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Abstract Two types of Ta,O; films, prepared by thermal oxidation and PECVD, on P-type(100) Si wa-
fers were studied to examine the relationship between electrical properties and stresses of the films. For
the thermally oxidized films, Ta films were depositied on the Si wafers by dc magnetron sputtering fol-
lowed by thermal oxidation as functions of oxidation temperature and time. The PECVD films were de-
posited on the Si wafers as a fuction of RF power density. The relationship between the electrical proper-
ties and film stresses were studied. In the case of thermally oxidized Ta.Os film, the electrical properties
and film stress were not found to be dependent on each other, while PECVD Ta,0;s films showed that the
electrical properties were depended on the film stress.
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Table 1. FoImation Method and Condition of
Ta,Os Thin Films.

SaecimenT Fi/ji’:i:gn Formation Condition
Al 600°C, 10min
A2 600°C, 20min
A3 Oxidation | 600°C, 30min
Tad | ™ fempera | 600C, 40min
———— Oxidation —————
A5 Drv O ture 600°C, 50min
BL | . ;y /mzin and | 700°C, 40min
B2 Time 8007C, 40min
B3 9007, 40min
B4 1000°C, 40min
Cl1 PECVD RF power 0.23w/cm®
C2 P=0.6torr density 0.47w/cm?
C3 Tas=400C 0.71w/cmy’
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Fig. 1. Refractive index and dielectric constant varia-
tions of thermal Ta,O; thin films as a function of oxida-

tion time
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Fig. 2 Refractive index and dielectric constant varia-
tions of thermal Ta.O;s thin films as a function of oxida-

tion temperature
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Fig. 3. Refractive index and dielectric constant varia-
tions of PECVD Ta:Os thin films as a function of RF
power density

A #nAE Bl F s ole RF
power density7} F7isbd Whg Bl F3o)
8% radical®] 7t F7bsted F3ete) stoi-
chiometry”} Fo}=|vj* RF power density7}
t]8 Z7}8l8 ion-bombardmentel] &8 4b3}
gteo] &Ao] HAYA =7 wEolch =EF
ion-bombardment”} Z7}3t®H  wlehgiel  die-
lectric dipole H%E-& g A ==+ impinge-
ment site?} PAA 7] WEd FHE o] @
ofz} A Hrt}

A4zl 7 PECVDHel oJ&f A" A4
2 1, 2, 3, AMV/cme] 7)Aol Ao AA-
3 1Y 4, 5, 69 el Al-A54)
Hel FHAHFE= ASTE 600°Cel A 4H3HA]
Zho]l F7hgtel wet Agtwel Ut s 3
L3toirl 408 A M HE g B’ F
Al Frhatodet. AbspAIzbe] Frbgtel whed
< AHeE AtstER A4
qog FHHF EAo) A
Aelebil A7pg ot 508 o}
Ax7 Frbstdc). Bl-B4A#e 74

408 A3}A|7be] AbgtEEvE Fo)
el whel FAARFIE S7bstclst 800°Cel A
HuAE Bl F Fastgct ol S &

Oﬁ')lrl
Q
pY



6836 AR A5 A63 (1995)

10° g
E
10" | *
E —a— 1MV/icm
[ —e— 2MV/icm
107 F v —a— 3MV/cm
“g E —v— 4MV/em
< !
E 103 3 v
a F
3 [
z 104 E- .\:\‘
P ~.
O 10t .
® E
=] F v
% ; \.\ '/
3 v /
A
E o
107 F
10& i [ 1 o 1 _— 1 i

v 30 40 50
Oxidation time(min.)

Fig. 4. Leakage current density variation of thermal Ta,
Os thin films as a function of oxidation time
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Fig. 5. Leakage current density variation of thermal Ta,
O thin films as a function of oxidation temperature
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Fig. 6. Leakage current density variation of PECVD
Ta.Os thin films as a function of RF power density
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Fig. 7. Stress variation of thermal Ta;O;s thin films as a
function of oxidation time, oxidation temperature and
PECVD Ta,0; thin films as a function of RF power
density
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Fig. 8. Leakage current denisty variation of PECVD
Ta,0s thin films as a function of stress
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Fig. 9. TEM micrographies and SAD patterns of Ta,Os films; (a) micrograph of thermal oxidation film at 00°C
40min, (b) SAD pattern of (a), (c) micrograph of PECVD film at 0.47W/cm?, (d) SAD pattern of (c).
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