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Problem 1 [25 points]: Sheet resistance 
Shown below is the layout of a p-type resistor with NA = 1017 cm-3, Vs

cm250
2

=pµ  and 

thickness t = 1 µm. Electronic charge C106.1 19−×=q . 

 
 
(a) [10 pts] Calculate the sheet resistance shR  in Ω/ . 
 
(b) [10 pts] Assuming Ω= k1shR /  (not the correct answer for part a), calculate the 

resistance between terminals V1 and V2 for µm1=s . 
 
(c) [5 pts] Repeat part (b) with µm2=s . 
  
 
ANSWERS 
 

(a) 

squareR

cmVs
cmcmCxtNqtpq

R

sh

pAp
sh

Ω=∴

⋅⋅⋅
=

⋅⋅⋅
=

⋅⋅⋅
=

−−−

2500

)10()250()10()106.1(

111
4231719µµ

 

 

(b) The number of squares in the segment marked by red is 5
1
5 =
s
s .  The number of 

squares in the segment marked by green is 3
3
9 =

s
s .  Hence, the total number of squares 

equals 835 =+ .  As a result, 
 

Ω=⋅Ω=⋅= ksquaressquare
ksquaresofnumberRR sh 8)8()1()( . 

 
(c) From part (b), the value of s  does not enter into the expression for R.  Hence, the 
value for R is unaffected from part (b) and is equal to Ωk8 . 

s

s

V 1 V2

s

s

V 1 V2
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Problem 2 [25 points]: Carrier transport 
In this problem, you are to design an over-current protection device.  Assume that the slab 
of silicon shown below is doped with an acceptor concentration of Na (with Na >> ni). 

316 cm 10 −=aN , Vs
cm 250

2
=pµ , s

cm106
, =psatv , µm10=t , µm 50=W , 

µm 100=L , electronic charge C106.1 19−×=q . 

 
(a) [15 pts] Derive an analytical expression and calculate the numerical value for the 

maximum current Imax. 
 
(b) [10 pts] Derive an analytical expression and calculate the numerical value for Vc (see 

the I-V curve below for the definition of Vc). 
 

 

W

t 

L

V

I 

V Vc

Imax
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ANSWERS 
 

(a) 
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Problem 3 [24 points]: Region of operation 
Shown below are both NMOS and PMOS transistors with various terminal voltages 
referred to ground.  Identify the source terminal (V1 or V2) and the region of operation 
(cutoff or triode) of each transistor by circling the correct answer in the table provided.   
 

V1 = 2 V

V2 = 0 V

V4 = 0 VV3 = 4 V

Example

V1 = 2 V

V2 = 0 V

V4 = 0 VV3 = 4 V

Example

 
 

V1 = 5 V

V2 = 0 V

V4 = 5 VV3 = 5 V

(a) (b) (c)

V1 = 3 V

V2 = 0 V

V4 = 0 VV3 = 0.5 V

V1 = 5 V

V2 = 2 V

V4 = 5 VV3 = 0 V

V1 = 5 V

V2 = 0 V

V4 = 5 VV3 = 5 V

V1 = 5 V

V2 = 0 V

V4 = 5 VV3 = 5 V

(a) (b) (c)

V1 = 3 V

V2 = 0 V

V4 = 0 VV3 = 0.5 V

V1 = 3 V

V2 = 0 V

V4 = 0 VV3 = 0.5 V

V1 = 5 V

V2 = 2 V

V4 = 5 VV3 = 0 V

V1 = 5 V

V2 = 2 V

V4 = 5 VV3 = 0 V

 
 

V1 = 3.1 V

V2 = 3 V

V4 = 0 VV3 = 4.5 V

(d) (e) (f)

V1 = 102 V

V2 = 100 V

V4 = 100 VV3 = 104 V

V1 = 5 V

V2 = 4 V

V4 = 13 VV3 = 0 V

V1 = 3.1 V

V2 = 3 V

V4 = 0 VV3 = 4.5 V

V1 = 3.1 V

V2 = 3 V

V4 = 0 VV3 = 4.5 V

(d) (e) (f)

V1 = 102 V

V2 = 100 V

V4 = 100 VV3 = 104 V

V1 = 102 V

V2 = 100 V

V4 = 100 VV3 = 104 V

V1 = 5 V

V2 = 4 V

V4 = 13 VV3 = 0 V

V1 = 5 V

V2 = 4 V

V4 = 13 VV3 = 0 V

 
 
 

Circuit Source Terminal Region 

Example V1         V2 Cutoff        Triode 

(a) V1         V2 Cutoff        Triode 

(b) V1         V2 Cutoff        Triode 

(c) V1         V2 Cutoff        Triode 

(d) V1         V2 Cutoff        Triode 

(e) V1         V2 Cutoff        Triode 

(f) V1         V2 Cutoff        Triode 

NMOS PMOS 
VT0n = 1 V VT0p = -1 V 

n = 1 V1/2 p = -1 V1/2 

p = -0.5 V n = 0.5 V 

( )pBSpnnTTn VVV ϕϕγ 220 −−−−+=

( )nSBnppTTp VVV ϕϕγ 220 −−+=
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ANSWERS  
 
(a) 2V  is the source terminal.  Also, VVV TnTn 10 ==  because the source ( 2V ) and bulk 

( 4V ) are at the same potential.  The NMOS transistor is cutoff because 
 

VVVVVVVV TnGS 15.005.023 =<=−=−= . 

 
(b) 1V  is the source terminal.  Also, VVV TpTp 10 −==  because the source ( 1V ) and bulk 

( 4V ) are at the same potential.  The PMOS transistor is in triode because 
 

VVVVVVVV TpSG 150531 =>=−=−=  

and 
 

VVVVVVVVVVVVVVV TpTpSGSD 4105325 3121 =−−=−−=−<=−=−= . 

 
(c) 1V  is the source terminal.  Also, VVV TpTp 10 −==  because the source ( 1V ) and bulk 

( 4V ) are at the same potential.  The PMOS transistor is cutoff because 
 

VVVVVVVV TpSG 105531 =<=−=−= .  

 
(d) 2V  is the source terminal.  Also, 4V  is the bulk terminal.  As a result, 
 

VVVVVVV

VVVVVV

Tn

ppnTnpBSpnTnTn

2)1)3(1(11

)2)(2()22( 2400

=−−−⋅+=∴

−−−−−+=−−−−+= φφγφφγ
  

 
The NMOS transistor is cutoff  because VVVVVVVV TnGS 25.135.423 =<=−=−= . 

 
(e) 1V  is the source terminal.  Also, 4V  is the bulk terminal.  As a result, 
 

VVVVVVV

VVVVVV

Tp

nnpTpnSBnpTpTp

3)1)8(1()1(1

)2)(2()22( 4100

−=−−−⋅−+−=∴

−−−+=−−+= φφγφφγ
  

 
The PMOS transistor is in triode because  
 

VVVVVVVV TpSG 350531 =>=−=−=  

and 
 

VVVVVVVVVVVVVVV TpTpSGSD 2305145 3121 =−−=−−=−<=−=−= . 
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(f) 2V  is the source terminal.  Also, VVV TnTn 10 ==  because the source ( 2V ) and bulk 

( 4V ) are at the same potential.  The NMOS transistor is in triode because 
 

VVVVVVVV TnGS 1410010423 =>=−=−=  

and 
 

VVVVVVVVVVVVVVV TnTnGSDS 311001042100102 2321 =−−=−−=−<=−=−= . 
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Problem 4 [25 points]: CMOS switch 
For this problem, ignore the backgate effect; that is, let n = p = 0. 
 

5 V

Vi

0 V

Vo

Ln = 4 µm
Wn = ? µm

Lp = 4 µm
Wp = ? µm

5 V

Vi

0 V

Vo

Ln = 4 µm
Wn = ? µm

Lp = 4 µm
Wp = ? µm

 
Figure 1: CMOS switch for part (a).   

 
(a) [15 pts] Find Wn and Wp such that Rio = 1 k  for both Vi = Vo = 0 V and Vi = Vo = 5 V 

(see Figure 1 above).  Rio is the resistance between the input and output terminals, Vi 
and Vo. 

 
(b) [10 pts] Now, let Wn = 10 µm and Wp = 40 µm (see Figure 2 below).  NOTE: these 

are not the answers you found for part (a).  Calculate Rio for Vi = Vo = 2 V. 
 

5 V

Vi

0 V

Vo

Ln = 4 µm
Wn = 10 µm

Lp = 4 µm
Wp = 40 µm

5 V

Vi

0 V

Vo

Ln = 4 µm
Wn = 10 µm

Lp = 4 µm
Wp = 40 µm

 
Figure 2: CMOS switch for part (b). 

 
 

NMOS PMOS 
VT0n = 1 V VT0p = -1 V 

 µnCox = 200 µA/V2 µpCox = 100 µA/V2 
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ANSWERS 
 

For 0=DSV , 
)()(

1

0TnGSnoxn

NMOS

VV
L

WC
R

−⋅⋅
=

µ
 (1). 

 

Also, for 0=SDV , 
)()(

1

0TpSGpoxp

PMOS

VV
L

WC
R

−⋅⋅
=

µ
 (2). 

 
(a) For VVV oi 0== , the PMOS transistor is off.  Hence, 

Ω=
−−⋅⋅

== k
VVV

m
W

V
A

RR
n

NMOSio 1
)105()

4
()200(

1

2 µ
µ

.  Solving for nW  yields, 

mWn µ5= . 
 
For VVV oi 5== , the NMOS transistor is off.  Hence, 

Ω=
−−⋅⋅

== k
VVV

m
W

V
A

RR
p

PMOSio 1
)105()

4
()100(

1

2 µ
µ

.  Solving for pW  yields, 

mWp µ10= . 
 
 

(b) From (1) above, Ω=
−−⋅⋅

= k
VVV

m
m

V
A

RNMOS 1
)125()

4
10()200(

1

2 µ
µµ

.  Similarly, 

using (2) above, Ω=
−−⋅⋅

= k
VVV

m
m

V
A

R
p

PMOS 1
)102()

4
40()100(

1

2 µ
µµ

.  But, ioR  is the 

parallel combination of NMOSR  and PMOSR .  Hence, 
 

Ω=
+
⋅

= 500
PMOSNMOS

PMOSNMOS
io RR

RR
R . 

 
 
 
 
 


