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Week 2 Agenda

e Amplifier Models
e Ideal Operational Amplifier

e Example Circuits
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An Amplifier Model
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We want to Choose A, R;,, and Ryt
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Input and Output Impedance

Maximum Voltage

Rmaf‘

f . Ry — 00

i3 \/\/\/\,~Q+ mn
Royt =0

Rm A‘V,q ' de\ o

Maximum Power
L

; Rin — RS
Rout = RL

e Mix Input and Output
Choices as Needed
e Maximum Power to Load for R =0
mn
Minimum Reflected Power

Maximum Current

Rout — 00
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The Operational Amplifier

S

ljc —

iy = 1 =20 vo = Avjy A — oo
“Common Mode" ((v4 +wv-)/2) Gain is Zero.
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Implied Power Supplies
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Ideal Op—Amp Model

Y

vo = Aprv;q and Apy; — oo so v;; = 0. Note open—circuit inputs.
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Linear Region Equations
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V+:V_, iy =i =0
Assumption: V, within power rails
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Inverting Amplifier Circuit

Iy =0, I- =0, vy = 0: Virtual Ground
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11 = 12 SO vg = —’Ume—? or Ay = Ry
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Impedances

e Virtual Ground

’U_|_:’U_

e Input Impedance

Rin = R4

e Output Voltage = Ayv;,
regardless of load

Rout = 0
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High Gain (1)
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High Gain (2)

Vs

Series and Parallel Combinations

| = i Current Divider,
_‘_l% HES Virtual and Real Grounds
/ ) Tﬁ\fx,a___) vo B R3
g , 2 =14
'Ys ,;ri—iwvy \ L\\J%—\EL R3 + RZ

vo = —i4 [Rqa + (R2 || R3)]

R R3 ] _ Yin 13 + Ro R>R3 ]
Ro + R3 R4 R3 Ro + R3

. R34+ R
12

Ra [R4 -+

[R4 +

_ RaR3+ RaRo+ RoR3 | Ra | Ro | RoRag
— Vin = Vjp |5~ T +
R1R3 R;  Ri1 RiR3
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High Gain (3)

\g > kﬁ
Q'\. :v L R4 R2 R2R4
| T vo=vin | g VR T RiR
| e R
L w\ v Vo = vip, (20 4+ 420 + 400) = 440v;,
QD
AT ‘L%& i = i1 = —
i + R4
. UO US
Example Values 1] = — = 440—
p L=R, R,

Ry = Rz = 1k&2 R; = Ry  i; = 440i,,

R> = R4 = 20k¢£2 Power Gain

R; = 1kQ voi] = 440°%vgi;, = 193,600vsi;,
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Impedances

\.‘3. r%
R~ Y, Ry
| B E 1
Al lP '3T?Ks
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3 A { \\J
Sl Lh2 R, _
= T Do other Resistors Matter?

Why or Why Not?

Rout =

Why?
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Summing Junction

R R
Tos+ Lop+ e
R Rp Rc

_ Iy

vy = —
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Non—Inverting Amplifier
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vy = v Vo = Vjn <R1—|—1>
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Impedances

R;, = o0

Rout = 0
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Voltage Follower

Vo — VUi, — Us 'LS:O
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Why Voltage Follower?

Here, vo = ’US%. This is important for small Ry, large Rs.

The amplifier provides the needed current.
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Transimpedance Amplifier

A~

V,

nd TD | RL é\b L

vo = —Rois. Useful for photodiodes among other applications
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Impedances

R, =0

Why is this true?
Why is this good?

Rout = 0

Why?
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Example

In—Class Example
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