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SUMMARY

The research work is focused on exploring the bonding structure and
the electrical property of the SiOC(-H) thin films. These films were
deposited by plasma—-enhanced chemical-vapor deposition (PECVD) using the
TriMethylSilan (TMS: H-Si-(CHs)3) and oxygen gas with various deposition
conditions.

The SiOC(-H) films were characterized with ultraviolet (UV) treatment
effect in terms of the treatment time and annealing temperature. Film
thickness 1s measured by field emission scanning electron microscopy
(FESEM). Bonding configurations of Si-0O-Si, Si-O-C, Si-CHs and
OH-related bonds in the SiOC(-H) films were investigated by Fourier
transform infrared (FTIR) spectroscopy. The electric properties including
the capacitance-voltage (C-V) characteristics were investigated using the
Al/SiIOC(-H)/p-Si(100) metal-insulator-semiconductor (MIS) structure.

The deposition rates of the SiOC(-H) films were increased as the flow
rate ratio increased. The relative absorption areas of the Si-O-Si
network and Si—-O-C open-linked mode were decreased as the UV
treatment time and annealing temperature increased. On the other hand,
the Si—O-C cage-linked and Si—-O-C ring-linked modes were increased as
the UV treatment time and annealing temperature increased.

The dielectric constant of SiOC(-H) films decreased with increasing the
UV treatment time and the annealing temperature. For the UV treatment
time of 5 min, the dielectric constant was varied from 2.49 to 2.29 as
the annealing temperature increased from room temperature (RT) to 400
C. At annealing temperature 400 T, the dielectric constant varied from

2.50 to 2.05 as the UV treatment time increased from O to & min.
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Fig. 1. Schematic diagram of a typical interconnect system composed

of the metal layer and the interlayer dielectrics.
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T = dAg stdA 5 &+ & Al A&Hd =AME A, Eg
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Fig. 5. Schematic diagram of UV-assisted PECVD system.
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Molecular Formula: H-Si-(CHs)s

Molecular weight: 74.197 g/mol
Boiling point: 6.7 °C
Relative liquid density (Water=1): 0.63

Autoignition temperature: 235 °C

Fig. 6. Schematic diagram of TriMethylSilane.
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Table. 1. The formation conditions of the SiOC(-H) thin film.

Plasma source CCP
rf power(W) 500 W 13.6 MHz
Total flow rate 113 scem
Oz gas flow rate 13 sccm
TMS gas flow rate 50 sccm
Ar gas flow rate 50 scem
UV wavelength 265 nm
[nitial pressure ~10"° mTorr
Working pressure 150 mTorr
Deposition time 5 min
Substrate temperature RT
Annealing temperature RT 100 € 200 C 300 C 400 €
UV treatment time 0, 2, 4, 6, 8 min
- 15 -
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1. 24l @& SiOC(-H) %9 A% #4
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Si-O-C H|t A5 bond7} Websto™, F=H[7F 80% ¢ 90%lA <=4
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g4 SiOC(-H) ¥dte] Y 7FS 7H 1 &S ofngdtt [5]. 4|7t
50%014 90%= FAH RE SiOC(-H) ¥eEL wave number’} 890 cm™
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A Uk 71EE e SiOC(-H) B9k bulk Zekzvldlel Al slg]l® -CHs w-9]
Si-O bond¢} AgslHA O-Si-CHs % e omgn (191
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R(%) = [TMS/TMS+0,) ] x 100

Si-0-Si
Si.CH, |

2 [ TCH? ~— Si:0Si(C)
g __~0H OH < R=90%
= b
3 R=80%
3
2]
= R=70%
ﬁ A .MAUWM
2 R=60%

1000 1500 2000 2500 3000 3500 4000
Wave Number (cm”)

Fig. 7. FTIR spectra of the SiOC(-H) films deposited with various

flow rate ratios.
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Fig. 8. Deconvoluted FTIR spectra of the SiOC(-H) films with various
flow rate ratios in the region wave number range from 970

to 1260 cm ™.
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—— Si-0-Si R(%) = [TMSA(TMS+0,) | x 100
e T -® SioCringlink
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Fig. 9.

ring-linked, Si—O-C open-linked

Relative absorption areas of the Si—-O-Si network, Si—-O-C

and Si-0-C

cage-linked

modes of the SiOC(-H) films with various flow rate ratios.
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Fig. 10. Deposition rate of the SiOC(-H) films with various flow rate

ratios.
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SEI 40KV  X40000 100nm WD 8.2mm

Fig. 11. The cross—sectional FESEM image of the SiOC(-H) film

deposited with flow rate ratio of 80%.
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. [TMS/(TMS+O,) ] x 100 =80%
Si-CH, , —= Sj-0-Si(C)

o OH <400 C5min

300 C 5 min

200 C 5 min

100 C 5 min

Absorbance (arb. units)

RT 0 min

1000 1500 2000 2500 3000 3500 4000
Wave Number (cm’)

Fig. 12. FTIR spectra of the SiOC(-H) films annealed at various

temperatures with UV treatment time.
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Fig. 13.

Annealing temperature: 100 C
. UV treatment time: 5 min

As-deposited
UV treatment time: 5 min
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Non-UV treatment

| 2 | L | I il | | I | 2 | 2

950 1000 1050 1100 1150 1200 1250 1300
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Deconvolution of the Si—-O-Si(C) bonding mode of the
SiOC(-H) films annealed at various temperatures with UV

treatment in the wave number range from 970 to 1260

-1
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—M- Si-0Si [TMS/(TMS+0,) ] < 100 =80%

_ OF @ Si-0Cring link UV tretment time: 5 min
o . .
PN —4A— Si-O-C open link
% | W si0Ceage link
<5 I
< 5
= ST !
_g ¢ i+ As-depostion
— Non-UV treatment
& 30F:
c .
2 o
< LV
:é 0} 10
k= N g
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Fig. 14. Relative absorption areas of the Si—O-Si network, Si—-O-C
ring linked, Si—O-C open linked and Si-O-C cage linked
modes of the SiOC(-H) films from annealed at various

temperatures with UV treatment.
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--------- Annealing temperature: 400 C
UV treatment time: 5 min

— As-deposited

Absorbance (arb. units )

| 1 L W e 1 | 1 | 1 1 " 1 I 1

950 1000 1050 1100 1150 1200 1250 1300

Wave Number( cm”)

Fig. 15. Deconvolution of Si-O-Si(C) bonding mode in the wave
number range from 970 to 1270 em ' of the SiOC(-H) films
prepared without UV treatment for as—doposited with UV

treatment for annealed film at 400 TC.
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[TMS/ATMS+O,) ] x 100 =80%

60 F o RTOmin
N o RT 5 min

50 L 2100 C 5min
v 200 C 5 min

- 300 C 5 min

< 400 C 5 min

Capacitance (pF)
N

30 |
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10 ! | 1 1 1 | 1
40 20 0
Applied Voltage (V)

Fig. 16. C-V curve of the SiOC(-H) films of flow rate ratio for

various annealed temperatures with UV treatment of 5 min.

_33_

Collection @ jeju



2.55
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UV treatment time: 5 min
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Fig. 17. Dielectric constant of the SiOC(-H) films of flow rate ratio
for annealed at various temperatures with UV treatment of 5

min.
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[TMS/(TMS+0,) ] * 100 = 80%
— Si-0-Si(0)

400 C 8 min
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OH

/
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1000 1500 2000 2500 3000 3500 4000
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Fig. 18. FTIR spectra of the SiOC(-H) films at various UV treatment

times with annealed temperature of 400 TC.
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Absorbance (arb. units)

Fig. 19.

Ainnealing temperature: 400 C
UV treatment Time: 2 min

A:Lnnealing temperature: 400 C
R Non-UV treatment

As-deposited
Non-UV treatment

950 1000 1050 1100 1150 1200 1250 1300

Wave Number (cm™)

Deconvolution of the Si—-O-Si(C) bonding mode of the
SiOC(-H) films at various UV treatment times with annealed

temperature of 400 T in the wave number range from 970

to 1260 cm .
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— —— Si-O-Si [TMS/(TMS+0,) ] x 100 = 80%
X —@— Si-O-Cring link Annealing temperature; 400 C
< 50} —A—Si-0-Copen link
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é O . ® O— o —© —
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Fig. 20. Relative absorption areas of the Si—O-Si network, Si—-O-C
ring linked, Si—O-C open linked and Si-O-C cage linked
modes of the SiOC(-H) films from various UV treatment

times with annealed temperature of 400 C.
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Fig. 21. C-V curve of the SiOC(-H) films of flow rate ratio for

various UV treatment times with annealed temperature of

400 TC.
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Fig. 22. Dielectric constant of the SiOC(=H) films of flow rate ratio
for various UV treatment times with annealed temperature of

400 C.

_42_

Collection @ jeju



Si SN
o/%\o\ . O/ e {
;o Sy o/s
S o, s /O cH,”~ Si\ S,/
\O/Si O/ \CH3

Fig. 23. SiOC(-H) structure after annealing and UV treatment.
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