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Abstract Silicon nitride thin films were deposited by atomic layer deposition (ALD) technique in a batch-type
reactor by alternating exposures of precursors. SiCly or SiH;Cly; was used as the Si precursor, NH; was used
as the N precursor, and the deposited films were characterized comparatively. The thickness of the film linearly
increased with the number of deposition cycles, so that the thickness of the film can be precisely controlled
by adjusting the number of cycles. As compared with the deposition using SiCly, the deposition using SiHyCly
exhibited larger deposition rate at lower precursor exposures, and the deposited films using SiHyCl; had lower
wet etch rate in a diluted HF solution. Silicon nitride films with the Si:N ratio of approximately 1:1 were
obtained using either Si precursors at 500°C, however, the films deposited using SiH,Cl, exhibited higher
concentration of H as compared with those of the SiCl, case. Silicon nitride thin films deposited by ALD showed
similar physical properties, such as composition or integrity, with the silicon nitride films deposited by
low-pressure chemical vapor deposition, lowering deposition temperature by more than 200°C.
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Fig. 1. Schematic diagram of ALD system.
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Fig. 2. Sequence of events in the ALD process in the present
study.
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Fig. 3. Deposition rate as a function of the exposure of SiCl,.

0.20

0.10

0.05

Growth Rate (nm/cycle)

000 . i i . 1 Il "
0 2 4 6 8 10

Reactant exposure (x 10°L)

Fig. 4. Deposition rate as a function of the exposure of
SiHCl,.
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Fig. 5. Film thickness as a function of the number of
deposition cycle.

ste] 5 7HA] Si R EF 7zl disiA 35, 50, 65
cycle 528t ‘ﬂ“@] FAE F738std Fig. 5o e
At o] W YdEEH] FEFHFL SICLE AHES A%
= 35><101°L§_ SiH.CLE AHER Z-folle 83X
10°LE 283tk F A% B & cycle Tl
E‘r “‘“‘«l FAE ARH LR FTHINCRE S cycle
2 HilAZdozH ‘ﬂ“b] FAE BgsiA AT
01131- Fig. 5914 249 7187 SHES veille
g SiClL9 739 0.094 nm/cycle, SiH,ClL ¥ 7% 0.073
nm/cycle®] 2, A2 HZEZ AHE F 0.5 nme 24
713 Al e A Astete] 9Fe s AThET
vt ] BeEe] dolR-E WA Auger electron
spectroscopy (AES)E o]&3to] glsii=tl, Si ¥ N
9] peakE °l9dle ETE peakol K ‘Jr"LEIﬂ %3
th 538 Clol Aeole Si A5 EAES] 74 st
who]7] wiizel wheh el —ff
Fovt AESE HEHA ¥t telg2e F 7 Si
A5E22L o]8£3q ALD Bl o Z o
A4S B35l LPCVD W A 2
v watgich e o s -4 sletAd ’%Eﬂ—% XPSE
A 432 Fig. 69l Yepldch 41, Si 2p peak
o] WA N 1s peak®} HAH2] B]|ZHE] 3 ALD H
2t59) Si:N W& LPCVD uHetat Aol & oF 1:
o]t} Si 2p peak®] A%, Fig. 6(a)°llA B 4 SUFe]
ul 2zl BAglo] ALD HFEHE LPCVD
d} FY3A SisN, peak®] X<l 101.8 eVolA
Si 2p peakel BHE L & & Sk ALDY Afole
A ko] TA7E gkkrl Wil Si 713 peakol &
A el ok 28y, N 1s peakS E43F Fig. 6
] Ao WEH SiH,CLE YEEFE o83 ALD
ghatol A SiClL & ©]4-3 ALD et Hjs) dujdoz
Si-NH, peak®} #1717} =LA vebdaz ok ole; e
HAL SiH,CL 9 7o FALLR WY EFH 9l
7] fjEog2 HaEn} SiClLE o] E% ALDS 7#A$ol

[«0
?R oDl

il
o



144 OIFE  O|UE - AT - LR S

—

7]

=

c

=

o

e

<

=

>

=

)

= :

Q :

h .

c :

— i o2

. : %
Sio, ; S s
: 28It .
irecoe,! < % Siwafer

oooooo ©0000e :°eooo ®

10? 166'1(1)4'1(‘)2I 160' 9|8 ‘ 916 ' 94
Binding Energy (eV)
(@

N 15|

Si-NHX | SiN,
398 eV\  ,/ 397.6 eV

Intensity (arb. units)

Si wafer

o 2 Blo o 0 o o

@ 0 o o o ©

400 395

405
Binding Energy (eV)
(b)

Fig. 6. XPS spectra of various silicon nitride thin films: (a) Si 2p peaks and (b) N 1s peaks.
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