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Table 1. Flow rate and flow ratio of the SiHs/N: gases
used for SiNy thin film preparation in PECVD

system.
Sample name S1 S2 S3 S4
N 6.0 6.0 6.0 6.0
Flow rate S, (5% diluted
(scem) DA WOEEC e 67 80 92
in Ar gas)
Flow ratio;

5%<[SiHy/N 50 56 67 77
R (%) eSS

S 5, 4 NEE dAE A7|RE of&dte], Ny, Oy,
18jal Hy 7k 29171914 dAle)ataleh Ny oeﬂﬂﬂb I\
(99.99%) 7F=5 852,000 cc/min) 990°C7HA] 2
£ 23, N7 B 2EE AT - REE T ’?:L
=o ‘;%T%M 0, A= N, (99.99%) 7t2E S5
HA 990°C7HA] —EE ¥ § 2% 590, (99.99%) 712~
£ 2000 co/min® FeFHA 255 FAAIZTE o]F N,
(99.99%) 7k~8 SEFHA 258 U] d2or "ol
Fck vt 2 Hy AAE]= Hy (Ardl] 5%2 314) 7k~E
S5 A1(1,000 cc/ml ) LEE 200°C7HA] &jal 30%
B EEE FANT R o0R 25 WETh dAe
78] A ge} oo} 2 %3? A2l S AR XS
£ He—Cd #lo]A(325 nm) & o] A= ARgate] A2l
] 3 23(Photoluminescence; PL)~FE#HS 453
oh Egk dAe] o] ¥ AJElE AFM (Atomic Force
microscope) 2 IGO0 Alme] 2 B A5 A 54
298 918l FE-TEM (Field Emission Transmission
Electron Microscope; Tecnai G* F30 S—Twin (300 kV))
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Figure 1. Photoluminescence spectra of as—deposited
SiNy thin films (a) and Ny—annealed films (b).
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Figure 2. Decomposition of the Photoluminescence

spectrum of S3. The thick line and dots re—
present the measured and fitted data, res—
pectively.
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Figure 3. Proposed energy levels of the defect states
in the bandgap of SiNy thin film.
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Figure 4. Photoluminescence spectra of Hs—annealed
SiNy thin films (a) and Oz—annealed films (b).
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Figure 5. Photoluminescence peak wavelength along
the [SiHy/N2] flow ratio after various annea—
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Figure 6. Changes of the photoluminescence spectrum
of S3 (a) and the total photoluminescence in—
tensity (b) after various annealing processes.
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Journal of the Korean Vacuum Society 20(1), 2011



200°Ce] #2914 PECVD 7§

oA 5 A 2 ) e slon Fyi, 2

THeHe] 7hsek Sio Al FAaAe] FEE 9k,
200°C] A-2ol|4] PECVD 7§22 SiN, ¥t A% 23]
& shick Als) B 54 WaE fmsp) sl SiHs)
No9 HbS- 7k 35 W5 o2 7= v27) sho] SiNg
Hlolo. Z -] ],o:] o }\]EA __)\.] o ‘FlL‘:d 0}7] -"HY_:T]'O%

T2 0T
e Y wY 2AEBS SR U 4 A SiH,

& o] Tkl whet g Hojx| 9] A
JWOE ol 53l ont, SiHy 719 EE W&} Fs)
RE AJRoA] 1.8, 1.9, 2.2, 2.4, 7183l 3.1 eV oL
7] whg g as PESGITh Edh Ny, Hy, “18]a1 Op 7F
2 7oA FEAYE AR thy g 2 E-S] W
= ZARIITE Ny @AE]9] 49, S3 AlmellA] A3 E
o] wislel Wby A7|9] Z7HE HAsIGl o, ole] AR
oﬂ/ﬂ% 2 ER S & W3l Qlo] oJd3] 1.8, 1.9, 2.2,
7123t 3.1 eV olux| 9] g avprt EAEeIT) S3
AIEA Aeo® 919 54 oy wg v v
= EAEIt
hA, Hy 9 O 7F GA = Qlste] g oA 9178
o] Gupgo R o]Fslg o), gt ulgol| A H‘%ﬁﬂb
o]H3] EAsIsiTh g uﬂ?MZoﬂ tisted, A= A
o] 573 ool A A SiNg #HEt diol] Si L}L"‘

Ape] A} GRS gt 48_ kg uﬂ?MZ" 57
A0 2 AZVsA| RHEQI). WhHol|, PECVD 7o 437
3t SN, ghuete] 79 @2 Agtso] E4)81a, olc At
YA FHES A oUA] HolE Fate] 73

w1 ke ehd sRs Aol vl ki Az, of

of uhg}, 7)ol wEE SiNg ko] ofyx] 7] ol Sig}
N zte] vjds}t Agho] oJgh of#] £415 7HAaL 1 of
Uz #9858 o] e A, o dt Hold

skl 38ks] %] 20(1), 2011

r°('
w
Z
1=
=
14
=)
o
ilied
R
i)
=2
R=)
i
ol
)
)
it
oX,
&
ot
41
of

o3t o AdEY ] ¥ WA= 012]/\]741:]- =)
I Si9} N 0zpe] v Adre] EATF H, 2 0, 7}~ 9AE

yH O ek = si3t A3k ookoq = s> A% 2
wo) 74 7T 2AEe] WalE olsladit. ol
sk A T%Q} o2 200°CE] A2olA PECVD 7|H
o= Z29 SN, vhete] wa BlFEeIA Sish N 94
9 Mere @Al HATh

h=
=
o
2% zjifﬂo] F08 Q%S S 942
3 gke

o
}al SiNg whalkol o

T el 7 of'i Al At W 7 de BolEt

el 2

o] =2 20099 % A U gL 9] Ahd
A el oJsto] AFEH A5

il

S5 |

[1] Light Emission in Silicon: From physics to Device,
edited by D. J. Lockwook (Academic Press, SanDiego,
1998), Chapter 1.

[2] L. T. Canham, Nature 408, 411 (2000).

[3] L. Pavesi, L. Dal Negro, C. Mazzoleni, G. Franzo,
and F. Priolo, Nature 408, 440 (2000).

[4] J. Ruan, P. M. Fauchet, L. Dal Negro, M. Cazzanelli,
and L. Pavesi, Appl. Phys. Lett. 83, 5479 (2003).

[5] M. I. Chen, J. L. Yen, J. Y. Li, J. F. Chang, S. C.
Tsai, and C. S. Tsai, Appl. Phys. Lett. 84, 2163
(2004).

[6] K. S. Min, K. V. Shcheglov, C. M. Yang, and H.
A. Atwater, Appl. Phys. Lett. 69, 2033 (1996).

[7] H. Z. Song and X. M. Bau, Phys. Rev. B 55, 6988
1977).

[8] N. -M. Park, C. -J. Choi, T. -Y. Seong, and S. -J.
Park, Phys. Rev. Lett. 86, 1355 (2001).

[9] B. -H. Kim, C. -H. Cho, T. -W. Kim, N. -M. Park,
G. Y. Sung, and S. -J. Park, Appl. Phys. Lett. 86,
091908 (2005).

[10] G. F. Grom, D. J. Lockwood, J. P. McCaffrey, P

47



i

5 .

o
4
&
rlo
o,

el

M. Fauchet, B. White, J. Diener, D. Kovalev, F.
Koch, and L. Tsybeskov, Nature 407, 358 (2000).

[11] M. Zacharias, J. Heitmann, R. Scholz, and U.
Kahler, Appl. Phys. Lett. 80, 661 (2002).

[12] M. V. Wolkin, J. Jorne, and P. M. Fauchet, Phys.
Rev. Lett. 82, 197 (1999).

[13] Y. J. Park, T. K. Lee, C. H. Lee, and E. K. Kim,
J. Korean Phys. Soc. 44, 700 (2004).

[14] J. -S. Bae, S. -H. Choi, J. K. Han, and D. W Moon,
J. Korean Phys. Soc. 43, 557 (2003).

[15] K. H. Park, Y. Kim, T. H. Chung, H. J. Bark, J.
Y. Yi, W. C. Choi, and E. K. Kim, J. Korean Phys.
Soc. 39, S283 (2001).

[16] M. -G. Kim, Z. Yun, J. Lyon, S. Cho, Y. J. Park,
and E. K. Kim, J. Korean Phys. Soc. 38, 750
(2001).

[17] J. H. Kang, Y. D. Kim, K. M. Cha, H. J. Cheong,
and Y. Kim, J. Korean Phys. Soc. 45, 1065 (2004).

[18] S. Lee, B. Y. Park, K. W. Park, C. H. Bae, S. M.
Park, C. J. Choi, and S. J. Lee, J. Korean Phys.
Soc. 51, S308 (2007).

[19] C. Ko, J. Joo, M. Han, B. Y. Park, J. H. Sok, and

48

A

%

S .

o]
=

67 - Q- w e

gl

K. Park, J. Korean Phys. Soc. 48, 1277 (2006).

[20] M. Wang, D. Li, Z. Yuan, D. Yang, and D. Que,
Appl. Phys. Lett. 90, 131903 (2007).

[21] S. Fujita, J. Electronchem. Soc. 132, 398 (1985).

[22] W. L. Warren, P. M. Lenahan. and S. E. Carry,
Phys. Rev. Lett. 65, 207 (1991).

[23] T. Shimizu, J. Non-Cryst. Solids 59, 117 (1985).

[24] C. -F. Lin, W. -T. Tseng, and M. S. Feng, J. Appl.
Phys. 87, 2808 (2000).

[25] E. Holzenkampfer, F. -W. Richter, J. Stuke, and
U. Voget-Grote, J. Non-Cryst. Solids 32, 327 (1979).

[26] K. -M. Lee, T. -H. Kim, J. -D. Hwang, S. H. Jang,
K. Y. Jeong, M. S. Han, S. H. Won, J. H. Sok,
K. W. Park, and W. -S. Hong, Scripta. Mater. 60,
703 (2009).

[27] A. Igbal, W. B. Jackson, C. C. Tsai, and J. W.
Allen, J. Appl. Phys. 61, 2947 (1987).

[28] P. A. Pundur, J. G. Shavalgin, and V. A. Gritsenko,
Phys. Status Solidi. A 94, K107 (1986).

[29] J. Robertson, J. Appl. Phys. 54, 4490 (1983).

[30] J. Robertson and M. J. Powell, Appl. Phys. Lett.
44, 415 (1984).

Journal of the Korean Vacuum Society 20(1), 2011



< Research Paper> Journal of the Korean Vacuum Society Vol.20 No.1, January 2011, pp.42~49

Optical Properties of SiNx Thin Films Grown by PECVD at 200°C

3}

i

=%

51

o

Kyungsu Lee®, Eunkyeom Kim®, Daeho Son® Jeongho Kim?,

Taekyung Yim?, Seungman An®, and Kyoungwan Park®®*

“University of Seoul, Department of Nano Science and Technology, Seoul 130-743
"University of Seoul, Department of Nano Engineering, Seoul 130-743

(Received October 27, 2010, Revised November 5, 2010, Accepted November 10, 2010)

We deposited SiNy thin films by using PECVD technique at 200°C with various flow
ratios of the SiH4/N, gases. The photoluminescence measurements revealed that the maximum
emission wavelength shifted to long wavelength as the ratio increased, however, positions
of the several peak wavelengths, such as 1.9, 2.2, 2.4, and 3.1 eV, were independent on
the ratio. Changes of the photoluminescence spectra were measured in the N»-, H»-, and
O-annealed films. The luminescence intensities increased after the annealing process. In
particular, the maximum emission wavelength shifted to short wavelength after H,- or
O;-annealing. But there were still several peaks on the spectra of all annealed films, several
peak positions remained to be unchanged after the annealing. As for the light emission
mechanism, we have considered the defect states of the Si- and N- dangling bonds in the
SiNy energy gap, so that the energy transitions from/to the conduction/valence bands and
the defect states in the gap were attributed to the light emission in the SiNy films. The
experimental results point to the possibility of a Si-based light emission materials for flexible

Si-based electro-optic devices.
Keywords : Optical properties, SiNx, Si nanodots, Dangling bond, Defect, Plasma enhanced
chemical vapor deposition, Photoluminescence, Low temperature deposition,

Annealing
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