onic Addition and Subtraction
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% =(1+%j[%]

v, = (1+%)(0.5+0.:7 + 0.8] 55667

le 3-2 Non-inverting Averager
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LET R('-‘ 5SKsL Flncl AU’ Q—"'C! V‘,C-'(' V[:Z.O \/07'_2-(1.0\/) :

~-Ke ~Skn _ Tnvecting yoltage
Ay R " Ska I.Howe:cj

In A0 \IJ" —
V-0 (2 vdo) (-2 o vde

ple 3-3:Inverting Amplifie
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Vs Ay, = —0.8(2av) = -1V

t is smaller than input. Circuit divides input by 2
= )

ple 3-3: Solution (2)
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mple 3-4 Non-Inverting Amp (1)
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VO
L Viz Ay V= 2(6) ~ 18 Vde
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mple 3-4 Solution (2)
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—I®k L L
Ve et %t on

V= 74 (020) 4 ~€.61(0.0) 4 =10 (0.1

V= ~0.8- 0,662 4 1oVdc

Gains \lb: T0.96CT Vde

mple 3-5 Inverting Summing
lifier

lesson3et438a.pptx

17

Letting R;, R, and R;
be potentiometers
produces an audio

mixer

When R;=R,=R3
Output voltage is the
average of the input

values

ming Amplifier Application

lesson3et438a.pptx

18

8/31/2016



LM34 - temperature sensors. Gain = 10 mV/F
T,=50F T,=45FT;=40F

Average the temperature using a gain of -1 and -5. Find the
value of R; and V, for each gain value.

ple 3-6: Averaging Sensor Sig
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general by letting n be the
sired gain factor.

V,=R,| Yz Ve (7 (V, + V... 4V,
Ri Ry Ry R,

V, V. +vn}

Vave = _Av |:
n

mple 3-6 Solution (2)
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Use this fo

or output voltages using temperature and gain \
T,=50°F V,=(0mV/F)50° F)=0.5V
T,=45F V, =(10mV/F)45 F)=0.45V
T,=40'F V, =(10mV/F 40" F)=0.40V

mple 3-6 Solution (3)
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_A,-R, 1.50,0000Q

=16,670Q

16-6lzk)(o.50+o.45+0.40)=—0.45V

i ((0.50+o.45+0.4o)
=il

j: ~0.45
3

ple 3-6 Solution (4)
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values of R; are not standard values. Use pote
st standard value then calibrate circuit to get desir

—

ical R¢ m ’\é\l/(\,

ple 3-6 Solution (5)
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ntial Voltage Amplifier
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r
R

setpoint

rential Amplifier Applicati
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