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Intense White Light Emission from Amorphous Silicon Oxycarbide Film
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(School of Materials Science and Engineering, Hanshan Normal University, Chaozhou 521041, Guangdong, China)

Abstract: Luminescent amorphous silicon oxycarbide (a-SiC,O,) films with different C concentrations were prepared via a
high-frequency plasma enhanced chemical vapor deposition system. The fabricated «-SiC,O, films have an intense white
photoluminescence (PL). It is indicated that the increase of C concentrations in the films from 23% to 34% increases the PL intensity
by more than 30 times. The PL peak positions are independent of the excitation wavelengths. Based on the Raman spectra and Si 2p
XPS spectra, the films are amorphous carbon-rich SiC,O, phase. According to the PL results and the analysis of the bonding

configuration of the films, the enhanced PL is related to the reconstruction of C-related chemical bonds in the films.
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Table 1 Elemental atomic concentrations of SiC,O, films

Sample No.  Flow rate of SiHs/sccm x(S1)/%  x(C)%  x(0)/%
F1 5.0 40 23 37
F2 3.5 36 28 36
F3 2.5 31 34 35

x—Mole fraction.
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K 2 AF C 45 Bl SiC0, HEf K EEUR i
Ffdh F3 19 CIE 1931 (4% ]

PL spectra of the SiC,0, films with different C
and CIE 1931
coordinates of the F3 sample

Fig. 2

concentrations chromaticity

K 3a 2y SiC,O, T I (1127 B Eop BETE I C
AL A A . 6 B Taue 5 Fi(ahv)' =

B(hv—Eop) VI EAFE], e hv Bl o 43006 TRERE
S WRGEAR S R A T EE RR Y, B
JErh C 10y LUl & e Ry, SiCL0, I )L 2y
B Eop H 2.45eV #9K %2 3.03 eV, 7E SiC, /A& R
MNP ILG, 1X T B i rh Si-C # 5
IO N3 2B Y I, th R DL
JIE TR v a0 S O VA7 i R S T O A B
Eopt> IX U W0 11 0 R 6 AN S Ut T iy ) o7
EVACSNINEEE T =R

Kl 3b~[%] 3d Ay AR AN [ KR R IR EUR
Jtil . 18 3b~Kl 3d WA, PTAT SiC,0, M KOt
W S A B RO G AR T WOR B, RIASBE
WOR A AR R AR A . XRS5 RS R
TARRLSE RN, il RS R AL P RO 1)
Gl SE SR €0 8 S AN EZ 3.8 N

Bl 4 AN C 4143 LAl ) SiC O, B 1) 9 ' %
I, I RRH R B A i kAT U5 19 3
WL 9 A, SAEITARE A -

—t —t
1(t) = 4 exp(—) + 4, exp(—)
7 5]

Hpe L) hBIREE: o Mo 2 ANIERud R 9
JeFidrs Ay A Ay g 2 ASTEERGE R A L RO,
SRS THE AT, RO AEmAAE 1 s
Kty EAFar S SCER[181HE Y SiC,O, IR E 25
RICHIEF Al —30. 454 LA SiC,0, ik i)
TR M R RS Y A S AT e R T N 0
[k B RO

HHEGL SiC0, M 1) (0 R R IR, A
FTIR Y6l i fb 22 s 5 45k . & 5 ATl
C 4175 Le i) SiC,O, Y FTIR Jti%. MKl 5 7f
A, SiC,O, WHSFE i F1 63 %~785. ~1 030 Fi~
2120 cm ' BETAFAE 3 AW B ABCRS IR 45 5,
I, Si—C . Si—O-Si BEA Si—H 45 4R 51
26270, o, R AE~1 250 H1~2 8003 010 cm '
ZIRAEAE 2 AN 5% N Si—CH; AT C—H 8 fr
R I  E S Y S Ol e P
WrE i, Si-C A 47 P 20 W S Ve i R 3R T S
A b, Si—H B A 245 P 20 W0 e 58 2 S
EFEREHBT Si-C #aGre R T Si-H #. it
Pl 2 R 5 W DURER, IR O R S i
1 Si—C B A 45 41 3 WS AT e 5 155 35) B 3 s v € 4 53
Ll 5] P 4 o T 30 DR, SR ) P 95 7 s A 130 B il
JE R e i 5 R R C A DG fh A S R R AR AL
HEBEVINRR. AT, oW 2] 50



< 906 - CREMR £R 2741

J Chin Ceram Soc, 2020, 48(6): 903-907

2020 4F

iR, IWNE C-SiC,0, Wi i i) A e il v i s 210
KRG FEER AT Si-C SEAH GBS R

a7, LA R WA YR TR Si-C A R I
BNy G A A AR KT, BeAh, i O

Yoy LLBI /N, & C-SiC, O, I (1 21 5 fiv 25 b 1

900

g F1[C]: 23%
Q
> 600/
2 F2 [C]: 28%
z E,=245¢eV
S 300F "
Eg=2.56 ¢V
E,=3.03¢V
O ) 1 1 1
1 A 4 5 6

Photon energy/eV

(a) Tauc plot

(PR, FBE 55 MR AR R Gallis A
Ak SICLO, WO I I K U T C A
LM T, TR TR C-SIiC0, 1
L5 56 BB BRIEBART C 14 W 0 B 1 5
4

2.0<10°F 350 nm
2 1.5x10%F 330 nm
E 310 nm
7 LOx104F
[
290 nm
0.5x10*1
0-0 200 500 600 700 800
Wavelength/nm
(b) PL(F1)
2.0x10°r
F3 [C]: 34%
330 nm — [C]: 34%
1.5x10°F 310 nm
>
2 290 nm
=
2
£ 1.0x10°1
-
o
0.5x10° 350 nm
0-0 400 500 600 700
Wavelength/nm
(d) PL(F3)

K3 SiC,0, Wil Tauc X FR 5IGM Eqp FIAN RO BB F AN SiC,0, SR ) & 66 1%

8.0x10*f
350 nm
6.0x10%F
= 330 nm.
a
2 s
E 40410 310 nm
.
=¥
2.0x10'F 290 nm
0.0 400 500 600 700 800
Wavelength/nm
(c) PL(F2)
Fig. 3

different SiC,O, films

—F1[C]:23%
— -~ Fitting line
T10am—0-82 ns

M F2[C]:28%
o ™ —-—Fitting line
T Tgosam—1.37 1S

—F3 [C]: 34%
—-—-Fitting line
Tses m—1-03 1S

Normalized PL intensity

0 10 20 30 40
Time/ns

Bl 4 A C 4Ly Heflfr) SiC,0, WM 5ot el 26

Fig. 4 PL decay traces of the SiC,0, films with different C

concentrations

Tauc plot of the SiC,0O, films with different C concentrations and PL peak energy versus the excitation wavelength for

Aborbance intensity

1 Il L
2000 3000 4000

Wavenumber/cm™

1
1000

K5 ANE C 455 Hefdl ¥ SiC,O, Wil ¥ FTIR il
Fig. 5 FTIR spectra of the SiC,O, films with different C
concentrations



5 48 457 6 ] K S AR SICO, BRI B DR G + 907 -

3 £

I B v A B T AR AL S TR BR TR
250 C Rl A C A HeplrAEd s C-SiC,0,
R

B I C 410 Lol i 23%3% 5 34%, K
JETR IG5 30 A%, 71 AT RIFR T DAL % 2 AR
SR DGR . A AR rOGEUR G . XPS B
WA FTIR DGk a5 Robr, AL Bkt £
VTR Si-C BEAH G BREAZSH C AHOE AL
R A G, IR A A 1 5 b R T C AR
oS AR AR A B DA R

SRk

[1] PAVESI L, NEGRO L D, MAZZOLENI C, et al. Optical gain in
silicon nanocrystals[J]. Nature, 2000, 408(6811): 440-444.

[2] WU C L, LIN G R. Power gain modeling of Si quantum dots
embedded in a SiO, waveguide amplifier with inhomogeneous
broadened spontaneous emission[J]. IEEE J Sel Top Quant, 2013,
19(5): 1-9.

[3] XU L,JINL,LID, et al. Sensitization of Er’" ions in silicon rich
oxynitride films: effect of thermal treatments [J]. Opt Express, 2014,
22(11): 13022-13028.

[4] HUANG R, LIN Z W, LIN Z X, et al. Suppression of hole overflow
and enhancement of light emission efficiency in Si quantum dots based
silicon nitride light emitting diodes[J]. IEEE J Sel Top Quant, 2014,
20(4): 212-217.

[5] LIN S, ZHANG X, ZHANG P, et al. High-efficiency near-infrared
emission from bismuth-doped SiOg7; thin films fabricated by ion
implantation technology[J]. Opt Lett, 2016, 41(3): 630-633.

[6] LIN Z, CHEN K, ZHANG P, et al. Improved power efficiency in
phosphorus doped 7a—SiN,O,/p—Si heterojunction light emitting
diode[J]. Appl Phys Lett, 2017, 110(8): 081109.

[77 OUYANG Z, YANG Y, SUN J, et al. Near-infrared
electroluminescence from atomic layer doped AL,Os: Yb nanolaminate
films on silicon[J]. Scripta Mater, 2018, 151: 1-5.

[8] KIM CY, NAVAMATHAVAN R, Lee H S, et al. Ultraviolet irradiation
effect on the properties of leakage current and dielectric breakdown of
low-dielectric-constant SiOC (H) films wusing comb capacitor
structure[J]. Thin Solid Films, 2011, 519(20): 6732-6736.

[9] DING Y, SHIRAI H. White light emission from silicon oxycarbide
films prepared by using atmospheric pressure microplasma Jet[J]. J
Appl Phys, 2009, 105(4): 043515.

[10] NIKAS V, GALLIS S, HUANG M, et al. The origin of white
luminescence from silicon oxycarbide thin films[J]. Appl Phys Lett,
2014, 104(6): 061906.

[11] RAMOS-SERRANO J R, MATSUMOTO Y, MENDEZ-BLAS A,
et al. Luminescent silicon oxycarbide thin films obtained with
monomethyl-silane by hot-wire chemical vapor deposition[J]. J Alloys
Compd, 2019, 780: 341-346.

[12] DING Y, SHIRAI H, HE D. White light emission and electrical

properties of silicon oxycarbide-based metal-oxide-semiconductor

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23

[24]

[25]

[26]

[27]

[28]

[29]

diode[J]. Thin Solid Films, 2011, 519(8): 2513-2515.

TABASSUM N, NIKAS V, FORD B, et al. Time-resolved analysis of
the white photoluminescence from chemically synthesized SiCO, thin
films and nanowires[J]. Appl Phys Lett, 2016, 109(4): 043104.
JEONG H, SEO S 'Y, SHIN J H. Excitation mechanism of visible, Tb*"
photoluminescence from Tb-doped silicon oxynitride[J]. Appl Phys
Lett, 2006, 88(16): 161910.

GALLIS S, HUANG M, KALOYEROS A E. Efficient energy transfer
from silicon oxycarbide matrix to Er ions via indirect excitation
mechanisms[J]. Appl Phys Lett, 2007, 90(16): 161914.

BELLOCCHI G, IACONA F, MIRITELLO M, et al. SiOC thin films:
an efficient light source and an ideal host matrix for Eu®" ions[J]. Opt
Express, 2013, 21(17): 20280.

LIN Z X, GUO Y Q, SONG C, et al. Influence of the oxygen content in
obtaining tunable and strong photoluminescence from low-temperature
grown silicon oxycarbide films[J]. J Alloys Compd, 2015, 633: 153-156.
LIN Z X, GUO Y Q, SONG J, et al. Effect of thermal annealing on the
blue luminescence of amorphous silicon oxycarbide films[J] J
Non-Cryst Solids, 2015, 428: 184—188.

LIN Z X, LI H F, HUANG R, et al. Defect Emission and Optical Gain
in SiC,0,: H Films[J]. ACS Appl Mat Interfaces, 2017, 9(27):
22725-22731.

CHEN Z, WANG Y, ZOU Y, et al. Origin of the blue
photoluminescence from SiOx(SiC)/SiC on Si substrate[J]. Appl Phys
Lett, 2006, 89(14): 141913.

SONG D, CHO E C, CHO Y H, et al. Evolution of Si (and SiC)
nanocrystal precipitation in SiC matrix[J]. Thin Solid Films, 2008,
516(12): 3824-3830.

ZHANG H, XU Z. Structural and optical properties of four—hexagonal
polytype nanocrystalline silicon carbide films deposited by plasma
enhanced chemical vapor deposition technique[J]. Thin Solid Films,
2004, 446(1): 99-105.

B, GvE. B A AR I B SRR )], R
24, 2017, 45(10): 14391445,

ZHAO Ying, TANG Yang. J Chin Ceram Soc, 2017, 45(10):
1439-1445.

TAVSANOGLU T, ZAYIM E O, AGIRSEVEN O, et al. Optical,
electrical and microstructural properties of SiC thin films deposited by
reactive dc magnetron sputtering[J]. Thin Solid Films, 2019, 674: 1-6.
ZHANG P, CHEN K, LIN Z, et al. The role of N-Si-O bonding
configurations in tunable photoluminescence of oxygenated amorphous
silicon nitride films[J]. Appl Phys Lett, 2015, 106(23): 231103.
AR, R0, T, 4. Lay, MgTiOgxBi* yEu® 9t I Ak
ARERALB]. HEER R AR, 2019, 47(8): 1160-1166.

XIE Huidong, GUO Tao, SU Binbin, et al. J Chin Ceram Soc, 2019,
47(8): 1160-1166.

SONG C, RUI'Y, WANG Q, et al. Structural and electronic properties
of Si nanocrystals embedded in amorphous SiC matrix[J]. J Alloys
Compd, 2011, 509(9): 3963-3966.

GRILL A. Plasma enhanced chemical vapor deposited SiCOH
dielectrics: from low-K to extreme low-K interconnect materials[J]. J
Appl Phys, 2003, 93(3): 1785-1790.

GALLIS S, NIKAS V, SUHAG H, et al. White light emission from
amorphous silicon oxycarbide (a-SiC,O,) thin films: Role of
composition and postdeposition annealing[J]. Appl Phys Lett, 2010,
97(8): 081905.



