Fogging effect correction method in high-
resolution electron beam lithography

Peter Hudek 2, Ulrich Denker®, Dirk Beyer®, Nikola Belic¢, Hans Eisenmann®

a Vorarlberg University of Applied Sciences, Dornbirn, A-6850, Austria

b Vistec Electron Beam GmbH, Jena, D-07745 Germany DF/SOLUTIONS
¢ PDF Solutions GmbH, Munich, D-80331 Germany E

Abstract: m Process calibration - taking into account:
@ Organic

We report on a fogging effect correction Resist Type_(pre-a postexposure processina) | @ Conamimaton. A1) PrOCESS dependent effects:

H @ Inorganic
Bl e o e

possibility of correcting for large-range pattern , - scqttering of electrons (EID);
distortion effects implemented in connection a Analytcal —|E'Scallenng | ELoEm Alﬁj%?;s - resist development (pattern geometry);
with the modified PROXECCO tool. This — I o - local heating effect;

Resist: Proximity I Writing

combination allows a complex exposure ED Effects Ras'e’l/ve"‘” © Beam baram. - charging, topography, morphology, ....

L. q . 1] - ® e-Repulsion
optimization by dose modulation of long- Jff e Algnment
Stitching

range fogging and/or loading effects with the e Charging Butting i . | .
standard PEC method using the same Jf [ e Fogoro RO - re-scattering of electrons (Fogging);

Method CAD

. . . - Fracturin : - itv:
corrector. This approach is fast and effective, e Siaoture | 4 substrate process homogeneity;

(edge effects) Focused | [ Shaped Pr

does not use any special additional Morphology: Beam ]| Beam SP“‘I""G
technology steps and uses only standard i

Comp. Methods

high-resolution measuring techniques. andior

Exper. Methods

Proximity Effect: scattering of Fogging Effect: re-scattering of
electrons electrons
Polepiece of Fo in — 1cm
Primary electron beam the (Tlezunesctlve gg g
e pe area
3ackscattered Re-scattered B Re-scattered Dfogz 50 ... 0%
RSN A [F AT l UL
AN : : Backscattered
Resist A}ectron /
\ Dyog= 100% :
Y 3 = Dose series
of Testlayout
~ .V N N i w
o N = Testlayout in , Single lines
g e = different fogging
E i e = environments
x \ e ] e
L R | . .
e % ™ Scattering of PSFFEC Parameter Determination Based on
)4 ‘( " primary electrons M t d
| ol in the target easurement an (a) —O— Measured linewidth of 300 nm single line
4 Back.simulation Of 315 { -+ - Simulated linewidth increase with fogging impact
Fogging Testlayout — 3 Gauss PSF + Fogging Gaussi
Log gensi) TSI ¢ PN\ ppm it b,
Distribution approximated A 8 +
by 2 Gauss functions
= (most commonly assumed form) G (r) —exp (_ i ) () tinewidtf::)incr?ase with 305
] _ . M - 2 0gging Density —
F Short-range PSF B . - 00
= o 2710 2 ong-range FEC- 0 10 20 30 40 50 60
2 r)=c +c G 1. = s W Distance to Fogging area [mm]
Z ) /Gf bk 4 I -[ e expt a2)drdlﬂ Jrec(r)= (b) Optimum dose with 0% (b)
g=—a 00 FEC and 100% Foagin 224 4 Gauss PSF: o = 0.051, f = 0.454, 5 = 0.54
g o o, i r V7% Fogging - PEC_ y=12, v=033,
3 > P> M ~ I,= ”Cb exp(——)drdp R density 3 [TFEC 77220000, v = 0.0543 ]
-é 00 /B G' r ELS 1
E X F(}") = exp(——z) E ; ::‘:ggsrlef;ggmg impact calculated
Z° Ib ]/17 21,4 4 ~& Dose-Factor band width
=5 3 == —
’7 I e -x- with max. fogging impact > -r -
7 v 1 - r -

> fum v .
0 Range [um] ~30 | > [ 0 0,2 0,4 Linewidth [um] 0,38 1

i e
1 |
0 ®% 10000 |\ 20000 } : —— : :
) Fogging Effect correction using PROXECCO with FEC extension of real
@ Yo APSM
Q.
>
= «Q 400nm Isolated dark line on mask
= GCDU (30) <5.1nm
g E
'S
s

Log (Intensity)

Before Correction After Correction

Common PSFpec,pec:

Jrecspec(t)= C/Gf t 6,6yt cpGp

1 r’on P2y Uy r2y
ry=cl —exp(——~ )+—=exp(—— J+—exp(——| :
fPEC+FEC( ) 0!2 p( 6{2 ) ﬂz p( ﬂz )7/12: p( 7/]2:
00 . i
> [pm

1 T
0 2000 4000 }




