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ABSTRACT

TN films were deposited onto high speed steel(SKHS) and silicon wafer by plasma-assisted chemical vapor
deposition{PACVD) using a TiCl,/No/Hx/Ar gas mixture. The effects of deposition temperature, R.F. power,
and H. concenlration on the deposition of TiIN were studicd. The residual chlorine contenl and the microhard-
ness of TiN films were also investigaled. It was [ound that TiN films grew with a celumnar struclure of
a strong {(200) preferred orienlation regardless ol the substrate type and the deposihion vanables. The TiN
films consisted of columnar-grains ef about 50 to 100 nm in diameter The columnar grains themselves contained
much finer fibrous grains. As deposition temperature increased, the residual chlorine content decreased sharply,
RF. power enhanced the deposihion rate largely. Increasmg of H, concentration had little effect on the residual
chlorine.
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Fig. 1. Schematic diagram of expermental apparatus
for TiN-PACVD.
1. mass flow controller, 2. TiCl, bubbler, 3. ice
and water box, 4. pressure gauge, 5. fine mete-
ring valve, 6. three way valve, 7. choke valve,
8. throttle valve, 5. cathode, 10. anade, 11. hea-
ler, 12, matching nelwork system, 13. R.F. ge-
nerator, 14 lemperature controller, 15, alkari
trap, 16. rotary pump
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Fig. 2. Variation of Vickers microhardness angd thick-
ness of TiN films with deposilion temperature
{system pressure, 1 Torr; total flow rate, 250
scem: No/He/Ar (carrier)/Ar{balance)=40/70/40
/100 scem; TiCl, bubbler pressure, 64.5 Torr;
RF. power, 60 wait).
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Fig. 3. Variation of chlorine content in TiN films with
deposition lemperature (system pressure, 1
Torr; total flow rate, 250 sccm; No/Ho/Ar(car-
rier)/Ar(balance) = 40/70/4(/100 sccm; TICL bu-
bbler pressure, 64.5 Torr; RF. power, 60 watt).
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Fig. 4. X-ray ditlraction for the TiN films deposited
on SKHY at various deposition temperature (sy-
stem pressure, 1 Tarr; total flow rate, 250 sccm:
N,/H./Ar{carrier/Ar(balance) = 40/70/40/100
scem: TiClLy bubbler pressure, 64.5 Torr; RF.
power, G0 watt).

Fig. 3¢ Z#-2xo]| uwlf TINFaauel stz
9lt chlorinestal wWE-E vfehielch Fig 3¢+ %
L%} 460 o4 520€ & Zr7Vabe] el AE chlo-
rine§afe] F7 5 AHEE Bl glvl o|= g A3
ZAle] Elgrrl Eobdld ulel maAldgd] s
3L HREEY] o) FEE(mobdity)7l £7HH 3 Ti-Cl s
o] 2o} A =g ¢ U wE &5 TiNS A3S
ERAAF7] gelvh 23 TINGLF222E chlo-
rined Z3sle 8k A4ESY wate] @ds de
wh7] el Aew AR, oe] dpalge] wudl
HylE2amubgl 2l o 253 ¢loh

Fig. 2ell4 Faz} 460T ol 4] 500C 2 Z7label
2} vlaAEgle] E7Eke A2 o= fqle] HaE

A== wk Fig 34 B wlg)

°F A3y Ao

31 A 10 (1994)

Ar
o,

Silicon Wafer

ASTM powder diffraction of TiN

a
T8 =y =
~ ™ e -
s kN( lg

520C

R

460°7C

Intensity (Arb. Unit)

L " 1 1 L A

20 30 40 50 60 70
Diffraction Angle ( 27 )

Fig. 5, X-ray diffraction for the TiN films deposied
on silicon wafer at various deposgition tempera-
tures (system pressure, 1 Torr; total flow rale,
250 sccm;  NofHo/Ar(carrier)/Ar(balance) = 40/70
/407100 scem: TiCly bubbler pressure, 64.5 Torr;
R.F. power. 60 watt).
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Fig. 6. Variation of Vickers microhardness and thick-
ness of TiN films with R.F. power (system pre-
ssure, 1 Torr: total flow rate, 250 sccm; Nu/He
fAr(carrier)/Ar(halance)=40/100, 135/40/70, 35
scem; TiCl: bubbler pressure, 64.5 Torr; depo-
sition temperature, 5007 ).
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Fig. 7. Variation of chlorine content in TiN films with
R.F. power (system pressure, 1 Torr; total flow
rate, 250 scem, No/Ho/Ar(carner)/Ar(balance)—
40/100, 135/40/78, 35 scem; TiCly bubbler pres-
sure, 64.5 Torr; deposition temperature, 5007 ).
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Fig. 8. Varialion ol Vickers microhardness and thick-
ness of TIN films with H, flow rale {system
pressure, 1 Torr; tolal [low rate. 2507sccm: Ny
fHe/Ar{carrier)/Ar(balance)=40/7/40/7 sccm;
TiCl, bubbler pressure, 64.5 Torr; deposition
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Fig. 10. Typical morphologies of TiN films,
(A) SEM micrograph of surface (deposiled al
460TC )
(BY SEM micrograph of surface (deposited at
BOOC )
(C) SEM micrograph of fractured vertical sec-
tion {deposited at 5007 )
(D) TEM micragraph (deposited at 500T )
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Fig. 11. AES depth profile for PACVD-TIN film depo-
sited on steel subsirate (svstem pressure, 1
Torr; total flow rate, 250 sccm; No/Hz/Ar(car-
rier)/Ar(balance)=40/70/100 scem; TiCly bub-
bler pressure, 64.5 Torr; deposihion tempera-
ture, 500C; R.F. power, 60 wait).
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