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M ake sure the exam paper has 9 mgesincluding cower page
Thisisa 90 minute exam (8 shed of notes all owed)

DO ALL WORK ON EXAM PAGES

Whenever possble, use sketchestoill ustarte your explanations,
Numerical answers or ders of magnitude off will receve no partial
Credit.

Probem 1 (25 points).

Probem 2 (25 Paints).

Probem 3 (20 points).

Probem 4 (30 points).

TOTAL (100points)



Problem 1 Lithography (25pointstotal)

(a) (4 points) What isthekey reason that opticd lit hography has athroughput advantage over E-beam
lithography?

(b) The following plots show percentage of resist remaining after exposure and developmert versusthe
exposure eergy for Resist AZ135Q) and Resist Kodak747.
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0] (2 points) Which resistis apostive resist and whichresist is a negative resist?
(i) (2 points) Which resig hasa higherresist contrast?

(iii) (2 points) Which resig hasabeter sensivity?



Problem 1 continued
(c)(6 points) An optical lit hography processcan produceaminimum printable feature Ly, (= k- 2/NA) and

ausable Depth of Focus DOF (= ky W(NA)?).

A stepper with 2= 365nm and NA=0.7 can produce a Lpn of 0.3um with DOF = 0.4 pm. If we change to a
new stepper with A= 248nm and NA=0.5, what are the new values for L, and DOF.

(d) (4 points) Optical steppershaveto be maintained at a constant temperature for operation. Why is that?

(e) (5 points) Describe acouple of techniques one @n useto minimize the standing wave dfed in opticd
lithography.



Problem 2 Thin Film Deposition (20 pointstotal)
(a) (5 points) The fallowing reaction is used to deposit poly-Si by chemical vapor deposition (CVD):

SCl, > S +2Cl,

It isknown that the SiCl, concentration in the gas stream is 9.6 x 13° moleales’em® and the gas transfer
coefficient hg is2.62 cm/sec Estimate the poly-Si film depositi on rate (in angstroms/sed), assuming the
growth processis mass-transfer limited. [Atomic density of poly-Si is 5 x 132 atoms/cm”]

(b) The foll owing figure shows the depositi on rates of Si (log scal€) from 4 different gas sourcesversus
1000T where T isthe depositi on temperaturein K.
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0] (5 points) From the SiH4 curve, find the activation energy E, (in eV) for the surface-reaction

rate onstant kg

(i) (5 points) Suppose we dilute the SiH4 with an inert gas (e.g. helium) but maintaning the
sametotal gaspresaire. Theinert gasisknown not perturbing the ks term but the partial
presaure of SiH, islower with the dil ution. Sketch a new deposition rate arve versus /T in
the abowe figure. [No credit will be given without showing your reasoning]



Problem 2 continued

(b) In the extbodk and ledure notes, we ckerive that for asmall gane-like source (e.g. sputtering) and a
spherical receving surface (seefigure below), the thicknessdeposited on all wafersisindependent of the

distancer from the plane source.
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0] (4 points) Using the above geomery to deposit thin films over contact holes or acrosssteps

the wafers, do you exped to seestep coerage problems. Explain.

(i) (6 points) Suppose the small -plane source actually have a (cos 6)° flux emisson dependence
instead of a cos 0 dependence. How will the thickness deposited depnd on r? Show your
derivation.



Problem 3 Etching (20 points totd)

@
(i)

(i)

(iii)

(3 points) A poly-Shi is patterned on topof aSiO2 aubstrate. Wewill release it from the oxide
substrate to form a cantil ever beam by etching the oxide underneath with buffered HF
solution. The ething redpe hasavertical etching rate of 0.5 micron/minute and the deyreeof
anisotropy isO (i.e. complete isotropic). Sketch the aosssedions of the oxide after HF
etching times= 1 min, 2 min, and 4 min
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(3 points) A beter way to release the Poly -Si beam isto use an anisotropic RIE processto
etch the oxidefirst to a deoth of 1um. The same buffer HF solution recipe in part(i) is then
used to rel ease the poly-Si beam. Sketch the @osssedionsof the oxide after HF ething times
=1 min, 2min, and 4 min
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(3 points) Comment on why Method (ii) isbeter thanMethod (i)



Problem 3 continued

(b) (5 points) Thefollowing crosssedion shows a 4000A-thick poly-Si deposited over afield oxide of step
height of 7000A which lies on top of a gate oxide with thickness300A.

Poly etch degreeof anisotropy As=1 %I ﬁ
Poly-Si thicknessvariation factor 6 = 0.03
Poly-Si etch rate variabtion factor @; = 0.05 |
Mask slope angle 6 = 80°

Mask etch degreeof anisotropy A, =1

|
| Mask
I

Gate Oxica

The worse-case design goal is to contral the poly-gate li newidth reduction on the top to lessthan 0.1um
(i.e., W < 0.1 pm) when the poly-Si isjust cleared. [See scamaic figure shown abowe]
Find the required minimum etching sekedivity between thepoly and mask (Sy,)

(¢) CF,4 plasmais used to efch Si.
0] (3 points) By adding Q2 to the CF4 gas, theetching ismoreisotropic. Explain.

(i) (3 points) By increasing the ionbombardment erergy using substrate bias voltage, the éching
ismore anisotropic. Explain.



Problem 4 Metalli zation (30 pointstotal)

(a) (10points) Metd filmslike Al are usually deposited with sputtering. Step coverage of Al over contact
holes etched by diredional RIE isamajor problem. In terms of step coverage, indicate whether the
following processchangeswill help (by entering a“+"), hurt (by entering a “-") , or have no effea (by
entering a“0"). Give a brief explanation for your conclusions.

Use awet chemical etch for the contact holes
Explaination:

Increase substrate temperature during Al deposition
Explaination:

Thicken the oxide around the cntact holes whil e kegoing contact size same
Explaination:

Develop a CVD Al process
Explaination:

Fill the mntact holewith CVD tungsten plug before Al deposition
Explaination:

(b) What is the “ Aluminum iking problem” when Al is used as the contact metato silicon? In particular,
describe in your words:

0] (3 points) Why Al forms spikes irstead of uniformly reating with the Si substrate?

(i) (3 points) Why is the formed spkes larger in size rear the gerimeter of the mntact holes?

(i) (3 points) Why the spikes are not desirable?



Problem 4 continued
(c)(4 points) To lengthen he nediantime-to-failure (MTF) of aluminum interconneds due to
eledromigration, we added several % copper to aluminum. Describe why the MTF will be improved.

(d) (7 points) Using cqoper as the metalli zation material, we can use te dual camascene processto form
bath the pper plug and the wpper interconned. Describe the dual damascene processflow with sketches
and a brief processsteps description.



