
Exam 1 

N a m e : _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _P U I D : _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
 I n s t r u c t i o n s :

It is important that you clearly show your work and mark the final 

answer clearly, closed book, closed notes, no calculator. T i m e : 1 h o u r 1 5 m i n u t e sP r o b l e m 1 ( T o t a l 3 0 p o i n t s )P a r t a ) 1 5 p o i n t s _ _ _ _ _P a r t b ) 1 5 p o i n t s _ _ _ _ _P r o b l e m 2 ( T o t a l 3 0 p o i n t s )P a r t a ) 1 5 p o i n t s _ _ _ _ _P a r t b ) 1 5 p o i n t s _ _ _ _ _P r o b l e m 3 ( T o t a l 4 0 p o i n t s )P a r t a ) 3 0 p o i n t s _ _ _ _ _P a r t b ) 1 0 p o i n t s _ _ _ _ _T o t a l : 1 0 0 p o i n t s _ _ _ _ _ _ _
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P r o b l e m 1 :
For the circuits and conditions given below, determine the energy dissipated. 

Clearly specify your assumptions, if any. 

      [ 3 0 p o i n t s ]P a r t a )
Inputs A and B are switching simultaneously from V D D t o 0 f o l l o w e d b y 0 t o V D D . 

Assume Vout = 0 initially. 

 [ 1 5 p o i n t s ]V D D = 1 VA B W / L = 2 K p ’ = µ p C o x = 3 0 e - 6 A / V 2W / L = 2 K n ’ = µ n C o x = 6 0 e - 6 A / V 2V o u t V t p = - 0 . 3 V , V t n = 0 . 3 VV D D = 1 V A W / L = 1 C L = 2 0 f F0 B W / L = 3
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 P a r t b )
The voltage at the supply terminal is switching from

0 t o V D D . Assume A = 1 V and B = 0. [ 1 5 p o i n t s ]
 

  V D D = 1 V0A B W / L = 2 K p ’ = µ p C o x = 3 0 e - 6 A / V 2W / L = 2 K n ’ = µ n C o x = 6 0 e - 6 A / V 2V o u t V t p = - 0 . 3 V , V t n = 0 . 3 VA = 1 V A W / L = 1 C L = 2 0 f FB = 0 V B W / L = 3
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P r o b l e m 2 : [ 3 0 p o i n t s ]P a r t a )
For the circuit shown below, find the 

m i n i m u m v a l u e o f R
 so that VOL = 0.2 V. VOL 

represents the output low voltage. Clearly state all of your assumptions. 

What will be the VOH? VOH represents the output high voltage. Explain your answer. 

          [ 1 5 p o i n t s ]
 

  V D D = 1 VR K n ’ = µ n C o x = 4 0 e - 6 A / V 2V o u t V t n = 0 . 3 VA W / L = 4C W / L = 1B W / L = 4
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P a r t b )
For the part a), explain qualitatively the 

r e s u l t o f b o d y e f f e c t
 on VOL and VOH.  [ 1 5 p o i n t s ]
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P r o b l e m 3 : [ 4 0 p o i n t s ]V g s E ε = ε 0 f o r V g s = 0 E
G µ 1 ε i n c r e a s i n g V g sµ 2V d s f 1 ( E ) f 2 ( E )P a r t a )

For the NMOS shown above, derive an 
e x p r e s s i o n o f e l e c t r o n c u r r e n t

 flowing from 

source (S) to Drain (D).  µ 1 , µ 2  are electro-chemical potential energies at the source and drain 

terminals, respectively. The Fermi distribution function f ( E )  specifies, under equilibrium 

conditions, the probability that an available state at an energy E will be occupied by an 

electron. 

( )

1
( )

1
FE E

KT

f E

e
−=

+
 

where E F  is the Fermi level. Clearly show your steps, specify your assumptions, and name the 

parameters you are using. 

       [ 3 0 p o i n t s ]
 

 

  S   D 
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P a r t b )
Explain qualitatively the 

e f f e c t o f D r a i n I n d u c e d B a r r i e r L o w e r i n g ( D I B L )
 on the current 

that you have derived in part a).  [ 1 0 p o i n t s ]
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R o u g h S h e e t 1
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R o u g h S h e e t 2
 


