Name: Solution Key

CHE323/384 Chemical Engineering for Micro- and Nanofabrication
Fall, 2014, ChrisA. Mack

Final Exam - Practice
closed book, closed notes, three formula shedtsjlasors allowed

Definitions: Please provide short (one to two sentence) digiiratof the following terms. DO
NOT use any equations. Make all definitions in @gr (1 pt each)

1) Shot noise

Uncertainty that occurs when the finite number of particlesis sufficiently small so that
uncertainties due to the Poisson distribution, which describes the occurrence of independent
random events, are of significance.

2) Cpk

A process capability metric that judges how the actual distribution of a process parameter
compar es to the specification of that parameter, including mean shift.

3) Pellicle

A thin transparent film placed over a photomask to prevent particles from reaching the mask,
positioned so that particles on the pellicle are sufficiently out of focus asto be unimportant.

4) Bottom-up patterning

A self-assembly approach where the inherent characteristics of the material naturally result in
the building up of the desired structures (as opposed to top-down patterning such as lithography
+ etch). Note that subtractive patterning and additive patterning are both examples of top-down
patterning.



Questions: Please provide short (one to two sentence) answéhne following questions. (3 pts
each)

1) How can the natural period of directed selfeadsly be reduced?

LO ~ a)(1/6N2/3

1) Reduce the size of the monomer unit a
2) Reduce the length of the polymer (the number of monomersin the chain, N)
3) Reduce the block interaction parameter y

However, we must keep Ny sufficiently high to get microphase separation. Thus, we generally
decrease N and increase  to keep Ny sufficiently high.

2) Explain the main advantages and disadvantagesaron-beam lithography.

Electron-beam lithography has many advantages:
Maskless (R&D, prototyping, mask making)
High resolution (20 nm easily, 5 nmwith much work)
Very flexible

E-beam lithography has many disadvantages:
Very slow: hours per wafer, not wafers per hour
Current islimited by Coulomb-Coulomb interactions
Projection printing with large fieldsis very hard



Problems: Show all work. State all assumptions clearly.

1. (10 pts) Given a (100) silicon wafer with anstxig 200-nm thick oxide film, you wish to
grown an additional 150 nm of SiQfor a total oxide thickness of 350 nm). Designet,
atmospheric pressure oxidation process at 95040 this job.

For an atmospheric wet oxidation at 950 "C and ) Wddfers, use Figures 4.2 and 4.3 in the
book. Alternately, interpolate 1/T vs. log(A or Bdm the table, then correct A for pressure by
multiplying by 760/640.

B = 0.28um?/hr
B/A = 0.75um/hr, giving A = 0.37um.

Correcting for (100) wafer, we multiply A by 1.68 give A = 0.62um.

“+ AL, _ 02+ (062)(02)
028

Calculatingr = b = 059hr .

ty + Ay . 035 + (062)(035)

2
t, +tAt, =B(t+7), t= - 059=062hr
0X 0X B 028
S & & i T ture (°C
emperature (°
PSS & & S & S Qp :’” )Q s .5
1 N — T | —— 0 TR S &P & &
*b‘\ - FTT T T | I I T
BN Wet 0, data corrected 1
r N\ H,0datacorrected | 10" =N 1o 760 torr H,0 .
107 - H,0 (64D torr)*\\_lo 760 torr - L ]
F | AN ] \ ]
» ~ 10° -
€ TN\ Ex=0.71 eV g & 3
[} ~ E - -
E \\\ - kK | \‘\ -
g 10_2 \\\\ B s 10-1 — \\ Wet 02 (640 torr) B
3 3 5 g ] 95°C H,0 3
e 3 s - ]
2 g \ Ex=1.96eV
L ) P N\ i
Z 0, (760 torr) o 107° - \ -
= i 4 o 3 3
g I £ L N\ ]
2 10-3 :_ - § 3 - \\\ -
I Ex=124eV ] aLE Dny 0, (760 torr) E
. : - Eqf=2.0 8V N1
- N -
- 4 -4 \\
10 L_— \\
10-4 1 | | | | -
0.7 0.8 0.9 1.0 1.1 1.2 -
1000/T (°K) 10-5 L L ! L L
0.7 0.8 0.9 1.0 11 1.2
Figure 4.2 Arrhenius plot of the B oxidation coefficient. 1000/T (K~")
The wet parameters depend on the H,0 concentration and
therefore on the gas flows and pyrolysis conditions (after Figure 4.3 Arrhenius plot of the ratio (B/A) of the
Deal and Grove). oxidation parameters (after Deal and Grove).



2. (10 points) Consider a resistor made of p-sifieon with a cross-sectional area of Qu8?,
and a length of 1im. The doping level in the resistor is@*’ cm®. What is the room
temperature resistance?

For p-type silicon, the electron concentration lbangnored and the conductivity will be

0 = qpup = qNyu, (sincep = N,). Thus,

cm?
o = (1.602 x 10-1°¢) <450W> (3 x 10Y7¢m=3) = 21.6 (Qcm)

L L Qcmy 15um (10,000um
Rzp_=_=(216> ( >=23kﬂ

0.3um? 1cm



3. (10 points) Determine the film deposition retean LPCVD system in which the mass
transport coefficientd= 700 cm/s, the surface reaction rate constantdd cm/s, the partial
pressure of the reacting species is 0.2 torr,dtag pressure in the chamber is 4 torr, the total
concentration of all atoms/molecules in the gatxs10°cmi®, and the final atom density in the
deposited film is & 1072 cm>. Is this system reaction-controlled or diffusicontrolled?

C. =C, Fo = aaioem? 22O - 5 g5em
[ 4torr

kp = Kshe 1 = 1 =595cm/s

kS + hG i + i i + i

he Ke 700 65
C 210%cm3 _ _

v=k —¢ =595cm/s—————— = 23810 ®cmsec’ = 0024um/s

TN 5x10%%cm™ 4em

Since Iy >> ks, we are in the reaction-controlled regime.



4. (10 pts) A silicon diode is doped such thatritside has\p = 2x 10'® cmi® and on the-side
Na = 5X 10'° cmi®. What is the room temperature built-in voltagetfee resulting p-n junction?
At zero bias, what is the depletion region width?

Vo =K inf NaNo | - 00250/ 1n (5”016)(2"12018) = 0.87V (built-in voltage)
a ( n (L5x10)

we 2% 1, 1) (3(117)(8.8542xl_0‘14)(087)( 1, 1 ]=1.5x 10°% em
1602x10™"° 5x10° 2x10'®



5. (20 pts) We wish to design a dual-well CMOS8hsthat the two wells have the same depth at
the substrate concentration 8k10° cm™, with arsenic used for the n-well and boron used f

the p-well. Very shallow implants are used wittlose of2x10" cm™ for both. Since arsenic
diffuses more slowly, it is introduced first aneéthdriven-in partially. Then the boron is
introduced and the rest of the anneal (drive-ifudibn) is performed until both junctions reach
1.2 microns. For a 1100 °C process what drivénies will be needed? Assume that the
diffusivities are constant at their intrinsic sdit values.

To reach the same depth, the diffusion lengths hegshe same. Iftand ¢ are the first
and second drive-in times, and; @Bnd Dy are the boron and arsenic diffusivities, then
Dgt, = Dag(ty +t,).  First, let's calculate the two diffusivities. sldg Table 3.2, at
1100°C and for the junctiom & p =)

DLC = (0037+ 0.4J)ex;(—%sj = 893x10cm?s™

D% = 120ex;{— _tg‘r’] + 0066ex;{—%‘j = 320x10cm?s™

Both dopants were implanted near the surface andifiusing from a finite source, giving
a one-sided Gaussian:

2
C(x,t)= %ex;{—ﬁ)

For boron, sex equal to the junction depth ahdqual tat,,

4 —4
3x105 = 2x10" ox _(1.2x10 f
\7TDgt, 4Dgt,

Iterating gives two solutions, but we need the $anaolution since the smaller time will
create the junction first (the larger solution jsstears out the dopants to near infinity).

Dgt, = 484x10%cm’

484x1071°

Thus, the second drive-in time ig=————
8.93x10

= 5420s= 150hours

D (t; +t,)= Dgt, = 484x107°cm?

_ 484x107%°

t, +t, = 3ox10T = 15120s = 420hours

t, =42-15=27 hours



6. (20 pts) Derive the diffraction pattern of aapl-shifted double space pattern that does not
repeat:

We can solve this directly using the Fourier Transf formula, or more easily by using the
superposition of two spatially shifted spaces.

For a centered space of width, W,,(fy) :%:X\Nl)
TTTy

Use the shift theorem to shift that space vq+(v,)/2:

T (f)= Sin(;:ffxwl) g7 (witw,)

X

Use superposition to subtract the second phastedlspace that is spatially shifted by
(Witwp)/2:

sin(ﬂ fxvvl)

¢ 2 SINCT ) it ooy _ SINGT £,04) it o)
To(f)=——2"¢ — e = por

i i 2isin(7 f, (W, +w,))

X



7. (10 pts) Assume a typical chemically amplifpabitive resist with an exposure rate constant
C = 0.030 criimJ, and a PEB time of 60 s at 115 °C. If thestesiows no deblocking until a
dose of 8.0 mJ/ciwhat is the relative quencher loading for théstés

qo=h=1-e 't =1-exp[(-003(8)] = 0.213



