
 

 

Midterm 2 Examination 

ECSE 330: Introduction to Electronics 

March 10, 2017 

11:35 AM – 12:55 PM 

Professor: David V. Plant 

 

Pertinent Information: 

1) This is a closed-book examination, no notes permitted. 

 

2) The examination consists of 4 problems and 36 total possible 
points. 

 

3) Only the Faculty Standard Calculator is permitted. 

 

4) This paper will NOT be collected. Write all answers in the 
answer booklet only. 

 

5) You must show all your work. An answer by itself is worth 
zero points. 
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Question #1 [8 points] 

(a) [6 points] In the circuit shown below, find the values of the following voltages and currents 
(1 point per answer): VB, VE, VC, IB, IC, and IE. Clearly state your assumptions and check 
their validity. The transistor has β = 100 and VBCon = 0.4 V. 

 

(b) [2 points] For the circuit shown below, find the highest voltage to which the base can be 
raised while the transistor remains in active mode. The transistor has α =1 (β → ∞) and 
VBCon = 0.4 V. 

RE = 4.3 kΩ

Q2

RC = 6.7 kΩ

+ 20V

IC

VE

VC

VB
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Question #2 [9 points]  

Consider the transistor biasing arrangement shown below. For all parts of this question, the 
transistor has ݇௣ᇱ  = 100 µA/V2, Vtp = -1 V, and assume that the body effect and the channel 
length modulation effect can be ignored, i.e., λ = 0. The voltages VS and VD, the current, resistor 
R, and the other parameters of the transistors are distinct for each subpart of the question. 

 

(a) If the transistor is in the saturation region and given that (W/L) = 20 and R= 1 kΩ, 
determine: 

i. [1 point] the source voltage VS 
ii. [1 point] the drain current ID 
iii. [1 point] the drain voltage VD 

 
(b) [2 points] Consider another biasing scheme for the circuit above, where the width of the 

transistor, the ratio W/L, and the resistor R are unknown. The desired drain current ID is 
200 µA and drain voltage VD is 1 V. Given that L = 0.2 µm, determine  

i. [1 point] the value required for R and the mode of operation of the transistor, and 
ii. [1 point] the value required for the width of the transistor W 

 
(c) Given that (W/L) = 20 and VS = 4 V.  

(i) [2 points] Find the condition on the value of R for the transistor to be in the 
triode regime. 

(ii) [2 points] Given R = 3.5 kΩ, find the drain current ID in the triode region. 
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Question #3 [9 points] 

The following figure depicts an amplifier circuit with the resistances indicated in the figure, 
infinitely large capacitances, and where vsig is an AC-only signal source. The transistor is in 
saturation mode and has kn = 200 µA/V2, Vtn = 0.5 V, an output resistance rO of 413.2 kΩ due 
to the channel-length modulation (CLM) effect and a DC drain current ID (including the CLM 
effect) of 127.24 µA. 

Rsig

R2

R1

RL

∞

vsig

50 Ω 

200 Ω 

50 kΩ 

20 kΩ 

vo

vg

+5 V

Rout

Rin1
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Rin2 V

il
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(a) [2 points] Draw the small-signal equivalent circuit and determine the small-signal 
parameter gm. 
 

(b) [3 points] Find the resistance seen at the voltage source (Rin), at the gate (Rin1), and at the 
output (Rout). Provide both the expression and the numerical value. 
 

(c) [4 points] Determine the following small-signal voltage gains (i) 
௩೒
௩ೞ೔೒

, (ii) ௩೚
௩೒

, (iii) the overall 

voltage gain ௩೚
௩ೞ೔೒

, and (iv) the overall current gain ௜೗
௜ೞ೔೒

. Provide both the expression and the 

numerical value. 
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Question #4 [10 points] 

The following figure depicts an amplifier circuit with the resistances indicated in the figure, 
infinitely large capacitances, and where vsig is an AC-only signal source. The transistor is in active 
mode and has β = 100. 

 

 

(a) [2 points] Perform a DC analysis and determine the current flowing through the collector 
(Ic).  
 

(b) [3 points] Draw the small-signal equivalent circuit, and determine the small-signal 
parameters gm and rπ or re. Provide both the expression and the numerical value. 
 

(c) [2 points] Calculate the small-signal resistance seen at the input (Rin) and at the output 
(Rout), as drawn in the schematic above. Provide both the expression and the numerical 
value. 
 

(d) [3 points] Determine the following small-signal voltage gains (i) ௩್
௩ೞ೔೒

, (ii) ௩೚
௩್

, and (iii) the 

overall voltage gain ௩೚
௩ೞ೔೒

. Provide both the expression and the numerical value. 
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