LECTURE 6.1 AGENDA

= Amplifier circuit model

ELECTRIC CIRCUITS = Ideal Operational Amplifiers (Op
ECSE-2010 e
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AMPLIFIER CIRCUIT MODEL
VOLTAGE AMPLIFIER R, = Input Recisnce N
A OA ﬁ
O—11 VAV O
l 1 R, = Output Resistance +
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Vs Amplifier Vo P Y Vo
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Want v, = A v,; A =Voltage Gain Vo =AV, —igR,  Forsmal Ry vo =Av,
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AMPLIFIER CIRCUIT
AMPLIFIER CIRCUIT R, Ro o
A AN N
: IVAYA il — VYV /r
=Add source network at input: F T 1 !
. . . RN -~ -
-Modgl with Thevenin Equivalent VT< : R v, Av, R = v,
circuit ~ < 17
=v; in series with R; -
*Add load network at output: R
=Model with Req A :( Rl ]VT Vo = = JAVl
Rl + RT RO + Req
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ELECTRIC CIRCUITS
ECSE-2010
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LECTURE 6.2 AGENDA

=  Op Amps
= Without negative feedback
= With negative feedback (Circuits)

= OP Amp CAD Interactive Learning
Module (ILM)
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IERO CROSSING DETECTOR

No Negative Feedbar

Ir

" opamP
Ifv,>0, v, =+V.. +Saturatior

If v, <0, vy ==V, —Saturatior
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COMPARATOR
_ No Negative Feebac
Tﬁo N
z Vg
Vl
= OPAMP
Ve Ifv,>v,=>v =+V
L Ifv,<v,=>v, ==V
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0P AMP CIRCUITS

= For most Op Amp circuits, we add negative
feedback:

= Circuit connection between vy and vy

= Helps to keep Op Amp in Linear Range

= This will help keep vp = vy

= Output, vo = A(V,, - Vy), Will be finite, as long as
its magnitude is fess than V¢
Output can never be greater than +V ¢
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VOLTAGE FOLLOWER

Ve =Vg . Applyvgtov,

+ T~
-
\\
.
Vg . Vo
>1—0

J_— ///
— \Y Y] ///
5 S - /// VS
Vo=V — OPAMP
PTUN Negative Feedbac

Draws No Current from Sour Vg = Vg
Buffer, or Isolation Amplifiel
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INVERTING AMPLIFIER

+ —
_Vs—0
P .4
R, I R, — _.
— 0 opamp F 1
R Vi 4o Vo
\4 ! — & O
s
pr— O=VP
) Lf +VO=0—iFR2
VO _& =
Vs R,

NON-INVERTING AMPLIFIER

Vp= Vg

- \\\ VO
VS —e—0

VN
— VO=VS+iFRl

v Vs R ATA =Vg +k Rl

i2 =_S l< R 1 T . R2
R, v=— Ie =1

1 Vo :(“le

VS R 2
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NON-INVERTING AMPLIFIER

Vo
|

N —

vp=vs=vn
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SUMMER

Vo =- &Vl"'&vz
R, R,
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SUMMING AMPLIFIER
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DIFFERENTIAL AMP

@ Rensselacr @




0P AMP CAD ILM

* Go to WebCT Site, Click on Modules

» Click on Op Amp CAD Module

» Move top slider to choose type of eiic

* Inverting, Non-Inverting Amplifier

« Differential Amplifier, Comparator

* Integrator, Offerentiator (Later in Courst
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op

AMP CAD ILM

Move slider to Inverting Amplifie
Change R from 1k to 4k

=> Observe Clipping

Change R from 4k to 10k

=> Observe= Square Wave
Change f from 1 kHz to 5 kHz
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0P AMP CAD MODULE

« Move slider to Non-Inverting Amplifie
* Change ) to+ 5- 5V

e =>Observe Clipping

e Change f from 1 kHz to 5 kHz

« Same effect as changing Gain

—— wnpiedu-sames @HBHSSGIHBI‘

op

AMP CAD MODULE

Move slider to Differential Amplifie
ChangeR , R, R , f

Observe what happens

Will Discuss Differential Amplifiers
More Next Class
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BMPLIFIER CIRCUIT

R ~
Vl =[R+1R]VT If Rl >> RT V1mvT

Want | nput Reﬂ stancell Large
s sanes @®Rensselaer @
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BMPLIFIER CIRCUIT

T ”T

1 >V1

If: Rl >> RT :>&: VOlt@EGain:A
Rq>>Rs VT Design Challenge
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KMPLIFIER CIRCUIT

RO
r - —\A—
T +
R, \>V Av, Ry =~ Vo

Vo :(Rw],b\vl If: Req >> RO Vo :AVl
° Want Output Resistance Small
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OPERATIONAL AMPLIFIERS

= An Operational Amplifier is a High Gain
Voltage Amplifier that can be used to perform

Mathematical Operations:

= Addition and Subtraction
= Differentiation and Integration
= Other Functions as Well

= Op Amps are the building blocks for many,
many electronic circuits
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OPERATIONAL AMPLIFIERS

= Op Amps have existed since 1947:
= First made with vacuum tubes
= Then with discrete transistors
* Now with Integrated Circuits
= Op Amps are complex arrays of transistors,
diodes, resistors and capacitors — All on a
chip:
= But can be modeled quite simply

TYPICAL 741 OP AMP CIRCUIT
“FrQ\m Sedraand Smith

{' %.@‘m
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0P AMP NOTATION Posifive DC Voltage

Nerg'ative DC Voltage
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0P AMP CIRCUIT MODEL

TRANSFER CHARACTERISTIC
VO

+Saturation
+VCC

Vp =V

—Saturation

_Vcc
U vy =AWV V)
Linear Range .
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AVASA\/gg +
v, O
P —l +
v,=v,-v, R i v, Av, Vo
vy o -
— O
R, "Large’ = R, "Smal"
10°<R, <10% Q 10 R, <100 Q
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0P AMP CIRCUIT MODEL
AVASA\/gg N
v, O
P —l +
v,=v,-v, Ry f v, Av, Vo

vy o -

_O -
10°<R,; <10 Q — Ais"Lage'
10<R, <100 Q 10° < A <10°
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IDEAL 0P AMP

Model for Real Op Amp

Ideal Op Amp has:
Input Resistance=R, — « Q
Output Resistance=R, - 0Q

Gan=A - ©

— R—— @ Rensselaer ()

IDEAL 0P AMP

ir=0  |vo| CanNever begreater than|V.|

— OPAMP
SinceR; — o, Ideal Op Amp Draws No Current!

Since A — o, v, =V, inLinear Range
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IDEAL 0P AMP

ir=0 In Linear Range:
— \\\
Ve O+ -
. G A
Ve =V, Virtual Short - O
IWNO—-
iy=0 — OPAMP

Ideal Op Amp has aVirtual Short at Input
Vp =V, ip =iy =0
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