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EXAMINATION NO. 1 - SOLUTION
(Average Score = 79.1/100)

Problem 1 - (25 points)

A logic circuit is modeled as shown. Assume that at time ¢ =0, VpD
the capacitor is uncharged and the switch is connected to the
“high” state. At some time later, after the output voltage has Ry=

reached its high state, the switch is connected to the “low” state.
Find the propagation time delay of this logic circuit.

High
Solution '8
Risetime: Low c "
— = 1%
The model for this case is, kaQ_ 1pF out
=0 Ry An expression for the output -
voltage is, = ey
0] SO5E1P1
- Wy J_ * Vour = Vpp(1-e™71)
out —
= Vpp C Vout
T_ T 5 where 7; = R;;C = 2ns
SO5SE1S1

When v,,,,=0.5Vpp, thent =T).

05=1-¢l1/7 — T =71 In(2) = 0.693(2ns) = 1.386ns
Falltime:
The model for this case is,
=0 An expression for the output voltage is,

-1/

+ Vour = Vpp €

1%
Rp Yout -y here 7 = RpC = Ins

SOSEISIA

When v, =0.5Vpp, then t = T>.
0.5= ¢V —  T,=1,In(2) = 0.693(1ns) = 0.693ns
The propagation delay time, 7, is found as:

T\+Ty 1.386+0.693
Ty=—"75 = 5 = 1.04ns
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Problem 2 — (25 points)

Solve for the dc value of the drain current, /g, for the NMOS D (0.5V)
transistor shown assuming 0.18um CMOS technology. The W I
and L for this transistor are given in Problem 3. l DS

G (1.5V) B (OV)
Solution

Check for saturation.

(Vgs - VPEL (1.5-0.5)(1.2)
Vps(sa) =V o - V) + E.L=(1.5-0.5) + 1.2=0-5454V " s0sE1P2 S (0V)

Vps = 0.5V = NMOS in linear region

W nuecox VDS
S Ips=T 7 vps (VGS Vr-72 )VDS
(1+ H)
0.6 (270 cm?/V-s)(1uF/ cm?) 270-1
=0 05 (1.5-0.5-0.25)(0.5) = 3747 (0.75)(0.5)pA
I+ 17

=214pA
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Problem 3 — (25 points)

Given the layout for the NMOS transistor of Problem 2, find the value of Cgs, ng, Cgb,
Cap» and Cy, assuming that the junction depth of the source-drain diffusions is x; = 50 nm,
m = 0.5 and the lateral diffusion is 10nm.

100nm

Shallow
&8&%& &&&gg Trench
x \&/Isolation

e
b |
x %\%Drain
RIS

X
Poly Gate

—FI |1— SO4E1P3

100nm
Solution

From Problem 2, we know that the NMOS transistor is in the linear region. To make the
calculations, we will need C, and C,,,. They are calculated as follows,

Cy = Cpp WL = 1x10°° (F/em?)-0.6x10"*(cm)-0.2x10™(em) = 1.212x1071° F
C,; = C,p-LD = 1x10® (F/cm2)-10x107 (cm) = 1x1071? Fiem

" Cyy= CopW +0.5C, = (1.01x10713)(0.6x10™%) + (0.5)(1.212) = (0.061+0.606)fF
= 0.666 fF

C

d = CorW +0.5C, = (1.01x10712)(0.6x10™%) + (0.5)(1.212) = (0.061+0.606)fF

= 0.666 fF
Cop=0
B C]b (—Ab+ASW) B C/O (—Ab+ASW)

C,= -
B (R I (R
?B oB
B 1.6fF/pm2[(0.3)(0.6)+(0.05)(0.6)]

Cpa= 03 =0.269 fF
\/1 + 090

B 1.6fF/um2[(0.3)(0.6)+(0.05)(0.6)]

Cbs = Vi +0 -

=

.336

&




ECE 4420 — Spring 2005

Problem 4 — (25 points)
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The transfer function curve for an inverter is shown. Find the values of Vg, Vor, Vi,
and Vg from the curve below. Use this information to find the values of NM; and NM;.

Vou 2

\
A

L.5

0.5

Vour(V) 1 ;

VoL N

0 0.5 ViLVia 1 1.5
‘Gn(\/)

From the curve we get the following numerical values.
Voru =2.0, Vor,=0.02V, Vy;, =0.62V, and Vi = 0.75V
The noise margins are,
NMy=Voy - Vip=2.0-0.75=1.25V
and
NMpg =V -Vor=0.62-0.02 =0.60V

SOSE1S4
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