106 FEEAAE A2

3% 1987

2589x2)
journal of the Metal Finishing Society of Koreo
Vol. 20. No.3. Sept. 1987

(BT=F)

Effects of Chemical Vapor Deposition Parameters on The

Hardness and the Structural Characteristics of the TiN Film

Jong-Hoon Shin, Seong-Rae Lee, young-Hyun Park
Dept. of Metall. Eng. KOREA University , Seoul |1 32 Korea

ABSTRACT

The microhardness and the structural characteristics of the chemically vapor deposited TiN film on the

430 stainless steel substrate have been investigated with various deposition parameters such as the deposition

time, the total flow rate, the flow rate ratio (H,/N,), and the deposition temperature.
The most important factor to affect the microhadness of the TiN film in this study was the denseness

of the structure in connection with the degree of the lattice strain. The relationship between the lattice para-

meter changes and the grain size variation under all deposition conditions generally followed the grain boundary

relaxation model. The (lﬂ) preferred orientation prevailed in the early stage of the deposition conditions,

however, the (200) preferred orientation was developed in the later stage. The surface morphology at optimum

cdnditions displayed a dense diamond shaped structure and the microhardness of the films was high (1700-

2400HYv) regardless of the type of the substrates used.

1. M =

i)

WA S A4 Shsle 3
s 7%l sl gick

{Chemical Vapor Deposition,

e et
LAl ol ®Iub
TollA & 8}5kE 2

2ol ox
ok Jiad

L

zhe] (Physical Vapor Deposition,
TiC, TiN #& 259 &%
sk Zlgel allol] opa 2

ll 5)

A

o

°

X
o

ol

Az

wlo

@ fo ol

S fu

ol

ja
o
rﬂ
q m;‘E
l'
Rl
)
ém

4 474w oW oA el ARAC me )
54l A1golA ke o) $45le] glomn
Ak Aedd Fob R P AT ol FolA R
wh BolHel Fa4E Fhslel gheh 2o oy
5 abvbel 2204, AAW 44 A9 04T
2, et wet S43} FaAz2A7 4% DA
o ; 452y

N
B

R
ok
r_r)L
&
K
30
T



TiNuiztel A 9 P24 54

of wHe sat

2 27 4% 107

A& 228 & 9, dbgbas F 0 g
o FqhEol s JHH% of EAl3= Ak 9laty
AR, YR 27], A$FR 9 stoichiometry
Soll AAA FgE n| A, ofd et Fl4, 7]
AY AAE 2 %a}zw B A Folale %ow
AFE d¥ 270 wa: TiN wtatel FdzA,
A, Azds, dAzrl o Fase) Wil 3

A3}, ofF T2 S4o| Axel wlAk £%E
Fesheel 2 28 24 Foiok

2. Ay
2-1. =Y 9 =A

Adlol A2 7IRA B PaTbsel] WHAA o]
2% 430 stainlessidole] AA 3ol o3 75t
o wHyg HAasetr] s 15X15X1L0mY =27
2 Fuldlgich 244 GRald oduiAE AHLS
of dupg ¥ ol ECZ 23 Atk E A
ol A2 Z24A e ALES Fig. 1] vhehl
stk AR lae nEEe Aoz AxuAL
AR dFely BAZ e FYsgoes 2EE +
2CHE 2Asg e ubg & 7}_ < E9F
A HAA 5 Hzdach & 4d 4&7@
2 4 9E Table. 1.9l »}EMMD% FHZE R
447, 5% 29 (H/N), FHEE % TICL
Bobg B om BsTe) e dlste
2 frAskg ok

2-2. XY BEYEM

O

rlr:___

N OIN

Z bl TiNuwp2hel 2§ 2 A A 4 (Texture Coeff-
icient, T.C.), AxA4, A 271 2 =A7+A

R=Sge]
[

Table. 1. Deposition conditions for the TiN coatings.

Fig. 8 Schematic diagram of the CVD system.
1. needle valve
3. zopper turnings
5.3-way valve 6. ball valve
7. TiCl. vaporizer 8. water bath
9. heating coil
11. thermocouple

2. flowmeter
4. H,S0, trap

10. specimens
12. controller

13. furnace 14. reaction tube

15. alkali trap  16. distilled water
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Time Total flow Flow rate Paic,

Conditions Temp.(TC)
(hour) rate(md/min) ratio(H,/N,) (atm.)
Time 1/4-4 600 1 1000 0. 049
Total flow rate 1 400 - 1200 1 1000 0. 049
Flow rate ratio 1 600 1-10 1000 0. 049
Temp. 1 800 1 900 - 1200 0. 049
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Fig. 2 Effect of the flow rate ratio (temp.=1000T,
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time="Thr) and the temperature (total flow rate
=800ml/min) on the weight change rate.
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Fig. 3 Arrhenius plot of the deposition rate.



TiNAZDe) A o 723 F4 v)A

shebza 2719 o3 109

g

Microhardness ( Hv )
]
o/n
E, —=
o

<
( Wayao) anxdl )L

¢ o \
300 20
Il A Il [l l 1 1 L 'l
b 254 4600
5 ~ g
a E 3
é N\ o »
8 o 45008
4250 >
2
3 o A
-

/ T Jwo
42‘7 (- ST S U S S g
5 10

rate ratio(H:/N;)

Fig. 4 Microhardness, T.C., lattice porometer, and gr-
ain size variation of the TiN films as a function
of the flow rate ratio. (lemp.=1000TC, Prici,
=0.049atm, fotal flow rate=600m!/min, time=
Thr)

A9l izt 7o) AUAE B Fo,
(220) 9] 7 S0 WHEbrt georz A|9ska (200)

Flow

4 A

3 (D RHe AEHt AARoZ $H
o oA 2 MHE ot ARe st 37hE
of s Hadn ek EW oWl YHasE 2
aopt Adaes F7hehn ok

Agbo] utekg s %abed AlubH o2 et &7
of EAatn o] gael AU ofeirbAsl e

U 24 S dE 4 Aok dd3As 2ol
o 93t g3 ubulo] HAslmA s A
Ag# o2 s 4 vk TiN FEX = Aekdt
ol Atg-ejo] Eagtth o] AL X-rays|d ANER
g 7 TiNe| Axta4el g A A

3 olmatel w4 Qe AAEH A

= wlokol strain® A FIH YAEA719F Strain
o] AlE cfgol FA1E gAl o] 2% (Grain bound-
ary relaxation) E%‘i“"“n/‘étgfg 2 o)t}

o}7]4] € Strain, v: poisson’s ratio

A Al 2 (~14)

D: A4

4@ Slob wet
Aol whulalsta of strainol Axtel BHEL F
st et =hd dbete) 27 o] AekAl wAv 9l
A7t Aot Ae) AAol W AF, YAU A

a5z e MB oz SHE o8A]F2E strain

o A3 strain°] YAZ
o ul

12

-0 o pay
/’\g/ 1”5
= 1000F o g
z N/ N s &
g 800 |)<° /° o ®
E 0 !><° am. 410 g
g 600}~ / /o l\./. g.
f o/o "05 :
400k

2 1 1 [] N i g 1
<
Siw0F o~ "’Jaoo"
g -0 LN 8.
B o v
4255} /‘* \\ oo
k+ >e
-‘-‘34.250- A/ o 1400

i 1 1 1 I 1 " 1

900 1000 1100 1200
Temp ()

Fig. 5 Microhardness, T.C., lattice parameter, and gr-
qin size variotion of the TiN films as a functi-
on of the temperature. (total flow rate=800ml/
min, Pricl,=0.049atm, Px,=0.4755aim, time
=1hr)



110 sH5EAAM  A20d

A3E 1987

(d)

Photo. 1 Surface micrographs of the TiN films deposited ot the various flow rate ratio (H,/N,) .
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Photo. 2 Surface micrographs of the TiN films deposited at the various temperatures.
a)900C, b)950C, ¢)1000C, d)1050TC, e)1100T, £ 1200C
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Table. 2. Microhardness and weight change of the TiN
films deposited on the various substrate at

optimum conditions.

Substrate | Uncoated | Coated | Weight change
(Hv) (Hv) (mg/ cal )
Elecl'%réolytic 140 1700 6.7
S.S.430 160 1800 12,5
S.S.304 240 2000 10.3
S. S. 410 320 2100 9.2
Alumina 1800 2400 15.2
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