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Abstract
Ultra-shallow doping with depths less than 30nm will be required for sub-O.tpm CMOS devices. As

alternative technologies for ultra-shallow junctions, two step excimer laser doping has been reviewed. F\rr-
thermore new doping method using surface reconstructed superstructure is presented. This method enables
to control of the number of dopant atoms accurately.

1 INTRODUCTION

VLSI technologies toward smaller dimensions in de-
vice structure demand ever decreasing junction depths.
The formation of ultra,shallow junctions is one of the
key technologies in the development of the next gener-
ation VISI. For achieving ultra-shallow junctions, stan-
dard ion implantation technology is confronting with the
difficulty such as the inherent cha^nneling effecta anoma-
Ious diffusion due to the damage, Iateral diffusion under
the mask a,nd so on. In order to meet the requirement,
various kinds of alternative technologies have been pro-
posed. These are low-energy implantation with preamor-
phization, ultra-high vacuum low temperature epitaxS
gas-phase and solid state diffusion, and excimer laser
doping. In the present paper, we address the alternative
technologies for shallow junctions that have been devel-
oped in our laboratory. First, excimer laser doping have
been reviewed. Then new doping method using surface
reconstructed superstructure will be presented.

2 EXCIMER LASER DOPING

A new doping technique using ultraviolet(Uv) excimer
lasers has been developed to form ultra-shallow junctions
of dopants in silicon [1]. Silicon substrates a,re immersed
with doping gases such as B2H6 and AsH3 in the chamber
during laser irradiation. The incident Iaser fluences cause

the melting of silicon and simultaneously create dopant
atoms by photolysis or pyrolysis of doping gas molecules.
Then dopa^nt atoms a,re incorporated into a molten region
by the liquid-phase diffusion. UV excimer laser beam is
absorbed octremely near the silicon surface because of
a la,rge absorption coefficient of silicon at UV regions,
resulting in ultra'shallow junctions.

As a va,riation of laser doping, we developed the two-
step doping using excimer laser t2] t3]. It consists of the
deposition of dopant films by laser CVD and the liquid
phase diffusion of dopant atoms by laser melt.

An ArF excimer laser (l : 193nm) with a full width
at half-marcimum (FWHM) of. L7 ns and a repetition fre-
quency of.2Hz was used for both processe.s. The samples
were (100) CZ n type Si wafers with a resistivity of 7.5-
12.5 Q.cm. 5% BzHo diluted with He was used for the
deposition of boron Films.

The deposition of boron films as dopant sources was

carried out by the ArF excimer laser irradiation on a
silicon substrate perpendicularly in B2H6 ambient. The
energy density of the laser bearn (Ed) was va,ried from
33 to 80 mJ/cmz, which was sufficiently small a.s com-
pared with that of the melting of Si. The number of
irradiated laser pulses (rz1) was varied from 1 to 200.
The partial pressure of BzHo was set at 0.5 Tlorr.

After the stage 1 process, BzHo gas was evacuated
from the chamber to avoid additional supply of adsorbed
layers during laser irradiation. This procedure is impor-
tant for controlling the quantity of dopants. Then the
Iaser beam with the energy density sufficient high for the
melting of silicon was irradiated on samples. The laser
enerry density (Ed) was kept at 0.7 J f cm2 and the num-
ber of pulses (rz2) was varied from L to 100. The suffix of
each parameter indicates stage L or 2. In this two-step
doping, both the deposition a^nd the incorporation pro-
cesses are carried out in the same chamber successively.

Fig. 1 shows the dependence of sheet resistance on
the pulse number of the step 2 process (1, 10, 50, and
200). For comparison, the data of sheet resistance, which
were obtained with the excimer laser doping in B2H6
arnbients (0.5 torr) in a ordinaxy way, are also shown
with a dashed curve. In this ordinary process, the sheet
resistance va^ries sharpty with the pulse number and then
it is difficult to control the sheet resistance. On the other
ha^nd, the sheet resista,nce is almost independent of the
pulse number of the step 2 process in the present two-step
doping. Thus, the sheet resistance ca^n be determined
mainly with the pulse number of the step L process. The
other advantage of this method is that a very low sheet
resistance ca^n be obtained even by only the one pulse
irradiation for the melting of silicon.

The other advantage of this method is that the doping
is performed in a simple condition. Figure 2 show the
boron concentration profiles with L pulse of Si melting.
Profiles axe expressed by Gaussian distribution with very
shallow junctions and controlled surface concentrations.

We applied this method to the fabrication of MOS-
FET on SOS [a]. Samples were processed at room tem-
perature except the deposition of gate oxide at 450oC by
LPCVD. Thus, this method can be applicable to amor-
phous on poly crystalline silicon on the glass. Figure 3

show the basic SOS TFT structure a^nd key fabrication
sequence. High-quality thin film transistors were fabri-
cate with on/off current ratio of 7 and a field effect hole
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mobility of 145 cm2/v.s

3 DOPING FROM ORDERED BORON SUL
LCE SUPERSTRUCTURE

Delta―doping or atonlic layer doping has been stud―

ied for the form乱lon of uLrttsha1low jШctions,plmch

through stopper in MOS devices bl Ю]。 COninement
of dop〔mt乱oms has been performed by deposition of
dopant sourcein MBE where dopant atoms〔 re generally

ret〔uned within a few lnonolayers of an interface.[rhey

are distributed tt the substitutional sites rttdomし

Recent軌 the r∝Onstruction of Si(111)SurfaCe with

boron adsorption is of mu“ interest iom possibility for

new metastable materials and two dilnensional struc―

ttres. Boron is known to ca“ e the surface to fⅣ Or a

√ ×/3R30° reconstruction over the Si(111)7× 7 surface

md to occupy a subsurface substitutional site directly

below a Si配 乱om tt a T4 pOsition 17-q.

We explore the possibility of using this ordered νC×
/1B superstructure as a difusion source to form uttr針
sh』low junctions μqo signincant advtttage of dop―
ing i卜 om boron superstructllre over the previous delta―

doping is that the number of surface dopant atoms is

kept to be constant since y3 xプ 3 superstructure form

the ordered str“ ture with coverage of 1/3 monolayers of

boron.This point is particulttly important in very small

devices.

The formttion of√ ×/5reconstructedstructures was
performed in a gas¨ sollrCe Si―MBE apparttlls(BenteC)。

Single cryst」line n―type(111)CZ― Si Wafers with resis‐
ti宙ty of 8-15Ω ocm were precleaned by chemical treat―

ment and a protective thin cxide ilFn WaS formed.Thёn

the oxide layer was sublimated at 830° ()for 10nlin. A

Si(111)-7× 7 RHEED ptttem was obt誠ned atter this sur―
face cleaIIling process. The temperature ofthe substrates

was lowered to 690° C and to obtain clean and smooth

stlrfaces a buttr layer ofめout 50Å Si layers were grown

llsing Si2H6・ BOrOn was deposited frorn B2H6 gaS就

690° C.Sllrface reconstruction iom 7× 7 to、だ ×、だ

was observed by RHEEDo The wldoped Si capping lay―

ers with a thickness of several nm were grown on the]B

layer.

The boron concentration was measured by SIMS

(Atomih 6500)using 02 p五 mary lons.The sheet hole
concentr前lon ald Hall mobilities were measured by the

van der Pauw lnethod。

BoЮn concentrttion pro■ le in Si/B/Si(111)StruCtures
grown at 650° C is shown in Fig。 4.The full width at half

maximum(F¬WHM)iS 4nm.The boron pro■ le by SIMS
is, however, rather broad at lo■「conCentrationso Since

B2H6eXpOsure was stopped just after the obser、 ation of

the ν5×√ ptttem,the boron coverage is considered to
be 1/3 1ayer.On the other hmd,as SIMS measurement
has its limitation in terFrlS Of the depth resolution, it

might be responsible for the broad pro■ le.

Fig. 5 shows the dependence of the sheet cttrier con―

centration on the]B2H6eXpOsure tirne. The growth teln―

perature was 690° C and the B2H6f10W rate was O.5 sccm.

The sheet carrier concentration increased linettly with

and increase of the lB2H6 eXpOsure tilne up t0 100s and

saturates above 100s. The saturation value of sheet car―

rier concentrttion is found to be ttmost 1/3 ofthe ttOmic
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4 Conclusion

As altern就市e techno10gies for ultra― sha1lowjunctiOns,
two doping rnethods;excinler laser dOping and doping us,

ing sllrface reconstructed superstructur6,have been pre―

sentedo Excilner laser doping consists of twO_step pro―

cess,deposition of dOpant illn and liquid phase difFusion

of dopant atoms.This lnethod lvill be applicable to TFT

fabrication on the glass plateso New doping rrlethod us―

ing sllrface reconstructed superstructure has a signiflcant

advantalge in controlling the number of dopant atonlic

Жcllrately as well as the fOrrrlation of uttra‐ sha1lowjunc―
tiolls.
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Fig。  2 Boron concentration profiles for
different energy density of the
depositing pulse.
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Fig。  4 SIMS boron profile of Si/B/Si (111).

Fis. 3 Basic S0S M0SFET structure;(a) eate
pat terning, (b) boron f iln depos i t ion
by LCYD, (c) soutce/drain formation bv

I aser ne I t ing, and (d) f inal s t ruc ture.
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I Dependence of sheet res istance
on the pulse number of the step 2'

Excimer laser (0.7Jlcm2;
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Dependence 0f sheet carrier concentra-
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