.4
e
h—v—’
)

.
- ] =
- "y i

<
—
D
G
-
e
@
D
-1

c
2
)

©

(8}
‘=
o)

©
Ll

(o)

c

©
2
S~

()

e
R

—
..m

(=T]

c
‘=

(]

(J]
k=

(=14}

c
Ll
©
9

£

(J]
i -
(®)

: it ks ¥ ... = .ﬂ..
. i ! T i ... r,
A 2 1l o EEEEE L
s NI P n@
. i ; v X |
G prg T e
4 _... Vot e s

=R e
il u.....””w-_u.q..-r. Wﬁwﬂmﬁ &%‘.ﬂ. Munuw

ChE 384T /323




Iglgident Power at the Water Plane PE-500

Source: 1600 Watt HP Hg : P

P~
- 3

e
=
S~
N
=
(&)
S~
wd
-t
pa
=
v
o
-—
o
3
o
fraery
=3
o

rt1rr1rr 100t o 1P i1 1P 1T T 1T T

N I S O 1 T O T N T N I O

I <o > o
w7 e e T ..
RS, Izl P
s B A . Sk,
N T el st
o i L p o2 Prdi
b e o
vty ¢ g ale.
By ok
R -
rS S .t
Srale D
re) rl 0]
] iy
] L B
cry . <l
S AL R e 4 2 S oy
/ A el el e
/ Py ) . - - L - 1

300 400 500

Wavelength in nm —3

ChE 384T /323




Intrinsic Reactivity — Quantum Yield

hv

A w————= B

Molecules of "A"” Consumed Molecules
Photons of Light Absorbed Photon

Molecules of "B"” Produced

Photons of Light Absorbed

Measurement of & Simplified in Solution

Solution optically dense so that all incident
photons absorbed.

2. Reactions run to low conversion so that rate of
light absorption — constant

3. Diffusion is rapid in dilute solutions

Measurement More Difficult in Solid State

Diazoquinones ¢ — 0.2 — 0.3
ChE 38 BifsiAfzides b —~05—1.0




Control of Resist Sensitivity

A + XPhotons - B

O=B/X
B = [P][X]

eIncreased Conversion ot Product at
Constant Dose Rate Demands:

—Increased absorption > X or

—Higher Quantum Efficiency > )
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Chemical Amplification

| hv . g
nsoluble D <1 oluble

(Generator
hv & <1

Catalyst R S C
Insoluble g oluble + atalyst
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Anionic polymerization of Phthalaldehyde

O°H 0
o =0 LYo
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Ceiling Temperature, T_

s\ e + M VNNV VaVa VeVl Y + Heat

n.+ 1

For reversible polymerizations, there is a temperature where
the position of the monomer / polymer concentration is at
equilibrium, where AG = 0.

at equilibrium AG=0=AH-TAS

or, the Ceiling Temperture, T.=AH /AS

p

a-methylstyrene 66

styrene

A
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Photoacid Generation Mechanism
of Aryl Sulfonium Salts

Dektar, J. L.; Hacker, N. P. J. Am. Chem. Soc. 1990, 112, 6004. Y
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Thermogravimetric analysis of PAGs
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Optical Micrographs of “self-developed” Images in
Polyphthalaldehyde
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Chemically Amplified Deep UV Resists

Photoacid Generation

@ with without
acid acid
(0)- s*SbF, hv H*-SbF,

| | | | L,
Acid-Catalyzed Deprotection 100 150 200 250 300

Temperature (°C)

.Y(“L

protecting
group
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1.0
0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.0

Absorbance

200 220 240- 260 280 300 320
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~CHy—CHy-
CH,
|

+ CO, + @(ID—CH3
CHj

/o

\
tertiary-Butoxycarbonyl HO + C=CH,

/

(t-BOC) Sh,

catalytic reaction — CHEMICAL AMPLIFICATION
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Infrared analysis

A - Prebaked

B - Exposed

C - Postbaked

T P U

] l ! | | | | J
2000 1800 1600 1400 1200 1000 800 600
Wavenumber (cm™1)
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First Commercial Implementation of Deep UV Photolithography

ROX level of IM DRAM IBM
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T-BOC line-width dose response

Negative tone development

Line Width
(Hm)

l
2.8
Dose {mJ / cm?)

1
2.4
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sample structures

CHa
e O—E—cH,
'Ha

t-Butyl Carbonate | t-Buty! Ester t-Butyl Ester

H}C—‘é——CH_;
Hj

t-Butyl Ether Secondary Allylic ester
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Another approach

a b
n R!l O\ E
RI
l D
R'III | R|1
OH ‘ | OH

O_] _O.
o

PHS Enol other . R
Acetal / PHS

\ _ [ | ‘ ﬂ
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High And Low Activation Energy Protective Groups

acetal

t-butyl
ester/ether,
sec. alkyl
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Resist Process Sequence

Sensitivity Change
with Time
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Effect of Delay Time
Lab Air vs. Filtered Air

Filtered Air

2

Time (hours)
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Control

15 ppb of N,N-dimethylaniline

HyC_ _CHg

N

©

t-BOC Resist in negative tone

- anisole developer




T Cauie B /AR ABEALE 1yn280KkU 104E4 0015/02 APEXNMP

15 min 1n filtered air 15 min 1in 10ppb
NMP before exposure
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Positive Tone Image vs. Delay Time

No Delay Post Coating Delay
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Polymer Permability

i L T o H
C surface ey .

SLow*
DIFFUSION

C bulk .

C (Henry's Law)

surface

Diffusion Rate _ (Fick's Law)

dC
dx

Sorption Rate f (Solubility, Diffusivit "'
a - ( ¥ SN y ) W. Hinsberg, IBM

f (Csurface) So




Experimental Apparatus

ﬂTO EXHAUST

COATED
WAFERS '\

10 ppb NMP

~

CONTROLLED
FLOW OF N,

U-TUBE O <:
WITH NMP ACTIVATED CARBON OUTSIDE AIR
AIR FILTER

ChE 384T / 323 W.D. Hinsberg, et.al. IBM, Almaden '




Polymer NMP Content Solubility Param. Tg
(ng/wafer) (cal/em3)2 (°C)

poly(methylmethacrylate) 70 9.1 115
poly(4-t—-BOC—styrene) 547 9.5 135
poly(4—-BOC—styrene) from Maruzen PHOST 400 9.5 115
m—cresol novolac 164 13.0 100
poly(4—hydroxystyrene) 758 12.6 180
poly(styrene) 64 / 8.5 100
epoxy cresol novolac 18 10.0 39
poly(MMA-TBMA-MAA) 9.4
poly(a—Me—styrene—co-Bz—MA) / S.1
poly(t-Bu—vinylbenzoate) 8.6
poly(3,5-Me,—4-1—-BOC—styrene) 9.9
poly(t—buty!l methacrylate) 8.3
poly(TBMA-MMA) 8.7
poly(3.5~-Me,—4-hydroxystyrene)
poly(a—Me—-styrene) (low MW) -
poly(a—Me-—styrene) (high MW)
poly(acrylic acid)
poly(4—t—butylstyrene)
poly(4—acetoxystyrene)
poly(methacrylic acid)
poly(d—MeO—styrene)
poly(4—MeO-styrene—co—4—1—-BOC—styrene)
poly(3-1—-BOC—styrene)

e—4—hydroxystyrene)
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