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ESE 319 Microelectronic Circuits 
 

Midterm Exam #2 Ð 21Nov08 
 

This exam is a closed book exam.  Students are allowed to use a calculator and a single page 
reference sheet (two sided).  Please show all work, justify all approximations and give the units for 
all calculated parameters. 
 
1.  Consider the perfectly balanced differential amplifier in Fig. P1.  Let the differential-mode input 
signal vid = Vp sin! t  where Vp = 5 mV  and collector resistors RC = 10 k! .  Also, let the matched 

transistors Q1, Q2, Q3, Q4 have VA = 200V and ! >>1.  Note that collector currents iC1, iC2  and output 
voltages vO1, vO2 have ac and dc components. 

 
                                       Fig. P1 Differential amplifier for Problem 1 
 
a. Derive the expressions for collector currents iC1, iC2 in terms of bias current I and differential-mode 

input signalv
id

and derive the corresponding output voltages vO1, vO2 .      (10 pts) 
b. Determine the bias current I  such that Q1, Q2 remain sufficiently forward active when operating on 

differential-mode input signal vid , i.e. such that the Q1, Q2 collector voltages vC1, vC2 ! 0for the full 
swing of vid .                  (10 pts) 

 
NOTE: If you are unable to determineI in part b, use I = 2 mAto do parts c through f.  
c. Determine the value for RREF to realize bias current I found in (b), assume VBE = 0.7V .   (10 pts) 
d. Determine the room temperature values for small-signal transistor parametersgm, re, ro .    (10 pts) 

e. Determine the differential voltage gain Gdm = vo2 ! vo1( ) / vid  and the differential output voltage signal 
vO! dm = vO2 ! vO1 .             (10 pts) 

f.  Let the differential-mode input v
id

applied to the base of Q1 and the ground connection to the base of 
Q2 in Fig. P1 be replaced by a common-mode input vic applied to the bases of both Q1, Q2. Determine 
the single-ended common-mode gain Gcm2 = vo2 / vic                (10 pts) 
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SOLUTION : 
a. Derive the expressions for collector currents iC1, iC2 in terms of bias current I and differential-mode 

input signalvid and derive the corresponding output voltages vO1, vO2 .      (10 pts) 
 
Note that driving the base of Q1 with vid and the base of Q2 with 0V is equivalent to driving the base of 

Q1 with v
id

/ 2  and the base of Q2 with ! vid / 2. 

iC1 = IC1 + gm

vid

2
= IC1 + gm

Vp

2
sin!t  

iC2 = IC2 ! gm
vid

2
= IC2 ! gm

Vp

2
sin"t  

 

since ! >>1 ,  IC1 = IC2 =
I
2

 and gm =
I

2VT

 

Hence. 

iC1 =
I
2

+ gm

vid

2
=

I
2

+
I

2VT

Vp
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I
2

+
I

2" 25
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2
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sin! t  

iC2 =
I

2
! gm

vid

2
=
I
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vO1 = VCC ! RCiC1 = 10 ! RC

I
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+
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20
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vO2 = VCC ! RCiC2 = 10! RC
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b. Determine the bias current I  such that Q1, Q2 remain sufficiently forward active when operating on 
differential-mode input signal v

id
, i.e. such that the Q1, Q2 collector voltages vC1, vC2 ! 0for the full 

swing of vid .                  (10 pts) 
 
Since vC1 = vO1  and vC2 = vO2  then v

C1
, v

C2
! 0 " v

O1
, v

O2
! 0  

v
O1, vO2 ! 0 " min v

O1, vO2( ) = 10#
R
C
I

2
#
R
C
I

20
= 10# 0.55R

C
I = 0 " I =

10
0.55R

C

 

I =
10

0.55R
C

=
10

0.55!10k
= 1.8mA  

VO1 = VO2 = 10 ! RC

I
2
= 10 ! 10 *

1.8

2
= 1V  

 
c. Determine the value for RREF to realize bias current I found in (b), assume VBE = 0.7V .   (10 pts) 

V
CC

= IR
REF

+ 0.7! V
CC

" R
REF

=
2V

CC
! 0.7
I

 

RREF =
2VCC ! 0.7

I
=

19.3V
1.8mA

= 10.7k"  

 
d. Determine the room temperature values for small-signal transistor parametersgm, re, ro .    (10 pts) 
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gm =
I

2VT

=
1.8mA

2!25 mV
= 0.036S= 36 mS 

r
e

!
1

g
m

=
1

0.036
" = 27.8 "  

ro =
VA

I
=

VA

I
=

200V
1.8mA

= 111.1k!  

 
 
e. Determine the differential voltage gain G

dm
= v

o2 ! v
o1( ) / v

id
 and the differential output voltage signal 

vO! dm = vO2 ! vO1 .             (10 pts) 
 

 
 
 

 
Since ! >>1 
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G
dm

=
R
C

r
e

=
10 k
27.8

= 360! 51.2dB  

vO! dm = vO2 ! vO1 = Gdm

vid

2
! !

vid

2
"
#$

%
&'

"
#$

%
&'

= 360( 5 mV = 1.8sin) t  

 
or 

vO1 =10 ! RC

I
2

+
I
20
sin" t#

$%
&
'(

=1 !
RCI
20

sin" t =1V ! 0.9sin" t  

v
O2 = 10! R

C

I

2
!
I

20
sin"t#

$%
&
'(

= 1+
R
C
I

20
sin"t = 1V + 0.9sin"t  

vO!dm = vO2 ! vO1 =1.8sin"t = vo!dm 
 
f.  Let the differential-mode input vid applied to the base of Q1 and the ground connection to the base of 
Q2 in Fig. P1 be replaced by a common-mode input v

ic
applied to the bases of both Q1, Q2. Determine 

the single-ended common-mode gain Gcm2 = vo2 / vic                (10 

pts)  
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Gcm2 = !
RC

2ro

= !
10 k

111.1k
= 0.09 " ! 20.9dB  

 
 
2. The following set of questions require brief, to the point answers.    (40 pts) 
 
a.  Describe qualitatively the terminal characteristics (i.e.. voltage gain, current gain, input impedance, output 

impedance) for the common-collector stage and for the common-base amplifier stage. (5 pts) 
 
Common collector (emitter follower) stage is a near ideal voltage-controlled-voltage-source with near unity 
voltage gain and moderate current gain. 
 
Common base stage is a near ideal current-controlled-current-source with near unity current gain and 
moderate voltage gain. 
 
b. Draw the basic schematic of the cascode amplifier stage and describe qualitatively the cascode 

performance characteristics that are important to amplifier designers.  In your schematic you may ignore 
bias-specific components and bypass/blocking capacitors.                (5 pts) 

 

                                 
The cascode amplifier achieves comparable voltage gain of the common-emitter amplifier with much 
increased high-frequency cutoff due to the addition of the common-base stage. 
 
c. Describe qualitatively the Miller Effect, the Miller EffectÕs impact on the performance of the 

common-emitter amplifier stages, and its impact on the performance of common-collector and 
common-base amplifier stages, respectively.           (5 pts) 

 
The collector-to-base capacitance is effectively equivalent to having a capacitance from base to ac ground 
that is the collector-to-base capacitance magnified by the base-collector voltage gain.  This greatly 
reduces the high-frequency cutoff for common-emitter amplifiers.  The collector, base is at ac ground for 
the common collector, common amplifiers respectively.  Hence, the miller effect has no impact on these 
stages. 
 
d. Describe qualitatively the manner in which active-loads benefit the design of practical differential 

amplifiers. Also, with respect to differential amplifiers, describe qualitatively their disadvantages as 
compared to resistor loads.         (5 pts) 
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Active-loads replace resistor loads with the large output resistance of a current source.  Hence, an active-
load provides large resistance in the small area consumed by a current mirror.   In a differential amplifier 
this increases differential-mode gain, reduces common-mode and increases CMRR. 
 
A disadvantage is that active-loads are inherently non-linear, particularly as the current mirror transistors 
approach either saturation or cutoff.  Another disadvantage is that differential output is not practical 
when active loads are used. 
 
e. A closed-loop negative-feedback amplifier is found to be unstable.  Describe qualitatively the 

characteristics of the loop-gain for this amplifier.         (5 pts) 
 
The loop-gain has either negative gain margin or negative phase margin,  
 
f.  You are given experimental gain and phase vs. frequency data for an open-loop amplifier A(s), describe 

how to determine the range of applied feedback ! F that will result in a stable closed-loop amplifier. Use 
equations where appropriate.         (5 pts) 

 
Plot the gain in dB and phase of the open-loop gain A(jf) vs. frequency.  Find the value of ! F such that 
the 1/ ! F line intercepts the 20log|A(jf)| at the frequency f180 where the phase A(jf180) = -180 degrees.  
LetÕs call this value of ! F = ! F (180o).  The range of applied feedback ! F that will result in a stable closed-
loop amplifier is then 0 ! ! F < ! F (180 o). 
 
g. The loop-gain for a 3-pole negative-feedback amplifier is found to have a phase-margin of approximately 

20 degrees, describe qualitatively the pole locations and step response of the closed-loop amplifier. 
                (5 pts) 

Two of the poles are complex conjugates with damping ratio smaller than 0.707 and the step response 
include overshoot and ringing. 
 
h. Describe qualitatively the important behavioral differences between practical NPN and PNP transistors 

and give two circuit applications that are suited for PNP transistors.    (5 pts) 
 
Bipolar IC processes are designed to optimize the performance of the NPN transistor, which is achieved 
at the expense of the PNP transistor.  The NPN current gain (beta) is much greater than the PNP beta.  
PNP transistors are best used in current mirrors for current source biasing and active-loads. 
 
Qualitative Descriptions do not involve specific numerical calculations and are largely accomplished 
with text.  Descriptive adjectives like ÒsmallÓ or ÒlargeÓ are appropriate to use.  Also appropriate are 
comparative phrases that involve ÓapproximatelyÓ, Òless thanÓ, Ògreater thanÓ, etc.  If helpful to your 
description, you are welcome to use an equation and/or a sketch. 
 


