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EXAMINATION NO. 3 - SOLUTIONS

(Average Score = 52/100)

Problem     1     -     (25    points)  

For the feedback circuit shown below:

a. Identify the types of feedback topologies used.
b. Using the Blackman’s formula, derive expressions for the input (RIN) and the output

(ROUT) resistances of this circuit (neglect the output resistance of the transistor ro).
Simplify your expressions as much as possible with the assumption that gmRS>>1.

c. If the source (R1) and load (RL) resistances are equal, what relationship will hold
between the input and output resistances of this circuit? Explain the role of each
feedback loop in achieving this
characteristic.

Solution

(a) Two types of feedback are used
simultaneously in this circuit (sometimes
called dual-loop feedback): 1) Shunt-shunt
feedback through RF, and 2) series-series
feedback through RS.
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c) If R1=RL, then RIN=ROUT. By choosing the right values of RF and RS, the input and
output resistances can be matched to the source and load resistances (for maximum power
transfer, 50/75Ω in RF circuits) and the voltage gain can be set arbitrarily large. The
application of series feedback will increase the output resistance of the transistor. The shunt
feedback through RF will then reduce the input and output resistances of the circuit to
achieve impedance matching.
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Problem     2     -     (25    points)  

A shunt-shunt feedback amplifier is shown.  Use
the methods of feedback analysis to find the
numerical values of  v2/v1, v1/i1, and v2/i2.
Assume that all transistors are matched and that
Vt= 25mV, β (of the BJT) = 100, IC1 = IC2 =

100µA, and ro = ∞.

Solution   

A simplified ac schematic for β ≠ 0 is given as,

β = g12F = 
i1F
v2

|
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The open-loop (β =0) simplified ac
schematic is given as,

The small-signal model for (β = 0) is,
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Problem     3     -     (25    points)  

A low-gain, high-bandwidth voltage
amplifier is shown.  Find the low
frequency voltage gain, vout/vin, and
the unity-gainbandwidth, GB, if the
sum of the capacitance connected to
nodes A and B is 0.5pF each.
Assume that the independent current
sources used have infinite resistance.
The transistor model parameters are
KN’ =110µA/V2, VTN = 0.7V, λN=0,

KP’ =50µA/V2, VTP= -0.7V, λP=0.

Solution   

The low frequency voltage gain can be found by inspection as 0.5gm1R.  For those of you
not into “found by inspection” the following small-signal model is useful.
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vin gm1 = 2·110·100·50 = 1.048mS

gm7 = 2·110·25·200 = 1.048mS ∴  
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vin

 = 
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2 



100 + 

1
1.048  =    52.9   V/V   

The approach to the second part of the problem will be to find the poles at A and B .  The
resistance to ground at node A is effectively RA ≈ 1/gm7 = 1/1.048mS and at node B to

ground is RB = R = 100kΩ.  However, because of the shunt feedback at node B (and A)

with a loop gain of 1, the output resistance is really 50kΩ. Therefore,

  pA = 
2gm7
RA

 = 
2·1.048mS

 0.5pF  = 4.192x109 rads/sec.

and

 pB = 
2

RBCB
 = 

2

100kΩ·0.5pF
 = 40x106 rads/sec.

∴ GB = 52.9·40x106 = 2116x106 rads/sec →     GB   =      336.8       MHz  
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Problem     4     -     (25    points)  

For the amplifier shown assume that all transconduct-
ances  are equal.  Find (a.) the equivalent input noise
voltage in units of V2/Hz for thermal noise (k =
1.38x10-23 J/K), (b.) the equivalent input noise voltage
in units of V2/Hz for 1/f noise (BN = 8x10-22 (V-m)2

and BP = 2x10-22 (V-m)2), and (c.) the noise corner

frequency in Hz.  Using ⌡
⌠

a

b

1
f  df  = ln(b) – ln(a), find the

rms noise voltage in a bandwidth of 1Hz to 100kHz in
V(rms).

Solution   

The short-circuit noise current as a function of all 8 of the noise sources in series with the
gates can be written as,

  i2
to  = g 2

m1e 2
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m2e 2
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n8)
The above can be written as,

i2
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m[4 e 2
nN + 4 e 2

nP ]

Dividing by g2
m gives the equivalent input noise voltage as,
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(a.) For thermal noise, e 2
nN = e 2

nP so that

e2
eq  = 8 e 2

nN  = 8
8kT

3gmN
  = 64 

1.38x10-23·300

3·300x10-6   =    2.944x10  -16        V   2  /Hz  

(b.) For 1/f noise,
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(c.) Equating the above results gives,
40x10-11

f   = 2.944x10-16   →    fc = 
40x10-11

2.944x10-16  =    1.359MHz  

Finally, we can find the rms noise by integrating just the 1/f noise from 1Hz to 100kHz.

V 2
eq(rms) = ⌡

⌠

1

105

40x10-11

f  df = 40x10-11[ln(105)-ln(1)]

       = 40x10-11(11.513) = 4.605x109 V2(rms) →   Veq(rms) =    68µV (    rms)

M1 M2

M3 M4M5 M6

M7 M8

voutvi+vi-

All gm = 300µS and 
all W/L=10µm/1µm 

VDD

S03E3P4


