EECS 243 — Advanced IC Processing and Layout

Fall 2000 Office Hours Prof. A. R. Neureuther,
Tu, Th 3:30-5 M, Tu,Th, (F) 11am 510 Cory Hall, 2-4590
299 Cory W 10 neureuth@eecs

Solution Assignment # 4,

4.1 Thin-film effectsin resst
a) I apar = {1-(1.68-j3.58)} /{ 1+(1.68-j3.58} = {-0.68+)3.58}/{2.68-]3.58}
={3.64 < 100.8°} /{4.47 < -53.2°} = 0.82< 154.0°=> R = (0.82)* = 0.67
D) I abress = {(1.8-j0.03) |(1.68-j3.58)} /{ (1.8-]0.03)+(1.68-j3.58)}
={3.55<88.1°/{5.0 <46.1°} = 0.71<134.1°
C) Emx=1+0.71=1.71 => |y = 2.92; Ein = 1—-0.71 = 0.29 => |,;, = 0.084
C =(2.92-0.084)/(2.92+0.084) = 0.94
d) |r|=0.71; Now look for an equivalent materia that will produce the same magnitude
reflection coefficient in the resist (and with anegative Sign). Sincer = { Nresst ~Neg} /( Nresist +
Neg) SOIVING fOr Neg QIVES Neg = Nresig{ 1- 1 }/{ 1+ 1 } = 1.8{1-(-0.71)}/{1+(-0.71)} = 10.6.
When the resist acts like a quarter wave coating the effective refractive index seen from the air
iSNgt = {Neg} {Miess’} = 10.6/{1.8%} = 3.28. This produces a reflection coefficient in air of
lar = {1- ngt } {1+ n« } = {1-3.28}/{1+3.28} =0.53=>R =0.28
€ Ipxed = {1-1.8}/{1+1.8} =0.8/2.80.294 => R =0.086

4.2 Non-linearity of resist dissolution rate with exposure
(Actudly the I-line stepper in the Microlab has NA = 0.315.) A 1.0 nm equal line and space
pattern imaged with a 365 nm wavelength, s = 0.5 and NA = 0.30 has a peak intensity of 1.17
compared to a clear field. This makes the exposure dose in the middle of the feature 117 mJcn.
(We assume that the etch rate was measured for this exposure dose in air and thus aready includes
the fact that 100% is not transmitted into the resist. It will affect al valuesin the resist by the same
fraction and thusis not an important issue in this problem.) The exposure dose at the line edgeis
30 mJ cm?. The exposure at the bottom of the resist is smaller by afactor €% = 0,51 or 59.7
and 15.3 mJ cm’at the center an line edge position. The etch rates for these four locations are
237, 4.16, 4 and 0.018 nm/s. For the vertical path under the maximum intensity, the average dose
is(117+59.7)/2 = 88.4 mJcm?. This gives an etch rate of 102 nm/s and a tyer-center OF 9.8 SecONdS.
For the path aong the bottom, we assume that only % of the feature width needs to be devel oped.
The average dose is (59.7+0.018)/2 = 29.9 mJ cm?. This gives an etch rate of 3.94 nm/s and a
delay of taes = 250/3.94 = 63 seconds. Alternatively going from top to bottom at the feature edge
has an average dose of (30+0.018)/2 = 15 m¥ cm. The rate is 0.5 nm/s and the delay is 1000/0.5
=2000s.
4.3 Modesfor Chemically amplified resists
a) Since A = 1-P use dP/dt = -0.126s'P => e-folding timeis ty, = 1/(0.126) = 7.9 sec; dV/dt = -
10V =>ty = 1/(10) = 0.1 sec; dF/dt = 2F => ty, = 1/(2) = 0.5 sec. The volatile products
leave 80 times quicker than they form. The free volume decays 16 times quicker than it forms.
b) Dp=0,v=1;5F/(1+F) = 1.2=>D = 1.3x 10” nm?/s; +/2Dt = 11.4 nm. This diffusion rate
for the acid is quite high compared to the line width growth with time of about 0.5 nm/s.
¢) & d) Inthe congtant diffusion constant (Fickean) case, diffusion always reduces the s ope of
the acid. The deprotection tends to amplify the acid profile once acid reaches 0.1. The type-l|
case shows an increase in the acid dope and a sharp front with little acid in advance.



An exact solution can be found for t,e for afilm of thickness d as follows.

dz/dt = Re®*
dt = { UR@)} dz
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Forg=3,a =0.67, R, =237 nm/sand d = 1 nm this gives

= (" -1)/{(2.01x 10°)(237) = 13.6 S

A similar derivation can be made for t..sif @ spatial variation is assumed in the x directionthat
can be integrated.



