Chapter 4

Bipolar Junction Transistors. Home
Work Solutions

4.1 Problem 4.33

A single measurement indicates the emitter voltage of the transistor in the circuit of Figure

(4.1) to be 1.0 V. Under the assumption that |Vpg| = 0.7 V, what are Vg, Ip, Ig, Ic, Ve, B
and o

Solution

The emitter current I is given by:
Ver — Vi
5—1

5x 103
= 0.8mA

The base voltage Vg is given by:

V. = Vg —Vge
= 1.0-0.7
= 03V
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Vee= +5 V

Ve-1V

Vs

Re = 20 kQ Ve

Vee =-5 V

Figure 4.1:

The base current Ig is:

Ig = 2

The collector current I is given by;

The collector voltage Vi is given by:

VC = Vcc+IcRc
= —5+4+0.785 x5
—-1.075V
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Now the transistor [ is:

Finally, the transistor « is given by:
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4.2 Problem 4.46

For reasonably linear small signal operation of a BJT, v, must be limited to no larger than
10 mV. To what percentage change of bias current does this correspond? For a design in
which the required output voltage signal is 10 mA peak, what bias current required? What
is the corresponding value of g,,?

Solution

The total (ac and dc) collector current ic is:

ic = Icevbe/VT

= IC + Z'c
Z_C — evbe/VT _ 1
Ic

Taking vpe = 10 mV and Vy = 25 mV, we get:

7’-_0 _ 10/25 o 1
I ©
= 0.492
49.2%

For i, = 10 mA while v, = 10 mV, we get:

10

0.492
= 20.3mA

Io =

Finally, for I = 20.3 mA, g,, is:
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4.3 Problem 4.48

For the circuit of Figure (4.2), Vpg is adjusted so that Vo =2 V. If Voo = 10 V, Re = 2 k€,
and a signal v, = 0.004 sinwt volts is applied, find expressions for the total instantaneous
quantities ic(t), vo(t), and ip(t). The transistor has § = 100. What is the voltage gain.

Solution

Using the given values of Vo of 2 V, Vo of 10 V, and R of 2 k€2, the collector current is:

Vee — Ve
Rc

10 — 2

2 x 103

= 4mA

I =
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Using the the T-model equivalent circuit, the total collector current is:

ZC@) = [C+gmvbe

gm - VT
. Ic
Zc(t) = [C’ + vae
T

vpe(t) = 0.004 sinwt

I
ic(t) = Ic+ € x sinwt
Vr

4 .
= 4+ m % 0.004 sin wt

= 4+0.64 sinwt mA
The total collector voltage v (t)is:

Uc(t) == VCC — RC ’ic(t)
= 10—-2x10°x (4 x 1072 +0.64 x 107 sinwt)
= 2—128 sinwt V

The total base current ip(t) is:

s = et
lB(t) = ﬁ

4 +0.64 sinwt

100
= 0.04 +0.0064 sinwt mA

= 40464 sinwt pA

The peak value of the the ac-component of output voltage v. is 1.28 V and the peak value
of the input is 0.004 V, the voltage gain is then given by:

1.28

A, = ———
! 0.004
= —320
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4.4 Problem 4.67

Sketch the ic — vog characteristics of an npn transistor having § = 100 and V4 = 100 V.
Sketch characteristic curves for ig = 20, 50, 80, and 100 pA. For the purpose of this sketch,
assume that ic = (ig at v, = 0. Also sketch the load line obtained for Voo = 10 V and R¢
= 1k€). If the dc bias current into the base is 50 pA, write the equation for the corresponding
ic — vog curve. Also, write the equation for the load line, and solve the two equations to
obtain Vop and Io. If the input signal causes a sinusoidal signal of 30-pA peak amplitude
to be superimposed on Ig, find the corresponding signal components of i and vog.

Solution

the equation for the characteristic vog — 1¢ is given by:
’ic = m Vcg + C

where m is the slope of the line and C' is the y-intercept. We are given the the y-intercept
as [ i1p and the x-intercept as V4 = 100 V. The slope m can then be determined from the
two intercepts as:

C

Va

Bip

100

So, the slopes m; of line 1, my of line 2, mg3 of line 3, and my of line 4 are 0.02, 0.05, 0.08,
and 0.1 respectively. While the y-intercepts are 2, 5, 8, and 10 mA respectively. Of course
all lines should meet at the x-intercept of -100 V. Using this information one then can plot
the vog — i characteristics for the four given base currents. The load line has a x-intercept
of Voo and a slope of —1/R¢, so in the graph it connects the points with coordinates of
(Vee, 0) and (0, Voo /Re) ie. (10 V, 0) and (0, 10 mA). The four characteristic curves and
the load line are shown in Figure (4.3).

The equation for the line with a base current ip = 50 pA is:

ic = Pip+ @_jUOE
= 54+0.05vcg mA (4.1)
The load line equation is:
Vee = icRc+veE
i Voo — vor
c T Re

= 10—vep mA (4.2)
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iC .
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Figure 4.3:

Solving Equations (4.1) and (4.2) provides the intersection of the line for iz = 50 puA and
the load line, i.e. the dc bias point () with coordinates (Vog, I¢). The solution is:

and
Ver =476V

When a signal of 30 pA is superimposed on I = 50 pA, the operating point moves along the
load line between point L (Ig = 80 pA) and point M (/5 = 20 pA). To find the coordinates
of point L we solve the load line equation Equation (4.2) and Line 3 equation given by:

ic =8+ 0.08 vog
the solution gives:
icl, = 815 mA
veplr, = 185 V
Similarly we can find the coordinates of point M to be:

icly = 2.16 mA
UC’E|M = 784 V
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The ac output current signal is zero at point () and will have a positive peak %CJF at point L

and a negative peak i._ at point M where:

et

loe =

iclp — Ic
8.15—5.24
2.91 mA
Ic —ic|m
5.24 — 2.16
3.08 mA

and the peak-peak current is 5.99 mA. Similarly one can calculate the voltage of the output

signal as:

vceJr

Vee— =

veeln — Ver
7.84 —4.76
3.08V

Vor — vee|u
4.76 — 1.85
2.91 mA

and the peak-peak voltage is 5.99 V. The output ac voltage (in volts) and the output ac
current (in mA) are equal in magnitude because the slope of the load line is (-1/1k€Q).
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4.5 Problem 4.78

For the common emitter amplifier shown in Figure (4.4), let Voo =9V, Ry = 27 kQ, Ry =
15 kQ, R = 1.2kQ2, and Ro = 2.2 kS). The transistor 3 = 100 and V4 = 100 V. Calculate
the dc bias current Ig. If the amplifier operates between a source for which Ry = 10 £§2 and
a load of 2 k€, replace the transistor with its hybrid-m model, and find the values of R;, the
voltage gain v,/vs, and the current gain i, /i;.

VCC
A

Rc

Ri

O Rz

Figure 4.4: All capacitors are very large.

Solution

The hybrid-m model of the circuit is shown in Figure (4.5). the dc emitter current I is given
by:
_ Vep —Vpgp

Ip =
Ro+ 5
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11

Re Rc

Ru

Figure 4.5: The hybrid-m-model of the circuit shown in Figure (4.4)

where:

VB B

Ig is then:

3.21 -0.7

9.64
L2+ 957

1.94 mA

I

We also have:

Im

. Rp = Ri//R>.
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= 1.3kQ
0.99 x 1.94

0.025
= 768 mA/V

= 1.3 kQ

Tp = —

T, = —

100

0.99 x 1.94
= 52.1 kQ

Figure (4.6) shows the equivalent circuit with the input and output resistances. Comparing
Figure (4.5) and Figure (4.6), we get:

R, i

Figure 4.6:

R, = R//rx
9.64//1.3
1.15 kQ
R, = R¢//ro
= 22//52.1
= 2.11 kQ
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The voltage gain is given by:

A, = =
Vs
o V; Vo
oy
R; "
v, = Vg
R, + R;
Vo = —gmVi X (Ro//Ryp)
R;
Av = _RZ+RS Xgm X (RO//RL)
1.15
= —— . 2.11//2
05 11s < (08 x (211//2)
= —-8.13
. Vo
i, =
Ry,
. Vs
1; =
R, + R;
A=
(23
Vo Rs—f—RZ
= 2x
Vs RL
R, + R;
= Av
X R,
_ —8.13><10+1.15

= —45.3
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4.6 Problem 4.91

For the emitter follower circuit shown in Figure (4.7) the BJT used is specified to have (3
values in the range of 20 to 200 (a distressing situation for the circuit designer). For two
extreme values of 5 (§ = 20 and § = 200), find:

(a) Ig, Vg, and Vp,
(b) The input resistance R;,

(c¢) The voltage gain v, /vs,

Vee

R:

Re Re

Figure 4.7: In the circuit Voo = 9V, Ry = 10 k2, Ry = 100 kQ), R = R, = 1 k). The
capacitors are very large.

Solution

(a) The emitter current Iz, emitter voltage Vi and base voltage Vg are given by:
Voc — Vir

R
Re + 5

Iy =
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15

Ve = IgRg

Ve = Vg+ Vgg
. - 01
L+ 57

= 1.44mA

Ve = 144 x1
= 144V

Vigo = 144407
Igago = 9_—%
1+2—01

5.54 mA

Visoo = 5.54 % 1
= 554V

VBagg = 5.544+ 0.7
6.24V

(b) To find the input resistance R; we use the T-model equivalent circuit shown in Figure

(4.8). R; is given by:

and R is defined by:

R; = Ri//R;

(%)
/_
Ri__

1

where v, and i, are the base voltage and current respectively. The base voltage is defined

by:

Up

Te

ie X [re + (Rp//Rr)]

(1+8) x iy X [re + (Re//RL)]
(1+8) x iy X [re + (Re//RL)]
ip
Ry//(1+8) X [re + (Rg//RL)]
100//(1+ ) x [re + (Rg//RL)]

100//(1 + B) x % + (Rg//RL)
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Rs i

+
<_> v " r

® Vv

R. Ru

Ri R'i

Figure 4.8:

Roo = 100//(1+20) x {%ijr(RE//RL)}

— 100//21 x {% + (1//1)]
— 100//21 x (0.0174 + 0.5)
— 100//10.87

= 9.8 kQ
0.025

Rigoo = 100//(1 + 200) x {—"'(RE//RL)}
I 200

0.025
— 100//21 x {m + (1//1)}
= 100//201 x (0.0045 + 0.5)
— 100//101.4
— 50.3 kQ
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(c¢) The voltage gain v,/vs can be written as:

Vo Uy Vo
—_— —_— X —_—

Vs Vs Uy

Using Figure (4.8), we can see that at the input vs, Rs, and R; form a series voltage
divider with v, the voltage across R; we then get:

R,
Vp = Ri+RsXU$
vy R;
vs R+ R,

while on the output we can see that vy, 7, and Rg//R; form another series voltage
divider where v, is the voltage across Rg//Ry, we then get:

(Y = RE//RL X Up
° re + (Re//RL)
Vo RE//RL
v re+(Rp//RpL)
Rg//Ry

Y—; + (Rp//Rr)
The voltage gain is then:
o R; Rp//Ry

= X
Vg R, + R, ‘I/_Z+(RE//RL)

For B = 20, we get:

v _ 98 05
Vs 9.84+10 "~ 298 4 o5
= 0.478
and for 4 = 200:
vo _ 503 05
v 503410 LB 405

= 0.827



