CSE 40462/CSE 60462/EE 40462/EE 60462
VLSI Design

Note that solutions to odd problems as stated in the W&H book are available at
hitp//www.cmosvisi.com/solutionsodd. pdf.

§§ 1. Fora0.5 pm process NMOS transistor: W =5 um, L= 0.5 um, tox = 8 nm, and the electron mobility is
350 cm2/Vs. The threshold voltage is 0.7 V. Plot lovs. Vos for Ves =0, 1, 2, 3, 4 and 5V. (This is similar
to W&H problem 2.1.) {You might try Excel for this.)

;}&& 2. WE&H problem 2.2.

1O 3. W&H problem 2.4.

10 4 Repeat W&H 2.4 using a gate dielectric of HfO2 which has a relative permittivity, Ir, of 25,and a
dielectric thickness of 5 nm. (Hafnium dioxide is one of several new high permittivity gate dielectrics
being used in sub-90 nm processes to increase gate thickness.)

g # 5. Consider the following circuit:

Vdd

RO

Vout
Vin O—-—l mo

Assume that transistor m0O has characteristics of the 0.18 microns CMOS transistor
shown in class, i.e. L = 0.18 microns W = 1 micron and Vdd = 1.8 V. (The class notes
will be on the class web site so you can print additional copies of the transistor
characteristics.) RO is a 3.6 kohms resistor.
. a. Plot Vout versus Vin.
e .

g’f b. Pilot ip versus Vin.

~ €. Atwhat Vin is the peak current?

s
v d. What is the minimum output voltage?
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22 In(a). the transistor sees J',, = Vpp and V; = Ve The current is
ﬁ Vo {a}s transisior is 2¥
J.. =2 V. - -5\ length of (bjs.
. e oo f 3 % S e s s
FA L Thus Bla) is % B{bl
In (). the bottom transistor sees V', = Vpp and V.= V;. The top transistor sees Ve,
g}}g}' 53 and V, Yg. = a}:g:;; - 33’3 The cusrents are
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Ips; ;?% Voo = ’g’“‘“‘;’%gt”iﬁ% (Vop =V1)-V. — 3 %Ef%%
Bottom Transistor ‘k Top Transistor
Solving for I}, we find
> ¥ » ga » 2 5 ¥ = ?}?” é id
Vi={(Vpp ¥ 3%55%;53 -V) “%;;‘g@”;f” 5 iié}
Substituting F; indo the I equation and simplifying gives Ing = Ipg.
Note: V1 I= VDS/2, even when VDD = VDS (KEY QUESTION — WHY????)
Examples for 65nmtech:  vpD 1 VDD 1.3
VDS 1 VDS 1
Vt 0.3 Vt 0.3
V1 0.161484 V1 0.292893
iDS1/Beta 0.1 IDS1/Beta 0.25
iDSZ2Lower/Beta 0.1 1DSZ2Lower/Beta 0.25
IDSUpper/Beta 0.1 IDSUpper/Beta 0.25




2.3,24H&W 2.2
Coermicron = €:Eg L/toy
Remember the units!
ey = 8.85x10™ F/cm
10A® = 1nm = 0.001um

1fF = 10°5°F

5

2.3
L 30
tox 1.6
permittivity 3.9
Cpermicron 1.94E-15
Cpermicron 1.94
e(

2.4
0
5 nn;c
25
3.98E-15 F/micron
3.98 fF/micron
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0.18 um NMOS Characteristic At Vds = 0, 1.8V dropped over 3.6KR.
o MgEETRY
A = ids = 1.8/3.6 =0.5ma
é’“/’f//f 4
508 & + i b 15
= ~ 7 /At Vds = 1.8, no drop across R. Ids = 0.
e 14
s : Vds and lds MUST! Be on red line.
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2e. Maxcurrent st Vin s Vdd = 1.8V 2

2d. Min Vout at same Vin = ~0.4V 2




