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Homework Assignment No. 7 - Solutions

1.)  If K = 0.1mA/V2 and Vt = 1V for the n-channel

MOSFET shown, find the dc value of ID, VGS, and

VDS.  If the dc value of ID = 1mA (not necessarily

the answer above) find the value of the small-signal
input resistance, Rin, voltage gain, vout/vin, and

output resistance, Rout.

Solution
(a.) The key equations are ID = K(VGS-Vt)

2 and 5 =

VGS+IDRS.  Substituting the first into the second

gives, 5 = VGS +0.1(VGS-1)2  →  5 = VGS + 0.1VGS
2 - 0.2VGS + 0.1

or VGS
2 + 8VGS - 49 = 0 →  VGS = -4±

1
2 64+4·49 = -4±8.0623 = 4.0623V

ID = 0.1mA(4.0623-1)2 = 0.9377mA  and VDS = 15V - ID(11kΩ) = 4.68V

∴   VGS = 4.0623V, ID˚= 0.9377mA and VDS = 4.68V  

(b.)  The small signal model for this amplifier is shown below.  rds has been neglected

since λ was not given.  The small signal parameter gm is:  gm =2 KID = 0.632mA/V
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The voltage gain is found as,

vout = +gm(RD||RL)vin →
vout
vin

 =  gm(RD||RL) = 0.632·5 = 3.16V/V

∴  
vout
vin

 = 3.16V/V  

The output resistance is simply RD||RS and is    Rout = 5kΩ  

The input resistance is found as,
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∴   Rin = 613Ω  
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2.) (a.) If ß = 100 andVT = 25mV of the NPN

transistor shown, solve for the dc value of

collector current.  (b.) If this collector current is
1mA (so if you found IC incorrectly, you will not

be penalized on the rest of the problem) find the
small signal values of the input resistance, Rin,

output resistance, Rout, and voltage gain, vout/vin.

Solution

(a.) The circuit used to calculate the collector
current is shown.   The base current is

IB  = 
5 - 0.7

50kΩ + 101·5kΩ = 7.75µA

∴   IC = 100·IB˚= 0.75mA  

(b.) The small signal parameters are gm = 
1mA
25mV = 0.04mS

and rπ = 101·25Ω = 2.525kΩ.  The small-signal model for

the above circuit is given as
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iin = 
vin
RE

 - (1+β)ib = 
vin
RE

 + 
(1+β)vin

rπ
→   Rin = 

vin
iin

 = RE||
1

gm
 = 24.87Ω 

vout = -βib(RC||RL) = -β(RC||RL)
-vin
rπ

 →  
vout
vin

 = 
100·3.33

2.525  = 132V/V 

Finally,   Rout = RC||RL = 3.33kΩ 
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