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Q@ Y -olewuzzawoa hBNE ZAs|e] o]z ¥ 7|H2%el wlE hexagonal ring®] w4
W Ao Wt o psigde). HEe Axul ez 15 Asec o $E2 2UAH o], A4E end-hall § o]
2702 60, 80, 100eVe] )] & F-2aksch. 71 #e] L= AH2(no heating), 200, 400, 500, 800°CE W3}
A 7). Aol Lel A7} 27182 hexagonal ring?] ¢-&-2 7 ghofl 3 8ia}A| wd e} 100 eV] A Aol
oz A 71 & ujadS vehl it o) o] oAt B4 E A Tofl £ -3 o] WA o
Fog Yz} 7w wepa s w7} 2715l whel wiado] Zrlalctzl oF 400°Col A Hrt H
o B} F LwoAs wldde] ghastglrt. 2l AR 50} FU1EE gAE Gl oyt AHE
L &57} Zylghel wlet Yk o] FEE FriEtw SHUAL oA o2 RE 4 dugd w3
nano-indentor®. &4+ h-BNTe] AHEE &9 vldyxe} 7+ H3E Horl o] 23 R 25A-E hex-
agonal ring®] #ldS- & h-BN= Al o] 3 & 3}ell a5}A Q) W 2.2 sk},

Abstract — We have studied the alignment and the lattice quality of hexagonal rings of h-BN films
synthesized by ion beam assisted deposition (IBAD) method. Boron was e-beam evaporated at 1.5 Alsec
and nitrogen gas was ionized using end-hall type ion gun at 60, 80, and 100 €V, respectively. Substrate
was either not heated or heated at 200, 400, 500, and 800°C, respectively. As nitrogen ion energy
increases, c-axes of hexagonal rings tend to align parallel to the substrate, which is explained by larger
compressive stress at higher ion energies. Alignment of c-axis increases with temperature and shows
maximum around 400°C. The lattice quality of hexagonal rings improves with temperature. Such
behaviors can be understood from two counter trends of increasing the atomic mobility and decreasing
compressive stress with temperature. Hardness of h-BN films shows the same trend with the alignment
of c-axis. Ton beam assisted deposition method seems to be effective for aligning hexagonal rings and
optimizing h-BN properties.
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Fig. 1. FTIR spectra of BN films grown with various ni-

trogen ion energies of 60 eV, 80 eV, and 100 eV respec-

tively. All the films are deposited on Si(100) substrates

under following conditions: boron evaporation rate: 1.5

Assec, N, ion bombarding, substrate temperature: 400°C.
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Fig. 2. AES depth profile of the BN film grown on Si

(100) under following conditions: N, ion energy: 100 eV,

boron evaporation rate: 1.5 A/sec, substrate temperature:
400°C.
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Fig. 3. FWHM of v, (1380 cm ' peak) and R.(= Avp/
Asy) ratio of BN films grown with various nitrogen ion
energies of 60 eV, 80 eV, and 100 eV respectively. All
the films are deposited on Si(100) substrates under fok
lowing conditions: boron evaporation rate: 1.5 A/sec, N,
ion bombarding, substrate temperature: 400°C.
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Fig. 4. FTIR spectra of BN films grown at various sub-
strate temperatures of R.T., 200°C, 400°C, 500°C, and
800°C, respectively. All the films are deposited on Si
(100} substrates under following conditions: boron eva-
poration rate: 1.5 A/sec, N, ion energy: 100 eV.
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Fig. 5. FWHM of v, (1380 cm ' peak) and Ru(=A.,/
As,) ratio of BN films grown at various substrate tem
peratures of R.T., 200°C, 400°C, 500°C, and 800°C,
respectively. All the films are deposited on Si(100) sub-
strates under following conditions: boron evaporation
rate: 1.5 Afsec, N, ion energy: 100 eV.
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Fig. 6. Cross-sectional HRTEM images of the BN films
grown on Si(100) substrates at (a) 400°C and (b) 800°C,
respectively, under following conditions: boron eva-
poration rate: 1.5 Assec, N, ion energy: 100 eV.
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Fig. 7. Hardness depth profile of the BN film grown on
Si(100) substrate at 400°C under following conditions:
boron evaporation rate: 1.5 A/sec, N, ion energy: 100 eV.
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Fig. 8. Nano indented hardness of a pure Boron film
grown at 800°C and BN films grown at various substrate
temperatures of R.T., 200°C, 400°C, 500°C, and 800°C,
respectively. All the BN films are deposited on Si(100)
substrates under following conditions: boron evaporation
rate: 1.5 A/sec, N, ion energy: 100 eV.
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