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Plasma Enhanced Liquid Source-CVD and Rapid Thermal Annealing

of Tantalum Penta Oxide Dielectric Material
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Tantalum penta oxide (Ta205) insulator material has been deposited from a

penta ethoxy tantalum tTa?Od2HS)Sl I iquid source by PECVD. Au/TaZ!g/.n,1-Si.
ptOS diodes exhibi ted very weti def ined C-V characteristics wi th f lat band

voltages as low as about -0.lV,low leakage currents,high breakdown voltages
and Iie]t dielectric constant l>zil. Rapid thermal anneal ing (RTA) performed
for the first time on Ta2O5, 8t 7000C and 9000C for 5 minutes showed much

improved electrical propeities. All results suggest growth of high quality
falO5 films from a carbon-based Ta liquid source, due to an effect of Blasma
enhanced deposition Process.

1. INTRODUCTION
Tantalum penla oxide (Ta2O5) has

received much attention in I.C. technology
for its aBplication as storage capacitors and
as gate insulators in DRAM MOS devices due to
its high dielectric constant.

Recently, many efforts have been made to
deposi t Ta2Og us i ng di fferent source
materials and deposition techniques. For the
source material of Ta in CVD, despite the
good controllability of flow rate over a wide
range using liquid sources, solid sources
such as TaCl5 are widely applied in order to
minimize the carbon contamination from liquid
sourcesl). In practice, poor electrical
properties of Ta205 deposited using liquid
sources by thermal CVD or photo CVD has been
attributed to carbon contamination2).
However, we consider that plasma CVD using
liguid sources, which has been little
investigated, is more effective to decompose
the carbon-related bonds in source materials
and contribute to lower earbon contamination'
resulting in better electrical properties.

In Bast, post deposition annealing has
been considered to be desirable for further
improvements of electrical properties; for
this purpose 0zone-related anneal ing
techniques- has been develope43). However,
rapid thermal annealing (RTA) can more easily
and practical ly be Berformed over large
wafers.

In the present work, w€ have deposited
Ta205 by plasma enhanced I iquid-source
chemical vapor deposi tion (LS-CVD) using
Ta(0C2Hg)5 source and have investigated basic
deposi tion condi tions, electrical properties
and effects of RTA.

A-4-3

RiS.1 Experimental set-up for plasna enhansed
I iquid source-CVD (SAMCO model PD24O).

Table 1 shows the typical deposition
condi tions. Source material Ta(0C2H5)5 is
liquid at room temperature, its melting print
(M-P. ) is 210c, boi l ing point (8.P. ) is 1460c
and vapor-pt.ttot* at ra-ooc is 0.1 mm Hg4).

Table 1. : Typical deposition eonditions

2, PLASMA ENHANCED LS-CVD Of Ta205

Deposition of Ta205 was carried out in
Samco's model PD240 by-using plasma enhanced

LS-CVD technique (Fig. 1).
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Source - Ta(0C2H515
Tank Temperature - 160-180oC
Line Temperature 1800C
Substrate Temperture - 47|oC
Carrier gas N2 - 50 SCCM

Reactive gas - 02 - 50 SCCM

RF Power Density- 0.38 lllcmT
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A compari tive study of the reported
deposi tion rates of Ta205 by di fferent
technique and naterial is demonstrated in the
Table 2. Saitohs) has reported Rd=48 Q/min.,
by LPCVD using Ta(0C2Hg)5 but their substrate
temperature is too high for use in device
application. At such high temperatures device
property may degrade ^. due to p0ssible
interdi ffusion. Yamagishi2) have achieved
Rd=70 R/min. by photo-CVD using Ta(OCH3)5,
however by thermal CVD they got only Rd=20
R/min. Matsui 1 ) have reported Rd=32R by
photo-CVD usilS TaCl5, Teravaninthorn6)
reported Rd=16 H/min. by D.C. sputtering (Ta
target).

Table 2. : Deposition rates

Deposi tion Technique Ts Rd
(oc) (R/mi n. )
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Fig. 2: tJel I, def i ned capaci tance vol tage
characteristics of Au/Ta2O5/Si MOS diodes.

breakdown occurs at 5 MY/cm. !/e have for the
purpose of comparision, also plotted I-V data
obtained from literature for carbon-based
I iquid source materials by di fferent
deposition techniques. Numasawa9) reported
I-V data from Ta(OC2H5)g by LPCVD and then
they used TaClx to have better electrical
properties. ShiilrikiS) performed two-step
anneal ing technique to reduce Ieakage
currents of Ta205 film grown from Ta(0C2H5)5
by LPCVD. They also performed UY-03 annealing
at 3000C. They could achieve 6etter I-V
characteristics only after two step annealing
tUV-03 + dry 02 at 800o[l. Yamagishi2)
reported photo-CVD of Ta205 from Ta(0CH3)5
I iquid source.

From this comparison of I-Y data i t is
evident that leakage currents are two orders
of magnitude smaller, obtained by us by using
plasma enhanced LSCVD, then those obtained by
LPCVD.

In the chemical analysis, carbon
concentration of our Ta2O5 film was below the
detectable I imi t i.n AES-m6asuremen1sl0).
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* Present work.
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In comparision to above reported data,
our Rd=64 R/min. by PE-LSCVD is much better
and we hope that i t wi I I enhance by the use
of photo-irradiation and/or UV-03 techniques.
Of course, Rd=400 R/min obtaind [y ECR is an
exempt of a much faster rate7).

3. ELECTRICAL PROPERTIES

3. 1 CAPACITANCE.VOLTAGE CHARACTERISTICS

0
-5 50

Figure 2 (a, b) shows I MHz C-V
characteri s t i cs of Au/Ta205ln, p-Si MOS

diodes (ohmic contact: AuSb for n-Si, AuGa
for P;Fi' - top electrode: Au-lmmo,
Si:1*10rDcm-r). Very wel I defined C-V
characteristics together wi th strong
accumulation effect were obtained 0n as-grown
Ta205. The flat bond voltage (Vfb) is as lol
as about -0.lV in both cases. Higher values
of dielectric constant (>25) were obtained on
n* si (8{,1018 .r-3). TanimotoS) also reported
C-V curve for Al/Ta205/Si MOS strueture where
Ta20g tllas grown by photo-CVD using 0z0ne by
using TaCl5 solid source. Although they did
obtain typical C-V characteristic, but i ts
VtU is much shifted towards positive bias
indicating some charge exists in Ta205 film.
It is important that we by using PE-LSCVD of
Ta(OC2Hg) could achieve much better C-V curve
wi th negl igibl e Vf b values.

3.2. CURRENT-VOLTAGE CHARACTERISTICS
Figure 3 is the current vol tage

characteristics of Au/Ta2OclSi_ MOS_ diode.
Current, as low as about o x"to-8A/cm2 could
be achieved for 1 MV/cm electric field and
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Fig. 3: Current vol tage characteristics of
Ta2Og. Our data i s compared r+i th those
reported for carbon-based liquid sources.

In plasma CVD, chemical reactions resul ts
from electron-impact dissociation of
precursor gases in the plasma glow discharge.
As the rf power intensity increases, number
of ions also increases which exhances plasma
ion bombardment and results in dissociation
of precursors. Therefore in PECVD, Ta(0C2Hg)5
t+i l l be ef f ectively decomposed and wi l l
result in nearly carbon-free Ta2Og films.

4, RAPID THERMAL ANNEALING (RTA)

RTA was performed for the first time in
(RTA equipment of AST, Germany) N2 atmosphere
for 5min. at 7000C and 9000C. In Fig. 4 we
show effects of annealing on resistivity of
the film. In as-grown sample resistivity is
1013 e-Cm, which improves to l0l4 - 1015e-Cm
for lMV/cm appl ied fields as an effects of
rapid thermal anneal ing. These resistivi ty
values are indicative of high qual i ty
i nsul ator. Al so brealrdown do no t occur even
up to investigated i0 MV/cm applied electric
field in annealed samples.

Annealing results suggest that defects
and impurities present in Ta2Og out-diffuses,
resul ting in improved f i lm qual i ty. Speci al ly
as an effect of rapid anneal ing the whole
Ta20g film faces a rapid lattice vibration,
rearranging i ts stoichiometry structure
(Ta20g), out diffusing impuri ties and
improving the crystal defects.

9OO "C ANNEALING

7OO "C ANNEALING

AS-GROWN

0 0.5 1.0 1'5

ELECTRIC FIELD (MV/crn)

Fig. 4: Effects of rapid thermal annealing on
Ta2O5 fi lms resistivi ty measured as a
function of applied electric fields.

5. CONCLUSION
In conclusion, H€ have succeeded in

growing high qual i ty Ta20g dielectric
material from a carbon based liquid source
Ta(0C2H5)5 by using plasma enhanced CVD

technique. Our as grown Ta20g shows very
wel I defined C-V characteristics wi th Vfb
as low as about -0.leV for both n,p-Si,
dielecric constant greater than 25 and nuch
low leakage current as compared to those
reported earlier by other CVD techniques for
carbon based source material. RTA further
improves films quality. Hence plasma enhanced
LSCVD grown film can be more suitable in I.C.
techno I ogy.
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