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CHEMICAL ENGINEERING 179
Exam 1
Wednesday, February 27, 2013
Closed Book with 3x5 Card

kp=1.381x 1023 JK-1; R = 8.314 J (mole K)-1 = 1.987 cal (mole K)-1 ; NA = 6.022 x 1023 (mole)-1;
e=1.602x 10719 C; mp=1.673 x 10-27 kg ; 1 liter = 1000 cm3 ; STP = 273 K, 760 torr (1 atm);
1 atm = 1.013 x 10° Pa; 1 Pa=1 J/m3, mass density SiO, = 2.65 g/em’. MW SiO, = 60.08 g/mole

Short Answer. 5 pts. each.

1. List 3 advantages of solid state transistors over the older vacuum tube technology.
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2. Show two sketches: one of boron and one of phosphorous dopants bonded to four adjacent silicon
atoms, assuming the dopant is fully ionized (the extra hole of electron has left behind an ion).
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3. Sketch the profile of electron and hole density for n-type silicon next to an insulator with a negatively
biased electrode on the other side. Identify the region of inversion.
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4. What is the problem with silicon dioxide as a gate dielectric in current device technology?
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Name:

5. Describe in a few sentences how optical proximity works and why it is needed in lithography.
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7. List 2 current problems with EUV hthography (* 2.5 acehr)
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8. A reaction at an interface is first order and irreversible. In what units do we express the rate and what
are the units of the rate coefficient?
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10. In silicon oxidation, sketch the oxidant spatial profiles through the film in the reaction rate limited
regime and in the diffusion limited regime.
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Problems.

1. In planar SiO, growth from O, on a Si substrate, the film thickness (x) is observed to increase with the

square root of growth time. In this regime, the film growth rate is about 1 micron/hr and oxygen
concentration at the near surface of the film is estimated to be 5 x10'® cm™.

(15) (a) Estimate the diffusivity of O in this film.

(15) (b) If the activation energy for growth in this regime is 1.5 €V, how much faster should the growth
be if the growth temperature increases from 1200K to 1800K?

(5) (¢) If the O, concentration in the gas phase is doubled at the beginning of the experiment how should
this affect the film thickness at a given time?

(5) (d) Would the conclusion in part (c) be different if the film growth were in the reaction rate control
regime? How so?

(5) (e) If the O, gas flow rate above the growing film were doubled, thereby increasing the external mass
transfer coefficient, how would this affect the growth rate?

(5) (f) The O, concentration in the gas phase is 1 atm. What is the value of the Henry’s Law coefficient
under the conditions of this experiment?
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