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Lecture 38 — Summary

Learning Objectives
1. More Operational Amplifiers examples
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Adder OP AMP
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Adder OP AMP
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Adder OP AMP

v,

Vout

-]
%

V_ feedback

But one needs to verify that the output voltage

does not exceed the rail bias
Vout! < [Vecl




Example — Four equal resistors in input

i,=i_=0 e
V. i 912V
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V_ = 0 virtual ground. Each input resistor
carries a maximum current iy |pnax = 1mMA

The output voltageis V,,,; = R X ir|max

R
— A\

R Ir|max = 4mMA independent of Ry.
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Example — Equal input resistors

i,=i_=0 max
V_|_ L @12V
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% If Rr = R = 1k, then V,,,; = 4V at most.
2= VVV?

R The maximum value allowed for Ry is when
v AN _& | Vour =Vp =12V (remember, the input
3 R current does not change with Rp)
Rrmax = Vp/ir = 12V/4mA = 3kQ
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Ideal Current Source

* Vout

ZONEIEL
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The current generated should be constant,
independently of the load R,



OP AMP Current Source

V.,
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Example:
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Vs = 1V; Rg = 1kQ

I; =
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= 1mA

Independent of R;
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Differential OP AMP
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Differential OP AMP

R; v, Ly
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— v,
- V_ feedback

Substitute V_ in the second equation -

R, R, X —
V+:V—:V1R3_I_R4 Vout:R_l(V—_VZ)‘l'V

vy R, R V, | +V R
out_R1 1R3+R4 2 1
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Differential OP AMP
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Differential OP AMP

R3 V_|_ l_|_
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V -V R4‘ 1 4 RZ vV & results with inverting
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V1 contribution
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V, contribution

Vour = [Vl - VZ]
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Differential OP AMP

R3 v, L+ \ .
Vlﬂ/\/\/ ® + out
R4 i /

R4 R,

— v,
- V_ feedback
It may not be optimal for the design to have

all identical resistors, but we may consider -
pairs of resistors with identical ratio

M1 _Ks Vo = Re (B2, 4 Vl—&v2
If: =
R, R,

R R, +TR. R R,
VO:IQ;IL’Q( 3>V1——2Vz = | Vo=-W1—-V3)




OP AMP Integrator

V,=V_=20 v,
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—=>

1
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OP AMP differentiator

V.,
V,=v_=0 i — 0
:' c |, R/
—_— é_

Vin Ic

ic=0=Wou —V_)/R| |lc=C

dt

d
Vin (t)

Vout — _RiC — _RC

d
E Vin (t)

::> This basic circuit is typically sensitive to fluctuations
and may not be very stable due to noise amplification. "



Recall the basic Op Amp results

Inverting Amplifier Non-inverting Amplifier
i — _+ i,=0
Ve =5 I @ _}N
V_ _ —V out _*_ /
4+ — 7 - [__:0}
- i RS l_ RF -
R
= v.<R¢ F
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VF — R VF — R
S G
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Similar relationships are established in
the OP AMP when simple resistors are

replaced with impedances

* Inverting amplifier

o _Vour __Zr
VF VS ZS
* Non-inverting amplifier
V Lo+ 7
AVF _ out _ G F

Vg VA

Z
=1+
Zg
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OP AMP with impedances

_L [:+ 0 N Vout
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l+ = 1l_ = O - —> |
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RC circuit — Inverting Op Amp
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Vi, = sinusoidal
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RC circuit — Non-Inverting Op Amp




Vi, = sinusoidal

ZS — RS
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\/(1 + R, /Rs)? + w?R%C?
|H(w)| =

\/1 + w?R%C?

| H(w)| ,
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0.707(1 + R,/Rs) —}——




RL circuit — Non-inverting Op Amp

* Vout

Vi, = sinusoidal

RL +ij 27
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| H(w)|
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The phase of H(w) causes a time shift. Example:

VS — Sln(Zt)
R, = 1.00
L=1.0H

w = 2rad/sec

|H(w)| =

wl

2 212
\/RLJF“’L J12+4x12 5

2 X1 2

2/ H(w) = —tan™1 (

R

wlL

L) = —tan‘1<

1

2

) = —0.4636

V5
Vour = —sin(2t — 0.4636)

2
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NG

w = 2rad/sec

Voue (1)

At = —0.2318 [s|] (atime delay)

¢ =2nnf At = w At
¢ = —0.4636 [rad| = 2At



Additional (more advanced)
problems posted on Canvas

Module Week 15
with Lecture 38



