Chapter 3

Diodes, Problem Solutions

3.1 Problem 3.13

A square wave of 10 V peak-to-peak amplitude and zero average is applied to a circuit
resembling that in Figure (3.1) and employing a 100 € resistor. Assuming an ideal diode
what is the peak output voltage that results? What is the peak diode current? What is the
average diode current? What is the maximum reverse voltage across the diode?
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Figure 3.1:

Solution

The peak output voltage v, is:
U, =5V
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However v,(t) is given by:
V(%) 5 0
U,o(t) 0
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Let the period of the input voltage be T, then the average out output voltage voqu4:
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The peak and average currents i and i,,, are given by:

Maximum reverse voltage is 5 V.
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3.2 Problem 3.27

The circuit shown in Figure (3.2) uses identical diodes for which Ip = 1 mA at Vp = 0.7V
with n = 1. At 20°C, voltage V is measured by a very high resistance meter to be 0.1 V. By
what factor does the reverse leakage current of these diodes exceed I,?7 Estimate the value
of V' when the temperature is raised by 50°C.
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Figure 3.2:

Solution

The diode reverse leakage current Ip = 1 mA is defined by:

Ip = ILe"™/'r
10—3 I e0.7/0.025
I 1073 x ¢~ 0:7/0.025
= 103 xe®

= 691x10716 A4
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AtV =01V, Ipis

J.£0-1/0.025
S

Iet

Is < 54.6
54.6

The reverse leakage current doubles for every 10°C' rise, so for a 50°C' rise the current
increases by a factor of 2°. Iy doubles for every 5°C rise, so for a 50°C rise I, increases by

a factor of 21°. we then have:

Ip
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Isev/VT

210 % [,eV/Vr
25 X ID
VT In |:210 » [S:|

54.6]

0.025 x In(1.706)
13.4 mV
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3.3 Problem 3.44

Calculate the built-in voltage of a junction in which the p and n regions are doped equally
with 10'%atoms/cm?®.  Assume the free electron concentration in intrinsic silicon n; =~
10°/em?®. With no external voltage applied, what is the width of the depletion region,
and how far does it extend into the p and n regions? If the the cross sectional area of the
junction is 100 um?, find the magnitude of the charge stored on either side of the junction,
and calculate the junction capacitance C;.

Solution

The built-in voltage of a p — n junction is given by:

n;

106 x 1016
"]
= 0.025 x 50.66

= 127V

NN
V, = VTm{ A D}

= 0.0251n [

Let W, x,, x, and €, be the total width, the width in the n region, the width in the p region
of the depletion region, and the electric permittivity of silicon respectively. W is given by:

W = z,+x,

2€, 1 1
— — [ — 4+ — | Vi
\/q (NA ND)

B 2x11.7x885x 10~14 / 1 N 1 127
a 1.6 x 10-19 1016~ 1016 '

= 0.57 um

Where €, = k¢,, £ = 11.7 is the dielectric constant of silicon and ¢, = 8.85 x 107! F//cm is
the permittivity of free space.

The ratio of the widths of the depletion region in the n and p regions is given by:

T, NA

Tp ND
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Since Ny = Np, then z, = z, = W/2 = 0.28 pm. Let A = 100 um? be the area of the
junction, then the charge on the junction C; = C, = (), is given by:

NuNp
= g AND
% = N TN

1016 1016
= 165 107 x T 100 x 1070 x 057 x 10°°

= 456 x 1071 C

The capacitance C; of the depletion region is given by:

€A

w
11.7 x 8.85 x 10716 x 100 x 107°

0.57 x 106
= 182x1072 F

= 1.82pF

C, =
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3.4 Problem 3.65

For the circuit shown in Figure (3.3), utilize the constant-voltage-drop model (0.7 V) for
each conduction diode and show that the transfer characteristic can be described by:

for -4.65 < vy < 465V Vo = U
forvy > 4465V v, = +4.65V
forvy < -4.65V v, = -4.65V

+10V

-10V

Figure 3.3:

Solution

When V7 is small ( close to zero) all four diodes conduct,

VA = V1 + Upq
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and

VA — Up2

= (vr+vp1) — Upe

Since all diodes are identical, and vp; = vps = vp3 = vpy = 0.7V, then

Vo = Vg
we also have:
Up = Uy — Up3
The currents i;, and 7;, can be calculated as:

10 — VA
10 k€2

1 =

10 k2

_ 9.3—’01 mA

i, =

10—1}[—0.7

(3.1)

(3.2)

The current 7; splits at “A” into ip; and ipo, S0 ip < i1, similarly ipo splits into iy, and ipy,
S0 i1, < ipg. So, if Dy, Dy, and D3 conducting, the following inequality must be satisfied:

i, <1ipo <1y

Now, as v; increases in the positive direction i; de-
creases and 77, increases, this means that there will be
a valu for v; at which the above inequality is not sat-
isfied. Under this condition D; and D, will cut off,
ip1 =ips = 0 and iy, = ips = i;. Using Equation (3.1)
and Equation (3.2) we can find the value of v; that
makes the three current equal.

2 9.3 — Vr
10 10
Ur 9.3 — Vr
9.3
2
4.65V

vl
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Figure 3.4:
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+10V

10kQ
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D4

10kQ

-10V

10kQ

Figure 3.5:

At v; = 4.65 V D; and D, are cut off while D3 and Dy conduct. This situation will continue

when vy > 4.65 V and v, remains constant at +4.
shown in Figure (3.4).

65 V as the circuit behave like the one

The symmetery of the circuit indicates that a similar limiting value occurs at negative values
of vy spcifically when v; < —4.65 V when D; and D, conduct and Dy and D3 cut off and

the circuit reduces to that shown in Figure (3.5).

In conclusion the circuit provides:

for -4.65

< Vr < 4.65V Vo —
forv;, > +4.65V Vo =
forvy < -465V v, =

Ur
+4.65 V
-4.65V
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3.5 Problem 3.70

In the circuit shown in Figure (3.6), I is a dc current and v, is a sinusoidal signal. Capacitor
C' is very large; its function is to couple the signal to the diode but block the dc current
from flowing into the signal source. Use the diode small-signal model to show that the signal
component of the output voltage is:

nVT

Vo= U Vo - IR,

If vy, =10mV, find v, for I =1 mA, and 1 pA. Let Ry =1 k2 and n = 2. At what value of

I does v, become one-half of v,? Note that this circuit function as a signal attenuator with
the attenuation factor controlled by the value of the dc current I.

PP
f

Figure 3.6:

VS

Solution

A large capacitor has a very small reactance to AC signals. The equivalent circuit is shown
Figure (3.7), where r4 is the diode resistance. The two resistors in the equivalent circuit
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Figure 3.7:

form a voltage divider for the input signal voltage v,. The output voltage v, is then given
by:

Td
Vy = Vg——
RS —|— Ta
since:
LV
T
then v, becomes:
vy
)i
Vg = UVg———
R+ 5
TLVT
= ’US—
IRS + nVT
For vy, =10 mV, Ry, = 1kQ2 , n =2 and Vp =25 mV/,
2 x 0.025
v = W00 ™Y
0.05
= 10— mV
14005 "
= 0.5 mV forI=1mA
= 9.8mV forI =1 pA
where the current [ is in mA.
Vo 0.05
v,  1+0.05
0.05
05 =
I+0.05
I = 0.05mA

= 50 uA
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3.6 Problem 3.91

The circuit in Figure (3.8) implements a complementary-output rectifier. Sketch and clearly
label the waveforms of v} and v, . Assume a 0.7 V drop across each conducting diode. If
the magnitude of the average of each output is to be 15 V, find the required amplitude of
the sine wave across the entire secondary winding. What is the PIV of each diode?

D4 D1

n
VS
110 V(rms - +
60 Hz § — ® v,
VS o

D2 D3

.Vo

Figure 3.8:

Solution

The voltage at the positive output terminal v} is given by:

vl = wgsin(wt) — 0.7 forgop < wt < m7—2¢
=0 otherwise
where ¢ is given by:

0.7

¢ = sin

s

The dependence of v} on wt is shown in Figure (3.9) for ¢ = 10° and vy = 15 V. The
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Figure 3.9:

dependence of the voltage of negative output terminal v, on wt is exactly the same as that
of v (shown in Figure (3.9)) except that v, is always negative.

The average of v}, is:

Uo

1 [
— / (vssind — 0.7)do
¢

™

1 T—a¢ T—a¢
—{Us/ sin 6 d@—O.?/ d@}
T ¢ ¢

% {vs [— cos 9]g_¢ - 0.7 [9]g_¢}

% [, [— cos(m — @) + cos(¢)] — 0.7[r — ¢ — @]}

1
—{2v5cos ¢ — 0.7 — 1.4¢}
7T

If v, > 0.7, then ¢ < 1, cos¢ ~ 1 and 1.4¢ < 1 and v, becomes:

v, = —vs — 0.7
T
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We can also have:

Vs = g(@o +0.7)

for v, = 15 V, then vy = 24.66 V. The required amplitude across the entire secondary
windings is 49.32 V.

The maximum reverse bias across each diode is 2v, — 0.7 = 48.6 V. To be in the safe side
one then need to use diodes with PIV of say 1.5 x 48.6 = 73 V.



