3.25 For a particular junction for which C,, = 0.4 pF, V|, =
0.75 V, and m = 1/3, find C; at reverse-bias voltages of 1 V

and 10 V.

3.26 The junction capacitance C; can be thought of as that

of a parallel-plate capacitor and thus given by
€A
Cj —_ ﬁ
Show that this approach leads to a formula identical to that
obtained by combining Eqgs. (3.43) and (3.45) [orequivalently,

by combining Eqs. (3.47) and (3.48)].

N,N
a=A |2eq—2 (3.43)

This incremental-capacitance approach turns out to be quite useful in electronic circuit design,
as we shall see throughout this book.
Using Eq. (3.44) together with Eq. (3.42) yields

C =9 (3.45)

VAT

The value of C; at zero reverse bias can be obtained from Eq. (3.45) as

Cop=—2= (3.46)
2V,
which enables us to express C; as
C'll
C=— (3.47)
| 4k
Vo

where Cj,

is given by Eq. (3.46) or alternatively if we substitute for o from Eq. (3.43) by

E.\'q NANH ]
c=A (ST (D ) (L 3
Cin A\/(z)(mwﬂ)(w.) (3.48)
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D 4.37 Assuming the availability of diodes for which v, =
0.75 Vat i, = 1 mA, design a circuit that utilizes four diodes
connected in series, in series with a resistor R connected to a
15-V power supply. The voltage across the string of diodes is
tobe 3.3 V.

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

+3V +3V
A
slzkﬂ 6 ki)
.— .—
Ilﬂﬂ, Z D, flED, Y D,
— —-o0 | —— —0 |
36]&1 12 k)
Y
— iy -3V
(a) (b)

Figure P4.9
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5.23 An NMOS transistor, fabricated with W = 20 pm and
L =1 pminatechnology for which k' = 100 pA/V’ and V, =
0.8 V, is to be operated at very low values of v, as a linear
resistor. For v, varying from 1.0 V to 4.8 V, what range of
resistor values can be obtained? What is the available range if

(a) the device width is halved?
(b) the device length 1s halved?

(c) both the width and length are halved?

Voltage (V)

Case Vs Ve Vo Ves Vov Vps Region of operation
a +1.0 +1.0 +2.0

b +1.0 +2.5 +2.0

c +1.0 +2.5 +1.5

d +1.0 +1.5 0

e 0 +2.5 +1.0

f +1.0 +1.0 +1.0

g -1.0 0 0

h —1.5 0 0

i -1.0 0 +1.0

i +0.5 +2.0 +0.5

¥5.27 The table above lists 10 different cases labeled (a) to
(j) for operating an NMOS transistor with V, = 1 V. In each
case the voltages at the source, gate, and drain (relative to the
circuit ground) are specified. You are required to complete the
table entries. Note that if you encounter a case for which v,
is negative, you should exchange the drain and source before
solving the problem. You can do this because the MOSFET

is a symmetric device.
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5.24 When the drain and gate of a MOSFET are connected
together, a two-terminal device known as a “diode-connected
transistor’ results. Figure P5.24 shows such devices obtained
from MOS transistors of both polarities. Show that

(a) the i—v relationship is givtn by
= —k —(v— |V |

(b) the incremental resistance r fm' a device biased to operate
at v=|V,| +V,, is given by

r= 1/[%] = 1/(&'%1»;“,)

v [y

(a) (b)

Figure P5.24
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