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Homework Assignment No. 6 - Solution

1 An NPN BJT common-emitter inverting
amplifier is shown.  Assume the parameters of
the transistor are βo = 100, VT = 25mV, and
VA = 100V.  (a.)  If IC = 0.5mA and VCE =
3V, find the small signal model parameter
values for gm, rπ, and ro.  (b.)  Find the

numerical value for the small signal voltage
gain, vout/vin, the input resistance, Rin, and the
output resistance, Rout. Assume ro = ∞ in this
part of the problem.

Solution

(a.) gm = 
IC
VT

  = 
0.5mA
25mV   = 20mS

rπ  = βF 

VT
IC

 = 
100

20mS  = 5kΩ ro = 
VA +VCE

IC
 = 

102
0.5mA  = 204kΩ

(b.)  The small signal model for this problem
is shown (note a current controlled generator
has been chosen for this problem).

Using the BE impedance reflection
principle we get,

Rin = rπ + (1+βo)RE

    = 5kΩ + (101)1kΩ = 106kΩ

(RB = R1||R2 is not part of this because it is in parallel with vin and is not a part of Rin.)

Rout = RC = 10kΩ
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2.)  Problem 14.16 (no equivalent problem in first edition of the text).
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.  |   The voltage gain is identical to the rule - of - thumb estimate.

3.)  Problem 14.19 (14.15) of the text.

V k I k mA
V

V V I
V

k
A

V I k k V

g mA A mS r

GS D
GS

GS D
GS

DS D

m o

= −( ) = −( )( ) −
−









 → = − = − =

= − +( ) =

−
( ) = =

11 11 20 1
4

3 50
11

318

20 11 39 4 10

2
4

20 318 1 26 0

2

Ω Ω
Ω

Ω Ω

.

.

.

,   

  |   Active region operation is correct.

=   |   Assume = , 

µ

µ λ ∞∞ = =

= = =

. .

.

  |   

   |   

R k k k

R R M R k

L

in G out

39 500 36 2

1 00 39

Ω Ω Ω

Ω Ω

A
g R

g R

R

R R

mS k

mS k

M

M

A R
g

g R

R

R R

mS

v
m L

m S

in

I in

i G
m

m S

D

D

= −
+ +









 = −

( )
+ ( ) +









 = −

= −
+











+









 = −

+

1

1 26 36 2

1 1 26 11
1

500 1
3 07

1
10

1 26
1 13

6

. .

.
.

.
.

Ω

Ω
Ω

Ω Ω

2626 11
39

39 500
6 14

1 00 3 5 4 0 500

0 2 1 0 2 0 5 1 1 26

mS k

k

k k

v
R

R R
v v V V V

v V V g R v

gs
in

I in
i i GS P

gs GS P m S i

Ω
Ω

Ω Ω( )











+









 = −

=
+

= − − − −( )

≤ −( )( ) ≤ ( ) +

.

. .

. . . .

 |  = = .

+   |   mSmS k V11 1 49Ω( )[ ] = .  



ECE 3050 – Fall 2004 Page 3

4.)  Problem 14.27 (14.21) of the text.
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5.)  Problem 14.28 (14.23) of the text
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