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Homework Assignment No. 1 – Solutions
Problem 1

 (a.)  The first thing to do is to find Thevenin’s
equivalent circuit seen from the diode.

The Thevenin voltage is,

VTH = VIN 



2

3 - 
1
3  = 

VIN
3  

The Thevenin resistance is,

RTH = 1kΩ||2kΩ + 1kΩ||2kΩ = 
4
3  kΩ

Τhe equivalent circuit now becomes,

Now , with VIN = 10V, we know the diode is  forward
biased.  Therefore, replacing it with a short-circuit
gives,

VD = 0V   and ID = 
10
3  x

3
4kΩ  = 2.5 mA

(b.)  With VIN = -10V, we know the diode is reverse
biased.  Therefore replacing it with an open-circuit gives,

VD = -3.33V   and ID = 0 mA
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Problem 2

An enhancement NMOS amplifier is
shown.  The following questions are
independent of each other (i.e. the answer
of one is not used in the next question).

(a.)  If ID = 0.5mA, VT = 1V, and K =

0.5mA/V, find gm.

(b.)  If gm = 0.5mA/V and ro = ∞, find an

algebraic expression for Rout and Av =

vout/vin.

 (c.)  Design RD and RS to give Rout = 10kΩ and Av = -10V/V if gm = 2mA/V and ro = ∞.

Solution

a.)  gm = 2KID  = 2·500·500 µA = 707µS = 0.707mS

b.)  The corresponding small-signal model:

vout
vin

  = 
vout
vgs

 
vgs
vin

 

vout
vgs

  = -gm(RD||RL)

vgs = vg – vs = vin – (gmRSvgs)

which gives
vgs
vin

  = 
1

1+gmRS
 →

vout
vgs

  =   
-gm(RD||RL)

1+gmRS
   and  Rout = RD||RL  

c.) Rout = 10kΩ = RD||RL = RD||20kΩ → RD = 20kΩ

vout
vin

  = -10 = 
-gm(RD||RL)

1+gmRS
  = 

-20

1+ 
RS
500

 → RS = 500Ω

VDD VDD

Fig. S03H01P2
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Problem 3

A pnp BJT circuit is shown.  (a.) Find the dc values of IE, IC, IB,

VE, VC and VB if ß = 50 and VEB(on) = 0.65V.  (b.)  For what value

of RC does the BJT become saturated?  (Recall that saturation of a

BJT corresponds to the BE and BC junctions forward biased.)

Solution

(a.)  Note that  IE = 1mA    αF = 
ßF

1+ ßF
 = 

50
51 = 0.98 

∴ IC = αFIE = 0.98·1mA = 0.98mA  ⇒   IC = 0.98mA  

 IB =  
IC
ßF

 = 
0.98mA

50  = 19.6µA   ⇒   IB = 19.6µA  

Now, VB = IB·100kΩ = 1.96V  ⇒   VB = 1.96V  

VE = VB + VEB(on) = 1.96V + 0.65V = 2.61V  ⇒   VE = 2.61V  

Finally, VC = -10V + IC·10kΩ = -10V + 0.98mA·10kΩ = -0.2V  ⇒   VC = -0.2V ≈ 0V  

(b.)  Saturation occurs when VBC = 0 of VB = VC.  Therefore, VC = 1.96V.  The current

through RC is still 0.98mA, so solving for RC gives,

RC = 
VC + 10V

IC
 = 

11.96V
0.98mA = 12.20kΩ   ⇒   RC = 12.2kΩ  

+10V

1mA

ßF=50
VB

RC=
10kΩ

VE

VC
RB=

100kΩ

-10V

+
vin

-

+
vout

-

rπ
+

vbe

-

gmvgsRS =1kΩ

RL =
10kΩ

Rout
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Problem 4

For the transistor shown, ß = 100, rπ = 2.5kΩ, and
gm = 0.04S.  Draw the small signal model and find
the numerical values of the small signal voltage
gain, vout/vin, the input resistance, Rin, and the
output resistance, Rout.

Solution

Small-signal model:

  Rin = RS + RE||
rπ

1+β  + RS + RE||
1

gm
 

  Rin = 1kΩ + 10kΩ||25Ω = 1024.9Ω

 Rout = RC||RL = 5kΩ

  
vout
vin

  = 
vout
vbe

 
vbe
vin

 = [-gm(RC||RL)]









-





rπ

1+β ||RE

RS +





rπ

1+β π||RE 

  = [-gm(RC||RL)]









-





1

gm
||RE

RS +





1

gm π||RE 

 

= (-40·3.33)



-24.9

1024.9   = +3.24V/V

+

-
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Problem 5

 The following questions give the dc voltages at the terminals of an active device.  You are
to calculate the designated dc current.

a.)  Find the diode current, ID, where IS = 100fA and VT = 0.025V (2 pts).

Obviously, the diode is forward biased.  Therefore,

ID = IS exp





VD

VT
 = 10-13 exp



0.6

0.025   = 2.65 mA

b.) Find the drain-source current, IDS, where Kn’ = 25µA/V2, VTN = 1V
and W/L = 10 (2 pts).

We see that the enhancement, n-channel MOSFET is in the saturation
region.  Therefore,

IDS = 
Kn'W

2L  ’(VGS  - VTN)2 = 
25·10

2  (2-1)2 = 125 µA

c.)  Find the collector, emitter, and base currents, IC, IE, and IB if IS  =
100fA, VT = 0.025V and βF = 100 (4 pts).

We see that the npn BJT is in the forward active region.  Therefore,

IC = IS exp





VBE

VT
 = 10-13 exp



0.7

0.025   = 144.6 mA

IB = 
IC
βF

  = 1.446 mA and IE = IC + IB = 146 mA

d.) Repeat (b.) if VD = 1V and VG  = 3V (2 pts).

We see that the enhancement, n-channel MOSFET is in the linear region.  Therefore,

IDS = Kn’
W
L  







VGS  - VTN  - 
VDS

2  VDS  = 25·10(3-1-0.5)(1) = 375 µA
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