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Effects of Deposition Parameters on TiN Film by Plasma
Assisted Chemical Vapor Deposition( 1)

—Influence of Temperature on the TiN Deposition—
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Department of Metallurgical Engineering, Yonsei University 120-749

ABSTRACT

To investigate the influence of temperature on the TiN film, it was deposited on the STC-3 steel and
Si-wafer from TiCl,/N,/H, gas mixture by using the radio frequency plasma assisted chemical vapor
deposition.

The deposition was performed at temperature of 400°C-500C .

The results showed that crystalline TiN film was deposited over 480°C, and all specimens showed the
crystalline TiN X-ray diffraction peaks after vacuum heat treatment for 3hrs, at 1000°C, 10 °torr. While
the film thickness was increased above 480°C, it was decreased under 480°C as temperature increased. And

the contents of titanium were increased and it of chlorine were decreased as temperature increased.

Because temperature increase was attributed to the increase in the density of TiN film, surface
hardness of TiN film was increased with temeprature,
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Fig.2. X.R.D. result of TiN deposited at 460C

onto STC 3 steel

(A) As deposited (B) Vacuum heat treatment
Gas inlet fraction; Ar/H,/N,/TiCl,=0.5/
0.25/0.25/0.01

Total flow rate; 200sccm, Electrode dis-
tance ; 3cm, R.F.power ; 40 watts, Deposition
time ; 3 hrs, Deposition pressure ; 2 torr
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Fig.3. X.R.D. result of TiN deposited at 480C

onto STC 3 steel

(&) As deposited (B) Vacuum heat treatment
Gas inlet fraction: Ar/H,/N,/TiCl,=0.5/
0.25/0.25/0.01

Total flow rate; 200sccm, Electrode dis-
tance ; 3cm, R.F. power ; 40 watts, Deposi-
tion time ; 3hrs, Deposition pressure ; 2 torr
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Fig.4. X.R.D. result of TiN deposited at 500C

gubH o Zaty TiNupub 9] A gz Ag 7
T JCPDS 6-0642 9 A} 7besfe 7
ol 3t} & Dennis T Qumto“%«] Mol ol

onto STC 3 steel

(A) As deposited (B) Vacuum heat treatment
Gas inlet fraction; Ar/H,/N,/TiCl,=0.5/
0.25/0.25/0.01

Total flow rate; 200sccm, Electrode dis-
tance ; 3cm, R.F. power ; 40 watts, Deposi-
tion time ; 3hrs, Deposition pressure ; 2 torr

.

ge

Q.
&

CVD (chemlcal vapor deposition), AE(activated

evaporation), IP(ion plating), MS(magnetron

sputtering) 58 F# Z2Alxol el TiNg Al

ZEE HZ chzs, FAA4, 2AlY Z5 wet o
39 4Aps 8 HAHE Rz Ladye

M.R_ Hilton® 59 48 Ao oz F3 270

rir

2AZAAA o2 Bz do] A4S oo 473

AAAE 4ol 44 Yoz by meA 4
£ gAel A% 43d w4 g o W 43w
e Aoz 29 319 4493 QAN e

>

1

7z}

TiNg 34 sla £ (200)5) 27 713 723 3R

|

355 JEpglen], o] TiNe] NaClg fcctzolm

PR TEEE 24, 4% 1989/5

2 duRAHer 7z e (20001 ez AR AE
ojgbn B13}gict

£ Agelr ZaAL50] aE A Are Wi}
gals)glon) 500CoHA F&H TiNg #¢ 73d AA
A TiN(200) =22 Fo09 g TiN(111), (220) 9|
antel AEE AR o2 A Aol M= TINH A7 et
wa skl o9zt A4e M R Hiltono #7358
2 s sl gl

oldel XA #HA ¥4 Ald FaLrd wi

37ht oAl adatome] o] F= & A E}] “ﬂu"ﬂ
etzeh st Fa4] g4 $A =& 7] (radical)
b 2A Rudel FAtaled o Aoz A obAE A
A2 4A olFsta, =& TINZaE el Az 4
FE Fste] 2RSS el Clg 3870 «¢
o9y o] F.Sanders®®} T.Arai"e] oi37zjels =
LA et

e Exof4 A4 TiNY AA4H AAAel v
A= Clo dag 24317 ste] Eepzn} shet F3
| STC 374 A|d¢ AF AA s, F3d A
Aol Alsty AFHz2 10°torrrtx gt
483 F #AZe4 1000C, 347 F ot F 4
72 WAstel XA HAEAE gt old ol
4 43% Fig.2B,3B,4Bel Jehglen =3 o
AHe] A Fo #ud ael S Photo 1o e dct,

A5 dAel o) ZE AlgolAd TiN3H 327}
AEHRon, AL EE %7}5}5’— kizd S ARt R

Aoz el TiNS AR8h} ol feizlele AL o 4

et %4 0CI oA 34 xlz%ol Aol o
8 A4 TIN 94527 A2A5E A8 of 57
Aol 4 TiNo| w44 Atez +ZH6J4% AL vefF

+

%, Z#4ex7t 29he Aol: adatome] o] 5o
dEalA Lapo] A} Agsx Faln wAA A
2 Ex3e stdol o8] adatome] o] Ew s} A
of AAZs} 2AsE Aoz seidch gy 23y
vepbd NH,Cl2 A3 9484 HClo NH.2 33
o $28 ez Azdeh,

=g 22259 Frbol web dxe ¥ HABEr)
F7h3ke e Hop Clo] TIN4Ao walxl:= g4
= Ag¥ce A& o 4 9o, o= M.R Hiltony



EA2HAT
47} o

7511

IN%"»Z}*l

2 (D) - oAl

2)

Photo .1, Surface morphology of TiN as deposited and after a 1000°C,
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treatment Gas inlet fraction ; Ar/H,/N,/TiCl,=0.5/0.25/0.25/0.01
Total flow rate ; 200 sccm Electrode distance : 3cm, R.F power ; 40 watts Deposition time ; 3 hrs,

Deposition pressure ; 2 torr
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Fig.5. Weight loss of TiN coating due to sputter

etching as a different deposition tempera-
ture,

Gas inlet fraction ; Ar/H,/N,/TiCl,=0.5/
0.25/0.25/0.01

Total flow rate; 200sccm, Electrode dis-
tance ; 3cm, R.F. power ; 40 watts, Deposi-
tion time : 3 hrs, Deposition pressure ; 2 torr

MEF T AT 24, 4% 1989/7

100 °Ti
2C!
90 e —— g .

80 - /

N

60 .
=
3 50+
E 40 - -
S
o 304

e
DHJ] T T T T T

[ 400 420 440 460 480 500

Deposition  Temperature ()

Fig 6. Variation of titanium and chlorine content of
TiN coating with temperature.
Gas inlet fraction; Ar/H,/N,/TiCl,=0.5/
0.25/0.25/0.01
Total flow rate; 200sccm, Electrode dis-
tance ; 3cm, R.F. power ; 40 watts, Deposi-
tion time ; 3hrs, Deposition pressure ; 2 torr
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Photo.2. Scanning electron micrographs of cross
section of the TiN deposited with temper-
ature on Si-wafer by PACVD,

Gas inlet fraction ; Ar/H,/N,/TiCl,=0.5/
0.25/0.25/0.01

Total flow rate; 200sccm Electrode dis-
tance ; 3cm, R_F. power ; 40 watts Depo-
sition time ; 3hrs, Deposition pressure ; 2
torr, Temperature ; 480°C
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Fig.7. Variation of density of TiN coating with
temperature.
Gas inlet fraction ; Ar/H,/N,/TiCl,=0.5/
0.25/0.25/0.01
Total flow rate; 200sccm  Electrode dis-
tance ; 3cm, R.F. power ; 40 watts, Deposi-
tion time ; 3 hrs, Deposition pressure ; 2 torr
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Fig 8. Variation of deposition thickness with tem-
perature
Gas inlet fraction ; Ar/H,/N,/TiCl,=0.5/
0.25/0.25/0.01
Total flow rate; 200sccm, Electrode dis-
tance ; 3cm, R.F. power ; 40 watts, Deposi-
tion time ; 3 hrs, Deposition pressure ; 2 torr
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