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Announcements 
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1)  HW8 solutions have been posted 

2)  Exam 3 is at 6:30 PM, Tuesday, April 2 

3)  No class on Wed., April 3 

4)  Spice Project 3 will be due on April 17 

5)  Professor Janes will conduct a help session on 
Tuesday, 1:30 PM ME1061 
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Multi-stage amplifiers 
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υs υo

Rsig



Voltage gain 
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Aυ =
υo

υs

= Rin
Rin + Rsig

× Aυ )CS × Aυ )CE × Aυ )CD
Rin

Rin + Rsig
= RG
RG + Rsig

ACS = −gm1RD1 || R1 || R2( ) || rπ 2⎡⎣ ⎤⎦

ACE = −gm2RC2 || R3 || R4( ) || rπ 3 + β +1( ) RE3 || RL( ){ }⎡⎣ ⎤⎦

ACC =
β +1( ) RE3 || RL( )

rπ 3 + β +1( ) RE3 || RL( )



Input and output resistance 

5 Lundstrom: 2019 

Rout = RE3 ||
rπ 3 + R3 || R4( ) || RC2

β +1
⎡

⎣
⎢

⎤

⎦
⎥

Rin = RG



HW7 Problem 1 

6 

Rsig+
υi

−



HW1 Prob. 1 
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Rin

Rout

Aυs
= υo

υs

First, assume that ro is infinite 

Aυi
= υo

υi
Can you see that Avi ~ 10? 



HW1 Prob. 1 
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Rin = RE ||
rπ

β +1

Rout = RC

Aυs
= υo

υs

= Rin
Rin + Rsig

× rπ
rπ + β +1( )RE

−gmRC || RL( )

First, assume that ro is infinite 



HW1 Prob. 1 
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Rin = RE ||
rπ

β +1
→ ?

Rout = RC → ?

Aυs
= υo

υs

= Rin
Rin + Rsig

× rπ
rπ + β +1( )RE

−gmRC || RLOAD( )→ ?

Now include ro 



HW 7 #1 with ro 
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RL

RE

Rout ≈ ro + gmro( ) RE || rπ( )

Rin ≈
rπ

β +1
+ RL

gmro



HW1 Prob. 1 
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Rin = RE ||
rπ

β +1
→ RE ||

rπ
β +1

+ RC || RLOAD

gmro

⎡

⎣
⎢

⎤

⎦
⎥ ≈ RE ||

rπ
β +1

Rout = RC → RC || ro + gmro RE || Rsig || rπ( )⎡⎣ ⎤⎦ ≈ RC

Aυs
= υo

υs

= Rin
Rin + Rsig

× rπ
rπ + β +1( )RE

−gmRC || RLOAD( )→

Rin
Rin + Rsig

× rπ
rπ + β +1( )RE

−gmRC || ro + gmro RE || Rsig || rπ( )⎡⎣ ⎤⎦ || RLOAD( )



HW7 #2 
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Rsig



HW7 #2 

13 

Rin

Rout

Aυs
= υo

υs

Assume that ro is finite 



HW7 #2 
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Rin = RB1 || RB2 || rπ + β +1( ) RE || RLOAD || ro( )⎡⎣ ⎤⎦

Rout = RE || ro ||
rπ + Rsig || RB1 || RB2( )

β +1

Aυs
= υo

υs

= Rin
Rin + Rsig

×
β +1( )RE || ro || RLOAD

rπ + β +1( )RE || ro || RLOAD



HW7 #3 
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ROUT

RIN



HW7 #3 with ro infinite 
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Rin

Rout

Aυs
= υo

υs

Assume that ro is infinite 



HW7 #3 with ro finite 
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Rin

Rout

Aυs
= υo

υs

Assume that ro is finite 

(left as an exercise) 



HW7 #3 with ro 
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RL

RS

Rout ≈ ro + gmro( )RS

Rin ≈
1
gm

+ RL

gmro



HW7 #4 ro infinite 
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Rin = ?

Rout = ?

Aυs
= υo

υs

= ?

Rsig

υsig

RE

RL



HW8 #5 include ro 
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Rin = ?

Rout = ?

Aυs
= υo

υs

= ?



HW8 #5 include ro 
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Rin = ∞

Rout = ro2 + gm2ro2( )ro3

Aυs
= υo

υs

= −gm1ROUT

ro = 100 kΩ

gm = 2 mS

Rout = 100 + 200( )100 = 20.1MΩ

Aυs
= −40,100


