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2.2 In (a), the transistor sees Vs = Vpp and Vys = Vpg. The current is

p V
IDSl :E VDD _Vt _% VDS

In (b), the bottom transistor sees Vs = Vpp and Vs = V. The top transistor sees Vg
=Vpp - Vq and Vg = Vpg - V4. The currents are

V V.. -V
IDSZ = ﬂ(VDD _Vt _Eljvl = ﬂ((VDD _Vl) _Vt _¥J (VDS _Vl)
Solving for V4, we find

V
V1 = (VDD _Vt) - \/(VDD _Vt)z - (VDD _VI _%jVDS

Substituting V4 indo the Ipg, equation and simplifying gives Ipg; = Ipgy.

2.3 The body effect does not change (a) because V¢, = 0. The body effect raises the
threshold of the top transistor in (b) because Vg, > 0. This lowers the current
through the series transistors, so Ipg; > Ipsp.

2.4 Cpermicron = €L/toy = 3.9 * 8.85€-14 F/cm * 90e-7 cm / 16e-4 um= 1.94 fF/um.
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2.5 The minimum size diffusion contactis4 x5 A, or 1.2 x 1.5 um. The area is 1.8 umz
and perimeter is 5.4 um. Hence the total capacitance is

Can(0V) = (1.8)(0.42) +(5.4)(0.33) = 2.54fF

At a drain voltage of VDD, the capacitance reduces to

) L —0.12
+(5.4)(0.33)( 1 + —| = 1.78fF

c \—0.44 5
0,98/

o

Cap(3V) = (1.8)(0.42)( 1+ -

I

2.6 Set the two parts of EQ (2.26) equal at Vg5 = Vgsat. ASsume that EQ (2.27) is true and
substitute it into (2.26) for Vyeat , then simplify.

2.7 The new threshold voltage is found as
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J2(1.60107°)(11.708.850107*)(2010") = 0.757"

The threshold increases by 0.96 V.

2.8 No. Any number of transistors may be placed in series, although the delay increases
with the square of the number of series transistors.

2.9 The threshold is increased by applying a negative body voltage so Vg, > 0.
2.10 (a) (1.2-0.3)2/ (1.2 - 0.4)° = 1.26 (26%)

-0.3
e1.4 ¢ 0.026
(b) Y = 15.6
1.4 ¢« 0.026
e
-0.3
1.4 0.034
(c) vy =KkT/q =34 mV; — - 8.2 ; note, however, that the total leakage
1.4 0.034
(5]

will normally be higher for both threshold voltages at high temperature.
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2.11 The nMOS will be OFF and will see Vs = Vpp, so its leakage is
. o

I

I, =1, =pr2e'fe™ =69p4

leak

2.12 If the voltage at the intermediate node is x, by KCL.:
-V, _ —(x+Vy

2 18 an[l eV—T 2 18 nvy

lieak = Bvre e = Bvse e

Now, solve for x using n = 1:

-X —X

l-e” |=e™ - x=v,In2

Substituting, the current is exactly half that of the inverter.
2.13 Assume Vpp = 1.8 V. For asingle transistor with n = 1.4,

“Vi+7Vop

lowe = 1y, = BVo€M% ™ =499 pA

For two transistors in series, the intermediate voltage x and leakage current are
found as:

Virnx -x Vop ~X)-Ve—x
IIeak = ﬂVTzellge "roll-e" | = ﬂVTzellge vy

—V+7x =X 7(Vpp—X)-V,—X
g M 1—e" |=e nvy

X=69 mV;l_, =69 pA

leak
In summary, accounting for DIBL leads to more overall leakage in both cases.
However, the leakage through series transistors is much less than half of that
through a single transistor because the bottom transistor sees a small Vds and much
less DIBL. This is called the stack effect.

For n = 1.0, the leakage currents through a single transistor and pair of transistors
are 13.5 pA and 0.9 pA, respectively.
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