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Manufacturing Large-scale SINx EUV Pellicle with Water Bath
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ABSTRACT

EUV (Extreme Ultraviolet) pellicle which protects a mask from contamination became a critical issue for the application
of EUV lithography to high-volume manufacturing. However, researches of EUV pellicle are still delayed due to no typical
manufacturing methods for large-scale EUV pellicle. In this study, EUV pellicle membrane manufacturing method using
not only KOH (potassium hydroxide) wet etching process but also a water bath was suggested for uniform etchant
temperature distribution. KOH wet etching rates according to KOH solution concentration and solution temperature were
confirmed and proper etch condition was selected. After KOH wet etching condition was set, 5 cm x Scm SiNx (silicon
nitride) pellicle membrane with 80% EUV transmittance was successfully manufactured. Transmittance results showed
the feasibility of wet etching method with water bath as a large-scale EUV pellicle manufacturing method.
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Table 1. Wet etching condition

Parameter Condition
KOH solution concentration 30%
KOH solution temperature 80°C

Etch rate 62 um/h

KOH

Fig. 1. Schematic KOH wet etching process (left) without
water bath (right) with water bath.
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Fig. 2. (a) KOH aqueous solution silicon etch rate according
to solution concentration at 80°C (b) 30% KOH
aqueous solution silicon etch rate according to
temperature.
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Fig. 3. Images of KOH wet etching process results
without water bath (left) 6 hour after (right) 7 hour
after.
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Fig. 4. Image of manufactured 5cm x 5cm SiNx pellicle
by KOH wet etching process with water bath.
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Fig. 5. Schematic of measurement point of manufactured
pellicle membrane.

—
=
S

Average
80

80.9 79.5 79.6 79.9 80.6
60
40
20
0
1 5

Measurement point

EUV transmittance (%)

s
=

as
o

. Transmittance results of manufactured 5cm x
5 cm SiNx pellicle.

24 8 o N 34 ZE 7 RUAE B9l
th o8 B3 oA Bl vt AL 9la
g &4

4.8 E
A (110 x 144 mm?) EUV &< A 2He 5+
J= WHOR B =RollMe BT 54 27 34
S AN KOH 5= 2 g 250 e 54
27t &5 Z43sto] KOH 24 417 34 =748 8
waon, 27t 25 E5EEI 2o tiFel ge



=T8S ol &% gz

SiNx EUV " & Az 21

AE @S o] &3t dlols AW oA A7t =
4L S FRa9. EFHS F8sto Az =
5cm x 5 cm A E Yol Ego|= HeE|Fol st &
A ENE FE 25 4 A4 34 2848
olet i, HelE vt ] 5274 XQEAM e Falx
A} kol 1.5% vRlS F38l Alzke upehe] A=)
= R T2 FNAME AR e EEY
W ol A RE, A7t U S SR JHEsHA sted A
Wer e £A4 9 tidz Euv 2gE aheke £H s
T A FlETRE HolX E58 54 A7 T4 9

e g2 = vk
HAtel =

o] =& g ARMSIP)A FAste g+
Al T(National Research Foundation of Korea, NRF)2]
71247 Aol eete] A ¥ A 5(Grant No. 2011-
0028570).

mk
rot

ik

1. N. Okai, E. Lavigne, K. Hitomi, S. Halle, S. Hotta,
S. Koshihara, J. Tanaka, and T. Bailey, "Methodology
for determining CD-SEM measurement condition of
sub-20 nm resist patterns for 0.33NA EUV lithogra-
phy", Proc. of SPIE, Vol. 9424, Metrology, Inspec-
tion, and Process Control for Microlithography
XXIX, (2015).

2. B. Wu and A. Kumar, "Extreme ultraviolet lithogra-
phy : A review", J. Vac. Sci. Technol. B, Vol. 25, No.
6, pp. 1743-1761, (2007).

3. C. Zoldesi, K. Bal, B. Blum, G. Bock, D. Brouns, F.
Dhalluin, N. Dziomkina, J. Diego, A. Espinoza, J. de
Hoogh, S. Houweling, M. Jansen, M. Kamali, A.
Kempa, R. Kox, R. de Kruif, J. Lima, Y. Liu, H. Mei-
jer, H. Meiling, 1. van Mil, M. Reijnen, L. Scac-
cabarozzi, D. Smith, B. Verbrugge, L. de Winter, X.
Xiong, and J. Zimmerman. "Progress on EUV pellicle
development", Proc. of SPIE, Vol.9048, Extreme
Ultraviolet (EUV) Lithography V, (2014).

4. L. Scaccabarozzi, D. Smith, P. Rizo Diago, E. Casi-
miri, N. Dziomkina, and H. Meijer, "Investigation of
EUV pellicle feasibility", Proc. of SPIE, Vol. 8679,
Extreme Ultraviolet (EUV) Lithography IV, (2013).

5. Y. A. Shroff, M. Leeson, and P. Yan, "High transmis-
sion pellicles for extreme ultraviolet lithography ret-
icle protection", J. Vac. Sci. Technol. B, Vol. 28, No.
6, pp. C6E36-C6E41, (2010).

6. Y. A. Shroff, M. Goldstein, B. Rice, S. H. Lee, K. V.
Ravi, and D. Tanzil, "EUV Pellicle Development for
Mask Defect Control”, Proc. of SPIE, Vol. 6151,
Emerging Lithographic Technologies X, (2006).

7. K. H. Ko, E. J. Kim, J. W. Kim, J. T. Park, C. M.
Lim and H. K. Oh, “Effect of Extreme-ultraviolet
Pellicle Support to Patterned Mask”, Proc. of SPIE,
Vol. 8322, The International Society for Optical Engi-
neering, (2012).

8. C. M. Waits, B. Morgan, M.Kastantin, R. Ghodssi,
“Microfabrication of 3D silicon MEMS structures
using gray-scale lithography and deep reactive ion
etching, Sensor and Actuators A : Physical, Vol. 119,
pp 245-253, (2005).

9. J. E. Kim. S. Hong, J. H. Kim, and J. Ahn, “Manu-
facturing SiNx EUV pellicle with HF wet etching
process”, Journal of KSDET, Vol 14, No. 3, pp. 7-11,
(2015).

10. D. S. Gianola, S. Van Petegem, M. Legros, S. Brand-
stetter, H. Van Swygenhoven, K. J. Hemker, “Stress-
assisted discontinuous grain growth and its effect on
the deformation behavior of nanocrystalline alumi-
num thin films”, Acta Materialia, Vol. 53., pp 2253-
2263, (2006)

11. E. D. Palik, V. M. Bermudez, and O. J. Glembocki,
ibid, 132, 871, (1985).

12. M. M. Abu-Zeid, D. L. Kendall, G. R. de Guel, and
R. Galeazzi, Abstract 275, p.400, The Electrochemi-
cal Society Extended Abstracts, Vol. 85-1 (1985).

13.J. U. Lee, S. Hong, J. Ahn, J. Doh, and S. Jeong.,
“Actinic critical dimension measurement of contam-
inated extreme ultraviolet mask using coherent scat-
tering microscopy”, J. Vac. Sci. Technol. B, Vol. 32,
No. 3, (2014).

14. P. Danckwerts, “Gas-absorption accompanied by
first-order reaction : Concentration of product, tem-
perature-rise and depletion of reactant”, Chemical
Engineering Science. Vol. 22, Issue. 3 (1967).

15. H. Seidael, L. Csepregi, A. Heuberger, H. Baumgar-
tel, “Anisotropic Etching of Crystalline Silicon in
Alkaline Solution”, J. Electrochem.Soc, Vol. 137, No.
11, (1990).

16. Irena Zubel, Malgorzata Kramkowska, “The effect of
isopropyl alcohol on etching rate and roughness of
(100) Si surface etched in KOH and TMAH solu-
tions”, Sensors and Actuators A , Vol. 93, pp 138-
147, (2001)

Hed: 2016 2€ 169, AAKY: 20163 2€ 29Y,
ANEAL: 201610 3Y 23Y

Journal of KSDT Vol. 15, No. 1, 2016



