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Problems
+3V +3V +3V +3V
10 ke 10 ko ! J, ! i
v v 14 v
d ¢ ! l, 10 k0 10 k0
-3V -3V -3V -3V
(a) (b) () (d)
Figure P4.2
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Figure P4.3
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(@ {e) ()

Figure P4.4

BIE = Multisim/PSpice; * = difficult problem; ** = mare difficult; ** = very challenging; D = dasign problem
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232 Chapter4 Diodes

(»

Figure P4.4 continued

a5 The circuit shown in Fig. P4.5 is a model for 4 battery
charger. Here v, is a 6-V peak sine wave, D, and D, are jdeal
diodes, / is a 60-mA current source, and Bis a3-V battﬂry
Sketch and label the waveform of the battery current i,. What
‘is its peak value? What is its average value? If the peak value
of v, is reduced by 10%, what do the peak and average valves
of i, become? '

B.

I

Figure P4.5

4.6 The circuits shown in Fig, P4.6 can function as logic

gates for input voltages that are either high or low. Using
“1” to denote the high value and “0” to denote the Iow value,

prepare a table with four columns including all posmbIe input
combinations and the resultmg values of X and ¥, What logic '
function is X of A and B? What IOglc fuuchon is YofAand B?
For what values of A and B do X and ¥ bave the same vahue?
For what values of A and B do X and Y have opposite values?

D,
A O
v}
D, -

Ao m . _ ) , Dy

B o—K}—

D,
- {a)
Figure P4.6

I = Multisim/PSpice; * = difficult problem; ** = more difficult; ##% = very chailengmg, D= de5|gn problem

/




Problems 233

D 4.7 For the logic gate of Fig. 4.5(a), assume ideal diodes ~ be ideal. Select a suitable value for R so that the peak diode
and input voltage levels of 0V and +5 V. Find 4 suitable  current does not excoed 40 mA. What is the greatest reverse
value for K so that the current required from each of the input  voltage that will appear across the diode?

signal sources does not exceed 0.2 mA.

: . 4,12 Consider the rectifier eivenit of Fig. 4.3(a) in the event
D 4.8 Repeat Problem 4.7 for the logic gate of Fig. 4.3(b). it the input source v, has a source resistance R, Forthe case
4,9 Assuming that the diades in the circuits of Fig. P49 are &, = R and assmning the diode to be ideal, sketch and clearly
ideal, find the values of the labeled voltages and currents. label the transfer characteristic v, versus .

4,13 A symmetrical square wave of 5V peak-to-peak
armplitede and zero average is applied to & cirouit resembling
that in Fig. 4.3(a) and employing a 100~ resistor. What is the
peak output voltage that results? What is the average 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?

+3V +3V

414 Repeat Problem 4.13 for the situation in which the
average voltage of the square wave is 1V, wlule its
peak—to—peak vajue reimains at 5 V.

D *4, 15 Design a battcry—chargmg cireuit, resemblmg that
in Fig. 4.4(a) and using an ideal diode, in which current flows
to the 12-V battery 259 of the time wi th_ am average value of
. 100 mA. What peak-to-peak sine-wave voltage is required?
-3V ‘What resistance is required? What peak diode current flows?
() . ) What peak reverse voltage does the diode endure? If resistors

: can be specified (o oaly one significant’ digit, and the

Figure P4,9 : . peak-to-peak voltage only to the nearest volt, what design
would you choose to guarantes the required charging current?

- What fraction of the cycle does diode current flow? What is
the average diode current? What is the peak diode cuuent’?

What peak reverse voltage doeq tl"se du)de endure'?

4.10 Assuming that the dicdes in the cirenits of Fig. P4.10
are ideal, utilize Thévenin's theorem to simplify the circuits
... anid thus find the values of the labeled currents and voltages.,

L3V "4.16 The circuit of Fig. P4, 16 can be used in a s1grmlmg
system using one wire plus a comimon ground return: At any
motent, the input has oné of three values: +3 V, 0V, -3 V.

) ) ) e, ) -3V o

. al S .

“ Figure P4.10 : : S
T

P 411 For the rectifier citcuit of Fig, 4.3(a), let the input
sine wave have 120-V rms value and sssume the diode io  Figure P4.16

 .+ 5y - N 8%

Tdeal diode$

3-V lamps

=3
-

©preesi

-

= Multisim/PSpice; * = difficult problem; ** = more difficut; *** = very challenging: D = design problem /
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‘(a) Provide a rough estimate of the diode current you would

expect.
(b) Estimate the diode current more closely using iteralive
analysis.

D 4.37 Assuming the availability of diodes for which v, =
0,73 V at i, = 1 mA, design a circuit that utilizes four diodes
connected in series, in series with a resistor & connected to a
15-¥ power supply. The voltage across the string of diodes is
to be 3.3V,

4.38 A diode operates in a series circuit with a resistance
R and a do source V. A designer, considering using a
constant-voltage model, Is uncertain whether to use 0.7 V
or 0.6V for V,. For what value of V is the difference in
the caleulated values of current only 1%7 For V =3 V and
R = 1k, what two current estimates would result from
the use of the two values of V,,? What is their percentage
difference?

4.39 A designer has a supply of diodes for which 4 current
of 2mA flows at 0.7 V. Using a 1-mA current source, the
designerwishes to create a reference voltage of 1.3 V. Suggest
a combination of series and parallel diodes that will do the
job as well as possible. How many diodes are needed? What
voltage is actually achieved?

4.40 Solve the problems in Example4.2 using the
constant-voltage-drop (V, = 0.7 V) diode model,

44% For the circuits shown in Fig. P42, using the
constant-voltage-drop (V), = 0.7 V) diode model, find the
voltages and currents indicated,

442 For the circuits shown in Fig. P43, using the
constant-voltage-drop (V, = 0.7 V) diode model, find the
voltages and currents indicated.

4.43 For the circults in  Fig. P49, using the
constant-vollage-drop (V,, = 0.7 V) diode model, find the
values of the labeled currents and voltages,

4.44 For the circuits in Fig. P4.10, utilize Thévenin’s theo-
rem to simplify the circuits and find the values of the labeled
currents and voltages. Assume that conducting diodes can be
represented by the constant-voltage-drop model (V, = 0,7 V),

D 4.45 Repeat Problem 4.11, representing the diode by the
constant-voltage-drop (¥, = 0.7 V} model. How different is
the resulting design?

4.46 The small-signal model is said to be valid for voltage
variations of about 5 mV. To what percentage current change
does this correspond? (Consider both positive and negative
signals,} What is the maximum allowable voltage signal
(positive or negative) if the current change is to be limited
to 10%7

4.47 In a particular circuit application, ten “20-mA, diodes”
{220-mA diode is a diode that provides a 0.7-V drop when the
current through it is 20 mA) connected in parallel operate at
a total current of 0.1 A. For the diodes closely matched, what
current flows in each? What is the correspouding small-signal
resistance of each diode and of the combination? Compare this
with the incremental resistance of a single diode conducting
0.1 A. If each of the 20-mA diodes has a series resistance of
0.2 £2 associated with the wire bonds to the junction, what is
the equivalent resistance of the 10 parallel-connected diodes?
What connection resistance would a single diode need in
order (o be totally equivalent? (Note! This is why the parallel
connection of real diodes can often be used to advantage.)

4.48 In the circuit shown in Fig. P4.48, 7 15 a de carrent and
v, is a sinusoidal signal. Capacitors C, and C, are very large;
their function is Lo couple the signal to and from the diode but
block the de current from flowing into the signal source or the
Toad {not shown). Use the diode small-signal model to show
that the signal component of the output voitage is

%
= g
o £ Vr +]Rs
If v, = 10mV, find v, for / = 1 mA, 0.1 mA, and [ A, Let
R, =1k At what value of I does v, become one-half of v 7

Note that this circuit functions as a signal atienuator with the
attenuation factor controlled by the value of the de current 7.

I

R, Gy

T I
© ”‘i[ i

Figure P4.48

EIlH = Multisim/PSpice; * = difficult problem; ** = mare difficult; *** = very challenging: D = design problem
g
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