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EXAMINATION NO. 3
(Average score = 74/100)

Problem 1 - (25 points)

Referring to the feedback circuit shown on the right, answer
and/or fill in the blanks of the following questions:

a. What kind of mixing is being employed?
Series 2 (V, -V, )

b. What kind of sampling is being employed?
Shunt 2 (V,  via mnl’s CG gain stage))

u

c. What type of amplifier is the feedback circuit?
V.V, D Voltage Amplifier

d. R =R * (I + LoopGain)

in in_open_loop

e. R, =R * 1+ (I + LoopGain)

out_open_loop

f. Calculate the loop gain of this circuit (assume r,, = o and derive the relationship as a
function of small-signal parameters, R, and A ) —hint: break the loop somewhere and
compute the transfer function—.

Opening the loop at the gate of mn2:
LG =(v,,/ ng) (Vg 1 vy) (ng’ /' vy) = (CS gain) (CG gain) (A))
= (_gm2/gm1) (gmlR) (Av) = _ngRAV
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Problem 2 - (25 points)

Referring to the circuit shown, determine the closed-loop 4 \V/

output resistance R , using Return-Ratio (RR) and

Blackman’s formula:
R,,=R

out =out—(Controlled Source Gain=0

+ RR

output port open

*(1+RR

utput port shorted) .

(Assume r,, = o, R, R, and A, are the input resistance,
the output resistance, and the gain of the differential
amplifier. Derive the relationship as a function of small-
signal parameters, R, R,, and A .)

Solution AV
For RR (Loop Gain), break the loop at the gate of mn1:

= 0 (amplifier A, amplifies a “0”

RRout ul port shorted
Slgna

RR =(vg,/ Vg]) (v./vy) (Vg,’ / v)) = (CD gain) (Voltage divider) (A,)

output port open

— gml(Rlll[Ri+R2]) . Ri
1+g (RIWR+R.) R+R.

.AV

R = (/g ) IR, Il (R, + R,

out—(Controlled Source Gain=0)

=R (open loop at gate of mnl1)

out_open_loop

Thus:

(1g JIR IR+ R))

g (RI[R+R) R
"1+g (RI[R+R) R*R.

out —

.AV
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Problem 3 - (25 points)

A voltage amplifier using
feedback around a current R =200k
amplifier is shown. In this M

problem assume all of the NMOS
transistors are identical. Assume

that R; 1is greater than the Rous
transistor transconductance and
find the input resistance, R;,,, the

. o
output resistance, R, the «lr
voltage gain, v,,/v;,, and the Vout

gainbandwidth (GB) in Hz.
Assume that the output resistance
connected to this  voltage
amplifier is large.

Solution l Current ;
SO4E3P3 -1v Amplifier i
R;, = R; = 10kQ
v Vour V¢ vy 200k€2

Rom=g, Ip= 21!3—2:213—2 — Rom=; =—75 = 100kQ

. m Vout . Vout

Lin le + R2 and Lout = - RZ
Since i;, =i, , we get

Vin  Vout Vout Vin Vout Vout Ry

Ri*R, = Ry < R TR, T v, T IR TV
The dominant pole is found as,

1
= 100x10° rads/sec.

Pdominant = RyuCout = 100kQ-0.1pF
GB = 10-100x10° rads/sec. = 1000x10° rads/sec. — GB = 159.15MHz

Note: Many tried to work this problem as a feedback problem (which it is) so the results
would be achieved from a shunt-shunt feedback network as follows.

The feedback factor would be f'= -1/R, and the amplifier gain would be
Vout ..
a=—"7_=-Ry (loop gainis 1)

Lin

Therefore the closed loop gain would be
Vout a -R)
i, ~ l+af = 2

The desired voltage gain would be
M _ Vour 1 R,

V=T R = 2Ry = lOVIV

in

The input resistance of the current amplifier is approximately zero, so feedback would give
the correct input and output resistances calculated above.
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Problem 4 - (25 points)
A differential CMOS amplifier using depletion mode

input devices is shown. Assume that the normal M
MOSFETS parameters are Ky’ =1 IOV/pAZ, VIN= VBias P, FJIOMW] wm
M2 v2
um

0.7V, Ay =0.04V-! and for the PMOS transistors

are Kp' =110V/uA2, Vyp = 0.7V, Ap=0.04V-. Yout

For the depletion mode NMOS transistors, the o—|

parameters are the same as the normal NMOS 100pm/1

except that Vyy=-0.5V. (a.) What is the

maximum input common-mode voltage, v 100uA

Vi (max)? (b.) What is the minimum input B"”NH 100um/Ium

common-mode voltage, V., (min)? (c.) What

= SO2FEP8
value of Vpp gives an ICMR = 0.5Vpp?

Solution

(a.) Vicm+(max) = Vpp — Vgps(sat) — Vpgi(sat) + V541(S0pA)

. B 2ip)
ip=7 (Vgsi- Vr)* = Vesi = BT V1 = Vpgi(sat) + Vo
Viem*(max) = Vpp — Vgpa(sat) + V= Vpp - E-‘- Vi

View*(max) = Vppp — 03015 — 0.5 = Vppp = 0.8015

(b.)  Vjep (min) = Vpgs(sat) + Vi561(S0uA) = Vpgs(sat) + Vpg(sat) + Vpy
2105 2Ipy
Bs B1
(c.) ICMR =V;.,*(max) - V., (min) = Vpp — 0.8015 + 0.2698 = Vpp —0.5317

Viem (min) = ——+ Vp; = 0.1348 + 0.0953 — 0.5 = -0.2698V

VDD -0.5317 = O.SVDD - VDD = 2(05317) = 1.063V



