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PROBLEM 2:  Diode (12 pts) 
 
Consider the circuit picture in the Figure below. For this problem, you may assume the following 
values: εs = 1.035 10-12 F cm-1; εox = 3.45 10-13 F cm-1

.  
 Contact potentials should be ignored 

throughout this question.  Also, D1 and M1 are identical in area. 

 
 
a. The pn-diode D1 has the following doping profile: 

p-type material:  
 Na = 2*1017 cm-3 
 Nd = 1*1017 cm-3 
n-type material: 
 Nd=1016 cm-3 

 
Determine the depletion capacitance per unit area of D1 in thermal equilibrium. (2 pts) 
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b. The second component M1 is a MOSCAP with the following characteristics: Gate = p+ material 
with φp+ = -550 mV;  tox = 10 nm; substrate is doped with Na = 1016 cm-3;  and VT = 1.05V. 
Determine the flatband voltage VFB of M1. (2pts) 
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c. Determine the minimum and maximum small signal capacitance per unit area of M1. (3 pts) 
 

cm
F

cmt
CC

ox

ox
ox

2

7

7

13

max 1010
10 *45.3

*10

*45.3 −

−

−

====
ε  

10

1010
10

10

8

8
5

12

5

*09.3min

2^/*39.3
*05.3

/*035.1
)(

*05.3
*

)2(**2)(

)(
)(

)(
)(*min

−

−

−

−

−

=

==

==

=

+
=

C

cmF
cm

cmF
VthC

cm
Naq

VthXd

VthXd
VthC

where
VthCCox
VthCCoxC

ps

s

φε

ε

 

 

 
VFB =  190 mV 










