Journal of the Korean Vacuum Society
Vol. 10, No. 1, April 2001, pp. 104~111

utato] SAJ0f CHE!
HEA - ofxA

AR A A TS
19994 119 118 A5

Effects of boron doping on the chemical and physical properties of

hydrogenated amorphous silicon carbide thin films prepared by PECVD

Hyun Chul Kim and Jae Shin Lee

School of Materials Science and Engineering, University of Ulsan, Ulsan 680-749, Korea
(Received November 11, 1999)

2 - SiH,, CH,, B:Hs @i}ﬂﬂla ol-83te] Eeizo} sleteEpyos v E"ﬂ"éﬂ—'—(a-SiC H) ke
Z3talgle}. 714 doping F=Z 0ol 25107 WHlelA w3 A & ubde] E4S SEM, XRD,
Raman 2314, FTIR, SIMS, ;g—g—,—Es’Jr =T EAS Sl A RS BHe/(CH,+SiHy) 7141530
7t TV 2] =Y EEe) v AL askiet. S8 F B,H, 71AI7F A7l wet viA =kt
Al upe] Si-C-H 23719 A=E a3l on, o]e] oJ3ko2 winhiie) £A3ekS B,Hy/(SiH+CH,)
714 7t 271l Wt 16.5%04 7.5%2 2Etasidt}. BHy/(CH,+SiHy) 7141317} 2715
a-SiC:H Hhte] 33by W=7} A7) 845} o=l 2, A7 A 2 s S718lle.

Abstract — B-doped hydrogenated amorphous silicon carbide (a-SiC:H) thin films were prepared by plasma-
enhanced chemical-vapor deposition in a gas mixture of SiH4, CH4 and B,Hg. Physical and chemical properties
of a-SiC:H films grown with varing the ratio of B,He to (SiHs#+CHy4) were characterized with various analysis
methods including scanning electron microscopy (SEM), X-ray diffractometry (XRD), Raman spectroscopy,
Fourier-transform infrared (FTIR) spectroscopy, secondary ion mass spectroscopy (SIMS), UV absorption
spectroscopy and electrical conductivity measurements. With the B-doping concentration, the doping efficiency
and the micro-crystallinity were decreased and the film became amorphous when B,H¢/(SiHs+CH,) was over
5x107. The addition of B,H, gas during deposition decreased the H content in the film by lowering the quantity
of Si-C-H bonds. Consequently, the optical band gap and the activation energy of a-SiC:H films were decreased
with increasing the B-doping level.
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H 1. Deposition conditions for B-doped a-SiC:H films

Parameter Condition
Substrate temperature (°C) 200
RF power density (mW/cm?) 220
Working pressure (Pa) 67
B,H¢/(SiH+CH,) 0.5X107*~2.5X107?
H,+20%SiH, (sccm) 6
Gas flow rate CH, (sccm) 4
Hy+0.5%B,Hg (sccm) 5~80
Thickness (tm) ~1
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8 1. Depth profiles of B in a-SiC:H films for different gas
phase B-doping levels.

Journal of the Korean Vacuum Society, Vol. 10, No. 1, 2001



106 784 -

40

w
o
!

Depsition Rate (nm/min)

™
(=]
1

it M |
N 10

B,H /(SiH +CH,)

2

212 2. Deposition rate of a-SiC:H thin films as a function of
gas phase B-doping ratio. The a-SiC:H films were deposited
at 200°C under RF-power density of 220 mW/cm? and cham-
ber pressure of 67 Pa.
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H 2. Frequencies of IR peaks and assignments

Wave number

] Assignment Vibrational modes
(cm™)
630-650 SiHn rocking/wagging
780 Si-CH; rocking/wagging
Si-C stretching
860 SiH, wagging
890 SiH, bending
1250 CH,-Si, CH;-Si stretching
1450 CH, bending
1000 CH,-Si, CH;-Si  bending/wagging
2000 pure SiH stretching
2090 SiH stretching
C-Si-H stretching
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13 3. SEM photographs of surface microstructures (A, B, C, D, E, F, G) and cross-sectional morphologies (a, b,c,d, e f, g) of
B-doped a-SiC:H as a function of B,H/(SiH4+CH,) during deposition. The fraction of B,Hg was () 0, (b) 0.5x10°, (¢) 1.0x107%,

(d) 2.5x10°2, () 5x1073, (f) 7.5x10, and (g) 1.0x102.
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1% 4. Raman scattering spectra of B-doped a-SiC:H thin
films as a function of the gas phase B-doping level.
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18| 5. The volume fraction of micro-crystallite for B-doped
a-SiC:H thin films as a function of the gas phase B-doping
level.
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18 6. Infrared absorption spectra of B-doped a-SiC:H thin
films as a function of the gas phase B-doping level.
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18| 7. Infrared absorption spectra of the Si-Hn bond stretch-
ing bands of B-doped a-SiC:H thin films for different gas
phase B-doping levels.
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8 9. UV-absorption coefficient spectra of B-doped a-
SiC:H thin films for different gas phase B-doping levels.
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12! 10. Optical band gap of B-doped a-SiC:H thin films as a
function of B,He/(SiH4+CH,) during deposition.
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3 11. Electrical conductivity of B-doped a-SiC:H thin
films as a function of B,Hg¢/(SiH,+CH,) during deposition.
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1% 12. Activation energy of B-doped a-SiC:H thin films as a
function of B,He/(SiH,+CH,) during deposition.
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