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ABSTRACT

RBS and ellipsometric investigations were combined to separate the
contribution of radiation damage and overlayer contamination. It is pointed
out that disorder effects which were produced by silicon self-implantation
are shielded without proper surface cleaning. For cleaning, plasma stripping
proved to be an effective method. The change in ¢ parameter could be corre-
lated with the degree of amorphousness. It seems that A parameter '‘feels”
crystalline-amorphous phase transition on low dose 31p+ and 27p1+ implants.
No clear evidence was found for impurity effects on high-dose 75a8+ and
31p+ implants.

AHHOTALIMA

ccnepoBaHo BAusiHME paguiauMoHHbIX MOBPEXAEHUA W YrepoaHbiX CroeB, 06pa3y-
WWMXCA MPUY MOHHOM BHEAPEHUU B KPEMHWA, Ha 3//IMNCOMETpPUYECKME MapameTpsl. [o-
NOJIHNTE/NIbHBIE U3MEPEHUS BbIMOJSIHEHLI C MOMOLWBI 06PATHOrO PaCCEesHUs WOHOB U Mpu
MCNOMb30BaHUN MeTOAa KaHa/MpoBaHus. OuncTKa OT YI/IepOAHbLIX C/I0EB MPOBOAW/IACH
nyTem naa3mMeHHOro TPaB/eHUs. V3ydeHa Koppensuusi Mexgay 3//IMNCOMETPUYECKUM na-
pamMeTpoM ¢ U CTeneHbld amoppHOCTU. W3MEHEHWE 3/IIMNCOMETPUYECKONO napameTpa A,
no-BUAMMOMY, OGYC/IOB/IEHO MEPEXOAOM KPUCTa/l/T - amMOpP(pHOE BEWECTBO.

K1VONAT

Rutherford-visszaszorassal és ellipszometriaval vizsgaltuk az ionimplan-
tacio altal okozott sugarzasi karosodast és hidrokarbon-lerakédast szilici-
umkristalyokon. 27Si+-1onokkal implantalt szilicium ellipszométeres vizsgalat
soran azt észleltik, hogy megfeleld felulettisztitas nélkiul a sugarzasi karo-
sodas altal okozott hatasok torzulva jelentkeznek. A plazmamarads megfeleld
felUlettisztitasi eljarasnak bizonyult. A ¢ -paraméter valtozasa az amorfitas
fokaval mutat korrelacidét. A 31p+_ gs 27gp+ -ionokkal implantalt sziliciummin
tak vizsgalata kis dozisok esetén azt valdszinisiti, hogy a A-paraméter val-
tozdsa a kristalyos - amorf fazisatalakulas lezajlasaval van korrelacidban.

A nagydoézisu 7MAs+- és 3lp+_iipiantacioval készitett mintak vizsgalata soran
nem talaltunk egyértelmli szennyez6hatast.



ABSTRACT

RBS and ellipsometric investigations were combined to
separate the contribution of radiation damage and overlayer
contamination. It is pointed out that disorder effects which
were produced by silicon self-implantation are shielded without
proper surface cleaning. For cleaning, plasma stripping proved
to be an effective method. The change iIn ¢ parameter could be
correlated with the degree of amorphousness. It seems that [
parameter "feels" crystalline-amorphous phase transition on

31+ 27

+ - -
low dose P and Al implants. No clear evidence was found

for impurity effects on high-dose 77As+ and NP+ implants.1

1. INTRODUCTION

Although the study of the optical properties of ion-
implanted semiconductors has received great interest, the
ellipsometric investigation of implanted silicon seems to be
premature. Attempts were made to get correlation between
implantation conditions and measured ellipsometric parameters

/0 and 4/ and calculated ones /n and k/, respectively®-" AN AN
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It was concluded that the disorder due to implantation
is responsible for the modification of optical parameters in
the first place and other effects, for example, surface over-
layers, were regarded to be secondary importance or they were
not mentioned at all.
This paper tries to emphasize all the implantation and
other parameters that have contribution to ¢ and [A. Especially
we will point out the importance of surface conditions of implanted
samples, because small amount of hydrocarbon contamination
/carbon build-up/ sometimes has an effect on ¢ and [ almost of

the same order of magnitude than the radiation damage itself.

2. EXPERIMENTAL

Silicon wafers of both <111> and <100> orientation were
subjected to room-temperature implantation. To study the effect
of disorder on ellipsometric parameters, partly 27P+ and 2"™Al+
implantation partly 288i+ self-implantation were done in the
energy range 40 - 80 keV. Trying to find impurity effects, P+

75

and As”t implantation were made with an energy which produces

approximately the same depth distribution of disorder as the
285i+ implantation. The dose of arsenic and phosphorus wasZ
1017 atom/cm2

For silicon implants isothermal annealing at 550 °C 1in
nitrogen ambient was also carried out. The ellipsometer used
for this work was a manual LEM-2 in the polarizer, compensator,
sample, analyzer /PCSA/ configuration and a He - Ne 632.8 nm
laser as a light source. The ellipsometric parameters ¢ and [

were measured fTor an angle of iIncidence ¢ = 70°. To get direct

information about disorder and the overlayer impurities produced
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during implantation process, channeling measurements with
1.2 MeV 4He4 beam were done in a vacuum of 5 X 10_5 Pa.

As the surface cleaning before and after implantation
proved to be a crucial point, both standard chemical cleaning
and plasma stripping were done. The later process was carried
out with 200 W power in gas-mixture type DS-300 typically to
20 - 25 minutes. The etching time was optimized experimentally

and details will be reported elsewhere.

3. RESULTS AND DISCUSSION
3.1 Effect of solid phase epitaxial growth and surface TfTilms

There are two major contributing factors to the optical
parameters of surface region due to ion implantation:

i/ radiation damage,

ii/ carbon build-up, especially, for high-dose processes

/o = 5 x 10~ - 1017 atom/cm7/.

Silicon self-implantation produces both contributions without
any possible impurity effect. Fig. 1 shows channeling spectra ,
of 80 keV 28Si."implants. After implantation 150 nm thick
disorder was found. Subsequently, isothermal annealing at 550 °C
was applied to get thinner amorphous layers. Fig. 2 contains the
corresponding ellipsometric parameters. It is known that the
¢ parameter characterized the degree of amorphousness o _ Up to
40 min annealing, while RBS spectra exhibit 50 nm regrowth, the
p values are practically constant. At the 60 min annealing,
however, the channeling still shows a fully amorphous layer, but
¢ suggests a partially recrystallized zone. At further annealing
both RBS and ellipsometric measurements exhibit almost perfect

crystalline structure. The question that arises from Fig. 2 is,
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whatellipsometric parameters characterize as-implanted amor-
phous layers?

Several authors dealt with the mechanism of carbon build-
-up during implantation. M. Yamaguchi and T. Hirayama6” observed

approximately 6 nm carbon at 1016 atom/cm2 implanted dose and

17 2 in good vacuum

60 nm thick contaminant film at 10 atom/cm
(-10 ™Pa) . This overlayer consisting of polymerized hydrocarbon
molecules, to our knowledge, was disregarded at earlier studies.
For example Kucirkova took only account of a maximum 1 nm native
oxide which was measured on the virgin part and this oxide was
considered as being identical on the implanted part, tooY)
K. Nakamura et al. made only a 2 nm correction for surface oxide
Iayer8). The hydrocarbon Ffilm, however, causes a slight change
in @ and drastic decrease in [ which is iIn correlation with the
thickness of disordered layer and surface fTilm together. This
could cause problems for ellipsometric investigations of liquid-
-nitrogen temperature implants, where the probability of carbon
deposition increases. Oxygen plasma was used by K. Watanabe
et al. to remove possible contaminations during implantationg)-
Fig. 2 shows a drastic change in [ after a plasma stripping of
the surface contamination on as-implanted samples. K. Nakamura
et al. iInvestigated "Pa+ implanted samples as a function of
implantation temperatureS). A direct comparison of ours and their
results is impossible, because of different wavelength used but
the tendency in [ was similar after low temperature irradiation
compared to our samples without plasma stripping.

The drop of [ at the beginning of heat treatment, to our
belief is not a contamination effect, the onset of epitaxial

growth is a probable cause of the change in [. To decide what

really takes place, using other structure sensitive methods, for
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example TEM, 1is necessary. It is clear, however, from our ex-

periments that this kind of effect is shielded without proper

surface cleaning.

3.2 The effect of dose of ion-implantation

The effect of the degree of amorphousness as a function
of iIncreasing dose for ~P+ implantation has also been investi-
gated. Fig. 3 shows RBS spectra taken along channeling direc-

tion and Fig. 4 the measured ellipsometric parameters, respect-
ively .

For low dose implants £ 3.1 X 1014 atom/cmz, channeling
shows buried disorder and the corresponding ¢ values are 1in-
sensitive to the partially amorphized layer. The [ parameter,
however, decreases to a minimum. At higher doses, where the layer
becomes TfTully amorphized, the ¢ reaches a saturation value and
the corresponding [ values increase again indicating the pre-
sence of a new, amorphous phase. For even higher doses, where
only the thickness of amorphous layer increases according to
RBS, the [ decreases simultaneously. Comparing these data with
the ones of the annealing of self-implantation, we think that
the [ parameter 'feels" the optical inhomogeneity due to crystal-
line - amorphous phase transition and vice versa and seems to
be a good measure of layer thickness in optically homogeneous
materials, Tor example, in a fully amorphized layer. We have
to emphasize that this effect was also shielded by thin surface
films on samples which were not subjected to plasma stripping.

Similar behavior was observed on aluminum-implanted silicion

too /Fig. 5/.
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3.3 The role of Impurities for hlgh-dose implantation
High-dose implantation causes the following difficulties:

it increasing number of recoil-implanted carbon and oxygen,

i1/ sputtering of implanted layer. The measured implanted
dose does not characterize the quantity of implanted
specimen. Moreover the Ilower the energy, the higher amount
of sputtering takes place,

ili/ the degree of amorphousness strongly depends on the implanta-
tion condition /for example ion-beam induced annealing
might occur /.

Trying to clarify the role of impurities, ~P+ and 77As+ 1i1ons

were implanted at room temperature with doses of 3.1 x 10/~ or

17 2

1 x 10 atom/cm~ . Some wafers were mounted into the implanter

with good thermal contact between wafer and holder and others
were thermally isolated. Besides, the ion current during im-
plantation varied between 1-10 yA/cmZ.

Unfortunately, no regular behavior was observed. For As
implants, the ¢ values were between 14.5° - 17.5° and [ values
between 145° - 165° for both doses depending on the conditions
of implantation. Similarly for high-dose P implants /¢ = 1017
atom/cm2/ we could produce ¢ values between 11.3° - 15.7°, so
there is a difference between range of éllipsometric parameters
but 1t might be the consequence of beam induced annealing. In
our opinion the present experiments are not suitable to decide
whether impurity effect exists or not. If exists it is hard to
separate 1its contribution from other damage effects. It 1is

clear that more extended experiments are necessary in the

future iIn this respect.
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FIGURE
Fig. 1
Fig. 2
Fig. 3
Fig. 4

Fig. b5

CAPTIONS

Channeling spectra taking along <100> direction on
Si self-implanted sample to follow the isothermal
annealing sequence.

The change in the ellipsometric parameters at
self-implanted silicon for isothermal annealing at
550 °C.

Backscattering spectra of NP+ implanted silicon
as a function of dose.

The change in the ellipsometric parameters at

NP+ implanted silicon as a function of dose.

The change in the ellipsometric parameters at

27AI+ implanted silicon as a function of dose.
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