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Composition, Structure and Resistivity of TiN Thin Films Deposited by RF PECVD
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Abstract ‘Titanium nitride films were deposited on the (100) oriented p—type silicon substrates by RF
plasma enhanced chemical vapor deposition using a gaseous mixture of TiCl,, N, H. and Ar. The chem-
ical composition, structure and the resistivity of the films were investigated with the deposition variables
such as the flow rate ratio of N,/TiCl,, the deposition temperature and the RF power. The deposition
rate increases with increasing the flow rate ratio of N,/TiCl, and RF power, while the rate decreases
with increasing the deposition temperature. As the flow rate ratio of N,/TiCl, and deposition tempera-
ture increases within proper RF power, the Cl concentration in the films decreases and the stoichiometry
and crystallinity are improved, so decreases the resistivity of the films. The films deposited under the
condition of the N,/ TiCl, ratio of 30, the RF power of 50W and the deposition temperature of 620°C had
the Cl content of 1.5at% and the resistivity of 56 1 Qcm. Also, the bottom coverage of the films was
above 60% on the step with the width and depth of 0.6m x 0.64m.
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Table 1. Deposition conditions of TiN films.

N

'7/T"4 iCl115 ?
No/TiClL(TiCl ¢ 1.5sccm 10, 20, 30

H. : 70sccm, Ar : 100scem)
Deposition temperature{C )

400, 470, 540, 620

RF power (W) 25, 37.5, 50, 62.5
Deposition pressure (torr) 2
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Fig. 1. Schematic diagram of TIN RF-PECVD system.



554 A8 A A5 AlS5E (1995)

=1:2:69°|%c}.

wbabo] AL AES(Auger electron spec-
troscopy, Perkin-Elmer SAM 4300)2} RBS
(Rutherford backscattering spectroscopy, NEC
S5SDH-I1)& Ah&3te] zAbstaich. AES £4
Al Ao vpEAgtH A{Fe zh 5K,
300nAelgli Al#e FHAZ== 30°]dt)
a8 Ar o] ey Aty dFd
=5zl 3KV, 300u A/enf2 ste] a3l
t}. RBS #4& 243MeVel ‘He™ ol&dl&
Agstel Sasigon olue] A (o]
W5 AE7Abele) ZE)E 170700 m Al
o] AT 20° o]}

TiN u}ute] AES A#HEZHLS 418Ve Ti
LiMyMys Aololl 214t peake} 383eV =34
Ti+N peak® T+A=+=d Ti+ N peak+= N¢
KLyL,;, Holol ©& peak(379eV)e} Tiel L,
M:Me; Holell 2| peak(383eV)el §HAlel
o]sto] eld Aoty o9 TiClL AEoE
al§t Cl peake 18leVel vlehdct o]z gt
AES spectrum® 2 %€ TiNg Za 29 x4
£ AFRAMsE7] ¢siA= Ti+N peakel 4]
Tie] odske A Ag N peake] Z7]S olo}
gt g} ofe)l disiA= o] Hivl glevt
2 AFe A& Hofmann®o] Alg cig 4
& o] &34t

Cy_Si (1383)
Cn Su

—(L383)
[(418) ' K418)""

o 714, G 1 ubeh o] N3t Tie) 2}z 4]

S:AES AdA w7HA S (relative
sensitivity factor)
I(383), I[(418) : 383eV % 418eV
ol 4 2] AES peak
74—5
(A e TAZA B
383eV % 418eV peak

o 7=l

Tish TiINS EEAIBE Agste] EAjstn
A she MM Re EAHZANA AES &
AEAe Ach o]2¥EH T S/S9 @&

£ 0.68¢]%ith. AES Ad e A Cl s
A gsl7] $ste] S4/Su2 RBS datas}
nlwsle] Fatgdrt. 50W, 470°ColA Z3k=
#hekg RBS #4383t Co/CrE 78 23
0.242¢]Q3L . AlH-E AES #A43le S,./Sq
£ Axstded 2 @2 1359t &,
AESE o]&% N/Ti v+ Tigl TiINS EFA|
Ho g S§/S5v& T3t el TIN whet
Hell E2A3ke Clgtade Z2& Ajdel o3l
RBS¢} AES 24oz S,/S& slo] A=
3}3} e}

243 wete) 7224e 84 TFXRD
(thin film X-ray diffraction, Rikagu Inc.)® &
Abg-3tgith CuKe 4% oj&slgx A4
= 2°8 aAFAHoH A "dF= 7
7y 30kV, 60mAe]gitt. XRD peak ¢ %2 ¥
TIN upute] Azpab4& sl (200) peak
2] FWHM(full width at half maximum)& o°]
&3t AAY AN E F3lAtY

gate] w)x8 242 four point probe W
He AHEstd &, WX Q) S 248
I o7l FAR wnte] FAE FgoEy
H] A &g 3ot

%25 wiele] hottom coverages Yol 7|
21ste] w] 0.6pm, Zeol 0.6m=Z sHeIx] step
Hel TN 2tehs S22 ofs 2 dde
SEM(scanning electron microscopy, JEOL
JSM5200)°e.2 sty

3. Z@n ¥ 1%

3—1. N, 7% #zjo 2 HUHEY

shabZatub-g-of| A wiete] BEAL FEH
U8 ofefl of3le] G3& ubA Hedw B
AT A Z22% 620C, RF &3 50W,
714 2 TiCl/H./Ar=1.5/70/100sccmel] 4]
N, $82 15, 30, 45sccme 2 w3271
TiN v}ete] Za AgS gstich

Nof-3Fo] 15scemell 4 45sccm e 2. F7}3)
=d g FaE5x 9 Ao WH3E Fig 2
o vepuigct FEER e AS N, {30l
Z7}gtel wel 38A/minel 4 67 A/mine &
Z7}sle AEE Nl 29w AES B4
A= Nof-8Fo] 15scemoll A 4bsceme 2 &
7}gHel] abel N/Ti 8]z} 0.80¢) A 1.072 Z7}
gho] statofEu|vl A gE RogF 1 gich

e



W89 - 24 - o 9F  RFPECVD ol <ls) 223 TIN wetsl 24, 72 9 4714 54 555
100 v T v T - T 60 - . . . - .
I = R 4
a 80 F L & ~
p S E gl ]
N O {408 O
8 60+ / 8 Q]
E b O 430 E j 60 k- \. 4
g wf & ¢z
= —M—Ti 420 ‘
z .~ E 2 sl -
2 20} —o—N 1.0 =2
) —A—Cl +410 3
A ] o 20} -
0 -AF L N 1 J—y 1 é 0
10 20 30 40 50
N, flow rate (sccm) 010 0 30 0 50

Fig. 2. Depositioin rate and chemical composition of
TiN films as a funtion of N, flow rate. (620°C, 50W)
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Fig. 3. XRD patterns of TiN films as a function of N,
flow rate. (620°C, 50W)
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