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SUMMARY

Low dielectric constant SiOC(-H) thin films were deposited on p-type
Si(100)  substrates by UV-assisted PECVD with a mixture of
dimethoxydimethylsilane (DMDMS: C4H;202S1) and oxygen precursors. The
emission intensity of plasma was observed by optical emission spectra
(OES). During the application of UV irradiation, the intensity of CO, CH,
Cs, OH species rapidly increased than that of without UV irradiation. Film
thickness are measured by field emission scanning electron microscopy
(FESEM). The deposition rate of films with UV irradiation increased than
that of films without UV irradiation. Bonding configurations of Si-O-Si,
Si-O-C, Si-CHj, and OH-related bonds in the SiOC(-H) films were
investigated by Fourier transform infrared (FTIR) spectroscopy. The
electric properties including capacitance-voltage (C-V) and current-voltage
(I-V) characteristics were investigated using metal-insulator—semiconductor
(MIS), Al/SiOC(-H)/p-Si structure. The dielectric constant, fixed charge
density and flat band voltage shift at 1 MHz were measured by using a
HP4280A, HP4140B meter. When [DMDMS/(DMDMS+0,)] flow rate ratios
increased, the dielectric constant decreased, fixed charge density increased
and flat band voltage shifted to negative voltage direction. And, the
SiOC(-H) films prepared with UV irradiation, the dielectric constant
decreased, fixed charge density increased than that of without UV
irradiation. Leakage current density at 1 MV/cm increased as the
[DMDMS/(DMDMS+0,)] flow rate ratio increasing. The films deposited
with UV irradiation, the leakage current density decreased than that of
without UV irradiation. The SiOC(-H) film deposited by UV -assisted

PECVD is a good candidate for low dielectric materials.
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Fig. 5. A molecular structure of DMDMS
(dimethoxydimethylsilane: Si(OCHj3)2(CHz)s)
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Table 1. The formation condition of the SiOC(-H) thin film.

Plasma Source CCP
rf power ( W ) 700 W, 13.56 MHz
Total flow rate 100 sccm
O; gas flow rate 0 7 100 sccm
DMDMS gas flow rate 10 7 100 sccm
UV wavelength 225 7 500 nm
Initial pressure ~ 1073 Torr
Working pressure 300 mTorr
Deposition time 7 min.
Substrate Temperature RT
Gas line Temperature 70 °C
Wafer p-type Si(100)
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Fig. 6. Emission intensity of the plasma : (a) without and (b) with UV

irradiation, as a function of [DMDMS/DMDMS+QO-] flow rate ratios.
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Fig. 7. Emission intensity of Species in the plasma as a function of

[DMDMS/DMDMS+0,] flow rate ratios.
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Fig. 8. Emission intensity of the OH, CO and O species in the plasma without and
with UV irradiation as a function of [DMDMS/DMDMS+0,] flow rate ratios.
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Fig. 9. Emission intensity of CH, Hy and H, species in the plasma without and
with UV irradiation as a function of [DMDMS/DMDMS+O;] flow rate ratios.
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Fig. 10. The deposition rate of SiOC(-H) films with and without UV
irradiation as a function of [DMDMS/DMDMS+Qs] flow rate ratios.
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CNU SEI 4.0kV 40,000 100nm WD 7.8mm

Fig. 11. The cross-sectional FESEM image of SiOC(-H) film without UV
irradiation as a function of [DMDMS/DMDMS+0O;] flow rate ratio of 100 %.

CNU SEI 4.0kV  X40,000 100nm WD 7.9mm

Fig. 12. The cross—sectional FESEM image of SiOC(-H) film with UV
irradiation as a function of [DMDMS/DMDMS+0;] flow rate ratio of 100 %.

_26_



3. SiOC(-H) #¥=9 A=

Mo
1

Fig. 132 working pressureE= 300 mTorr® FX|stal ¢17}% = rf powerE
700 W= A3t [DMDMS/(DMDMS+02)] #1171 10 %°ll A 100 %744
WSt AI7]HA] UVE XA &2 A5 28 SiOC(-H) Hete] oijgh
FTIR 2#E=olth adolA ®i A3 o] 890 cm ', 1270 em ' 3] ol A
Si-CHj3 bonding mode7} ¥.o]i 9™ CH, mode”} 790 cm ', 2970 cm ™'
Ao A 183 Si-O-Si bonding mode”t 950 em ™ # 1250 cm 'Ateolo A 4}
Bbwkth 283 R 0% WolE OH mode’l 1420 cm', 3720 cm ' 24 ol A
UetdS g & dAd. olgs AR FE Ho] HF A
SiOC(-H) ®rakels el 3t 4 gt} [67]. Wavenumber’}t 950 cm ' ol A]
1250 cm ' G oM JEbd dolAe] meke Si-0-Sig Si-O-C bond7t 3

" Aol o]yt FHE FolaE= SIOC(-H) BHHro] Yy 7]3& FF3hal

A&E e AolT olE@ v 71T ke WmE HFaATEA F
A5E ARAE 9900 [12]

Fig. 13(a)¢} Fig. 13(b)E ®ladte] W fH| 7k 57t 5 Si-O-C bond
golze] BArvt F7HES & ¢ Tk o]A & CHs A#o] Si-O-Si bond&
A Si-O-C bond= ZA}ES ongtt. 28] 2%% Si-CH; bonde
frgol F7Fehel wet
Si-O-Si B]U A stretching mode®] %7} Si-O-C stretching mode®] %=
of vla S7tghe HoFa At o] A& 09 FFo] Co FEFHT Ay

2 FhevhE A wue fAdFE B2 Ao

terminate¥ 22 7] Fo] A &= Ao

-
ro
)
©)
[\

1o,

dAE . OH modes

1 YukA o 2 Si-CHz bondE 7FAE 48 Si-H bond9 &2 Ht} g3 o
Aol Hojk Aoz Bu¥Ei 9o o83 OH modets vFere] #4 A4

2 Z7MA7]1E Q4o [89].

_27_



10 v T T T u T u T

(a) Without UV irradiation
R=[DMDMS/(DMDMS+0,)] x 100

A

-~
.g i
-§ i
& oH — Re10%]]

g R=20 %
..E 4 R e
2 o

R=40 %
2 R e S

~ R=50 %

L 1 1 1 1

1000 1500 2000 2500 3000 3500 4000
=il
Wavenumber ( cm )

8 T T T T T T T T T T T
- (b) Si-O-Si Without UV irradiation
7 R=[DMDMS/(DMDMS+0 )] x 100

I Si-O-C Asym. Str. A
6ten | [+~ =
i Si-CH

/ / 3 |

Absorbance ( arb. units )

R=100 %4

0 [ ! . ! . ! . ! . ! . ! .
1000 1500 2000 2500 3000 3500 4000

Wavenumber ( cm’ )

Fig. 13. FTIR spectra of the SiOC(-H) films prepared without UV irradiation
with [DMDMS/(DMDMS+0.)] flow rate ratios of (a) 10, 20, 30, 40
and 50 %, and (b) 60, 70, 80, 90 and 100 %.
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Fig. 14. FTIR spectra of the SiOC(-H) films prepared with UV irradiation
with [DMDMS/(DMDMS+05)] flow rate ratios of (a) 10, 20, 30, 40
and 50 %, and (b) 60, 70, 80, 90 and 100 %.
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Fig. 15. Deconvolution of Si-O-C bonding mode in the wavenumber range from
B0 to 1250 em ' of SIOC(-H) films prepared without and with UV irradiation.
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Fig. 16. Relative absorption area of the Si-O-C bonding structure of SIOC(-H) films
without UV irradiation as a function of [DMDMS/(DMDMS+O,)] flow rate ratios.
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Fig. 17. Relative absorption area of the Si-O-C bonding structure of SIOC(-H) films
with UV irradiation as a function of [DMDMS/(DMDMS+0O,)] flow rate ratios.
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Fig. 19. Relative carbon atomic concentration of SIOC(-H) films without and with UV
irradiation as a function of [DMDMS/(DMDMS+0.)] flow rate ratios.
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Fig. 20. C-V curve of SiOC(-H) films without UV irradiation as a function of
[DMDMS/DMDMS+0-] flow rate ratios.
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Fig. 21. C-V curve of SiOC(-H) films with UV irradiation as a function of
[DMDMS/DMDMS+02] flow rate ratios.
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Fig. 22. Dielectric constant of SiOC(-H) films without and with UV
irradiation as a function of [DMDMS/DMDMS+QO:] flow rate ratios.
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Fig. 23. Flat band voltage and effective fixed charge density of SIOC(-H) films
without UV irradiation as a function of [DMDMS/DMDMS+O;] flow rate ratios.
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Fig. 24. Flat band voltage and effective fixed charge density of SIOC(-H) films
with UV irradiation as a function of [DMDMS/DMDMS+0O;] flow rate ratios.
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Fig. 25. Leakage current density of SiOC(-H) films without UV irradiation
as a function of [DMDMS/DMDMS+02] flow rate ratios.
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Fig. 26. Leakage current density of SIOC(-H) films with UV irradiation as a
function of [DMDMS/DMDMS+0O.] flow rate ratios.
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