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Low Resistivity Titanium Nitride Thin Film Fabricated by Atomic Layer
Deposition on Silicon

C D / /
*+T, - -+01
| " # * Hi
$ % $ % " # #
2 #H
1 # - #
& - # ##t
# %
!
# # #
Abstract—A low temperature (300°C-350°C) TiN thermal " #
ALD process using titanium tetrachloride (TiCly) and 652 b H# 1> * H#
anhydrous hydrazine was developed to yield films with #H# H#" : 43 >+
resistivities below 200 pohm-cm. Surface treatments such " < " H# *
as Ar plasma and a.tomic.h.ydi:ogen were applied to further "o H# H# " e
reduce the surface impurities including all halogens. These A 6. 447 5
experiments  indicate  that  minimizing  oxygen " L - . "
concentration using an ultra-clean ALD process with # - # "++ # - 4 - ++
minimum background oxidants and high purity precursors # 3. # N # 8
are keys in producing TiN thin films with low resistivity. # H 6 A T4 #
" " 8 65 T # #H
> " # 43 # 5
Keywords—thermal ALD, thin film, atomic hydrogen, Ar 8 H# "6 7
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Exposure Time Study at 350 °C
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Fig. 2. Oxygen concentration and resistivity vs
exposure time at 350°C. 4  C" *
" # >+ * "H- ]
"+ H 4 4+ # 3 .o

c" H C

Composition (atomic %)
onels juawsa|3

© = N W s U O N ® W

300C 350C

N T 0 mC -—Cl N/O  emnTi/N

Fig. 3. Composition study of TiN film with optimal
pulse lengths at different temperatures.
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Fig. 4. XRR of the 350 °C TiN film with optimal
pulse lengths. @$$ >~ 43
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Fig. 5. Ar plasma treatment for surface impurities

cleaning at different treatment time. *
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Ti N (0] C Si cl
std | 39.9% | 40.0% | 6.1% | 3.4% | 0.0% | 10.5%

5mins | 43.9% | 44.0% | 3.8% | 7.6% | 0.0% | 0.7%
10mins | 45.6% | 45.7% | 3.3% | 4.8% | 0.0% | 0.6%
20mins | 40.5% | 40.6% | 3.6% | 6.0% | 9.0% | 0.3%
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Fig. 6. (a) Atomic Hydrogen treatment for
surface Cl purification. (b) Auger Spectrum
data of as-dep, Smins treatment and 10 mins

treatment samples. > it H
# #
> 8 # ,+E E
4 *
* #

202UEEBEternationatconfechnol@gyferenc:
Julg-9202ONLI

53 ¥53
4 c" # H OH-
C ;
" > H# HH# 8 C
" 4 3 # *x kS
# #
#
8 C 4 # . #
# 8 8 "
C * * 8
8 # 4 * C
> 8 > 8
" #_ n #II * " #Il
* #Il
" " " #_
" mn # C
> 4 > 5
> " 3.,8 8
# 8 K3.C
# > " 8 .5
#H > ;
" 4 H
> " H ; 43
">+
35); L 34
4 > * ) $ 341 <
" #H * 8 $<
# $ " < | #8
,+,00 G 4 #8 ?
$A$3
9 M 43 # * 8
4 2 3.°N
% 0 ++, ™D ,D>
9 : D M; > #" # ;. 43C
43C # # 3 .28
D +,6 + 1 ,+">

978-1-7281-7632-1/D12/G3E!

Authorized licensed use limited to: Univ of Calif San Diego. Downloaded on May 21,2022 at 17:24:50 UTC from IEEE Xplore. Restrictions apply.



		2021-09-17T09:10:36-0400
	Certified PDF 2 Signature




