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EXAMINATION NO. 1 - SOLUTIONS
(Average Score = 66.2/100)
Problem 1 - (25 points)

A push-pull follower is shown with a 500€2 load. M1
Assume that the MOSFETs have the following N

model parameters: . Ky’ = 100pA/V2, Viy= 0.5V,  g7v—=

and Kp’ = 50pA/V2, Vyp=-0.5V. Ignore the bulk "IN, '| vout
+

effects and assume A = 0. 0.7V— _

a.) Find the small signal voltage gain and the output _T_| - 500Q2

resistance (not including R;) for the conditions of M2

part a.) if the dc current in M1 and M2 is 100pA. SO4E1P1
b.) What is the output voltage when vy =0.5V?

Solution

a.) The small-signal model is given as shown o ?i-
Rr=
where 8l = \/2KN’(W l/Ll)IDl = '\/2 100-50-100 Vin @ QSOLOQ% Vout
8&m1 =1mS, g0 = 4/2:50-100-100 = 1m$S o 5

Summing currents at the output node gives, g1 VinVour) 8m2WVin-Vour)  S04E1S1
Em1Vin ~Vour) + 8m2(Vin ~Vour) = GLVour
Vout Em1t &m2 1+1 1 1

=T33 =05V/V and R, = = 5-= = 500Q

Vin ~ &m1t &m2+GL
b.) Under the condition of vy = 0.5V, the gate voltages are
V1= 0.5V+0.7V = 1.2V and V5=0.5V-0.7V =-0.2V

Em1t8m2

We know that the output voltage can be expressed as Vo = (I1-13)0.5k€Q2 where /andl,
are the dc currents in M1 and M2.

Next we need to make an assumption about the operating region of the two transistors. Let
us assume that M1 is saturated and M2 is cutoff. Therefore, I, =0 and

I = 0.5(100)(50)[1.2-V o7 — 0.5)1% (uA) = 2.5(0.7-Vop)* (mA)
Vour = (10.5kQ = 1.25(0.7-Voyp)? — 0.8Voyr = 049 = 1.4Vour+ Vour
The resulting quadratic, VOUT2 —2.2Voyr+0.49 =0 gives

Vour = 1.19+0.5 \[2.2%-4(0.49) = 1.1 + 0.5(2.880) = 1.1+0.845 = 0.252V
Check the regions of M1 and M2.

Ml1: Vpgp = 1.5-0.252 = 1.25V >V591-Vyy = 1.2-0.5=0.7 .. M1 is saturated.
M2: Vg5 =0.252 — (-0.2) = 0.452 < IV7pl = 0.5 .. M2 is cutoff

(Note: Many of you multiplied the gain of (a.) by 0.5 to get the answer which happened to
be close. If you did this you lost 3 points because the current in M1 is no longer 100pA
but 506pA and the current in M2 is OpA. Your answer may be right but the approach is
wrong. PA)
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Problem 2 - (25 points)

An all-npn Darlington output stage is +12V
shown.  For all devices assume that yg,
VBE(on) = 07V, VCE(sat) = 02V, and ﬁF
= 100. The magnitude of the collector
current in Q3 is 2mA.

a.) If R; = 8Q, calculate the maximum
positive and negative limits of vy

b.) Calculate the power dissipated in the

circuit for v = 0V. R.<vour
c.) Calculate the maximum average g—K Q2 )

power that can be delivered to Ry = 8Q Q1 =
before clipping occurs and the VIN

corresponding efficiency of the complete =

circuit. Assume that feedback is used -12V SU4ELP2

around the circuit so that vy 1s approximately a sinusoidal.

Solution

a.) Assume that current to R; is not limited. Then,
V0+ = VCC - VCE3(sat) - VBES — VBE4 =12-02-07-0.7=104V

Vo =-Vec+ Vepa(sat) + Ve + Vp1 =-12+02+ 0.7+ 0.7 =-10.4V

b.) For voyr =0V, the 2mA flowing through Q3 flows through D3, D2 and Q1-Q2. The
voltage drop across D2 and D3 is not enough to turn on D1, Q4, or Q5. Thus, the power

dissipation is
Pg=[+12-(-12)](2mA) = 48mW

c.) From part b.) we observe that the amplifier is operating in class B. The maximum load
power is

V,(peak)\2
\2 ) (10.4)2
1 1104V
Isuppiy = ;I (peak) = ;8_9 =0.4138A

Psuppiy = [12-(-12)1(0.4138) = 9.93W

o Py (max) 6.76W
Efficiency =n="p "3 "Pg, 7, =0.048W +9.93w = 67.7%
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Problem 3 - (25 points)

Find the voltage transfer function of the common-gate amplifier
shown. Identify the numerical values of the small-signal
voltage gain, v,,/v;,, and the poles and zeros. Assume that I,

= 500pA, Ky’ = 100uA/V?2, Vo = 0.5V, and Kp® = 50uA/VZ, 10kO
Vip=-05V, A=0V'!, Cyy = 0.5pF and Cyy = 0.1pF.

Solution +
The small signal transconductance is, VBias— Rs=
-T 1kQ

&m =2 Ky (W/L)I[p =4/2:100-10-500 = 1mS 1

rge= Vin

s . R 8mVgs
The small signal s SO04E1P3
model is,

Vin Vout
o
SO04E1S3

The voltage gain can be expressed as follows,

Vour _ Vou Kgﬁ Vour _ RL(I/Sng)

Vi - (Vgs)(Vm> > Vgs - _gl’l’l( RL+(1/Sng))
Sum currents at the source to get,

Vin +V Vv -G

mn g N _ - _gﬁ _ S
R, +gmvgs+scgsvgs_0 Vin = Gs+ 8m +SCgS
Vour 3 gmRL 1 1
Vil’l - <1+ ngL)(SngRL+1) SCgS i
gntG,

The various values are,

o _8mRL 110
Voltage gain = T g R, =1+ = SVIV

-1 -1
_ _ _ 109 .
PL=CoqR = 10713107 10” radians/sec.

-(gm+Gy)  -1073+1073 o
Py = Cos = 0.5x10°12 = -4x10” radians/sec.
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Problem 4 - (25 points)

For the circuit shown, assume all transistors
are saturated and that their parasitic capacitors
are negligible when compared with the ones
shown. Assume that their respective g _’s and
r, are equal.

a.) Using either the open-circuit or short-
circuit time-constant test, determine the 3-dB
bandwidth (f, ;) of the circuit.

b.) Which capacitor is predominant in
determining this frequency?

c.) Using either the open-circuit or short-
circuit time-constant test, determine the
location of the highest frequency pole,
assuming all the poles are more than an order
of magnitude away from each other.

d.) Which capacitor determines this high-
frequency pole?

Solution:
a.) O.C.T.C. Tst:

Roc2 =1y oio/Tas vz ¥ Ry
+ 8n(Tag mp12/Tas muni2) R
=250k + 100k + 2.5M = 2.8M

RoC3 = 1y o1o//Tag muniz = 250K

+
Va

\/biasl

R,
k€2

100
ﬂ:j—/\/\/\/\,T{CI mpllmp12 ’fcz

2pF—Ln imj@)F

mpbl
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r, = 500kS2
g = 100MA/V?

100
R

W, = (ERC)' =1/ (2.8M)(2pF) V@
= 180k rad/s % sz out
b.) C, g §
—
¢) S.C.T.C. Tst:
Rsc2 = R, = 100k N

RSC3 = Iyy ool Moy ol Ro//(1/g,1) = (250k)//(100k)//(10k) =~ 9k
W, ~ 3 (1/RC) = 1/(100k)(2p) + 1/(9K)(2p) ~ 60M rad/s

d)C,

rds_mnb12

<



