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Requirements for EUV Resists EUV

Intel targets for insertion of EUV tools into
manufacturing in 2009

2009
Resolution — Gate (hm) 15
Resolution — ¥z pitch (nm) 45
LWR - 3o (nm) 25
Sensitivity (mJ/cm?) 2-5
Absorbance (uzm) Low
Depth of Focus (um) > 0.2
Outgassing No outgassing
Collapse No collapse

Cao, Heidi, et al., Proceeding of SPIE 2003, 5039, 484.



Is Absorbance Important in EUVL?

EUV
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Reducing absorbance increases resolution and wall angle.
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= Absorption at 13.4 nm depends only on
chemical composition and density of the material

Photoabsorption Cross Section (em®/mol)

Absorbance in EUV Region
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Cornell’s EUV Resists CEﬁ{/
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Hydroxystyrene-based Resists Polysilane-based Resists
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Boron-containing Resists
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Reference Polymers
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Name Structure  Preparation M, PDI
poly(methyl methacrylate) (PMMA) k\ﬁo Aldrich 18,100 1.68
polynorbornene (PNB) \ @ [Pd] not determined
polystyrene (PSt) % Aldrich 13,700 1.05
poly(hydroxy styrene) (PHOS) (/5 AIBN 3,600 1.46
OH
poly(trimethylsilyl styrene) (PTMSSt) AIBN 13,000 1.68
—Si— Qs‘ijL
poly(methylphenyl silane) (PMPS) | Gelest 11,100 2.56
Ph  Ph
: : S:i—O—:Si
poly(phenylsilsesquioxane) (PPSSQ) o 0 Gelest 860 2.38
Si—O—Si
Ph  Ph k\go
157 nm resist (PAF) ¥ AIBN 1500 6.66
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Theoretical Calculation of Absorbance COEUV
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Atomic photoabsorption cross section (c,)
@ =2 X

Where, r , classical electron radius

b) el

A, wavelength of X-ray
/>, Imaginary part of atomic scattering factor

Linear absorption coefficient of compound ()
Nf;; le.csai MW = le.Al.

M:M

Where, p, density
x;, humber fraction of component i
A,, atomic weight of component ;

http://www-cxro.lbl.gov/optical _constants/
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Measurement of Polymer Density COE.UV

,%? polymer solution

w, <>

/
I

— R [

J spin coating 7Rt

density (p) = 21— Vo

W, - i t ; measured by profilometer

Literature Measured Difference

value value (%)
PMMA 1.18 1.28 9
PS 1.05 1.22 16




Calculated Absorbance E
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Density Linear absorption

Name Structure Formula Si (Wt % iy :
) (g/cm® coefficient (um™)
PMMA i CsHsO> 0 1.18 5.19
PNB \ bay Gl 0 0.92 2.55
PSt % CgHs 0 1.05 2.95
PHOSt CgHgO 0 1.16 4.05
OH
PTMSSt C11H16Si 15 1.14 2.78
L
| fsi
PMPS C/HsSi 23 1.12 2.60
Ph Ph
Si—O-Si _
PPSSQ [ :O :Oj: C24H208|404 23 1.50 452
Si—O—Si
PP Y
PAF FsC—CFs C15H1403F12 0 it 6.97

* Density not determined.
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Calculated Absorbance
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Density Linear absorption

Name Structure Formula Si (Wt %
LY e e
PNB € Fi 0 0.92 Sl
|
PMPS 5 C-HeSi 23 112 2.60
PTMSSt G 15 1.14 2.78
ne
PSt CeHs 0 1.05 2.95
PHOSt CeHsO 0 1.16 4.05
Ph PN
PPSSQ So OI Coreiolitap. 1.50 4.52
Si—
Ph I
PMMA kﬁ GiH.0; 0 1.18 5.19
PAF G o 0 1% 6.97

F3C CF3
F3C CF3

OH

* Density not determined.



Absorbance Measurement Methodology COE.UV
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Grazing Angle Incidence

source -e- 1

Ty
A
reererre”r W

0

V detector

Si wafer coated with polymer

— Fresnel reflectivity equations —;
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sin@—+/n? —cos?
sin @ ++/n2—cos? 6
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Refractive index
n=1-0+ip

at

u ; linear absorption coefficient
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measuring the absorbance
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Experimental Data of Absorbance
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Density Calculated up Measured p

Name Structure Formula . ) D (%)
(@cm?)  (um?) (um™)
PMMA Y, CilRe S ik 5.19 5.03 3.1
Q
PNB Y i 0.92 2.55 258 1.2
PSt % CgHs 1.05 2.95 2.70 8.5
PHOSt % CgHgO 1.16 4.05 3.88 4.2
OH
PTMSSt C11H16Si 1.01 2.47 2.14 13.4
T e
PMPS | C/HgSi 1.12 2.60 2.82 -8.5
Ph  Ph
SII—O—SI
PPSSQ |o o C24H2Si404  1.50 452 4.45 15
S||—0—|S|
Ph  Ph (/\go
PAF 1* 6.97 10.75 -54.2

FsC——CF
’ * C15H1403F 12
F3C CF3

OH

* Density not determined.

Difference (D) = (Hegie-Hexp) Heatc X 100 (%)



Calculation vs. Experiment
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Name

Structure

Measured Calculated

Ucalculated
w
\¢

0 2 4
uexperimental

density density
PMMA Y, 1.18 1.14
PNB \ bay 0.92 0.94
PSt % 1.05 0.96
PHOSH % 1.16 1.14
OH
PTMSSt 1.01 0.88
he
|
PMPS by 1.12 1.13
P
Sl—O—SI
PPSSQ [ % 1.50 1.48
Sl—O—Sl
Ph Ph
PAF 1.54

s
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Effect of Components
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k\ﬁo = calculation e experiment
Ph  Ph
F.Cc—cF, 12 6 s| o- s|
Ph Ph Q <,3
(j m B S' 59 Si—0-Si
Ph Ph
FsC——CF O SI
Ton 8 A7
3. 6 3. 3
4 - 2 49
o
2 1
_S,_
0 0
0 60 0 10 20 30 40
O wit % Siwt %

e In general, absorbance increases with increasing oxygen
content.

e Effect of silicon content is not clear.



Summary COEUV

Intel
= Absorbance of various polymers in EUV region (13.5 nm) were
determined using the grazing incidence method.

= The measured absorbance values match well with the calculated
values.

= Precise measurement of the density is required to calculate
meaningful absorbance values.

= In general, absorbance increases linearly with increasing oxygen
content. Effect of silicon content is not clear.

= Repeated measurement of absorbance will be performed using
wider variety of polymers.
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