EMTR 1030 — Electronics
Assignment 2 reference solution

Problem 3.11

3.11 Holes are being steadily injected into a region of n-type silicon (connected to other devices, the details of
which are not important for this question). In the steady state, the excess-hole concentration profile shown in Fig.
P3.11 is established in the n-type silicon region at room temperature. Here “cxcess™ means over and above the

thermal-equilibrium concentration (in the absence of hole injection). denoted p,q. If Np = 1016/¢m3, m =15 x

101%em3, D,=12 em?/s, and ¥ = 50 nm, find the density of the current that will flow in the x direction.
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Pro = Np =00

From Fig. P3.10,
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since | nm = 10~ cm

dp 10% x 2.25 x 10*
dx ~ 50 x 1077
=—4.5x% 10"
Hence

dp
Jp = _qDPE

= —1.6x 107" x 12 x (=4.5 x 10'7)

=0.864 A/em’

Problem 3.14

(just calculate the junction built-in voltage)

3.14 If, for a particular junction, the acceptor concentration is 1

w

=Y

0'7/em? and the donor concentration is loléa’cmB,

find the junction built-in voltage. Assume n; = 1.5 x 101%cm?. Also, find the width of the depletion region (/¥) and

its extent in each of the p and n regions when the junction terminals are left open. Calculate the magnitude of the

charge stored on either side of the junction. Assume that the junction area is 10 pm~.
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3.14 From Table 3.1,
Vyat 300 K =259 mV
Using Eq. (3.21), built-in voltage Vj is obtained:
NuN
Vo=Vr ]n( - D) =259 x 107 x
n

i

107 % 10'®
In| D E—
(1.5 x 10')

— 0754V

I

Holes
++++
++++
++++
+ 4+ 4+ +

{00000
{ec000®

Xp o Xy
Depletion width

w= /% (L h DYy, kg 62s)
Vg W, )T s

W=

2x 1.04x 102/ 1 I
x0T L L ) o054
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=0328 x 107 em = 0.328 pm

Use Eqgs. (3.26) and (3.27) to find x, and x,:

Ny 10"
=W —0328x ——
NI TN, T T 0T 1 10
= 0.298 pm
Np 10
=W—" 0328 x —————
=N N 107+ 10"
=0.03 pm

Use Eq. (3.28) to calculate charge stored on either
side:
N.{ ND ) . -
= Ag| ————— | W, where junction area
Q, q ( N, + Np J

A=10pm? =10 x 107* cm?

10” ) lolﬁ
=10x 1075 x 1.6 x 10719(7)
QJ 10{7_’_ ]0]6

x 0.328 x 107*
Hence, 0; = 4.8 x 10713 C



Problem 4.2

4.2 For the circuits shown in Fig. P4.2(a), (b), (c). and (d) using ideal diodes, find the values of the voltages and
currents indicated.
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4.2 Refer to Fig. P4.2.

(a) Diode is conducting, thus

V=-5V
+5—(=9)
=22 jomaA
10 kQ -

(b) Diode is reverse biased, thus
=0

V=45V

(c) Diode is conducting, thus
V=45V

_+5-(-5)
T 10kKQ

(d) Diode is reverse biased, thus

= 1.0 mA

1=0
V==5V
Problem 4.4

Questions (a), (b), (c) only.
4.4 Tn each of the ideal-diode circuits shown in Fig. P4.4(a), (b). (c), (d), (). (). (g). (h), (1). (). and (k). v;is a 1-

kHz, 5-V peak sine wave. Sketch the waveform resulting at v;. What are its positive and negative peak values?
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Neither D nor D, conducts, so there is no output.

Problem 4.20

4.20 A diode for which the forward voltage drop is 0.7 V at 1.0 mA is operated at 0.6 V. What is the value of the

current?

420 [, =I5 %7V = 1077
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i i 0.6—0.7

- __1 —e 0.025

15 107

i =183 pA
Problem 4.38

Questions (a), (b) only.

4.38 Consider the circuit in Fig. 4.10 with 5 =3 Vand R =3 kQ.

(a) Find the current using a constant-voltage-drop model.

(b) What value of I is required to make this solution exact?

(c) Approximately how much will the current change from this value if I increases by a factor of 100?



3-07

a)lp = = 0.767 mA

b) ID = ]SFVD"IVT = 15 = IDE’_VD"’VT
Is=0.767 x ™ =53 x 107'% A
c) Is increases by a factor of 100

I I
AVp = Vr |1 —1 —
-aw T[”(lows) “(fs)]

=-=V;In100 = =115 mV

3—(0.7-0.115) 3 -0585
a 3

= ID =
= (0.805 mA

We can iterate the anlysis to improve the
accuracy. With Ip = 0.805 mA,

Ip
Vp=Vpln(—2_) =
o Tn(lODIS)

0.805 x 10-3
25 xIn 2 X " ) = 586 mV
53x 101

This is almost identical to the value computed
above. Thus, the current increases by
0.805 — 0.767 = 0.038 mA = 38 pA.



