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Abstract Titanium boride (TiB,) films were deposited on (100) silicon substrates at the substrate temperature of 506C
by means of the co-evaporation of titanium and boron evaporants during deposition. The co-evaporation method makes
it possible to deposit the non-stoichiometric films with different boron-to-titanium ratio (0< B/Ti<2.5). The resistivity
increases linearly as the boron-to-titanium ratio in the as-deposited films is increased. The surface roughness of TiR}
films is changed as a function of the boron-to-titanium ratio. The XRD spectrum for pure titanium film shows a highly
(002) preferred orientation. For B/Ti= 0.59 ratio only a single TiB phase that shows a (111) preferred orientation is
observed. However, the TiB, phase with the hexagonal structure of the AIB, (C32) type appears as the boron concentration
increase, and only a single TiB, phase is observed for B/Ti> 2.0 ratio. The TiB,/Si samples reveal a tensile stress
(3~20x10° dyn/cm®) in the overall composition of the films, although the magnitude of the residual stresses is depended
on the nominal B/Ti ratio.
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Fig. 1. Experimental apparatus for the synthesis of TiB,
thin films by means of co-evaporation method.
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Fig. 2. The composition (boron-to-titanium ratio) and the

deposition rate for titanium boride films deposited by the

co-evaporation as a function of the supplied power for the

boron-source. The supplied power for the titanium-source
was constant at 600 watt during deposition.
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Table 1
boron-to-titanium (B/Ti) ratio, deposition rates and total
thickness of TiB, films deposited by co-evaporation

Sample B/Tiratio Deposition ~ Thickness A
rate (A/sec)
S-1 0 6.3 1100
S-2 0.59 72 1300
S3 0.83 -89 1600
S4 1.24 9.7 1750
S5 2.10 102 1900
S-6 2.38 11.3 2050
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Fig. 3. X-ray diffraction patterns of the titanium horide
films at various boron-to-titanium ratios: (a) pure Ti; (b) B/
Ti = 0.59; (c) B/Ti = 1.24; (d) B/Ti = 2.38, respectively.
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Fig. 4. XPS depth profiles of the titanium boride films at
various boron-to-titanium ratios: (a) B/Ti= 1.24; (b) B/
Ti = 2.38, respectively.
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Fig. 5. AFM images of the titanium boride films at various
boron-to-titanium ratios: (a) pure Ti; (b) B/Ti= 0.59; (c) B/
Ti = 0.83; (d) B/Ti = 1.24; (e) B/Ti = 2.38, respectively.
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Fig. 6. The resistivity of as-deposited titanium boride films
as a function of film composition (horon-to-titanium ratio).

Table 2

Rms surface roughness of the titanium boride films at various boron-to-titanium ratios

Sample pure Ti B/Ti = 0.59 B/Ti = 0.83 B/Ti =124 B/Ti = 2.38
Rms roughness (A)  58.7 1.4 1.1 2.7 3.9




Growth characteristics of titanium boride (TiB) thin films deposited by dual-electron-beam evaporation 25

Aoz 2T TiB, 3TE Ho) wkE Hojd THx:
= 3 AAYPE 71908 Aoz e 5 o, B
Hzrel 27] A7) AAPAE HES] ] ¢
e 27 AT ALt o] aFdrt

Fig. 6& o8 7PA B/Ti ratioo] W& TiB, wote]
WA FGS e Aot} gl Ae) o] AAles
=27 pure Ti#h TiB, 99l vlA & 10™ Qem
order=d  bulk-Ti(4.2~5.2x107° Qem)et  bulk-TiB,(9.0x
10° Qem)ell Hlate] 108) A 2 HAGES VR
At ol wWE FALLAA S2E wErEe] pulk
ARRT FxHo g WA Fi wHTES 7tk
A3 XPS ¥4 3} wiute] ¥HRZoM #FH 0 5
o] BLEo] Aae] Algk 407 Z3197] ulEolst
Ak, T8)3 TiB, ¥HEke] B)AES B/Ti ratio’t 5
718 we} 719 Fades Zrlsiged, ol A%
Ar+6 %B,He2] EF712 E2]7]19)4] reactive sputte-
ring[9]C. & AZE TiB, #haelM= A9 fAkek AAE
e stk

EEHE BE(TiB,)e] €% AATE 4.6Xx10°K 24
Si ¢ AAAF@25x10°K )} oFF fAKSk TiB, ¥
o] Gi 7|ekdel] FRERS | og- e g vEpd
Aoz o=t} Fg 72 (100) Si 71 9ol ==
7] 71X B/T ratiod] W TiB, ubere) 2733 HIls
Yehd ZAoltt, 298 Famow 229 pure TI R
TiB, B9E 2% 10°dyn/om® ordere] ©17-3-¥ (tensile
stressyS UERIAZ, T3k oA Zol B =7}
Z7vgel wEk A F7ksle 1<B/Ti<29] 24wl
A FAA7r | &, Ax AAse A B olst
7o 2#EATE -l TS vle} o] B T e
TiB] 33E 4 75z 2He AV e o= A
Z}gn) 2 0 < B/Ti <18 28 99ME TiB s8]

T T T T T Y

TiB TiB+TiB, TiB

[
w
T

)
=
.)
o

—
[—}
T

v/ -
) ®
| .‘/
0:0 015 1:0 1:5 210 215
B/Ti Ratio
Fig. 7. The residual stress of titanium boride films as a
function of film composition (boron-to-titanium ratio).
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