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3.1 The pr Junction Diode
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A diode is doped with Ny = 10"/cm’ on the
p-type side and Np = 10'%/cm? on the n-type side.
(a) What is the depletion-layer width w,? (b) What
are the values of x » and x,? (c) What is the value
of the built-in potential of the junction? (d) What is
the value of Eyax? Use Eq. (3.3) and Fig. 3.5.

A diode is doped with N, =10"%/cm® on the
p-type side and Np = 10'*/cm® on the n-type side.
(a) What are the values of Pps Pns By, and n,?
(b) What are the depletion-region width w,, and
built-in voltage?

Repeat Prob. 3.2 for adiode with Ny = 10'%/cm? on
the p-type side and N = 10"%/cm® on the n-type
side,

Repeat Prob. 3.2 for a diode with N4y = 10'%/cm?
on the p-type side and Np=10'8/cm® on the
n-type side.

Repeat Prob. 3.2 for a diode with Np = 102/cm?
on the n-type side and N, =10"/cm® on the
p-type side.

A diode has w,, = 0.4 pm and ¢; = 0.85 V.
(a) What reverse bias is required to triple the
depletion-layer width? (b) What is the depletion
region width if a reverse bias of 7 V is applied to
the diode?

A diode has wy, = 1 pum and ¢, = 0.6 V.
(a) What reverse bias is required to double the

3.8.

39

3.10.

311

312,

depletion-layer width? (b) What is the depletion re-
gion width if a reverse bias of 12 V is applied to the
diode?

Suppose a drift current density of 2000 A/cm? ex-
ists in the neutral region on the n-type side of a
diode that has a resistivity of 0.5 - cm. What is
the electric field needed to support this drift current
density?

Suppose a drift current density of 5000 A/cm? ex-
ists in the neutral region on the p-type side of a
diode that has a resistivity of 2.5 € -cm. What is
the electric field needed to support this drift current
density?

The maximum velocity of carriers in silicon is ap-
proximately 107 cm/s. What is the maximum drift
current density that can be supported in a region of
p-type silicon with a doping of 4 x 107 /cm®?
The maximum velocity of carriers in silicon is ap-
proximately 107 cm/s. What is the maximum drift
current density that can be supported in a region of
n-type silicon with a doping of 5 x 10"%/em?*?
Suppose that N4(x) = N, exp(—x/L) in a region
of silicon extending from x = Oto x = 12 pm,
where N, is a constant. Assume that p(x) =
Na(x). Assuming that j, must be zero in ther-
mal equilibrium, show that a built-in electric field

must exist and find its value for L = | wm and
N; = 10%id,
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What carrier gradient is needed to generate a
diffusion current density of j, = 2000 Afcm” if
Lty = 500 cm?/V - §?

Use the solver routine in your calculator to find the
solution to Eq. (3.25) for Is = 107'¢ A,

Use a spreadsheet to iteratively find the solution to
Eq. 3.25 for Iy = 107"% A,

(a) Use MATLAB or MATHCAD to find the solu-
tion to Eq. 3.25 for Iy = 107" A. (b) Repeat for
Ig=10"" A

3.2 -3.4 The i-v Characteristics of the Diode;
The Diode Equation: A Mathematical Model
for the Diode; and Diode Characteristics Under
Reverse, Zero, and Forward Bias

3.17

3.18.

3.19.

3.20.

%321

3.22.

To what temperature does V7 = 0.025 V actually
correspond? What is the value of Vr for tempera-
tures of —55°C, 0°C, and +85°C?

(a) Plot a graph of the diode equation similar to
Fig. 3.8 for a diode with [s=10""2 A and n=1.
(b)Repeat for n =2.(c)Repeat(a) for /s =10""*A.
A diode has n = 1.05 at T = 320 K. What is the
value of n - V77 What temperature would give the
same value of n - Vr if n = 1.007

Plot the diode current for a diode with Igg = 11 fA
and ¢; = 0.8 for =10V < vp =0V using
Eq. 3.19.

‘What are the values of 75 and n for the diode in the
graph in Fig. P3.21?7 Assume Vr = 0.025 V.

1072

T

1072

1074

107%

T

<

Diode current (A)

= T ”T T T T T T T T 1T T T 1T
Y

A

1077

Vi

0.2 0.4
Diode voltage (V)

1710

]0—“
0

i
oo
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Figure P3.21

A diode has Is = 1077 A and n = 1.07. (a) What
is the diode voltage if the diode current is 70 pA?
(b) What is the diode voltage if the diode current is

3.23.

3.24.

325

3.26.
3278
3.28.

3.29.

*3 30.
| |

5 wA? (c) What is the diode current for vp = 0 V?
(d) What is the diode current for vp = —0.075 V?
(e) What is the diode current for vy = —5V?

A diode has Iy = 107" A and n = 1. (a) What is
the diode voltage if the diode current is 100 wA?
(b) What is the diode voltage if the diode current is
10 wA? (c) What is the diode current for vp = 0 V?
(d) What is the diode current for vp = —0.06 V?
(e) What is the diode current for vp = —4V?

A diode has Iy = 107" A and n = 1. (a) What is
the diode current if the diode voltage is 0.675 V?
(b) What will be the diode voltage if the current
increases by a factor of 37

A diode has Is = 107" A and n = 2. (a) What
is the diode voltage if the diode current is 40 A?
(b) What is the diode voltage if the diode current is
100 A?

A diode is operating with ip = 300 pA and
vp = 0.75 V. (a) What is I5 if n = 17 (b) What
is the diode current for vp = —3 V?

A diode is operating with ip = 2 mA and vp =
0.82 V. (a) What is g if n = 1?7 (b) What is the
diode current for vp = =5 V?

The saturation current for diodes with the same part
number may vary widely. Suppose it is known that
107* A < I < 10712 A. What is the range of for-
ward voltages that may be exhibited by the diode if
it is biased with ip = | mA?

A diode is biased by a 0.9-V dc source, and its cur-
rent is found to be 100 pA at T = 315K. (a) At
what temperature will the current double? (b) At
what temperature will the current be 50 pA?

The i-v characteristic for a diode has been mea-
sured under carefully controlled temperature condi-
tions (T = 307 K), and the data are in Table P3.30.

TABLE P3.30
Diode i-v Measurements

DIODE VOLTAGE DIODE CURRENT

0.500 6.591 x 1077
0.550 3.647 x 10~
0.600 2.158 x 1073
0.650 1.780 x 10~*
0.675 3.601 x 107*
0.700 8.963 x 107*
0.725 2.335 x 1073
0.750 6.035 x 1073
0.775 1.316 x 1072
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Use a spreadsheet or MATLAB to find the values of
I and n that provide the best fit of the diode equa-
tion to the measurements in the least-squares sense.
[That is, find the values of 75 and » that minimize
the function M = >"" _ (i’ — Ij,,)%, where ip, is
the diode equation from Eq. (3.1) and /p,, are the
measured data.] For your values of /5 and n, what
is the minimum value of M = 3" _ (i — [,,,)2?

3.5 Diode Temperature Coefficient

331,

3132,

3133

3.34.

g5535,

836,

What is the value of V- for temperatures of —40°C,
0°C, and +50°C?

A diode has Iy = 107" A and n = 1. (a) What
is the diode voltage if the diode current is 100 wA
at I' = 25°C? (b) What is the diode voltage at
T = 50°C? Assume the diode voltage temperature
coefficient is —1.8 mV/K at 0°C,

A diode with I = 2.5 x 107'% A at 30°C is biased
at a current of 1 mA. (a) What is the diode voltage?
(b) If the diode voltage temperature coefficient is
—2 mV/K, what will be the diode voltage at 50°C?

A diode has Iy = 107" A and n = 1. (a) What is
the diode voltage if the diode current is 250 A
at I' = 25°C? (b) What is the diode voltage at
T' = 85°C? Assume the diode voltage temperature
coefficient is —2 mV/K at 55°C,

The temperature dependence of Is is described
approximately by

Eg
Iy =ia® -
s exp ( kT)

What is the diode voltage temperature coefficient
based on this expression and Eq. (3.15) if E; =
1.21eV, Vp = 0.7 V,and T = 300 K?

The saturation current of a silicon diode is described
by the expression in Prob. 3.35. (a) What tempera-
ture change will cause /g to double? (b) To increase
by 10 times? (c) To decrease by 100 times?

3.6 Diodes Under Reverse Bias

337,

3.38.

3.39.

A diode has w,, = | um and ¢; = 0.8 V. (a) What
is the depletion layer width for V; = 5 V? (b) For
Vo =—-10V?

A diode has a doping of Ny = 10%%m® on the
n-type side and N4 = 10'8/cm?® on the p-type side.
What are the values of wy, and ¢ ;7 What is the
value of w, at a reverse bias of 5 V? At 25 V?

A diode has a doping of Np = 10'5/cm? on the
n-type side and Ny = 10'°/cm® on the p-type

Problems 137

side. What are the values of w,, and ¢;7 What

is the value of wy, at a reverse bias of 10 V?
At 100 V?

*3.40. A diode has wy, = 1 pm and ¢, = 0.6 V. If the

diode breaks down when the internal electric field

reaches 300 kV/cm, what is the breakdown voltage
of the diode?

*3.41. Silicon breaks down when the internal electric field

exceeds 300 kV/em. At what reverse bias do you
expect the diode of Prob. 3.2 to break down?

3.42. What are the breakdown voltage V, and Zener re-

sistance Rz of the diode depicted in Fig. P3.42?

ip (A)
0.002 4
0.001 +
-1 -6 5-4-3-2-17T|1 2 3 4 5 6 7
——f— —— ——t—t——t—+
Al up(V)
-+ —0.001
- -0.002

Figure P3.42

**3.43.

A diode is fabricated with N4 > Np. What value
of doping is required on the lightly doped side to
achieve a reverse-breakdown voltage of 1000 V if
the semiconductor material breaks down at a field
of 300 kV/cm?

3.7 pn Junction Capacitance

3.44.

3.45.

3.46.

What is the zero-bias junction capacitance per cm?
for a diode with N4 = 10"%/cm® on the p-type side
and Np = 10"%/cm? on the n-type side. What is
the diode capacitance with a 9 V reverse bias if the
diode area is 0.02 cm??

What is the zero-bias junction capacitance/cm? for
a diode with Ny = 10"/em® on the p-type side
and Np = 10%°/cm?® on the n-type side? What is
the diode capacitance with a 3-V reverse bias if the
diode area is 0.05 cm??

A diode is operating at a current of 200 wA. (a) What
1s the diffusion capacitance if the diode transit time
is 100 ps? (b) How much charge is stored in the
diode? (c) Repeat for i, = 5 mA.
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3.49.

3.50.
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A diode is operating at a current of 1 A. (a) What is
the diffusion capacitance if the diode transit time is
10 ns? (b) How much charge is stored in the diode?
(c) Repeat for i, = 100 mA.

A square pn junction diode is 5 mm on a side. The
p-type side has a doping concentration of 10'/cm?
and the n-type side has a doping concentration of
10'%/cm?. What is the zero-bias capacitance of the
diode? What is the capacitance at a reverse bias
of 4 V?

A pn junction diode has a cross-sectional area of
10% wm?. The p-type side has a doping concentra-
tion of 10'°/cm?® and the n-type side has a doping
concentration of 10'7/cm?®. What is the zero-bias
capacitance of the diode? What is the capacitance
at a reverse bias of 5 V?

A variable capacitance diode with C;, = 39 pFand
¢; = 0.80 V is used to tune a resonant LC circuit
as shown in Fig. P3.50. The impedance of the RFC
(radio frequency choke) can be considered infinite.
What are the resonant frequencies (f, = = \I/R)

for VDC =1V and VDC =9V?

L—= o
RFC

Ve AT% C L < 10pH

Figure P3.50

3.8 Schottky Barrier Diode

3:51.

3.52.

A Schottky barrier diode is modeled by the diode
equation in Bq. (3.11) with Iy = 107'" A
(a) What is the diode voltage at a current of 4 mA?
(b) What would be the voltage of a pn junction
diode with Iy = 107'% A operating at the same
current?

Suppose a Schottky barrier diode can be modeled by
the diode equation in Eq. (3.11) with I = 1077 A.
(a) What is the diode voltage at a current of 50 A?
(b) What would be the voltage of a pn junction
diode with Is = 1071 A and n = 2?

3.9 Diode SPICE Model and Layout
3.53.

(a) A diode has Is =5 x 107'® A and Ry = 10 Q
and is operating ata current of 1 mA atroom temper-
ature. What are the values of Vpp and V},? (b) Repeat
for Ry = 100 .

3.54.

*3.55:

3.56.

A pn diode has a resistivity of 2 £ -cm on the p-
type side and 0.01 © - ¢cm on the n-type side. What
is the value of R for this diode if the cross-sectional
area of the diode is 0.01 cm? and the lengths of the
p- and n-sides of the diode are each 250 pm?

A diode fabrication process has a specific contact
resistance of 10 - wm?. If the contacts are each
I wm x 1 pm in size, what are the total contact
resistances associated with the anode and cathode
contacts to the diode in Fig. 3.21(a).

(a) Estimate the area of the diode in Fig. 3.21(a)

if the contact dimensions are 1 pm x [ pm.
(b) Repeat for 0.13 pm x 0.13 pm contacts.

3.10 Diode Circuit Analysis Load-Line Analysis

3.57.

3.58.

3.61.

(a) Plot the load line and find the Q-point for the
diode circuit in Fig. P3.57 if V = 10 Vand R =
5 k. Use the i-v characteristic in Fig. P3.42.
(b) Repeat for V = —10 V and R = 5 kQ.
(c) Repeat for V. = —2 Vand R = 2 k2.

Figure P3.57

(a) Plot the load line and find the Q-point for
the diode circuit in Fig. P3.57 if V = 5 V and
R = 10k. Use the i-v characteristic in Fig. P3.42.
(b) Repeat for V. = —6 Vand R = 3k£2. (c) Repeat
forV=-3Vand R =3 kQ.

Simulate the circuit in Prob. 3.57 with SPICE and
compare the results to those in Prob. 3.57. Use
Is = 10713 AL

Use the i-v characteristic in Fig. P3.42, (a) Plot the
load line and find the Q-point for the diode circuit
in Fig. P3.57if V = 6 V and R = 4 kQ. (b) For
V=—-6VandR=3kQ (c)ForV = -3V
and R =3 k. (d)For V = 12 Vand R = 8 k2.
(e) For V. = —25Vand R = 10 k2.

(a) Plot the load line and find the Q-point for the
diode circuit in Fig. P3.57if V=—10V and R =
10 k€. Use the i-v characteristic in Fig. P.3.42.
10 k<.

(b) Repeat for V. = 10 V and R =
(c) Repeat for V.= —4 Vand R = 2 k2.
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Iterative Analysis and the Mathematical Model

3.62.

3.63.
|

3.64.

3.65.

3.66.

3.67.
|

(a) Use direct trial and error to find the solution to
the diode circuit in Fig. 3.22 using Eq. (3.27).

Repeat the iterative procedure used in the spread-
sheet in Table 3.2 for initial guesses of 1 A, 5 mA,
and 5 A and 0 A. How many iterations are required
for each case? Did any problem arise? If so, what
is the source of the problem?

A diode has Is = 0.1 fA and is operating at
T = 300 K. (a) What are the values of Vp, and
rp if Ip = 100 wA? (b) If I, = 2.5 mA? (c) If
Ip = 20 mA?

(a) Use the iterative procedure in the spreadsheet in
Table 3.2 to find the diode current and voltage for
the circuit in Fig. 3.22if V = 7.5 Vand R = 3kQ.
(b) Repeat for V = 2.5 Vand R = 15 k<.

(a) Use the iterative procedure in the spreadsheet in
Table 3.2 to find the diode current and voltage for
the circuit in Fig. 3.22if V =3V and R = 15kQ.
(b) Repeat for V. =1V and R = 6.2 kQ.

Use MATLAB or MATHCAD to numerically find
the Q-point for the circuit in Fig. 3.22 using the
equation in the exercise on page 100.

Ideal Diode and Constant Voltage Drop Models

€368,

3.69.

Find the Q-point for the circuit in Fig. 3.22 using
the same four methods as in Sec. 3.10if the voltage
source is 1 V. Compare the answers in a manner
similar to Table 3.3.

Find the Q-point for the diode in Fig. P3.69 using
(a) the ideal diode model and (b) the constant volt-
age drop model with V,, = 0.6 V. (¢) Discuss the
results. Which answer do you feel is most correct?
(d) Use iterative analysis to find the actual Q-point

3kQ 2kQ

2kQ 2kQ

Figure P3.69

3.70.

3.73.
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(a) Find the worst-case values of the Q-point cur-
rent for the diode in Fig. P3.69 using the ideal
diode model if the resistors all have 10 percent
tolerances. (b) Repeat using the CVD model with
Von = 0.6 V.

Simulate the circuit of Fig. P3.69 and find the

diode Q-point. Compare the results to those in
Prob. 3.69.

(a) Find I and V in the four circuits in Fig. P3.72
using the ideal diode model. (b) Repeat using the
constant voltage drop model with V,, = 0.7 V.
+3V
+5V
16 kQ l
I
——oO0V v
I l 16 kQ
-5V -7V
(a) (b)
+5V
+7V
16 kQ I l
v 14
I 1 16 k€2
—3Y -5V
(e) (d)
Figure P3.72
(a) Find 7 and V in the four circuits in Fig. P3.72

using the ideal diode model if the resistor values are
changed to 100 k2. (b) Repeat using the constant
voltage drop model with V., = 0.6 V.

3.11 Multiple Diode Circuits

3.74.  Find the Q-points for the diodes in the four circuits
in Fig. P3.74 using (a) the ideal diode model and

(b) the constant voltage drop model with V,, =

0.65 V.
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3.4,

3.76.
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(b)

Figure P3.74

Find the Q-points for the diodes in the four cir-
cuits in Fig. P3.74 if the values of all the resis-
tors are changed to 15 k€2 using (a) the ideal diode
model and (b) the constant voltage drop model with
Von = 0.65 V.

Find the Q-point for the diodes in the circuits in
Fig. P3.76 using the ideal diode model.

oV

12 kQ

+10V [: | 8.2k -5V
10 kQ

+5V
(a)

6.8kQ T

+10V 33kQ 5V
[ | 24kQ

7

(b)

3.77.

3.78.
®

379;

3.80.

ov

5V 4.7kQ 4.7kQ | ] +12V
4.7kQ

(c)
+2V

12 kQ =

~10V | ] 82kQ 5y
10 kQ

2

ov

(@
Figure P3.76

Find the Q-point for the diodes in the circuits in
Fig. P3.76 using the constant voltage drop model
with V,, = 0.65 V.

Simulate the diode circuits in Fig. P3.76 and com-
pare your results to those in Prob. 3.76.

Verify that the values presented in Ex. 3.8 using the
ideal diode model are correct.

Simulate the circuit in Fig. 3.33 and compare to the
results in Ex. 3.8.

3.12 Analysis of Diodes Operating in the
Breakdown Region

3.81.

3.82.
3.83.

Draw the load line for the circuitin Fig. P3.81 on the
characteristics in Fig. P3.42 and find the Q-point.

10 kQ
AN—

V,=4V 77
R =0 Z 3.6 kQ

wO

Figure P3.81

Find the Q-point for the Zener diode in Fig. P3.81.

What is maximum load current /; that can be drawn
from the Zener regulator in Fig. P3.83 if it is to
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3.85.

3.86.

3.87.

maintain a regulated output? What is the minimum

value of R;, that can be used and still have a regu-
lated output voltage?

15 k2 I
AV -

30V V=9V ’ZS §R_,_
Rz=0

Figure P3.83

What is power dissipation in the Zener diode in
Fig. P3.83 for R, = c0?

Load resistor R; in Fig. P3.83 is 10 k2. What are
the nominal and worst-case values of Zener diode
current and power dissipation if the power supply
voltage, Zener breakdown voltage and resistors all
have 5 percent tolerances?

What is power dissipation in the Zener diode in
Fig. P3.86 for (a) R, = 100 Q7 (b) R, = c0?

V=15V dl
50V Rz =0 ’ZX §RL

Figure P3.86

Load resistor R, in Fig. P3.86is 100 2. What are
the nominal and worst-case values of Zener diode
current and power dissipation if the power supply
voltage, Zener breakdown voltage, and resistors all
have 10 percent tolerances?

3.13 Half-Wave Rectifier Circuits

3.88.

3.89.

*3.90.

A power diode has a reverse saturation current of
10~ Aandn = 2. What is the forward voltage drop
at the peak current of 48.6 A that was calculated in
the example in Sec. 3.13.57

A power diode has a reverse saturation current of
10® A and n = 1.6. What is the forward voltage
drop at the peak current of 100 A? What is the power
dissipation in the diode in a half-wave rectifier ap-
plication operating at 60 Hz if the series resistance
is 0.01 € and the conduction time is 1 ms?

(a) Use a spreadsheet or MATL.AB or write a com-
puter program to find the numeric solution to the

3.91.

3.92.

*3.93.

3.94,

3.95.
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conduction angle equation for a 60 Hz half-wave
rectifier circuit that uses a filter capacitance of
100,000 pE. The circuit is designed to provide 5 V
at 5 A. {That is, solve [(Vp — V,,) exp(—t/RC) =
Vp coswt — V,,]. Be careful! There are an infinite
number of solutions to this equation. Be sure your
algorithm finds the desired answer to the problem.}
Assume Vo, = 1 V. (b) Compare to calculations
using Eq. (3.57).

What is the actual average value (the dc value)
of the rectifier output voltage for the waveform in
Fig. P3.91if V, is 5 percent of V, — V,, = 18 V?

Yo

Ve— Vou

0 T 2T
Figure P3.91

Draw the voltage waveforms, similar to those
in Fig. 3.53, for the negative output rectifier in
Fig. 3.57(b).

Show that evaluation of Eq. (3.61) will yield the
result in Eq. (3.62).

The half-wave rectifier in Fig. P3.94 is operating at
afrequency of 60 Hz, and the rms value of the trans-
former output voltage v, is 12.6 V 4 10%. What are
the nominal and worst case values of the dc output
voltage V,, if the diode voltage drop is 1 V?

Figure P3.94

The half-wave rectifier in Fig. P3.94 is operating
at a frequency of 60 Hz, and the rms value of the
transformer output voltage is 6.3 V. (a) What is
the value of the dc output voltage V,, if the diode
voltage dropis 1 V? (b) What is the minimum value
of C required to maintain the ripple voltage to less
than 0.25 V if R = 0.5 Q7 (¢) What is the PIV

e
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3.97.

3.98.
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rating of the diode in this circuit? (d) What is the
surge current when power is first applied? (e) What
is the amplitude of the repetitive current in the
diode?

Simulate the behavior of the half-wave rectifier in
Fig. P3.94 for v; = 10sin1207t, R = 0.025 2
and C = 0.5F. (Use IS = 107!° A, RS = 0, and
RELTOL = 107%.) Compare the simulated values
of dc output voltage, ripple voltage, and peak diode
current to hand calculations. Repeat simulation with

(a) Repeat Prob. 3.95 for a frequency of 400 Hz.
(b) Repeat Prob. 3.95 for a frequency of 70 kHz.

For the Zener regulated power supply in Fig. P3.98,
the rms value of v, is 15 V, the operating frequency
is 60 Hz, R = 100 2, C = 1000 wF, the on-voltage
of diodes [, and D, is 0.75 V, and the Zener volt-
age of diode D5 is 15 V. (a) What type of rectifier
is used in this power supply circuit? (b) What is the
dc voltage at V,? (c) What is the dc output voltage
Vo7 (d) What is the magnitude of the ripple voltage
at V7 (e) What is the minimum PIV rating for the
rectifier diodes? (f) Draw a new version of the cir-
cuit that will produce an output voltage of —15 V.

Figure P3.98

3.99.

Q

3.100.

A 3.3-V, 30-A dc power supply is to be designed
with a ripple of less than 2.5 percent. Assume that a
half-wave rectifier circuit (60 Hz) with a capacitor
filter is used. (a) What is the size of the filter ca-
pacitor C? (b) What is the PIV rating for the diode?
(c) What is the rms value of the transformer voltage
needed for the rectifier? (d) What is the value of the
peak repetitive diode current in the diode? (¢) What
is the surge current at t = 07?

A 2800-V, 2-A, dc power supply is to be designed
with a ripple voltage < 0.5 percent. Assume that a
half-wave rectifier circuit (60 Hz) with a capacitor
filter is used. (a) What is the size of the filter ca-
pacitor C? (b) What is the minimum PIV rating for
the diode? (¢) What is the rms value of the trans-

*3.101.

former voltage needed for the rectifier? (d) What is
the peak value of the repetitive current in the diode?
(e) What is the surge current at = 0°?

Draw the voltage waveforms at nodes vg and v, for
the “voltage-doubler” circuit in Fig. P3.101 for the
first two cycles of the input sine wave. What is the
steady-state output voltage if Vp = 17 V?

Figure P3.101

3.102.
3

3.103.

Simulate the voltage-doubler rectifier circuit
in Fig. P3.101 for C=500 pF and v;=
1500 sin 2 (60)¢ with a load resistance of R; =
3000 © added between vp and ground. Calculate
the ripple voltage and compare to the simulation.
Simulate the AM demodulator in the EIA on
page 122. Compare the spectra of the voltages
across the two capacitors.

3.14 Full-Wave Rectifier Circuits

3.104.

The full-wave rectifier in Fig. P3.104 is operating
at a frequency of 60 Hz, and the rms value of the
transformer output voltage is 18 V. (a) What is the
value of the dc output voltage if the diode voltage
drop is 1 V? (b) What is the minimum value of C
required to maintain the ripple voltage to less than
0.25 Vif R = 0.5 Q7 (c) What is the PIV rating
of the diode in this circuit? (d) What is the surge
current when power is first applied? (e) What is the
amplitude of the repetitive current in the diode?

Figure P3.104

3.105.

Repeat Prob. 3.104 if the rms value of the trans-
former output voltage v; is 10 V.
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3.106.

107,

3.108.
§30109.

Simulate the behavior of the full-wave rectifier in
Fig. P3.104 for R = 3 Q and C = 22,000 WE.
Assume that the rms value of v; is 10.0 V and the
frequency is 400 Hz. (Use IS = 10719 A, RS = 0,
and RELTOL = 10-°,) Compare the simulated val-
ues of de output voltage, ripple voltage, and peak
diode current to hand calculations. Repeat simula-
tion with Ry = 0.25,

Repeat Prob. 3.99 for a full-wave rectifier
circuit.

Repeat Prob. 3.100 for a full-wave rectifier circuit.

The full-wave rectifier circuit in Fig. P3.109(a) was
designed to have a maximum ripple of approxi-
mately 1 V, but it is not operating properly. The
measured waveforms at the three nodes in the cir-
cuit are shown in Fig. P3.109(b). What is wrong
with the circuit?

Figure P3.109(a)

20V

10V

ov

20V
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20V

Os 10 ms 20 ms 30 ms 40 ms 50 ms
Time

Figure P3.109(b)  Waveforms for the circuit in Fig. P3.109(a).

3.15 Full-Wave Bridge Rectification

3.110. Repeat Prob. 3.104 for a full-wave bridge rectifier
circuit. Draw the circuit.
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Repeat Prob. 3.99 for a full-wave bridge rectifier
circuit. Draw the circuit.

3.111.

3.112. Repeat Prob. 3.100 for a full-wave bridge rectifier
Q circuit. Draw the circuit.

*3.113. What are the dc output voltages V| and V5 for the
rectifier circuit in Fig. P3.113 if v, = 40sin 377

and C = 20,000 uF?

Figure P3.113

3.114. Simulate the rectifier circuit in Fig. P3.113 for
8 ¢ =100mFandv; = 40sin 27 (60)f with 2 500-Q
load connected between each output and ground.

3.115. Repeat Prob. 3.104 if the full-wave bridge circuit
is used instead of the rectifier in Fig. P3.104. Draw
the circuit!

3.16 Rectifier Comparison and Design
Tradeoffs

3.116. A 3.3-V, 15-A dc power supply is to be designed
to have a ripple voltage of no more the 10 mV.
Compare the pros and cons of implementating this
power supply with half-wave, full-wave, and full-
wave bridge rectifiers.

3.117. A 200-V, 3-A dc power supply is to be designed
with less than a 2 percent ripple voltage, Compare
the pros and cons of implementing this power sup-
ply with half-wave, full-wave, and full-wave bridge
rectifiers.

3.118. A 3000-V, 1-A dc power supply is to be designed
with less than a 4 percent ripple voltage. Compare
the pros and cons of implementing this power sup-
ply with half-wave, full-wave, and full-wave bridge
rectifiers.

3.17 Dynamic Switching Behavior of the Diode

*3.119. (a) Calculate the current at ¢+ = 07 in the circuit
in Fig. P3.119. (b) Calculate Ir, I, and the stor-
age time expected when the diode is switched off if
Ty = 7 ns.
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Ri=1OkR v,
5V

I
20 ns

7
3y _I_ 10 ns

Figure P3.119

3.120. (a) Simulate the switching behavior of the circuit in
(S_,\ Fig. P3.119. (b) Compare the simulation results to
the hand calculations in Prob. 3.119.

*3.121. (a) Calculate the current at 7 = 0% in the circuit
in Fig. P3.119 if R, is changed to 5 €. (b) Calcu-
late Ir, I, and the storage time expected when the
diode is switched off at = 10 ps if 77 = 250 nS.

**3.122. The simulation resulis presented in Fig. 3.68 were
Cu\; performed with the diode transit time 77 = 5 ns.
(a) Repeat the simulation of the diode circuit in

Fig. 3.122(a) with the diode transit time changed

to 7 = 50 ns. Does the storage time that you
observe change in proportion to the value of 77 in

your simulation? Discuss. (b) Repeat the simulation

with the input voltage changed to the one in

Fig. P3.122(b), in which it is assumed that v, has

been at 1.5 V for a long time, and compare the

results to those obtained in (a). What is the reason

for the difference between the results in (a) and (b)?
R =075k vy
, 15V
in
+ t
vy Up D, }
= 75 m;/ 15 ns
15V
(a)
1L5v 14
t
- f
75 n_‘q/ 15 ns
1.5V

(b)
Figure 3.122

3.18 Photo Diodes, Solar Cells, and LEDs

*3.123. The output of a diode used as a solar cell is
given by

Io =1 — 10" ®[exp(d40Vc) — 1] amperes

What operating point corresponds to  Prpa?
What is Pn.? What are the values of Ig¢
and V!

#3124, Three diodes are connected in series to increase the
output voltage of a solar cell. The individual outputs
of the three diodes are given by

Iey = 1.05 — 107 5[exp(40Ve)) — 11 A
Ics = 1.00 — 107 [exp(40Vc2) — 11 A
Ics = 0.95 — 107 [exp(@0Ve3) — 11 A

(a) What are the values of Iy and V¢ for the series
connected cell? (b) What is the value of Py ?

#3 125. The bandgaps of silicon and gallium arsenide
are 1.12 eV and 1.42 eV, respectively. What
are the wavelengths of light that you would ex-
pect to be emitted from these devices based
on direct recombination of holes and electrons?
To what “colors” of light do these wavelengths
correspond?

**3.126. Repeat Prob. 3.125 for Ge, GaN, InP, InAs, BN,
SiC and CdSe.




