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1. This is a closed book exam.  However, you are allowed to bring one page 

(8.5” x 11”), double-sided notes 
2. No electronic devices, i.e. calculators, cell phones, computers, etc.   
3. Numerical answers within a factor of 1.5 will not get points deducted, 

provided the steps are all correct and the errors are due to the lack of a 
calculator. (e.g. if the correct answer is 1, the acceptable range will be 
0.67~1.5). 

4. SHOW all the steps on the exam.  Answers without steps will be given 
only a small percentage of credits.  Partial credits will be given if you have 
proper steps but no final answers. 

5. Write your answers in the spaces (lines, boxes or plots) provided. 
6. Remember to put down units. Points will be taken off for answers without 

units. 
7. Mobility chart is provided for your reference. 
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1. [25 pts] RLC circuit in series. Given:
1 11 ,  C 1 F, and L  H.
10 10

R = + Ω = =  

 
Part a.  This is a simple voltage divider: 
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Part b.  We can analyze this transfer by breaking it down into first order parts. 
 

1 :
1

10
jω

+
 

 3



UNIVERSITY OF CALIFORNIA AT BERKELEY                        EECS Department 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 4



UNIVERSITY OF CALIFORNIA AT BERKELEY                        EECS Department 

1 :11
jω

+
 

 

 
 

( ) :H ω  We are given that 10
1log 1 0.12

10
⎛ ⎞+ ≈⎜ ⎟
⎝ ⎠

, thus 10
120log 1 2.4

10
⎛ ⎞+ ≈⎜ ⎟
⎝ ⎠

dB, 

which actually is accurate out to the 2nd significant digit.  So we can superposition the above two 
plots and shift the magnitude plot up by 2.4 dB. 
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Part c.  By superposition, we can treat each frequency separately.  For ω = 1 rad/sec: 
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For ω = 10 rad/sec: 
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The actual answer is: 
 

( ) (1.775cos 27.45 1.185cos 10 156.7out t t= + ° + −V °  
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2. [25 pts] The op-amp is configured as shown in the figure. 

 
 
(a) Express Vout in terms of V1 and V2. [5 pts] 
 
Use superposition.  
Short V2 first.  

Then we have 11 2
1

33
3 VVV =
+

=+ , then 12
1

2
1

55
5 VVVVV outout ===
+

= +−  

So we have  1VVout =

Then we short V1. 

We have  and 0== −+ VV 2
2

55
VV

k
V

k
V

out
out −=⇒−=  

Now we superpose the above two results: 
 
 

21 VVVout −=  
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(b) Now resistor R 4 is changed to a piece of Silicon whose dimensions are L=8 µm, T=2 µm, and 
W=4 µm as labeled in the figure. The Silicon is doped with Boron at a concentration of 3×1016 
cm-3. Express Vout in terms of V1 and V2 again. [10 pts] 

 
 
We need to find the resistance of the Silicon first. 

Resistivity is: 
pn qpqn µµ

ρ
+

=
1

 

Since boron is acceptors, we have  and 316103 −×=≅ cmNp A
33

2

103 −×≅= cm
p

n
n i . 

Since the electron density is much smaller than the hole density, we approximate resistivity as: 

pqpµ
ρ 1
=  

Since , from the mobility chart, we get . 316103 −×=+ cmNN DA sVcmp //420 2=µ

So cmΩ≅=
××××

= − 5.0
016.2
1

420103106.1
1

1619ρ  

 

Resistance is: Ω=
××

== − k 5
1024

85.0 4WT
LR ρ  

 
So the same as (a),  

21 VVVout −=  
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(c) If we add 5×1016 cm-3 Phosphorus into the Silicon, what is Vout now? [10 pts] 
 

Since phosphorus is a donor, now we have  and . 316103 −×= cmN A
316105 −×= cmN D

 

0102 316 >>×=− −cmNN AD , so , the material is N-type now. And we have 

, 

AD NN >>

316102 −×=−= cmNNn AD
33

2

105 −×== cm
n

n
p i . 

Now resistivity can be approximated as 
nqnµ

ρ 1
=  

 

Since , from the mobility chart, we get  316108 −×=+ cmNN DA sVcmn //800 2=µ

 

So cmΩ≅=
××××

= − 4.0
56.2
1

800102106.1
1

1619ρ  

 

Resistance is: Ω=
××

== − k 4
1024

84.0 4WT
LR ρ  

 
 

So for V1, we have 12
1

45
5 VVV out =+

=− , so 19.0 VVout =  

For V2, we have 
k

V
k

V out

45
2 −= , so 28.0 VVout −=  

 
Finally,  

21 8.09.0 VVVout −=  
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3. [25 pts] Diode rectifier. The input voltage is shown below. Assume all the diodes are ideal and 
with threshold voltage VT=0V. 
 

 
 
 
 
(a) Please draw the output voltage on the load resistor and give explanations. (The input is given 

as a reference.) [8 pts] 
 
 

 
 
 
For the Vin positive half cycle, the current path is: 
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D2 and D4 are on while D1 and D3 are off. So Vout on the load resistor is Vin positive half cycle. 
 
For the Vin negative half cycle, the current path is: 

 

D1 and D3 are on while D2 and D4 are off. However, the current goes through the resistor in the 
same direction. So Vout on the load resistor for the negative half cycle is the same as it was for the 
positive half cycle. 

So we get Vout looks like t sinω . (Flip the negative half cycle.) 

 
 
(b) If we put a large capacitor in stead of the resistor at the output as shown below, what is the 

voltage of the capacitor? Please draw the output you got in (a) as well for a reference and give 
explanations. [8 pts] 
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c

 
Consider the steady state. 
The capacitor is charged up to the peak value when the input signal reaches its maximum. Then 
the input signal starts to drop, thus the capacitor is discharging. Since it’s a large capacitor, it is 
being discharged slowly. By the time the absolute value of the input voltage is higher than it is on 
the capacitor, it’s being charged again, which makes Vc to the peak value again. 
 
 
 
 
(c) Which one do you think is more efficient in getting DC power, (a) or (b)? Why? [4 pts] 
 
(b) is more efficient, since the average power is higher. Or area below the output is larger. 
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4. [30 pts] A photodetector (reverse biased photodiode) is connect to an NMOSFET as shown in 
the figure. We know VDD=5 V, RG=10 kΩ, RD=50 Ω and RS=200 Ω. 

 

 
 
(a) The photodetector I-V characteristics are known as shown in the Ip-Vp plot below. When it is 

dark, it follows the top curve, while when it is under a certain amount of light, it shifts down. 
Now given that the light intensity is exactly the amount that makes the photodiode follow the 
bottom curve, please draw the load line of the photodiode on the Ip-Vp plot below, label its 
operating point and give the VpQ, IpQ values of the operating point. [10 pts] 

 
The current loop of the photodetector is 

 

So the load line equation is: GppDD RIVV −−= . Note that we put negative sign before Vp and 
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Ip, because the photodiode is reverse biased. Put the values of VDD and RG in, we get 

 and we draw this on the plot. kIV pp 105 −−=

Since we know from the characteristics that the photocurrent now is -0.4 mA under reverse bias, 
so Ip= -0.4 mA and from the load line equation, we know immediately that Vp= -1V. 
 

VpQ= -1V IpQ= -0.4mA 

-1

1

-5 -4 -3 -2

2 543 Vp (V)

Ip (mA)

-0.1

-0.5

Q

 
 
 
 
(b) Given the vGS-iD characteristics of the MOSFET which is shown in the vGS-iD plot below, 
please draw the load line on this plot, label the operating point Q of the MOSFET and give vGSQ 
and iDQ values of the operating point. [10 pts] 
 
From the circuit configuration, we apply the KVL at gate and source and get the load line equation 

DGSDDSDpGGS iviimkRiIRv 200420042004.010 −=⇒−=−×=−=  

We draw this on the vGS-iD plot. And from the MOSFET characteristics, we read the values of the 
operating point. 
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VGSQ= 2 V iDQ= 10 mA 

 

 
 
(c) Given the vDS-iD characteristics of the MOSFET which is shown in the vDS-iD plot below, 
please draw the load line on this plot, label the operating point Q of the MOSFET and give vDSQ 
value of the operating point. [10 pts] 
 
Apply KVL from VDD through drain and source to the ground. 

We get the load line equation ( ) DSDsDDSDDDD viRivRiV ++=++= 50200  

DDDDDS iiVv 2505250 −=−=  

We draw this line on the plot below. Since the VGS is 2 V, the Q point will be on the middle curve. 
Since we know from question (b) that iD is 10 mA, so vDS=2.5 V 
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VDSQ= 2.5 V 
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