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Abstract The characteristics of gate oxide significantly depend on the last chemical solution used in
cleaning process. The standard RCA, HF-last, SC1-last, and HF-only processes are the pre-gate oxide
cleaning processes utilized in this experiment. Cleaning process was followed by thermal oxidation in
oxidation furnace at 900°C. A 100A gate oxide was grown and characterized with using lifetime
detector, VPD AAS, SIMS, TEM, and AFM. The results of HF-last and HF-only were shown to be very
effective to remove the metallic impurities. And these two splits also showed long minority carrier
lifetimes. The surface and interface morphologies of the oxide were examined with AFM and TEM. The

rough surface morphologies were observed with the cleaning splits containing the SC1 solution. The

smooth surface and interface was observed with the HF-only cleaning process.

Introduction

Si surface cleaning prior to the thin gate

oxide growth becomes more critical as

semiconductor processing technology moves
towards deep submicron device structures!'~%.
The importance of cleaning process prior to
gate oxidation 1s much more emphasized when
the gate oxide thickness is reduced to less than

100A°®. The major factors affecting the

oxide quality are particles and metallic
impurities” ', These contaminants are
considered to degrade the oxide quality

significantly. In 70’s, RCA cleaning process

was developed by W. Kern and is still a

dominant process in semiconductor
manufacturing process'’. But in these days,
the new concepts of Si wafer cleanings such as
and H- or O-

> have been proposed by

vapor phase cleaning'*~'¥

plasma cleaning'®~"’
some other scientists. The vapor phase clean-
ing system is developed and now is applied to
some processes such as contact, trench, and
pre-silicide cleans. This vapor phase cleaning
system, however, still has a problem to apply
pre-gate oxide clean because of the unstable
growth of the oxide. The plasma cleaning

system 1s now under consideration to use
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contact, via hole and pre-gate cleans'®. The
important advantage of this plasma cleaning is
the surface passivation to protect the Si wafer
from the contamination. But wet chemical
cleaning based on the RCA method is always a
winner in actual device fabrication process.

In this experiment, we have utilized wet
chemical cleanings based on the RCA methods
before growing the gate oxide. This character-
1stics of gate oxide will be measured by using
VPDAAS(vapor phase

deposition atomic absorption spectroscopy),

lifetime  detector,
SIMS(secondary ion mass spectroscopy), TEM
(transmission electron microscopy), and AFM

(atomic force microscopy).
Experimental

The Si substrates used in this study were Si
(100)-oriented substrates(4"dia.) with resisti-
vity of 10~208cm(p-type, B-doped). The Si
wafer cleaning prior to the gate oxidation was
performed based on the standard RCA
(piranha +SC1+dilute HF+SC2, B1), HF-
last(piranha +SC1 +dilute HF, B2), SCl-last
(piranha +dilute HF+SC1, B3) and HF-only
(piranha +dilute HF, B4). The cleaning splits
above mentioned were classified as B1, B2, B3
and B4 in series. The SC1 and SC2 solutions
are the mixtures of NH,OH+H,0,+H;O and
HCl+H,0,+H.0, respectively. The piranha
and dilute HF consist of H,SO,+H,0,, and HF
+H,0, separately. After wet cleaning Si
substrates were collected and dried by the spin
dryer. Precleaning was followed by thermal
oxidation in oxidation furnace at 900°C. A 100
A gate oxide was grown and characterized
with using lifetime detector, VPD AAS, SIMS,
TEM, and AFM.

Results and Discussion

The characteristics of the gate oxide are
critically dependent on the Si substrate clean-
ing before the oxidation. In this study, we
examined the metallic impurities and the

surface and interface morphologies of the gate

oxides. First we examine the chemical contents
with VPDAAS. The results of metallic

impurities in the oxides are listed in Table 1. It

Table 1. Amount of metallic impurities in Si0;
measured by VPDAAS(107%/cm?)

elements B1 B2 B3 B4
Al 145.9 14.7 1313.8 12.3
Fe 153.7 2214 235.3 122.3
Cu 3.8 1.4 4.1 1.4

shows that the HF-last(B2) and HF-only(B4)
cleanings exhibit the lower contents of metallic
impurities than those of other cleaning splits
which are Bl and B3. It means that the HF-
last and HF-only cleaning are also effective to
remove the metallic impurities. As far as
metallic impurities are concerned, the SC2
cleaning solution which consists of HCI+H,0,
+H,0 is standard procedure to eliminate the
metallic contaminants®'”. In this experiments,
however, metallic contaminants are thought to
be removed and/or dissolved while etching the
oxide with the dilute HF chemical solution.
These data are well consistent with the
minority carrier life time results which are

shown in Table 2. The lifetimes of cleaning

Table 2. Dependence of minority carrier lifetimes
on the Si wafer cleaning conditions.

split average( u sec) deviation
B1 9.01 0.61
B2 44.22 3.02
B3 3.74 0.25
B4 45.12 2.19

splits of the B2 and the B4 exhibit longer than
those of the Bl and the B3. According to the
data of Table 1 and Table 2, the specimen with
the high contents of metallic impurities
exhibits a short minority carrier lifetime. The
metallic impurities in Si device diffuse into the
deep levels of the band gap of Si and act as
the recombination centers for electrons and

9.19)

holes®'®. Therefore high contents of metallic
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impurities provide the many available sites for
electrons and holes to recombine and shorten
the minority carrier lifetimes significantly. The
specimen of B3 shows the large amount of Al
impurity. This Al contamination is reported
frequently in alkaline environments such as

SC1 which consists of NH,OH, H,0,, and H,0.
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In SC1, AI(OH); complex is known to be
soluble and not stable in H,0,. Therefore Al is
contaminated in this SC1 step and this is the

only possible explanation why Al is
contaminated in the B3 split which is the SC1-
last®. This Al contamination has been

investigated with SIMS shown in Fig. 1. This
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Fig. 1. SIMS depth profiles of specimens of a) Bl, b) B2, ¢) B3, and d) B4.
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Fig. 2. Cross sectional TEM micrographs of $i0,/8i interfaces of a) Bl, b) B2, ¢) B3, and d) B4.

exhibits that the Al is located in Si0O; layer.
This also indicates the Al may degrade the
oxide characteristics. It need to do further
measurement of the electrical properties to
identify. Fig. 2 and Fig. 3 are the surface and
interface morphologies of Si0,/Si measured by
TEM and AFM. The interface morphologies of
the specimens of Si0./S! indicate the relatively
smooth interface. The B4 specimen among
other specimens shows the better interface
morphology. This means the HFF-last cleaning
does not degrade the interface characteristics
of Si0,/Si. However, the interface of $i0,/Si
observed by TEM is about 1500A, which is
short to generalize the whole specimen. The
surface morphology of SiO, is believed to be
same as the interface morphology of SiO./Si.
Therefore we have utilized the AFM to verify
the large area of the surface of SiO. The

(b)

(D

average scan area of AFM in this result is
about 2um x 2um which is very large compared
to TEM. The surface morphologies of Bl, B2,
and B3 measured by AFM are quite different
with that of B4. And Table 3 is the measured
values of RMS(root - mean - square)
roughnesses and peak-to-valley heights of
these AFM data. The RMS roughness of B4 is
about 0.9 A and the peak-to-valley is about 7
A. The Bl, B2, and B3 show the 1.1~1.3A in
RMS roughnesses and the 9~11 A in peak-to-
valley heights. These data show the B4 split
cleaning exhibits the much smoother surface
morphologies compared to the those of B1, B2,
and B3 cleaning splits. This result is also
consistent with TEM micrographs. Here B4
split(HF-only cleaning) exhibits the better
surface morphology. The reason why the B4

surface is different with others is believed to
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Fig. 3. Surface morphologies of SiO; of a) B1, b) B2, ¢) B3, and d) B4 measured by AFM.

Table 3. Measured RMS(root-mean-square)
roughness and peak-to-valley values of SiO,

surface by AFM{(atomic force microscope).

split RMS roughness(nm) | P-V(nm)
Bl 1.053 x 10~ ©0.896
B2 1.272 x 10" 1.071
B3 1.146 x 10~ 0.961
B4 0.919x10 ! 0.738

be related with SC1 cleaning solution. The
cleaning splits of Bl, B2, and B3 are cleaned
with SC1 solution which is NHOH chemical in
it. But the split of B4 does not consist of SC1

solution?”. This result indicates the SCI1

solution degrades the Si surface. In these
experimental results, B4 split which is HF-
only cleaning indicates the low metallic
impurities and the smooth surface and

interface morphologies.
Summary

The gate oxide properties have been
examined with using lifetime detector, SIMS,
VPDAAS, TEM, and AFM. It shows that the
splits of B2(HF-last) and B4(HF-only)
cleanings exhibit the small amount of metallic
impurities. These results indicate that the HF-

last and HF-only cleanings are also effective
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to remove the metallic impurities. The split of
B4 also exhibits relatively smooth surface and
interface morphologies. However, the splits of
B1, B2, and B3 which consist of SC1 solution
show the degradation of the surface and
interface morphologies. In this experiment we
have examined the SC1 solution degrade the Si
surface significantly.

In conclusion, the HF-only and HF-last
cleanings exhibit the better characteristics in
metallic impurities point of view compared to
the B1 and B3. HF-only cleaning also shows
surface and interface

much  smoother

morphologies than those of HF-last cleaning.
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