ECE 255 ELECTRONIC ANALYSISAND DESIGN Fall 2009
Homework 4 Solutions

Problem 1 (Text 13.60) Compute A

The ac equivalent circuit for an amplifier is showlkssume the capacitors have infinite value and
that Rs = 750Q, Rs = 100 K2, Rc = 100 K2, and R = 100 K. G
Calculate the voltage gain of the amplifier if B&T Q-point
is {50 pA, 10 V}. AssumeBo =100 and \ = 75 V. Rs
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Problem 2 (Text 13.61)
Forpo = 100 see Problem 1 above (Text problem 13.60)
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Problem 3 Rc

R1
Design a four resistor bias network to achievedgerating point §
given in Text problem 13.60 with the following nestions,
Rih=Rs, Rc = R, and \ec = 20 V. Assume ¥: = Vo= 0.7V.

Vg, =100kQx501A= 5V = Vg =5V g R2 e
Vg, =(lc*1g)Re = (50.5UA)Re = BV = R =99kQ

To determine Rand R we have the following relationships:

Vee=Vge—V 20-0.7-3 V Vge +V 0.7+5 V
Ry = R R, = 100K, R, = == & & | 9 ,andR, = —2¢ "Re = ( )
I, I, I, ~lg I g, 0.5pA
SinceR;>2x R,, R, can not be larger than 15Qk (Why?)

Check. If R =150 K3, thenly = £+.0005: 38.%1 Aand R, = 143 _ 371K = Ry, = 107KQ
+ 150 .0385

Close! TryR =140 2 = g = 41.24A and R;= 347K = Ry, =99.8K2 close enough!



Problem 4 (Text 13.62) Compute As
The ac equivalent circuit for an amplifier is showlissume the capacitors have infinite value and

that R =50Q, Rg = 4.7 K2, Rc = 4.3 K2, and R = 10 k2.

Calculate the voltage gainyA of the amplifier if the BJTQ-point I I
i

g

is{2.5mA, 7.5 V}. Assum@y=75and X =50V.
: :50V+ 7.5V ~ 2310 &,
2.5mA
=38.92( 2. = 97.
o ( "= 9

Ay, = =0 (Re|Rq| 1) = - 97.3mx 2.66k ~ 25

Rl r
A, = _Reflrn A, = 062 -259) = - 241
° Rg+Rgr " 50+66
Problem 5 (Text 13.63) Compute A

The ac equivalent circuit for an amplifier is showkssume the capacitors have infinite value and
that RR=10 K2, Rs =5 MQ, Rc = 1.5 M, and R = 3.3 MQ.

Calculate the voltage gainy of the amplifier if the BJTQ-point =
is {1 pA, 1.5 V}. Assumefo = 40 and \, = 50 V. ’ H
9 _50V+15V _ 51 5M0 3§
1pA
40
On =38.92( p A= 38.9 tand r, = _1 03MQ
38.9u
Ay = =0, (Re|Rs| 1) = - 38.9ux 1.01M= ~ 39.
Rgl|l T
A, = ¢AV_ =854 (-39.3) = -38.8
° Rg+Rg|r, " 10+ 854
Problem 6
Using the information provided for each FET selttomponent values to achieve the specified
operating points. Rd
AV
The device is an n-channel JFET wiggd=25 mA and |[¥| =4 V.
The desired operating point is to Ipe=1 16 mA and W%s=5 V. Rg
'A% n J1 A
25 , - vdd =
D :F[Ves_(‘df)] =16 mA = Vg
+16= 5 Vg +4) = Vgg=-4+32V ae ae |

If Vegs=— 7.2V, the FET would be cut-off. Therefores\= — 0.8 V. We should have known that

Veswould be small and negative since the requirethdnarrent is close toks
Since the source terminal of the JFET is grounteds Vgs=- 0.8V

/]

/]



Vpp clearly has to be larger thapd/and also has to provide for the voltage drop acRys

15-5 V
Pick Vpp to be a convenient value such as 15 V. TRgn= (16—ml\ =625Q.

The only element remaining isR Since & = 0, the value of Rshould not matter.

NOTE: In a real circuit, when the power is inilyahpplied, all of the voltages around the ciraot

not magically and instantly achieve their steadyesvalues. To prevent the gate junction of an FET
from being momentarily forward biased, and consatjyeonducting large currents, it is good
practice to insert a large resistance in seriels thié gate. Therefore, we often see=RL MQ to
provide protection of the gate junction in a JFET.

Problem 7 Rd
The device is a p-channel depletion-mode MOSFET wit MV
|lbsd =30 mA and |[M =4 V.
The desired operating point is to hsl # 7.5 mA and |Ws| =8 V. Rg
| T1 +
Iy = 0V —4]? = -7.5mA - IE Vad ==
o = Vo4 =-75m = v
+2=(Vgs—4) = Vgg=+4£2V

If Ves= 6V, the MOSFET would be cut-off. Therefore;d& 2 V = V.

-15+8) V
Pick Vpp to be a convenient value such as =15 V. TRgn= —( < )A = 90330
-7.5m

Since k = 0, the value of Rshould not matter.

Problem 8
The device is an n-channel enhancement-mode MOSHEET V| = 3 V and a known operating
point in the Beyond-Pinch-Off region at+ 10 mA when s=5V.

The desired operating point is to pe=I20 mA and ¥s= 10 V. Rd
M\
Using the known operating point we can determimectbefficient
of the nonlinear equation governing B.P.O. operatio Rg -
MV k< T2 Al
| L
lpb =K (5-3)° = 10 mA O |<:2.5””A/2 . H Vdd =

')
1

lp =2.5(Vgs—3)" = 20 mA
+2V2=(Vgg=3) = Vgg=+3:2/2V = =

If Vos = +3-24/2 V, the MOSFET would be cut-off ] Vgg = +3+2J/2 V =5.828V =\,

(15-10 Vv _

Pick Vpp to be a convenient value such as 15 V. TRgn= = 250Q

Since & = 0, the value of BRshould not matter.



Problem 9

The FET in the circuit below is characterized gdl=22.5 mA and [M = 3.6 V. Determine suitable

values for the external circuit elements to obtmroperating point off] = 15 ma and |y| =
|D—(22? [Ves+3.6]° =15 mA Res B «?\7»
15 (15 vdd =
+3.6 Vost3.60 = Vgg=-3.6 1 -
225(GS ) = Vos= E{+22]
Ves = -3.6(1- 0.816 Vor Vg=- 3.4 ¥ 0815 - = =
If Vgs =—6.5394 V, the MOSFET would be cut-offJ Vg5 = —0.6606V
20-6-.69 V
ss = 0.66V _ 44Q  If we pick Vpp =20V, thenRy, = ( 9 =889.30
15mA 15mA
Problem 10

Determine suitable values for Bnd \bp in the circuit below to provide an operating pait
8V, if the FET is satisfactorily describedthg nonlinear relationship

[lo] =12 mA and |Ws| = 8V,

Ip| =4(Vest+2)" mA Vi
15| :4(VGS+2)2 =12mMA = Vgg=-2+/3 § Unknonn 2 kohm
Therefore, Vg = —2-+/3 = —=3.732V= \,

© 7100+ R Voo = 100+

Voo = Vps+ pR p = —8-12x2= =32V —
v, 100 2730- 1003(_32) . R= 757.4R §100kohm1



