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reflected neutral-beam system used in the
experiment,
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Fig, 2. (a) Variation of ion flux for RIE arriving at the bottom of the trench features having the
line widths of 200 nm ( trench width value x 10nm) and 50 nm ( trench width value x 10nm)
and the initial aspect ratio of four,

(b) Variation of neutral flux for neutral beam arriving at the bottom of the trench features
having the line widths of 200 nm ( trench width value x 10nm) and 50 nm ( trench width
value x 10nm) and the initial aspect ratio of four. For neutral beam, 50% and 70% of the
directional angle ratio ([zero angle forward flux / total flux] x 100%) were used for the neutral
beam angle distribution arriving at the feature,
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Fig. 3. SEM micrographs of poly-Si (a) and polySi/SiO; (b) etch profile with SFs using ICP plasma, (rf
power: 700 W; bias voltage: -75 V)
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Fig. 4. SEM micrographs of poly-Si (a) and poly-Si/SiO: (b) etch profile with SFg using ion beam
etching, (rf power: 400 W, acceleration voltage: 400 V)

2 sgrt 2™ BE vle} Zo] pattern 7FZ O] 23t poly-Si#} poly-Si/Si0; & Az} Aot} o]uj
Fe 23 Yo 2 Aol Azge) Aok sy Fehzoks BN AL rfpowert 400WE
o] pattern tAY FL £ sidewall slope©] 7htg o, ol&g ZHEAIE VM AL 400 V
He ®ol A AXE A€ 08 + Yot B¢ 2 sgvh aglA B s o] Icp 479 3
si0; ¥l & A9 g Al A sio, ¢ FLSHA ARDE EHE DA

o] e A% ol o] " AsEE AT Fig, 5% Fig. 49 TY4g A YoE o2y

% 9tk o) AlAE el xole o] Al g oA = surface reflection WHE ol&3td] FAsAIZI
Ao} vwste E o AA ol sidewall A TAMER A3 poly-Si/Si0.o A7 FAdolth,
o 93 bottom WO o] ZFHAZA} o] o] HRAlFAA 5% FHZ9 P2 angleR
pattern {tA°ol F& X7 {2 X 11 27 Zo reflection H& 2% < 20 v A= A& 4&=
3= reactive species® ZEAztold o3 2zt& Ao 2 AlgE7] Wi o] AMSHE A
o JEFS T HoZ My & 4 o} A ALESIAE A5 AzZHEo] Aolrl wAG

Fig. 4(a), (b)= 47 SFg o] 2K & o] &3dlo] 2 o}, 3HA|Tt Fig. 594 B wiel o] pattern A

390 Journal of the Korean Vacuum Society 15(4), 2006



Low-Angle Forward Reflected Neutral Beam EtchingE 0

235t Aspect-Ratio-Dependent Etching #4+e| A A

T
SKKU 15.0kV 12.8mm x18.0k SE(M) 4/4/03 23:36

(a)

(b)
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(a)

o] F&

7H

27 |
PSR %
o] 213 Fig, 49 XA A7t

a8l3 7 AGS RE AY 270
o o|uj ARDE &7} Alepzl
oste] AlHe] AR EA}F glHY] wWEe
4 o, Al ARDE &7} £A4A Hi 3
&2t A2 375 shel spacer Aol HAZ
W 274 Alwske] Hgton 1 ZARE Fig, 69
BRIt Fig. 6 AFd 2oz AlHAL Si/WSi
patternd] SizN; spacer’} FFH AlHL=ZA A
71&8] AA4RHE o] &3t AZEe BT top FE
I bottom FEANA <F 509 4ztzlole] AolE U
ez glon, o]2 Q3ted bottom FE etch stop
T F top FEOAM FE3F over etchingo] A

o122 YLK 15(4), 2006

(b)
Fig. 6. No ARDE effect during the SizN4 spacer etching using a SFg neutral beam, (a) before spacer
etching and (b) after spacer etching,

1=
serRe) sigN,E B 47t
oxideol| A etch stop®] ©]F°] A ZAF top
BANE wieee kolsh g golst 4%
< A $ gt} o2 E3ld ARDE &S
71 ZAF2] R o2 A (charging)®l 54
gud £ den, HA

WAL= ARDE

mgr
rSL' o w Hr R oZ

=

R 2w 2zt olgsl aHAoz AA
T UASE glskart
Iv. & &

£ AT oledn 24uE Agse] A2
WA R = trench &2 Walo] 2|3 ARDE &3] A

3%



2%, RIE, 1

Mg vlaste Hitt
%t BAE A8 7T SFe
7}2=2 polySi AZAl trench Fo] WE 27t&9
Azt AFHANG, 28U 49 A4 FAE A
3t A7+-g Z133t A trenche F 7] wWE
27-&9] o)z} gi%ler o]= ARDE &3} UrEM
A @ guigth &, SANR 44 A
ARDE £3E AAE F ve MM & F 312;1
o, #2 w=A 227 nA3s gl @2t Trench
el 27t desALE Zadn A7AA &4
Ql Aol 2/% ARDE A= H& 4784 £
A AEshe ol2W AZ4wdMe wE 5
Aot 2y B de FAYE AHESHA
W ARDE &3 &3z AAL

=2ALS

g

AAHoZ o

=
=

%]\

8l

>
R

=

&
3

o]

telrt
o A2

o,
=
N
T
<

CEEIE L RIS

[}
AA
A

o §

ZHAS =2

2 d7e #ried Ty 2147 2o T

Aol Hebd dnad A 9o 54
994,
#1n2s

[1] T. Nozawa and T. Kinoshita, Jpn, J, Appl.
Phys. 34, 2107 (1995).

[21 T. Kinoshita, M, Hane, and J. P,
McVittee, J, Vac, Sci.& Technol, B 14,
560 (1996),

(8] H., Ootera, Jpn, J. Appl. Phys, 33, 6109
(1993).

[4] K. P. Giapis and T. A. Moore, J. Vac,
Sci, Technol, A 13, 959 (1995),

[5] T. Yunogami, K. Yokogawa, and T,
Mizutani, J, Vac, Sci, Technol, A 13, 952
(1995).

[61 S. D. Athavale and D, J, Economou, J,
Vac. Sci., Technol, A 13, 966 (1995).

C. A. Nichols and D, M, Manos, J. Appl.
Phys. 80, 2643 (1996).

[8] M. J. Goeckner, T. K. Bennett, J Y, Park,

(7]

392

- ZMT - olx
Z, Wang, and S, A, Cohen, International
Symposium on Plasma ProcessInduced
Damage, 175 (1997),

(9] J. Yamamoto, T, Kawasaki, H, Sakaue, S,
Shingubara, and Y. Horiike, Thin Solid
Films 225, 124 (1993),

[10] K. Yokogawa, T. Yunogami, and T. Mizutani,
Jpn. J. Appl. Phys, 85, 1901 (1996).

[11] S. R. Leone, J. Appl. Phys, 34, 2073
(1995).

[12] A, Szabo and T, Engel, J, Vac, Seci,
Technol, A 12, 648 (1994),

[18] H. Sakaue, K. Asami, T. Ichihara, S,
Ishizuka, K, Kawamura, Y. K Horiike, Saijo,
and H, Hiroshima, Mat, Res, Soc, Symp,
Proc. 222, 195 (1991),

[14] Y. Horiike, T. Tanaka, M, Nakano, S,
Iseda, H. Sakaue, A, Nagata, H, Shindo,
S. Miyazaki, and M, Hirose, J, Vac, Sci,
Technol, A8, 1844 (1990).

[15] K. Yokogawa, Y. Yajima, T, misutani, S,
Nishimatsu, and K, Ninomiya, Jpn, J,
Appl, Phys. 30, 3199 (1991),

[16] Y. Jin, T. Tsuchizawa, and S, Matsuo,
Jpn, J, Appl. Phys, 84, 465 (1995),

[17] Lee Chen, A, Sekiguchi, and D, Podlesnik,
Mat, Res, Soc, Symp. Proc, 279, 803
(1993).

[18] K. Sakamoto, K, Ichiki, and S. Samukawa,
Dry Process International Symp,, 11
(2001),

[19] S. Panda and D, J. Economou, J, Vac,
Sci, Technol, A 19, 398 (2001),

[20] S, Samukawa, K, Sakamoto, and K,
Ichiki, J, Vac, Sci, Technol, A 20, 1566
(2002).

[21] D. H, Lee, J. W, Bae, S. D, Park, and G,

Y. Yeom, Thin Solid Films 647
(2001),

[22] M, J, Chung. D, H, Lee, and G. Y, Yeom,
Thin Solid Films 420, 579 (2002),

[23] D, H. Lee, M, J, Chung, H, K, Hwang,

and G. Y. Yeom, Materials Science and

398,

Journal of the Korean Vacuum Society 15(4), 2006



Low-Angle Forward Reflected Neutral Beam Efching2 0|&$t Aspect-Ratio-Dependent Etching #4te| &A

Engineering C 23, 221 (2003),

[24] D. H, Lee, M, J, Chung, S, D, Park, and
G. Y, Yeom, Jpn, J. Appl, Phys, 41 1412
(2002).

[25] T. Ono, N. Orimoto, S, Lee, T, Simizu,
and M, Esashi, Jpn, J. Appl. Phys, 39,
6976 (2000),

{26] M. Hatakeyama, I, nagahama, K, Ichiki,
M., Nakao, and Y., Hatamura, Applied
Surface Science 100, 277 (1996),

[27] R, A, Gottscho, C. W. jurgensen, and D,
J. Vitkavage, J Vac, Sci, Technol, B 10,
2133 (1992).

[28] T. Kinoshita, M, and J, P,
Mcvittie, J, Vac., Sci, Technol, B 14, 560
(1996).

[29] J, Matsui, N, Nakano, Z, L, Petrovic, and
T. Makabe, Appl. Phys, Lett, 78, 883
(2001),

[30] G, S. Hwang and K. P. Giapis, Appl.
Phys. Lett. 74, 932 (1999).

Hane,

o2 XZ x| 15(4), 2006

[31] H, S, Park, S, J. Kim, Y, Q. Wu, and J, K,
Lee, IEEE Trans, Plasma Sci, 31, 703
(2003),

[32] S. J. Kim, S, J, Wang, D, H, Lee, G, Y,
Yeom, and J, K Lee, J. Vac, Sci, Technol,
A 22, 1948 (2004),

[33] J. P, Verboncoeur, A, B, Langdon, and N,
T, Gladd,Comp, Phys, Commun, 87, 199
(1995).

[34] D. H, Lee, J. W, Bae, S. D, Park, and G,
Y. Yeom, Thin Solid Films 398, 647
(2001),

[35] D, H, Lee, M, J. Chung, S. D, Park, and
G. Y. Yeom, Jpn, J, Appl. Phys, 41 1412
(2002),

[36] D. H, Lee, S, J. Jung, S, D, Park, and G,
Y. Yeom, Surfaceand Coatings Technology
178, 420 (2004),

(371 S, J. Kim, S, J. Wang, D. H, Lee, G, Y,
Yeom and J., K, Lee, J. Vac. Sci, Technol,
A 22, 1948 (2004),

s

393



<<Research Paper>> Journal of the Korean Vacuum Society Vol.15 No.4, July 2006, pp.387~394

Removal of Aspect-Ratio-Dependent Etching by Low-Angle Forward
Reflected Neutral-Beam Etching
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In this study, the effect of using a neutral beam formed by low-
angle forward reflection of a reactive ion beam on aspectratio-
dependent etching (ARDE) has been investigated, When a SF6
Inductively Coupled Plasma and SFs ion beam etching are used to etch
poly-Si, ARDE is observed and the etching of poly-Si on SiO; shows a
higher ARDE effect than the etching of polySi on Si, However, by
using neutral beam etching with neutral beam directionality higher
than 70 %, ARDE during poly-Si etching by SFg can be effectively
removed, regardless of the sample conditions., The mechanism for the
removal of ARDE via a directional neutral beam has been demonstrated
through a computer simulation of different nanoscale features by using
the two-dimensional XOOPIC code and the TRIM code,

Keywords . Neutral beam etching, ARDE, RIE-lag, Lowangle surface
reflection
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