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o} NH & #3120 2 uh-$-2 U fo F3]3l1, Ta(OC.Hs) 2 NH; Abo]ol] 284 713 & Fqltch. 519 cycled Ta(OC.Hs) s
T4, Ar 54, NH; 3, Ar 49 o] &tAZ o] F A}t Cycle-CVDH o 2 Absjeted § uhg F3H4 o, &5 250~ 280°C o
4] whete)] =i 7] 7= 9xk% 23 (Atomic Layer Deposition : ALD) o1%ic}. 265 Coll4] Ta(OCH:)s: Ar 1 NH, : Are] g
cycleoll 4] zt A 9] F9] A7hE 1~60& 5% 5% 522 Ta(OCHs: 7 A7Hg WshA) 7| A Astebd§ 9¢ Cycle-
CVD Weo & Z3sl4r}. Ta(OCH:) s F4 A3kl 202 ol Ay F4 A12ke] F718loE cycle & FA7F 1.5 A/cycle®
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AR B2E 33 atX, Ab4 50 at¥%, =i 5atdk, Ak 12 atX% °)xles 900°C, O, 300torrNA 10% 5t G 2)gh upehe =t
2E 33 at% AtA 60 atd w4 at%, Ad 3at%eldt. e dAe] LRIt HETE L EU B4 a4 vt ) A
o] ZF4sl ). dxje] 3o uiehe O/Ta HepAakulzl F715td o™ Tad 4f,59) 4f5,8 AR 455} dxe] A vetyc 7}
ook, g F 54 AFoE raste R FE A4 3 Adge] A Y Ta-0 Af A=) Fobe) 23 Zlo 7 Az}

Abstract Tantalum oxide films were deposited using Ta{OC,Hs)s and NHs by Cycle-CVD. The deposition characteris-
tics and properties of tantalum oxide films after annealing were studied. Cycle~-CVD consists of sequential injection of
Ta(OCHs)s, Ar, NH; and Ar so the homogenous reaction between Ta(OC;Hs)s and NH; can be suppressed by the sepa-
ration of Ta(OC.Hs)s and NH,. The deposition mechanism of tantalum oxide film is Atomic Layer Deposition (ALD) for
250~280°C using Cycle-CVD. When the Ta(OC,H;)s injection time was changed for 1~60 seconds, the thickness per
cycle was saturated to 1.5 /cycle above 20 second of Ta(OC:Hs)s injection time at 265°C. The leakage current density of
as-deposited film was 2x 107% A/cm? at 2 MV/cm and it was decreased below 107* A/cm? after annealing using Rapid
Thermal Annealing(RTA). Carbon content was 5 at%, nitrogen content was 12 at% and oxygen content was 50 at% for
as-deposited film. After annealing in O, 300torr for 10 minutes, the contents of impurities of carbon and nitrogen were
reduced and oxygen was increased proportional to annealing temperature. Carbon content was 4 at%, nitrogen content
was 3 at% and oxygen content was 60 at% after annealing at 900°C. In XPS analysis the Ta 4fs and 4fs, peaks were
s..ifted to higher energy after annealing. The bonding energy of Ta- O was increased after annealing. The decrease of
leakage current after annealing is considered to be due to the reduction of impurity of carbon and nitrogen, the im-
provement of the stoichiometry of tantalum oxide and the increase of chemical bond energy of Ta-0 in the tantalum
oxide films.
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Table 1. Deposition conditions of tantalum oxide films

Deposition parameters Conditions
Source Ta(OC.Hs)s
Carrier gas Ar 100 sccm
Reaction gas NH; 100 sccm
Purge gas Ar 100 sccm
Deposition temperature 225~390°C
Deposition pressure 7.5 torr
Ta(OC,Hs)s reservoir temperature 135¢C
Ta(OC,Hs); line temperature 180¢C
Substrate n-type Si(100)

1. Ar as carrier gas 7. substrate heater
2, Ar as purge gas 8. throttle valve

3. NH3 reaction gas 9. by-pass

4. MFC 10. furnace

5. Ta(OCzHs)s 11. trap

6. quartz reactor  12. mechanical pump

Fig. 1. Schematic diagram of Cycle-CVD system.
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Fig. 2. Deposition characteristics tantalum oxide films. Tanta-
lum oxide films were deposited by Ta(OC.H;)s single CVD, con-
ventional CVD and Cycle-CVD.

CATR - ol84 - AR I Ta(OCH) S NH,E ol 8% 4829 § %o 443 3% 3 54 947

QRS 3 2% H9 CVD 5% L4 vt &
2} 7175 v st7] $5ke, Cycle-CVDH 2 E 250, 265,
315CoN4 Ta(OCHs) s F4 A1 HsAI7IHA F3
EAE AgRsgith. 2 Ay 29 33 2k 31567CelA
Z23819e ¢ Ta(OC.Hs)s FYAIZke] F71gte] ale)
cycle @ whet £A7} YA o2 Zrlste kg verdl
glch. 315ColAE Ta(OCHs) o dEs] Fio R s
Ta(OCHs) ;59 AlZte] AFE F3to] o] H7| wFo]
o~ 250, 265CelM F2EE A, Ta(OCHs)s
F4] A|7ko] 20& ol8td 7S, F3IAIRke] F7kgel v}
A ceyele & FA7) So1stdou T4 Alzkel 20& o]/del
A= 154 /cycle® dAEA 5t Cycled 47} 1.5
A/cycled] B2 cycle £AMS ZATo 24 whato] £AE
A W2 24T 5 Uit 2% WY 250~280C A
& cycle ¢ 3% 7|7 o2 2o}, WA Ta(OC.Hs)s
7} 718l Fql=d, d¥-sfol o3 FAL dojubA] Ge =
ToluZ, 7| Ta(OCHs) s &x7F F2grt. Ta(0C,
Hs)s o 33 F2eke 8137029 7163ty ol & 29
zstetn g} oS @A FsE Ar purger]ZhEet
i}'i}' ‘g’i}'% Ta (OC.Hj) 5 ‘E‘X]'TE_‘ *“9']@' X\}%‘ Ta (OC:Hs) 5
BEAES w2 who 2 whxuric) ohg NH; F9 24
o A, 71gtel} 83t F &g Ta(OC.Hs) s #xe NH.eb b
238le] 9] AFetetE =42 71R9)d JAT. ok
Ar purge ¢ DANA HHEREAET Hbgo) FFeddtx]
£% NH,&= AAS). geps & cycle < FE=e 4
st F o) AL Ta(OC.Hs) s 54 AEst 3 &
2= Ta(OCHs) 2 ool 25l AA e} T8j2=2 Ta
(OC.Hs) s8] F4A17bo] SH3be] 71 EHY & F&
sitesll Ta (OC.Hs); 7} 3+t F2H=ichd, Ta (OC.Hs) 59
F9Jx7ke] 7l ® o] o|4e] shat Fae dojubA|
o, cycle & FAe dAFA "k wpe) Fakg
A3 FE 24Eg F gleng Yz 3 (Atomic
Layer Deposition : ALD) o]zt &c}.5'" 250~2807C
9] &= W94 Ta(OCHs) 9} NH.E ©]43}¢ Cycle-

6 T 1 T I | T T M T
I ]
sl ."/.,.—1 ]
| e
) o
Qal i -
) L ./" ® 3159C cycie-CVD
i e W 2650C cycle-CVD
Q40 .
g - v 2500C cycle-CVD
o
»
02k -
2
Q 5 a4
<
= .
09 1 — e R S i3
0 10 20 30 40 50 60

Source injection time [sec]

Fig. 3. Deposition thickness per cycle when Ta(OC.Hs)s inkec-
tion time was varied from 1~ 60 seconds at 250, 265, 315C



948 FRAE A ASA A10%

T T T T
01
&
c0000?® 00000
°
609°
°o°°° o as-deposited at 265°C]
€ 001 fﬁ»"" e 600°C Annealing -
5]
z § o 700°C Annealing
S . )
2 9 a 800°C Annealing
» 1E3 LS .
S fo v 900°C Annealing
© [o
< o
L 1eap
5 E
O P
b oo
1E-5 L= > a L o W h
VVVVVVV oI
1 1 1 1 =
0 1 2 3 4 5

Electric field [MV/cm]

Fig. 4. Dependence of leakage current density on applied elec-
tric field of as-deposited tantalum oxide films at 265°C and an-
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