1418 NMy = Vou — Vig

= 0.8Vpp — 0.6Vpp = 0.2Vpp

NMy = Vi — Vo

= 0.4Vpp — 0.1Vpp = 0.3Vpp

Width of transition region = Vg — Vi,

= 0.6Vpp — 0.4Vpp =0.2Vpp

For a minimum noise margin of 0.4 V, we have
NMy =04

= 0.2Vpp = 0.4

= Vpp=2V

14.34 For v; = +1.5V, Qy will be conducting
and operating in the triode region while Qp will
be off. Thus, the incremental resistance to the left
of node A will be rpsy,

l

N = (Vi — Vi)
1
=——— =5k
0.2(1.5—-0.5)
Thus,
5
v, = 100 ( )
54100
=4.8mV
For v; = —1.5 V. Oy will be off but Qp will be
operating in the triode region with a resistance
Fpsp
|
IFpsp = ————————————
Py (Vsar — Vi)
1
= ——=25kQ
0.04(1.5—0.5)
Thus,

25
v, = 100 (7 =20 mV
254 100

14.24

Equivalent circuit for output-low state

The output-high level for the simple inverter
circuit shown in Fig. 14.12 of the text is

VOH = VDD = VDD =1.2V.

When the output is low, the current drawn from
the supply can be calculated as

1= ﬁ =30 pA
Therefore: Rp + rps = L =40k
30 % 107°
Also:
¥
Vor = 0.05V = yr— frm % Voo

0.05
:>rDS=4OkQ>< ﬁ = 1.67 k22

Hence: Rp =40 K — 1.67 K = 38.3 kQ2
1

Fps = W
p'-*LnCon (VGS - V:)

1

W
500 x 107° x T (1.2 —0.4)

= 1.67kQ
fkw—l’i
7 =13

When the output is low:
PD = VDDIDD = 1.2 x 30 LLA = 36 [LW

When the output is high, the transistor is off:
Pp=0W



Handout problem 1:
An inverter has the transfer function described by

V, =2.6+2.3cos(0.194V, )

L
[DD

v,
If the DC bias voltage is Vpp =5V, find Vg, Vie, Vi, Vi, NMp, and NMg. (Use
dV, /dV, ==1 to determine the boundary of regions).

Solution:

Based on the transfer function ¥, = 2.6+ 2.3cos(0.197V, ), for ¥, =0, V;=4.9V, and for
Vi=5V, V,=0.328V.

To find Vg and Vi, we need to find solutions for 4V, /dV, =-1.

5

Since z:;' ==2.3x0.197sin(0.197V, ) = =1.373sin(0.197F, ) = =1, the solutions are,

V, =1.367 and V, =3.896

0.328

1367 3.896 5
Therefore, ¥, =1.367, V,, =3.896, ¥,, =0.328 and V,,, =4.9
NM, =V, -V, =1.367-0.328 =1.039¥
NM, =V, -V, =4.9-3.896=1.004V

0H



Handout problem 2:

A CMOS inverter has k =10mA/V?,V, =2V, V,, =6V and an output capacitance of
C=2nF.

(1) Plot the transfer function of V,(V, )

(2) Find tp,,,

(3) How do t,, change if the channel length L of the MOSFET is doubled?

(4) Find the dynamic power dissipation if the CMOS is switched by a signal with 10MHz
repetition rate.

Solution: ALy

1)

Ty

(2) Based on equations 14.51 and 14.52:

-9 -9
t, = 2C : _ 2x2x10 : __4x10 77 5ns
7 3 \Y 7 3x2 (2 60 Z_]_ 1
k — — t + _t DD 10 — +| — X6 4 + 9
" 4 VDD VDD 4 6 6
. 1 1 L : : .
(3) Since t,,, c—= = , if the channel length is doubled, t,,, will

kn COX/Lln (W / L) C:OXILlﬁW
be doubled.

(4) Dynamic power dissipation is: P, = fCVZ, =10" x2x107° x6° =0.72W



Handout problem 3:
In the following CMOS inverter k=25mAN? V., =1V, V,, =5V .

V;

DD

(a) Find W, if V=0V
(b) Find Vyif V; =5V
(c) Find the drain current Ip when 7;= 2.5V

Solution:
. Vbp

(a) When V, =0, NMOS (Qy) is cutoff and PMOS
(Qp) is triode, and the equivalent resistance of Qy is,
I'os = ! = 1 =0.1kQ érDS

K, (Voo =) 2.5%(5-1)
The current flowing through Q, is, Vo ‘Aﬁ\'

Vo, —25 5-25 24k ] ¥
Iy = = =1mA / = 2.5V

s +2.4 01+24 -
Then, V, =V, — Il =5-1x0.1=4.9V

. \Y

(b) When V, = 5V, PMOS (Qy) is cutoff and NMOS P
(Qn) is triode, and the equivalent resistance of Qp is,
Mos = ! = : =0.1kQ

Kn Voo —Vin) 2-5X(5_1) V VA,
The current flowing through Q, is, 0

e "5 2.4kQ) +

ID = ’ = : =1mA rDS — 25V

s +2.4 0.1+24 >4 -
Then, V, =1 r,s =1x0.1=0.1V

(c) When V, = 2.5V, the output is Vo = 2.5V due to the symmetry of the circuit. Both of
the two MOSFETS are in saturation mode, and

Iy =§(sz -V, ) =1.25x(2.5-1)" =2.81mA



