EE 143 MICROFABRICATION TECHNOLOGY SPRING 2010
C. Nguyen

PROBLEM SET #1

Issued: Thursday, Jan. 28, 2010
Due: Thursday, Feb. 4, 2010, 7:00 p.m. in the EE 143 homework box in 240 Cory

MOSFET Characteristics

1. Consider the following circuit. Assume transistor M; is in saturation and that its
bias voltages, Vi and Vy, process parameter K (=u,Cox), and threshold voltage
V1 can be changed independently. Indicate in the table how an increase in each
of these parameters changes the gate current |y, the drain current I,, the small-
signal transconductance Qp, and the small-signal output resistance ryq of Mj. Use

symbols: 1 for increase, | for decrease, -- for no change.
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2. Consider the cross-section shown below for an NMOS device under dc biasing
where the supply voltage Vpp = 2V, and the gate bias Vg = 1.2V.
Assume L = 0.5 g, W = 50 gam, Toy = 9nm, 205 = 0.8 V, Vpgg = 0.7V,
substrate deping = 9 X 10'* em ™3, relative permiitivity of Si = 118,

and of 5i0, = 3.9, channel mobility = 350em?/V /5.

p-substrate
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a. Calculate the threshold voltage if Vx=Vpp=2V.
b. (Continued) Compared to Vg, does the threshold voltage increase or
decrease? Is this desirable? Why or why not?

c. Plot drain current versus V if Vx varies from -oo to 0.
Il. MOSFET Amplifier
3. Consider the MOSFET amplifier given below, where
IDS = gf‘ggs _'?T}E" ‘IBD = 5?, Rd - Zkﬂ,K - 1!I'I.n&.-f?z, Hnd.‘in{ = 1V.

a. Derive an expression for the transistor dc bias point (i.e., dc bias voltage) at
the gate terminal as a function of Vpp, R; and R.

b. Determine the required ratio of Ri/R; such that the MOSFET
transconductance gn=1mA/V.
What is the dc bias voltage at the output Voui?

d. Draw the small-signal model for the amplifier. Write an expression for its gain
Vour/Vin and calculate its numerical value. Clearly label the components and

input/output.

I1l.  Fabrication Yield/Cost
4. The cost of processing a wafer in a particular process is $1,000. Assume that 35%
of the fabricated dice are good. For this problem, use Fig. 1.1(c) in the textbook to
determine the number of dice.
a. Determine the cost per good die for a 150 mm wafer.

b. Repeat for a 200 mm wafer.



