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Abstract TiN films were prepared on Si(100) substrate by ICP-CVD(inductively coupled plasma enhanced chemical
vapor deposition) using TEMAT(tetrakis ethylmethamido titanium : Ti{N(CH,)C,H:1.) precursor at various deposition
conditions. Phase, microstructure, and the electrical properties of TiN films were characterized by x-ray diffraction
(XRD), x~ray photoelectron spectroscopy (XPS), high resolution transmission electron microscopy (HRTEM) and elec-
trical measurements.

Polycrystalline TiN films with Bl structure were grown at temperatures over 200°C. Preferentially oriented along
TiN(111) films were obtained at temperatures over 300°C with the flow rates of 10, 5, and 5 sccm for TEMAT, N, and
Ar gas. The TiN/Si(100) interface was flat and no chemical reaction between TiN and SiO, was found. The resistivity,

3

carrier concentration and the carrier mobility for the TiN sample prepared at 500°C are 21 #fcm, 9.5x 10" cm™* and

462.6 cm*/ Vs, respectively.
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Fig. 1. XRD spectra of TiN films prepared at different substrate

temperatures with the flow rate of 10 sccm TEMAT bubbled
by Ar gas and 5 sccm of N, gas.
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Fig. 2. XRD spectra of TiN films prepared at different substrate
temperatures with the flow rate of 10 sccm TEMAT bubbled
by Ar gas, 5 sccm N, and 5 sccm Ar gas.
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Fig. 3. Deposition rate of TiN films as a function of the sub-
strate temperature at the flow rate of 10 sccm TEMAT
bubbled by Ar gas, 5 sccm N: and 5 sccm Ar gas under 300 W
of RF power.
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Fig. 4. Deposition rate of TiN films as a function of RF power at
the flow rate of 10 sccm TEMAT bubbled by Ar gas, 5 sccm N,
and 5 sccm Ar gas under at 500C of the substrate temperature.
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Fig. 5. XPS depth profile of the TiN films deposited Si substrate with the flow rate of 10 sccm TEMAT bubbled by Ar gas, 5 sccm
N and 5 sccm Ar gas under 300 W of RF power at different substrate temperatures : (a) 100°C, (b) 200°C, (c) 300°C, (d) 400°C, and

(e) 500°C.
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Fig. 6. Ti-2p core level spectra at different depth of the same
samples as in Fig. 5(e) : (a) surface, (b) TiN film, and (¢) TiN/
Siinterface.
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Fig. 7. N-1s core level spectra at different depth of the same
samples as :in Fig. 5(e) : (a) surface, (b) TiN film, and (c) TiN/
Siinterface.
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Fig. 8. Cross-sectional TEM picture of the TiN film deposited
on the Si(100) substrate with the flow rate of 10 sccm TEMAT
precursor bubbled by Ar gas, 5 sccm N, and 5 sccm Ar gas at
500°C of the substrate temperature and 300 W of RF power.

Fig. 9. Selective area diffraction pattern for the same sample as
in Fig. 8.

Si{111)

Fig. 10. High resolution TEM picture of the sample showing
polycrystalline microstructure for the same sample as in Fig. 8.
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Fig. 11. Substrate temperature dependance of the resistivity of
the same samples as in Fig. 2.
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Fig. 12. Substrate temperature dependance of the carrier con-

centration and the carrier mobility of the same samples as in
Fig. 2.

Fe 7w Siel [011] wake 2 st Aldiels
agglomeration &#4to] gl olF 7RI e, 7|7 Sigf
+3E Azd AL (002) Helw, (002) #x} 54° 9] 7
2 o|FE de (111) He= 3=t ey 7|8
Si (100) | #oll ¥AP F9 Ashiolr= TiN Ao =2
vebd Az A4 (111) @3 (220) He= 1 1zt A
2]+ JCPDS dHlole}9] diy = 2.44A, dw = 1.496A 7
Axstdch. ©)F Azl AEo| o WFer Fgd 4
g2 PAxl g Hol TN who] o} ZFA Y& Fal=
o] e A& & F 9o o] A= XRD 43 UA ¢
< o 4= gle}. TIN/Si(100) Al A= TiO, TiO, &
£ Si0, 2& vAAYYRE P4 =] USE E T U2,
TiNT} Ajdubg-o] dou}z] edofg-& HojEe)

29 112 2§ 29 A=) gt FF vAFE vepd
Zlolel. 100°C o4 23 259 v)AFLE 82 pweme]d
o} 7je] 57} 200°C 9 300 C A4 FAR TIN uhat
o] v)AF} g2 76 weme}t 57 pem B %3 7Fdk9lo
v 7)o 25E 400C 9 500 TR £33 A|gelAE ]
23} Zro) 25 memst 21 pemE B3I s g} o
o} o] 7)o &xr) FUMETE v|AT fo] Fidhe
Z3& TIN et AAs o He: & & Uk
TEMAT precursor® MOCVDE a3t 2|82 #A$

5 &

o4 - AE Y FebErel CVD Wyl A% TiN 1135

e 7|89 571 250ColA 8= TIN whe] v|x 3
e 2500 wemH o) 7|#e] 2571 350CANA ¥R
whabel A-L-oAs 15000 p2emE 9 Ao}l DMAT
precursor& ECR plasma CVD ulgo 2 =3 A8 9
AS-AHe 7o) 27 100CHAE vAY gro] <&
100 #emx, 7139 2271 2k 600CNA AAHE A8
AN M= oF 60 peml e A7ALe] A} vlwYg of B
Aol A 8%k ICP-CVD "ol °Jate 3§43 TiN 4
gto] Mr|H EAo| o 5L & & Yo} o]zl
e Z2t=o} Aol 4 radicalE2] AAL L7} @) o
2ol Eef=v}l FEhbgolA TIN 2l 3 o]Fjx)x2,
Ar o] &Eol 2z &3t o iA|7} ol AU TIN et
o] A== AR Azdc

2% 12+ 19 29] A< 3 carrier ¥29 olFE
E el Zojc}. 71He] 2571 100C 200CAA ¥
A" A5 9 carrier =+ ¥ 3.1%X10'7 cm™ 3 42 X
10" cm e 2 F7iskedovt 7iwe] 2571 300°C oAkl
A 3.7%10"% em™¥A4 95X 10" cm e 2 el
233 7)o 2571 Ale, 100°Ce 200CHA AR
A8 oAe) o)lEE = 872 em?¥/Vs, 106.3 cm?/ Vs 144.
9 cm?/Vsgdou 300°ColA 500 CE 7189 25§ 27}
A7 o} o]F 5= 2453 cm?/Vsoll 4 4626 cm?/VsZ F
7HE RoFEr). ojibe] AR Hol B dolA FAHH
TiN whebe- 7]ghe] 27} ¢F 300°C olatoll 4] okale ut
o] HAEHE o F Utk ol v x4 o) F
i} 2] o]u] TiN wt2he 25 ZAA3L7) o]F-ozl Alejo]
7] wEolc}. oj2igt F4-& XRD & Aol 7jgde] 22
7} 300°C elolA= TIN Axe|7l do}x] o= A=
kb=

42 =

B AFdise Y] 25F 1007C, 200°C, 300°TC,
400°C, 283 500 CE #XsH A} Ar 7}~ 2 bubbling
2170 TEMAT(Ti[N (CH2) C.Hs}s) precursor& 10 sccm,
2832 Ar# N, 7}2E 22 5 scem F438H4] ICP-
CVD ®del] 9Jsted TiN/Si(100) +ZF A3tz XRD,
XPS, HRTEM % Hall &5 &3 So® 7|%9 2% o
g YA7|7-e FAS 948 # AVH B4 5& 24t
dlod d2 HEL v}gH 2}

1) TiN ®ehe 71gke] 2571 300°C oldolA obdx
2] 3k TiN vbto] A gct E£§ 300T o429

2o ME Aalo] 42 gt} welbd A2oMs
ko] TiN whato] BA %S ¥olr),
) 71e] 2x7l ALddel e N-7chs TN ubg
] 84501, 229Gl Ti-FHohd TiN =bgto] §
A=)t 7ie] 227} 300 C oA FAH ke TigN;
2 gAdd 24 Fol Aot

3) TEM E4dlA TIN/Si(100) A" HEslgon,
TiN/SiOy/ A Hell 4] Tiel O¢}e] Agubgo dof}z
i

o

Do

<3



1136

) 718 2=7F 500°CeA AR TiN uhehe] vjA

&, carrier 5, ol 55 27t 21 plkm, 9.56X10"% cm™?
7} 462.6 cm?/Vsgr}.

E ATE 1997UE &Y 3R AN] (A4

aAte 2

e

of) Al ell 2J3te] AF-H+

10.

11.

. Takeo Maeda, Takeo Nakayama, Shohei Shima,

and Junich Matsunaga, IEEE Trans. Electron De-
vice ED-34, 599 (1987) .

. . Suni, M. Biomberg and J. Sarrilahti, J. Vac. Sci.

Technol. A3, 2233 (1985).

. A. Paranipe and M. IslamRaja, J. Vac. Technol.

B13, 2105 (1995).

. T. Kishida, M. Tokunaga, H. Kubota, M. Y okoshi,

and T. Hara, Physica B 239, 50(1997).

. A. Weber, C. P. Klages, M. E. Gross, R. M.

Charatan, and W. L. Brown, J. Electrochem. Soc.,
Vol. 142, L79(1995) .

. R. W. Fiordalic, R. I. Hegde, and H. Kawasaki, J.

Electrochem. Soc., Vol. 143, 2059 (1996) .

. R. 1. Hegde, R. W. Fiordalic, E. O. Travis, and P. J.

Tobin, J. Vac. Sci. Technol. B11, 1287 (1993) .

. K. T. Rie and A. Gebauer, Mater. Sci. Eng, A129,

61(1991).

. C. Taschner, K. Bartsch and A. Leonhardt, Surf.

Coat. Technol. 59, 207 (1993).

T. S. Chang, W. C. Wang, L. P. Wang, J. C.
Hwang, and F. S. Huang, J. Appl. Phys. 75, 7847
(1994) .

A. Weber, R. Nikulski, C. P. Klages, M. E. Gross,

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

FFAESHA AgH A1lE: (1999

W. L. Brown, E. Dons, and R. M. Charatan, J.
Electrochem. Soc. Vol. 141, 849 (1994) .

J. S. Kim, E. J. Lee, J. T. Baek, W. J. Lee, Thin
Solid Films, 305, 103 (1997).

A.Sherman, J. Electrochem. Soc. 137, 1892 (1990) .
A. J. Silvestre, O. Conde, R. Vilar, and M. Jeandin,
J. Mater. Sci. 29, 404 (1994) .

J. T. Hillman, M. J. Rice, D. W. Studiner, and R. F.
Foster, Proc. 9th Int. IEEE VLSI Mutilevel Inter-
connection Conf., Santa Clara, 1992, IEEE, Tampa,
FL., 246(1992).

K. Ohto, K. Ueno, K. Tsunenari, K. Numajiri, M.
Okamura, and H. Jinba, Conf. Proc. ULSI-IX,
1994, Materials Research Society, Pittsburg, PA,
151 (1994).

H. K. Shin, H. J. Shin, J. G. Lee, S. W. Kang, and
B. T. Ahn, Chem. Mater., 9, 76 (1997) .

AW, A5, oI, =AM A], Vol. 5, 552
(1995).

C.J. Lee and Y. K. Sung, J. Electronic Materials,
Vol 22,717(1993).

A. Kamgar, F. A. Baiocchi, A. B. Emerson, T. T.
Sheng, and M. J. Vasile, J. Appl. Phys. 66, 2395
(1989).

2, 784, Sys, AyE, A, o], AA
%, o] Q& F=21FE3] A, Vol. 6, 255 (1997).

J.S. Min, Y. W. Son, W. G. Kang, S. S. Chun, and
S. W. Kang, Jpn. J. Appl. Phys. Vol. 37, 4999
(1998).

M. Boumerzoung, M. Boudreau, and P. Mascher,
Plasma Chemistry and Processing, Vol. 17, 181
(1997).



