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257 nm Optical Pattern Generation

e Resolution * Non-chemically
— OPC amplified resist
— Pattern fidelity — Post coat delay
— Phase shifting — Post exposure delay

— No PEB facilities

— Cluster tool mini
environment

SPI E 2000




University of Texas at Au \1{

Non Chemically Amplified
Resist Development at 257 nm

Goal: Determine the optimum 2,1,4 DNQ/
novolak resist formulation for 257 nm

Method: Model exposure and dissolution
parameters as a function of PAC
and developer concentration

Verification: Compare simulated and imaged
profiles

SPI E 2000
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Optimum bleaching of 2,1,4

University of Texasat A

257 nm Resist Materials

DNQ occurs at 257 nm
2
14 \ \ S—— 1.75
12 \ \ — Exposed || 15
Q;Z WA S125
8 7
g 04 \¥ \/v.\ g 0.75
0.2 \///”"\\ S
0.0 T T I 0.5
207 257 307 357
Wavelength (nm)

242 248 254 260 266 272 278
Wavelength (nm)
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025 |

]

*'§57 nm

— Novolac|.-"

o

Novolak has a transparency
maximum at 257 nm
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Photoresist Exposure Tool

Supporting
Electronics

Expansion and Collimating Optics

FreD 257 nm Laser
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Exposure Parameters at 257 nm

A =Dbleachable _4p(k2- ky)
absorbance (mm-?) - |

° B — unbl eaChable 4pk1 Trans. /

absorbance (mm?) |

Dose

e C =rate constant of ot B e . —
PAC conversion C=¢ : - T 6
(cm2/mJ) e A gT(O){l T(0)} ¢ dE

k, = exposed complex index of refraction
Kk, = unexposed complex index of refraction
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Dill Exposure Parameters

*Higher PAC concentration increases the absorbance as well as
Increases the level of bleaching at 257 nm
*CA resists have less absorbance than NCA resists at 257 nm

4.00

3.50

w
o
S

2.50
EPAC (A)

2.00 I OPAC product (Bp)
OResin (Br)

1.50 —

1.00 —
. B
OOO T T T T T T

IP 3600 CAresist Novolak 0.10m 0.15m 0.20m AZ 1024
365 nm only DNQ DNQ DNQ

Absorption (1/micron)
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PAC Bleaching Kinetics

« 2,1,4 DNQ bleaches with a high photospeed
» Exposure rate constant (C) equals 0.048 cm?/mJ at 257 nm and
0.02 cm?/mJ at 365 nm

amgm().10m
a=@—015m
(020 m

AZ 1024
= em=0.10 m (365 nm)

Transmittance (%)
88588388
ﬁ \

=
o

o

100 150 200
Dose (mJcm?2)

o
&
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Photospeed/ Quantum Efficiency Analysis

Iversity of Texas at

o

Photospeed is 2.7 X greater at 257 nm than 365 nm due

to the 2.7 x increase in the molar absorptivity

| =wavelength of light (m)

SPI E 2000

f | )
C(I ) — Tam( )
N, hc
wavelength (nm) | Dill C (I/gm) | Molar Absorptivity (m2/mole) | Quantum Efficiency
257 0.056 5513 0.47
365 0.021 2010 0.34
C  =kinetic rate constant (J¥) N, = Avogadro’s number (6.02 x 102 molecules/mole)
f+ = quantum efficiency h =Pank’sconstant (6.63 x 1034 Js)
a, = molar absorptivity (m?mole) c = speed of light (3 x 108 m/s)
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Simulated CD Swing Curve

o Plateau in CD swing 5 o1
curve occurs for strongly 0 prg st - y
absorbing resists S s e

. 300 i | - .l AL T YY) u:_’"li_ 0.08

* Resultsfrombalancein | ... el 2
reflectivity and thickness | a0 0% 2
influence 150 00 &2

_ 100

30 nm thickness range of 0 + CD(w) 102
flat CD’s allows 0 . . - ey 0
increased CD uniformity wooow o w5

Resist Thickness (nm)

0.15m/ 0.23N/ PEB
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Resist Formulation through Simulation

Aeria Image f Relative PAC (m)

@
= -

: : | g

2 = L :

2 ‘- - |

T T LIAVAV. V) O s
-700 -525 -350 -175 O 175 350 525 700 + _700 T O T 700

Horizonta Dimention (nm) N

X Posttion (nm)

Develop Time Contours Output: Resist Profile

Sidewall angle g and feature sizew

> e
=
N L

/700

7 Position (nmm)

0
X Position (nm)

Simulation with PROLITH 3D 6.1
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Lithographic Imaging Equation

High Resolution Imaging 1-Dimensional Analysis
1. Image Transfer
Maximize the PAC d_ = Rd_m
gradient at the feature dx ¥ dx
edge
_dR
2. Dissolution contrast (gs) Jgr=——
M aximize dissolution dm
change with dose through
R(m) analysis R = Dissolution rate
3. Dissolution Threshold X = Horizonta postion
Position dissolution m = Relative PAC Concentration
threshold at the inflection 0: = Resistcontrast
point of the image X = Nomina edge of resist feature

SPI E 2000
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Image Transfer Analysis Through
Formulation Space

Horizontal PAC Gradient at dose to
size increases with PAC loading

o

CD Sensgitivity is proportional to the
slope of the horizontal PAC gradient

’§4.5
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2 University of Texasat Au

o

Contrast | ncreases with PAC Concentration

L ow contrast

0.10 m 0.23N TMAH

0.15m 0.23N TMAH

High contrast

0.20 m 0.23N TMAH

Dissolution Rete (nn/sec)

o
[

10 |

™.

D 01 02 03 04 05 0.6

Rdative PAC Concentration

10 -

[

Disolution Rate (nmv/sec)

o
=

(

b 01 02 03\04 05 06

Rdative PAC Concentration

10 -

Disdlution Rate (nn/sc)

04 05 0.6

Rdative PAC Concentration
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Dissolution Model through Formulation
Space R(m, M)

)]

Dissolution
Rate

R(m)

-

Relative PAC
Concentration (m)

Dissolution
Rate

R(M)

—

T

Formulated PAC
Concentration (M)

Exposed

Unexposed

N—"

]
/s

Vi L 1 L 1 Vi
[ [ [ 1

Relative PAC (m)
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Surface Inhibition

L ower developer concentration Post-exposure bake increases
INcreases surface inhibition surface inhibition
model po——
. 1.2 m actua o — mode
©
@ 0.8 ﬁ g
o g 0.8 o it
8 04 2
g & 0.4
0.0 , , &
1 10 100 1000 0.0 ' '
Thickness (nm) ' Th%gknessl(on?n) 1000
Resin/ 0.26N/ No PEB 0.1 m/ 0.26N/ No PEB
model oy
124 = aua 1.2 | = actual
D)
o] o)
nq:) 0.8 g 08
g 04 2
g B 0.4
i 0.0 - , &
0 10 1000 0.0 -
Thickness (nm) ° Thicknleoss(nm) +090

Resin/ 0.23N/ No PEB 0.1 m/ 0.26N/ PEB
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Simulation based Formulation

Sidewall angle increases and the CD sensitivity to dose
decreases with PAC concentration

—¢— Sidewall
80.0

oo 1 f\ —m— dCD/dE .
78.0 \/ \ 6
77.0 /\ \ 4
76.0 \.‘1 \\‘ 2
75.0 . . . . 0

0 01 02 03 04 05

Formulated PAC (molal)

[
o

Sidewall Angle (deg)
d(CD nm) / d(Dose)

| solated 0.35 micron spaces/ 0.15 m/ 300 second PAB at 90 C/ 240 sdev. 0.23N TMAH
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Simulated Exposure Latitude

Increase in exposure latitude with PAC concentration

0.10m PAC 0.20m PAC

Expoaire [MAmE)

a0 =il 10 10

IS SEEE. SIS S SIS EENE SN SIS SIS S I BN SN DN DN N SN B B B .
v v v ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ I S S S N S S S SIS S S =
- 7
(SRR Y 7 Y ' F YT YE I S S S S S S S S S E—— -
=
150 % 150
-—————————_.\}; | ¥ ____§ ¥ ¥ __F W ¥ N ¥ ¥ N |
a0 0
v ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ C ¥y F ¥ § ¥ % & __§ W ¥ _§ ]
el
v v ¥ ¥ ¥ F _§ ¥ ¥ W W ¥y ¥ ¥ ¥ ¥ ¥ & _¥F N _§F _§ |
240
v v ¥ ¥ F ¥ W ¥ W W] Yy ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥

| solated 0.35 micron spaces/ 300 second PAB at 90 C/ 240 sdev. 0.23N TMAH/
75+ degree sidewall angle and +/- 10% linewidth range
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Preliminary Manufacturing Trials

0.3 micron 0.5 micron

300s0.23N TMAH NMD-W Developer, PEB 110°C /420 s

SPI E 2000
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Future

o Complete processtrialswith 0.1 mand 0.15m

formulations

— Compare simulations to processtrial results
— Reformulate to maximize process latitude
— Complete linearity, process latitude and uniformity studies

e Study CA resist in mask making environment
— Latent image stability
— Coated resist stability

SPI E 2000
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