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Homework Assignment No. 2 - Solutions
Problem 1 - (10 points)

a) For the emitter follower output stage shown below, find
the value of R, for maximum efficiency and find the value

of that efficiency. V..=-V,=2.5V, V.(sat)=0.2V, + Ql
1% 1
R,=10kQ, V,,(on)=0.7V. ~IN o

Vce

b) The load resistance R, is replaced with a capacitor of %Rl IQl Ry
100pF. If the input voltage suddenly drops from 2.5V to -
2.5V, explain what happens at the output and accurately 3 Q2
sketch the output voltage as a function of time, specifying Q
its initial and final values and time interval.

VEE  Fig. 040-09

Solution
The I, for maximum efficiency is found as,

I~ (—VCC _ZCE(S“’) )=230MA

L

Rl — _VEE — VBE

~7.826kQ
IQ

-V (sat)

v, I,
Py (max) = | 2=~ 2 | = 0.5(23V)(0.23mA) = 0.2645mW
L 2 2

N

Poupply =2Vl = 2(2:5)(0.23mA) = 1.15mW
g 1%

7]=M=l(l— CE(saz))=23%
Psupply 4 cc

b) The output would slew under such condition. The current will be limited by the bias
current:

Slew rate=0.23mA/100pF=2.3V/us

Vout
A

1'78HS

1.8V,

\ >
-2.3V ————
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Problem 2 - (10 points)

Six versions of a source follower are shown below. Assume that K'yy = 2K'p, Ap = 2Ap,
all W/L ratios of all devices are equal, and that all bias currents in each device are equal.
Neglect bulk effects in this problem and assume no external load resistor. Identify which
circuit or circuits have the following characteristics: (a.) highest small-signal voltage gain,
(b.) lowest small-signal voltage gain, (c.) the highest output resistance, (d.) the lowest
output resistance, (e.) the highest v,,(max) and (f.) the lowest v, (max).

T, VoD
p,, Ml My . Ml LMZ vy M|y, EmM2
o [, L L
Vout Vout Vout Vout Vout Vout
—oO —oO —oO —oO
M2| oy, M Vin M2| oy, M
o CoHE, ol
M2 mi | BN= Vs
Circuit 1  Circuit2  Circuit3  Circuit4  Circuit5  Circuit 6
FSO02E1P1
Solution
(a.) and (b.) - Voltage gain. Small signal model:
The voltage gain is found as: ~ = —
e voltage gain is found as: - = em+GL

where G is the load conductance. Therefore we get:

Grewt | 1 | 2 | 3 4 | 5 | 6
Vout ‘ gmN gmP ‘ gmN gmP ‘ gmN gmP
Vin ZmNTEmN | EmP+E8mP | EmNTE€mP | 8mP+E8mN | 8mN+8dsN+E&dsN | EmP+&dsPt8dsP

But gmN = ‘\/5 gmp and ggsN = 0.5g4sp, therefore

Circuit | 1 2 3 4 5 | 6
You | Lot 1 Ho 5858 |0.4142 ZmP EmP
Vin 2 2 ng"‘(gdsN"'gdsN)/'\ﬁ 8mP+EdsP+EdsP

| Thus, circuit 5 has the highest gain and circuit 4 the lowest gain |

(c.) and (d.) - Output resistance.
The denominators of the first table show the following:

| Ckt.6 has the highest output resistance and Ckt. 1 the lowest output resistance. |

(e.) Assuming no current has to be provided by the output, circuits 2, 4, and 6 can pull the

output to Vpp. .. | Circuits 2, 4 and 6 have the highest output swing. |

(f.) Assuming no current has to be provided by the output, circuits 1, 3, and 5 can pull the
output to ground. .. | Circuits 1, 3 and 5 have lowest output swing. |

Summary

(a.) Ckt. 5 has the highest voltage gain (d.) Ckt. 1 has the lowest output resistance
(b.) Ckt. 4 has the lowest voltage gain (e.) Ckts. 2,4 and 6 have the highest output
(c.) Ckt. 6 has the highest output resistance (f.) Ckts. 1,3 and 5 have the lowest output
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Problem 3 - (10 points)

A push-pull follower is shown which uses an NPN BJT 42V
and a p-channel MOSFET. In this problem, ignore the
bulk effect, the channel length modulation, and the Early

voltage. The parameters for the NPN BJT are fp = + Ql.
100, I;= 10fA and V,;=25.9mV. The model =V i‘l lour
vy . T —, Your
parameters for the PMOS are Kp’ = 50uA/V2 and V= Oi .
-0.7V. (a.) Find the value of the dc batteries, V| and =, 121 Ry =
V5, which will cause 100pA to flow in Q1 and M2 T= |l<_— M2 100Q
when the dc value of v;y=0VDC. (b.) Find the small- W _100 1
signal input resistance, output resistance and voltage L —L—
gain when the dc value of v;y = 0VDC. -2V SOIEIPI
Solution
ic 100pA
(@) Vi= Vgg = V, ln( ,'j) - 0.0259ln< o ) ~0.5964V _  [V;=0.5964V
2Up 2-100
Vo=VgsGo = Kp'(WIL) * WVrpl=\|350700+ 0.7=09V_ |V,=0.9V
(b.) Small-signal model (simplified): Bl= G2 + Vr o - E1=S2
Icr  100pA + i
8m1 =V, =250my = 3.86mS in R = vom
1485 o EmlVaN /g, Wes 100€2
rm :m =26.159kQ2 C1=D2 OlEISI

2Kp'Walpy

& = \’T =4/2-50-100-100 = ImS
Riy: vip = rmtlin + Ui + 8m1Vat &m2 Vgs2)RL = Tailin + Ui + 8miTxilin + &m2 Tmlin) RL

vll’l

Rin =7 =Tl + R+ 8uiTmBL + 82 TiRL = 1y + RL(I4BE) + 8o TR,

s Ry, =26.159kQ + 101-100€2 + 1-26.159k€2 -0.1 = 38.875kQ [R;,, = 38.875kQ

1 1 1
Rout: Roul = Zml [l 2m2 =386mS+1mS = 205.81(_ —Eom‘ = 205.8kW
Vour Vour  Vout lin Ry (1+bp)+g 01 IRL 12.716

Vin * Vin  fin Vin p1+RL(1+bF)+gm2 R, =38.875 = 03271

=0.3271V/V

Vln
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Problem 4 - ( 10 points)

Find an algebraic expression for the voltage +3Va

gain, v,,,/v;,, and the output resistance, R,,,;, of

the source follower shown in terms of the small-

signal model parameters, g, and Ry (ignore 7). 1/ 1:||__| r__l()O/ 1

If the bias current is ImA find the numerical M2 | M3 Widths and

value of the voltage gain and the output M1 lengths are
resistance. Assume that Ky’ = 110pA/V2, Virn o—|l:100/1 Rous in microns.
+

=0.7V, and Kp’ = SOuA/V2, Vp =-0.7V. l 0

Vin

Solution Vout Ri=
A small-signal model for this circuit is shown . ( * ) ImA . 50Q
below neglecting r, of the transistors. _T_ _T_

. S SO3EIPI
' Summing currents at the output node gives,
1Vgs] ' =
8m1Vgs K +*\ 8m1Vgsl = 8m3Vgs3 T GLVour
Vin 8m3Vgs3 R Vout + T )i Al _ 1/
~-v SO, vgs3 - gmlvgsl( gm2)

Em1
8m1Vgsl = 8m3 (' gm2>vgs1 + GrVour

8m3
gmlvgsl(l + ng) =Grvour —

Fig. SO3EISI

8m3
8m1WVour — Vin) (1 + ng) =GrVour
(1+ ng)
VOMI gml gm2
Vin 8m3

8m1(1 + %) + G,
Setting v;, = 0 and applying i, and solving for v,,,, and ignoring R; gives,
8ml

It = 8m3Ves3 T &m1Vour = 8m3 (gmz)vout T 8m1Vout

Vout 1
it = Rout =

1 8m3
gml( + ng)

Note that the ImA splits between M1(M2) and M3 in a ratio of 1 to 100. Therefore, Ip; =
Ipy = 9.9uA and I3 = 990.1pA.

" g1 =V2-110-100:9.9 = 466.71yS, g, = V2-50-1:9.9= 31.47S
and g,3=42-110-100-990.1 = 3146.7uS

Vout 466.71-101 47.137
v, ~466.71-101 + 1/50=47.137 + 20 =0.702 VIV

1000
Ry =77 137 =21.2Q




