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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 (R,,) and the output
(R,,;) resistances of this circuit (neglect the output resistance of the transistor r,).
Simplify your expressions as much as possible with the assumption that g, R;>>1.

c. If the source (R,) and load (R,) 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.

Royr
Solution R, /
\%
(@) Two types of feedback are used —W PO
simultaneously in this circuit (sometimes ‘_J
called dual-loop feedback): 1) Shunt-shunt Ry R,
feedback through R,, and 2) series-series \ I
feedback through R,. Il_;
(b) R '
1+ RR(port shorted)
Rovr = Rour (8, =0)
1+ RR(portopen) Vg Ry
Royr(8, =0)=R; + R,
RR(shorted) = g, R, (GND)
RR(open) =g, (R, +R)
S Ry = Ry +R)|— 8 | 5 1f g Ro> 1 then: | Ryyy = Bt )
1+gm(RS+Rl) 1+&
RS
Input resistance: R,, =R, (g, =0) I+ RR(port shorted)
1+ RR(portopen)
Ry(g,=0)=R, +R,
RR(shorted) = g, R,
RR(open) = g, (Rg + R,)
> Ry =(R, +R,)|— 1 8ufs > If g R>>1,then: |R, = Frtfu)
1+, (R +R,) LR
S

¢) If R,=R,, then R,,=R,,. By choosing the right values of R, and R, the input and
output resistances can be matched to the source and load resistances (for maximum power

transfer, 50/75Q 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 R, 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 AVece

the methods of feedback analysis to find the

numerical values of v,/v{, v{/ij, and v,/i5.

Assume that all transistors are matched and that

Vi=25mV, B (of the BIT) = 100, [0 = I =

100uA, and r,, = .

Solution in

A simplified ac schematic for 8 = 0 is given as, +  Ri=IKQ R;}ﬁ\{?)/kg -?

inr Vi R3= V2
/W _ kQ [
111
B Lol 0 R4—10k9 L o vee? L
Ri=1kQ ! t g | -1 -1
L vir R3=> vy B=812Fr =70 =R, = [0xo
o v 101<Q k[ .
! S03QI1SIA

The open-loop (8 =0) simplified ac -1 &Q k Q2 °

schematic is given as, D SRa=
Vl: lgkg R2= R4_ R3= V2
o 10kQ JOkS 1kQ[ -

ik

SO3QIISIB °

—m——————

Bib1
a2 Ry = R3=
Bipo' 10kQ 1kQ
SO3Q11S1C

i =()
llY 1 lbl'

~\ip2

-Ry 1 )

ipy' PR
)(l ,) [[j’(R3|IR4)] rn2+R2 (R4 + l/gml 1+

100-10K\ /10K 1
= (-100-1KI0K) 338 ) (TORF0.25K T0T) = (90.9)(-28.571)(-0.00966)
vy vy Rp  -25.087KQ
Rp=qr =-2508%Q = 7F =10 =Taosngy =TSk
Ry 2440
Rip = Ry(Vg,1) = 100001250 = 244Q. Riyp = T o= =T 509 = 6950
n n _wi_ 75K
T =Ry + Ry =1000+70=100Q 35 =75-="To70 = Z.02VIV
V_2 Rout 9099
Rout = R3||R4 = 90922 - i2 = 1+/J)RT =3.509 = 259Q
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Problem 3 - (25 points)
A low-gain, high-bandwidth voltage

amplifier is shown. Find the low t

frequency voltage gain, v,,,/v;,, and M3 M4]  200uA

the unity-gainbandwidth, GB, if the %’ __’II——||'__%)

sum of the capacitance connected to

nodes A and B is 0.5pF each.

Assume that the independent current M1 M2 A M

sources used have infinite resistance. 9—|| 100 100 |

The transistor model parameters are Vi 1 1 35

Ky =110pA/V2, Vo = 0.7V, =0, & 7 T M7
) 2 vr+*L 25

Kp’ =50uA/V2, Vyp= -0.7V, Ap=0. 100uA (y ==

2Von —T 1

) All W/L ratios i i —1
Solution Talios 1n microns.— FO3E3P3

The low frequency voltage gain can be found by inspection as 0.5g,,,R. For those of you
not into “found by inspection” the following small-signal model is useful.

O O
+
gm1Vin i VB = D l VB =
gm7VA Vout 2 1Vin gm7 Vout
FO3E3S3
L\ 8ml 1
vou,=l(R g 7)— T(R " gm7)v,-n 21 =\2-110-100-50 = 1.048mS
Vour 1.048 1
gm7 =VZTI025200 = 1.048mS .~ 34=—5—{100 + m) =529 VN

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 R4 = 1/g,,7 = 1/1.048mS and at node B to

ground is Rg = R = 100kQ. However, because of the shunt feedback at node B (and A)
with a loop gain of 1, the output resistance is really 50k€2. Therefore,

2g8m7  2-1.048mS 0
DA = Ry = 0.5pF =4.192x10” rads/sec.

and
2 2
PB=RpCp = 100kQ-0.5pF

= 40x100 rads/sec.

GB = 52.9-40x10° = 2116x10° 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 =
1.38x10723 J/K), (b.) the equivalent input noise voltage
in units of V2/Hz for 1/f noise (By = 8x10722 (V-m)?

and Bp = 2x10722 (V-m)?2), and (c.) the noise corner
b

1
frequency in Hz. Using f ]—c df =In(b) — In(a), find the

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

Solution

Page 4

+VDD

M§_’||——||'_'M3 lel——ll'_'Mé

Vout

Vi vit
o—|MIM2|lo o

le}J I—{l: M8

All g, =300uS and =
all W/L=10um/Ium  SO3E3P4

The short-circuit noise current as a function of all 8 of the noise sources in series with the

gates can be written as,
-2 2 2

7 = 8ient Srerat Sus(€rat €5+ Smo(emt ere)+ Sg(e it )

The above can be written as,

2

ito —gm[4e N+4enp]

Dividing by gm gives the equivalent input noise voltage as,

2
nP
_4eN+4e P_4enN(l+—2)
€N
2 _ 2

(a.) For thermal noise, e, = e, p so that
8kT 1.38x10723-300

=2.944x10-16 VZ/Hz

2 2 _
¢q =8N =83g,n =0 T3 3005106

(b.) For 1/f noise,
By  8x1022  g8x10'!

Bp  2x1022  2x10°!!

2 2
€nN ~—fWL =ﬂ0X10'12 = f and €np = fWL =ﬂOX10-12 = f
2
2 [, G| _32x1071 2y 40x107 ,  4ox10°tt
_4enN 1+ ) f (1+8)= f eeq= f V</Hz
€N
(c.) Equating the above results gives,
40x10°!1 16 40x10°!1
—F = 2.944x10 - f.= m =1.359MHz
Finally, we can find the rms noise by integrating just the 1/f noise from 1Hz to 100kHz.
10
) 40x10°!1 " s
Veq(rms) = |—F —df =40x107" "[In(10°)-In(1)]

= 40x10"11(11.513) = 4.605x10° V2(rms) —

eq(rms) = 68uV (rms)



