ECE 523/421 - Analog Electronics
University of New Mexico
Solutions Homework 4

Problem 6.11

Show that for a transistor with a close to unity, if a changes by a small per-unit

amount (Aa/a), the corresponding per-unit change in B is given approximately by
AB (A«
B ﬂ( a )

Now, for a transistor whose nominal B is 100, find the percentage change in its a

value corresponding to a drop in its B of 10%.

The relationship between a and B is
a
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Subtracting § + AfS ,  we obtain AS
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For Aa < 1 The first part is approximately 8
AB Aa
Yol
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Dividing this by 8

a

To a drop inits B of 10% and B is 100 using the equation,
(Aa) _—10% 01
- 100
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Problem 6.28
For the circuits in Fig. P6.28, assume that the transistors have very large . Some
measurements have been made on these circuits, with the results indicated in the

figure. Find the values of the other labeled voltages and currents.
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e For circuit a
[ = 10.7—0.7_ > mA
1= T5kq YT
Il = 2 mA
L =1
V, —(—10.7) = 2mA x5 kQ
V, =—=0.7V
e Forcircuitb
Pl ) P
¢= Taka 0™
I¢
a
s6ka 0™

V, = =2V



e For circuitc
Due to Is is approximately equal to O

V, =2V
0—(—-10)
= —— = 05mA
CT T20k0 m
c
Is = I = —= 05mA
5 E p m
e For circuitd
Due to Is is approximately equal to O
V7 == VB
VE - VB - 07
[ = Vg — (—10) _ V., —0.7—(—10)
°7 3kQ 3 kQ
[ = V; +9.3
°®  3kQ
Also due to Is is approximately equal to O
I _ 10 - V7
C7 91k
Sincea =1
Ic

16:IEE p

V,+93 10—V,
3kQ  9.1kQ
V, = —4.5V
I = 1.6 mA




Problem 6.29

Find the value of B for each transistor.

+3V

i
200 kO

Measurements on the circuits of Fig. P6.29 produce labeled voltages as indicated.
+5V

100

%Ekﬂ.

[a)
e For circuit a

75001

(bl

Calculating base and collector currents

(c)
- 0.0215mA
B= 200k o™
2
Ir=——==1mA
Y
B=-"=1465
Ip
e For circuit b
Calculating base and collector currents

43 -3
IB=

— 0.048 mA
27kQ m
L

— = 4 mA
075kq M
I, = 4—0.048 = 3.952 mA
Ic
ﬁ —

— =823
I



e For circuitc
Calculating base and emitter currents
10—-7 A
ko ™
Ve = 3mA x 1.5k
Ve =4.5V

6.3 — 4.5
I.= =2 _ 0.04mA
B~ T 45K m

Io=1I;—I;=3-004= 296mA

IE=

I
g="L=74
Ig



Problem 6.35
For each of the circuits shown in Fig. P6.35, find the emitter, base, and collector
voltages and currents. Use =50, but assume |Vsg| = 0.8 V independent of current

level.
+ 1.5 %

2.7 kil

— 1.5V

For circuit a
Vg = 0.8V
Vy =—-0.8V
—-0.8—-—-15

le = 2.7kQ
Lo P
g +1
I = al; = 0.255mA
Ve =1.5—1-x2.7
V. = 0.81V
Ig=1I;—1I.=5uA

= 0.26 mA

For circuit b
Vg = 0.8V
Vy = 0.8V
1.5-0.8

IE = W= 0.35mA
B

= m
Ir = alzp = 0.343mA
Ve =—15+1I-x2
Ve =—-0.81V
Ig=Ig—1=7uA

a



Problem 6.54
For the transistor shown in Fig. P6.54, assume a = 1 and Vse = 0.5V at the edge of

conduction. What are the values of Ve and Vcfor Vs = 0 V? For what value of Vs
does the transistor cut off? Saturate? In each case, what values of Ve and Vcresult?

45V

4

@ 4 mhi

$|k1‘1
_

ForVe=0V

—-0.7
= = —0.7mA

"= T T
I=2-07= 13mA
Icc = 1.3mA
Ir=4—-13= 27mA
Ve =27mx 1k
Ve =27V

For cut off the two currents in the collector and emitter are zero

Ig=1=0

Ve =2mx 1k
Vg = =2V

Vg =V +05

Vg = =15V

Ve =4mx 1k
Ve =4V



Problem 6.62
Repeat the analysis of the circuits in Problem 6.61 using f=100. Find all the labeled

node voltages and branch currents.
+3 W +3V

3.6k0 ;%6 k1

+3V

i

T
3V
(a) (b) () (d)
e [or circuit a
I, = 495mA
Ig 0.5
IB = =
g+1 101

Iy = —0.005 mA
VB = IB X RB = _0005 X 4‘3

Vg = —0.215V
V, = —0.215 - 0.7
vV, =—-0915V
V, =3 —0.495 x 3.6
V, =1.218V

e Forcircuitb
Ve = —0.7V
—0.7 — (-3)
la = 4.7kQ
Iz =1, =05mA
Ig 0.5
Iy = B+1 101

Iy = 0.005mA



Io = aly = 0.99x0.5
I = 495mA

Vs =3 —0.495 x 3.6
V, = 1218V

e [or circuit c
Applying KVL
4315 + 0.7+ 4.715; = 3
Ig
B +1
Iz = 0.449 mA
Vs = =3+ 0.449 x 4.7
Ve =—=09V
Ve =—0.9+ 0.7
Ve =—02V
I = alg = 0.99 x 0.449
I = 0.444 mA
V; =3—-0.444 x 3.6
V, =14V

Ig

e For circuitd
Applying KVL
0.75+ 110I5 + 0.7 + 6.2z = 3
Ig
Cp+1
I; =0.213mA
Vg =3—-0.213x 6.2
Vg =17V
Ir = aly = 0.99x0.213
I = 0.21mA
V;, ==-3+4+0.21x10
V,=-09V

Ig




Problem 6.65
Consider the circuit shown in Fig. P6.65. It resembles that in Fig. 6.30 but includes

other features. First, note diodes D1 and D2 are included to make design (and
analysis) easier and to provide temperature compensation for the emitter-base
voltages of Q1 and Q2. Second, note resistor R, whose purpose is to provide
negative feedback (more on this later in the book!). Using |Veg| and VD = 0.7 V
independent of current, and B=«, find the voltages VB1, VE1, VC1, VB2, VE2, and
VC2, initially with R open-circuited and then with R connected. Repeat for =100,

with R open-circuited initially, then connected.
+9V

100 ©2
80 k2

X

D, R
) 100 ©2
For =~ and R open-circuited
Vb1 = Vep1
Vi =Vg
4OID1 = 21E1
L= 297 07 ma
DL= 80140 T

Vg, = 215, = 2.8V
Vg, = Vgy 4+ 0.7 = 3.5V
Iy = Iy = 1.4mA
V, =9 -2l =62V
Ve, =V, — Vp, = 5.5V

VEZ == VZ == 6.2V
9-—-6.2

ICZ = IE = 28 mA
V., = 28 x0.1 = 2.8V



For B=« and R = 2kQ
There will be no current through R, so all the voltages and currents are the same

For =100 and R open-circuited
Vi = Vg
4‘OID1 == 21E1
IDl - OOSIEl
Igq
Ig1 = —
B17 101
The current through the 80kQ resistor is
IDl + IBl ES 006IE1
VBI = VEl + 07 = ZIE]_ + 07

= 0.01/g,

9 —Vpy
0.06lp; = ——
IEl - 122 mA

Vg = 215, = 2.44V
Vg1 = Vg1 + 0.7 = 3.14V
Iy = alg; = 1.21mA
Voltage across the 2kQ resistor is equal to voltage in 100Q resistor

21y, = 0.1,
Ip, = 0.05I4,
Ipy = Iy — 0.011,
ICl
Iy = 5oz = 2013mA
I, = 1mA

Vey =9 —2Ip, = 63V
Vip = Ve +0.7 =7V
Iey = alp, = 20mA

Ve, =20x 0.1 =2V



Problem 6.67

Using B=«, design the circuit shown in Fig. P6.67 so that the emitter currents of
Q1, Q2, and Q3 are 0.5 mA, 0.5 mA, and 1 mA, respectively, and V3 =0, V5=-2V,
and V7 =1 V. For each resistor, select the nearest standard value utilizing the table
of standard values for 5% resistors in Appendix J. Now, for =100, find the values
of V3, V4, V5, V6, and V7.

— 5N
For B=«, and calculating the values of the resistors
V, — (=5
g = 225
0.5mA
R, = 8.6 kQ
(5) -V,
Ry = —
2 0.5mA
R, = 10 kQ
V,=0+0.7=0.7V
_ G-V
> 0.5mA
R; = 8.6 kQ)
Ve — (=5
g, = =5
0.5mA
R4_ == 6 kQ
Ve =Vs—0.7=-=-2.7V
Ve — (=5)
Ry = ———
6 1mA
R, = 2.3 kQ
(5) -V,
Ry = ——
>7  1mdA

R5= 4kQ



Using the table for 5% resistors

R, = 8.2 kQ)
R, = 10 kQ
R; = 10 kQ
R, = 6.2 kQ
R = 3.9 kQ
Rs = 2.4 kQ)
Then for =100
V, =-=0.7V
G
8.2k}
Iz, = 0.524mA
I = alg; = 099 x0.524
I-1 = 0.52mA

The current I; through 10 k)

IEZ

I = Ic1_IB1=IC1_m

Also the voltage through 10 k€
Iz, x 8.2k + 0.7
Using the voltages
10, = 8.2 Iz, + 0.7
Ig,
Iz, = 0.542 mA

V, =5—0.542x 8.2 = 0.56V
Vs = 0.56 — 0.7 = —0.14V

ICZ = (,ZIEZ = 0.99 X 0.54‘2
I, = 0.537 mA



The current I, through 6.2 kQ

I3
I, = Icp — g3 = 0.537 — —
2 c2 — 1p3 101

Also the voltage through 6.2 k()
Igr x 2.4k + 0.7

Using the voltages

6.2 (0.537 - IE—*"’) = 2.4l + 0.7
101
IE3 - 107 mA

Ve =—5+1.07x24=—-243V
Ve=V,+07=-173V

Igs = 1.06 mA

V;, =-39x1.06=087V



Problem 6.68
For the circuit in Fig. P6.68, find VB and VE forvi=0V, +2V,-2.5V,and -5 V. The
BJTs have B=50.

+2.5V

10 kQ

Ik

—2.5V
For VI = 0 V both transistors are cut off and all the currents are zero
VB = VE == 0

For Vi =2 V Q1 will be conducting and Q2 will be cut off.

| 2—0.7
£ 10

1+ﬁ
I = 1.1mA
Vg =18V

For Vi =-2.5V Q1 will be cut off and Q2 will be conducing.

/ 2.5-0.7
E = 10
1 +ﬁ

VE ES _IExl - —15 V
VB == _2.2 V





