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Announcements 
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1)  LTspice Project 2 is posted. The due date for it is Wed. 
Feb. 27th by 5:00PM electronically. You should find 
your assigned your beta value in your grade book. 

2)  HW6 will be posted today 

3)  Exam 2 in on Tuesday, March 5, 6:30-7:30 PM PHYS 
112 
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Hybrid pi model for NPN 
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Hybrid pi model for PNP? 
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NPN DC to AC 
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PNP DC to AC 
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Small signal hybrid pi model for NPN or PNP 
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Quiz:  Draw the s.s. equivalent circuit 
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Outline 
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1)  Voltage transfer characteristic (MOSFET) 

2)  Small signal model (hybrid pi) 

3)  Small signal analysis 

4)  Small signal model (T-model) 
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Voltage Transfer Characteristic (BJT) 
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+
V

OUT
=VCC − ICRC

−

β = 100

VCC = 10 V

  RC = 5 kΩIC

  RBB = 430 kΩ

VIN
+
−

VBE ON( ) = 0.7 V

What is VOUT vs. VIN? 

Lundstrom: 2019 



Voltage Transfer Characteristic (MOSFET) 
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What is VOUT vs. VIN? 
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VTC 
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Biasing in the active region 
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Add ac small signal 
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+
υO =V

O
+υo sinωt

−

VDD = 10 V

  RD = 5 kΩiD = ID + id

VG = 2 V
+
−

υs sinωt

“Common source amplifier” 
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kn = 2 mA/V
2

Vtn = 1.0 V



Analysis by superposition 
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+
υOUT =VO

+υo

−

VDD = 10 V

  RD = 5 kΩiD = ID + id

VG = 2 V
+
−

υs

1)  DC first 
2)  Then AC 
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1) DC analysis 
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+
V

O
= 5 V

−

VDD = 10 V

  RD = 5 kΩID = 1mA

VG = 2 V
+
−
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kn = 2 mA/V
2

Vtn = 1.0 V



2) AC analysis 
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+
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  RD = 5 kΩic

υs

We need an ac small 
signal MOSFET 
model 
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MOSFET s.s. model 

18 

S 

D 

G 

iD = ID + id

 

+
υGS =VGS +υgs

−

 

+
υDS =VDS +υds

−

iS = IS + is = iD

iG = 0

id ,ig ,is
υgs ,υds

⎛

⎝⎜
⎞

⎠⎟



Result: MOSFET hybrid pi model 
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2)  What are the expressions 

for gm and ro? 



Taylor series 

2
0

f x( )

x
x0 x0 +δ x

f x0 +δ x( ) ≈ f x0( ) + df
dx x=x0

δ x + ...



Taylor series in two variables 

2
1

f x0 +δ x, y0 +δ y( ) ≈ f x0, y0( ) + ∂ f
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Taylor series expansion of ID 
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Taylor series (ii) 
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MOSFET in saturation (DC) 

24 

S 

D 

G 

ID

 

+
VGS

−

 

+
VDS

−

IS = ID

IG = 0   
ID =

kn

2
VGS −Vtn( )2

1+ λVDS( )

 VDS > VGS −Vtn( )  VGS >Vtn

  
λ = 1

VA 
kn =

W
L
µnCox



Transconductance 
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Output resistance 
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Final result in equations 
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Final result in circuit form (hybrid pi model) 

28 

D 
G 

ig = 0 id

gmυgs

+
υgs

−

ro

+
υds

−

S 

is

 
ro =

VA

ID

  
id = gmυgs +

υds

r0

  
ig = 0

 is = id

  
gm =

ID

VGS −Vtn( ) 2



BJT vs. MOSFET 
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BJT 

 
gm =

IC

VT

  IC = 1mA

  VT = 0.025 V

  
gm = 40 mA

V
= 40 mS

MOSFET 

  
gm =

ID

VGS −Vtn( ) 2

  ID = 1mA   Vtn = 1 V  VGS = 2.0 V

  gm = 2  mS



BJT vs. MOSFET 
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Bipolar transistors are much better amplifying devices 
than MOSFETs. 

A typical BJT provides roughly 10 X the 
transconductance of a typical MOSFET. 

But the hybrid pi models are very similar. 
(For the MOSFET, rπ à infinity.) 



Analysis by superposition 
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+
υOUT =VO
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−

VDD = 10 V

  RD = 5 kΩiD = ID + id

VG = 2 V
+
−

υs

1)  DC first 
2)  Then AC 
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Small signal circuit 
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+
υo
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  RD = 5 kΩid

υs

We now have an ac 
small signal model 
for the MOSFET 
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Simple s.s. model 
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  gm ≈ 2knID

ID = 1mA

kn = 2 mA/V
2

  gm ≈ 4 mS



Draw the small signal equivalent circuit 
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Result 
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ac analysis 
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Hybrid pi model with output resistance 
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  gm ≈ 2knID

VA = 100 V

ro =
VA
ID

= 100 V
1mA

= 100 kΩ



Circuit with output resistance 
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2) AC analysis with output resistance 
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υo

υs

= Aυs
= −gmRD

Av = −20→ Av = −19

υo

υs

= Aυs
= −gmRD || r0

5 kΩ ||100 kΩ = 4.76 kΩ

(without ro) 

(with ro) 
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Small signal circuit with source resistor 
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Draw the small signal circuit 
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The small signal circuit 
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Compute the voltage gain 
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Result 
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(negative 
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  gmRS >>1
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(precision 
amplifier) 



Outline 
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1)  Voltage transfer characteristic (MOSFET) 

2)  Small signal model (hybrid pi) 

3)  Small signal analysis 

4)  Small signal model (T-model) 
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MOSFET hybrid pi model 
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MOSFET T model 
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BJT T-Model 
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Exercise:  Compute the voltage gain using the T model 
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Summary 
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The transconductance of a MOSFET is typically more 
than 10 times smaller than that of a BJT. 

The Common Source MOSFET amplifier is much like the 
CE BJT amplifier. 

We will stick with the hybrid pi model for MOSFETs and 
BJTs, but the book also uses the T model from time to 
time. 



MOS Transistor Amplifiers 
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1)  Voltage transfer characteristic 

2)  Small signal model (hybrid pi) 

3)  Small signal analysis 

4)  Small signal model (T-model) 


