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DESCRI PTI ON PROCESS FOR PRODUCI NG SEM CONDUCTOR

DEVI CE Technical Field 5 [0001] The present invention

relates to a process for produci ng sen conduct or

devi ces and, nore particularly, to a process fo4,“"'"“""”'"”'“
*159159*

LI

produci ng sem conductor devices having

activating, by irradiati qu%P -pld,qser beam
impurities contained in nmade of a

seni condluRbﬂEgstF@R@Ro@@dlﬂ@ékmbtmﬂiemdﬁ%ww

sought for which would enable formation of

ultra-shallow pn junction exhibiting reduced

resi stance and i nproved short-channel effect, in order
tTechajpal Fidld demand for mass-producti on of MOSFETsS

havi ng gate I engths not greater than 50 nm As a

neé@8tye for inplementing such arts, technical 15

i nnovati ons have been expected with regard to nethods

for i fAthegquesentinvention telates tora progese forqgroducingrsemiconductor
material, especially silicon, and also to nethods for
edayicas and, Inyoradairicitarty to a@romssddupmdiulcrrmsemmeaductor devices
[0003] A major technique for activating inpurities

diavingha siepef astivating bydyeadationpyithua lasesheam, impusitias dontained in
referred to as Rapid Ther nal Anneallng (RTA). In RTA

& walrfinaade pf assrticendugteypatai@lact i vation rate are in

b off relation to each other. That is,
s{ﬁ ]essi on of inpurity diffusion for achi evi ng

o RIS S b 44 g st
ﬁ@ﬁ@m@mwmz@egagé%%@mp 45t ] e
PRy S e

%@‘I\ gbm .S§ 'aﬁ@%%&@r{%@gf{?ﬁl@mﬁ@ duehiis, Eahhical
|nnovat|ons have been expected with regard to methods for introducing impurities
into a semiconductor material, especially silicon, and also to methods for
electrically activating the introduced impurities.

[0003]

A major technique for activating impurities currently adopted in mass
production is a method referred to as Rapid Thermal Annealing (RTA). In RTA,
diffusion of impurity atoms and activation rate are in trade-off relation to each other.
That is, suppression of impurity diffusion for achieving shallower junction makes it
difficult to attain higher activation rate. Conversely, attempts to enhance activation
rate promotes impurity diffusion to undesirably increase the depth of junction. For
these reasons, it has been found that mass-production of MOSFETSs having gate
lengths of 50 nm or smaller and exhibiting satisfactory performance is not easy,

when RTA is relied upon.

[0004]

LT
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Laser annealing is noted as a nethod for enhancing
activation rate while suppressing diffusion of
impurities. [0005] Later-nentioned patent docunments 1
and 2 disclose nethods for annealing 5 silicon wafers
dopes with inpurities by using excinmer |aser.

Fapor Lo BRI SR 843 BRcrEiRp onRafaip iygton rate while

31%% Hggi p509 (1999)", "Synp. on
9éI'SesérI]q gt o-FPgﬁggarﬁll%& El ectrochem ~ Soc. Synp.
Ffogg5 2000 9 95(2000)", "Synp. VLSI Tech. Digest, p69
(20011) "Ext ended Abstracts of International Wor kshop

on Ju m%térQﬂehrﬁ@Mbé’t@ht ddELMERE.1 4172 dRclosemib@iddigdor annealing

Abstracts of International Wrkshop on Junction

Tstidomovafeys d0pds wiiBlimipdirities bytumitle exdbtlr 1@8rs Aphealing methods
I nternational Wrkshop on Junction Technol ogy 2002.

nEIRG excimendadetard\alsd reporiza 6| forexampde, BDNVechl Digest, p931
Japan Soci ety of Applied Physics, No. 39, p23 (2002)".
(0999]" "IEDM fech.Iigest, @S08 16895 TSyrop. drevhBbTedy,, pTBSe(ZOOZ)”,
n Society of Applied Physics, No. 39, p23 (2002)"

ﬁeﬂtmhtenatSoq BymenBroy 2@00&&5.@000)'é§8ympwwe$1| Tech. Digest, p69

Blledto silicon, is absorbed in quite a short tine
E abputExtended Ahsuaqtérqf Intgrnatiomal shop Pnalywgtion dechnology
nm t h| ck because excimer laser is ultraviolet pulse

, @tead%%swa@tsm I@t@mﬁt@@l MV@rkaamﬁnomnctlon

i i es and, _ther, orm a
u QO 3021% p?r?ﬂ Qf[] ’Sﬁnd?‘gég? ra?@&éé’&‘ﬁf’iﬁq%ﬁ' Y¥9rkshop on
npw be ven of annea t hod |sc
i@ncﬁﬂa%g&@%ﬂ%éaﬁ%ﬁiéﬁs Shis R R gn dEciiploay. The

R T ok P e i

g aégtuted by (100) crystalline plane is doped with
or ions with acceleration energy of 0.5 keV and at

a The "Study Group on Silicon Technology, The Japan Society of Applied
Physics, No. 39, p23 (2002)" teaches that, the energy of excimer laser, when
applied to silicon, is absorbed in quite a short time of about 10 ns in a very surface
region of about 10 nm thick, because excimer laser is ultraviolet pulse laser,
making it possible to suppress diffusion of impurities and, therefore, to form an
ultra-shallow pn junction.

[0007]

A description will now be given of the laser annealing method disclosed in
the "Extended Abstracts of International Workshop on Junction Technology 2002.
p31-34".
[0008]

An n-type silicon wafer having principal plane constituted by (100) crystalline
plane is doped with boron ions with acceleration energy of 0.5 keV and at a

dosage of 5 x 1014cm-2. Doping with germanium ions also is conducted with
2
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dosage of 5 x 1014cm 2. Doping wth gernmani umions
al so is conducted with 2 acceleration energy of 5 keV
and at a dosage of 5 x 1015cm 2. A surfacial region
of the silicon wafer is non-crystallized to becone
anor phous as a result of the ion inplantation. The

tlééﬁdé‘fé}%ﬁén %ﬁe?d}ﬁo@l@é\?’_ﬁlﬁé 2t havshgé biS 1 1eeh-Ls Adptekial region

nm [0009]7°5 The silicon waféer 1s then irradi ated

Véfithe 8ilitbRAWesi8 Honodry§taflizé8Iito basemedmapRous &s a result of the ion
wavel ength. The pulse width of the excinmer |aser is

sisiptattatioh r TheanieRgeddof the andéPhious fayes thadSfosmedrnis about 12 nm.
62ns. The pul se energy density on the silicon wafer

sjoodare is selected to fall in a range of from

400mJ/ cn2 to 921 mi/cnR. After the irradiation with

t he | aler silicdrewafgus ihey idadiatedwith@singletshet efexcanerdbser of 248
region of the 10 specinen is eval uated by secondary

i oM wansdengibe ilherputlsg widthiabthe extcimendasenys sefeataat feormr@mong 10
of the sheet resistance. [0010] Depths of the pn
jIMAINGN38 oS, Pasitand 62am Boe puisenenerok slensity potthe sdicon wafer
val ues of 1000 92/0 or |ess are sinmultanepusl

-suriaceds selasded imalldn aRECe of from AGOMYIcais 9tmelaZoAfter the
the pul se h and ul.se en density: 10 ns, at

w dt th ) .en |
LgeeRtoomith Hiaiaar. the GRBI N SHBURGN it thRyTaciAl Sdigh of the
CeRRmER S Susiiraisid Ry sBCorsiar JBIacy SEOREATRIBASIME). followed by

ARSh B s gl " 5 55 L borer

s@ﬁv@ the depthwi se distribution of boron
conc Ltration in the specinens annealed with the

XL IR P MR Wy Mo By o o ance
SABeSLy ARSI 6 PO . e atgE i e lown

cesHabinktiahs Nt p@sé Widthtdnd & slilse BHBRJY Génsityah 08 at
attached to the curves 25 indicate the pul se énergy

d80GrhJ/cat; A0 ridat GO0MRILNAY 3pUssat 7100pRI/EMAL 38/Me at 700mJ/icm?:;38
surfaces of the specinens.
ns at 800mJ/cm2;55 ns at 800mJ/cm2; and 55 ns at 90mJ/cm2- The depth of the
junction is defined as the depth at which the boron concentration is 1 x 1018cm=3,
[0011]

Fig. 10 shows the depthwise distribution of boron concentration in the
specimens annealed with the excimer laser having pulse width of 38 ns. The
boron concentration distribution was measured by SIMS. The axis of abscissa
represents the depth expressed by "nm", while the axis of ordinate shows the
boron concentration at a unit of "cm-3". Numerical values attached to the curves
indicate the pulse energy densities of the annealing pulse lasers at the surfaces of
the specimens.

[0012]

It is understood that the depth of the junction in terms of the depth at which
3
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[0012] It is understood that the depth of the junction
interns of the depth at which 3 the boron
concentration is 1 x 1018cm 3 is about 17 nm when the
pul se energy density is 700 mJ/cn2. The sheet

resi stance i s about 450 Sz/”. Junction depth of about

&ﬁe%r@ﬁ@oﬁﬁ@ﬁﬂatkﬁﬁs% aNed 8ein-3RoHbo kO Mm% Wheh he gulse energy

si nul t aneously obtai ned when the pul se energy

| GeriEM) iV 06 FRY/cra2] @'ﬂé%heéﬂfé‘sidtéﬁbéﬁ%@b‘bu?%@ﬂ?@ .ﬁInctlon depth of

pul se energy density of 50 cn? is al nost

esbout 26aith ahd shieat reslintanwdf aﬂzbdd! 40D Y ateSiffultaneously obtained
anneal ing. The disclosure is silent wth the sheet

nelsérs trenpelselénergy demsityiesdB00mt/oned.i vati on of boron
has not occurred substantially under this condition.
1o0f8p14] A description will now be given of a |aser
anneal i ng techni que which is disclosed in the
| at er —Jntuﬁntld)m)dentlmbtemed}tmuMBnergyﬂertanmf &d8mJ/cm? is almost
di scloses an invention in which inpurity
e ealentio that phtainad ‘gﬁh@uteamtlﬁsedénmalthSFme disclosure is silent
decreased towards a gate insulation film The
it thessheet resistagee. B ispgsumedihatactivatian of bptan has met occurred
th ate electrode is activated by annealing with a
I antiadly pinger ks §pBERI98. di scl osed in the
5 2 menti oned docunent begins with deposition of a
3 Bi Y nsul ation film on the surface of a silicon

QS| teq a _bor on- d

ayer AfeedRiE va[&agav SRane 17385 Bfneaiestechiiiwe which i
P T St
i RSO i LB e
bl dfe S tolRf s a@aﬁ@fm@@dt\bﬁ Jﬂm Tth\éQ:hé&lS dﬁfe‘?ﬁclhaé?é step in which

|rrad|at|on my orned at an Irra tron

e RO SFB S, S e
t[oe15HespraBess dieidsedliflthe above-mentioned document begins with
deposition of a gate insulation film on the surface of a silicon wafer, on which are
deposited a boron-doped SiGe layer and a non-doped Si layer by sputtering. Then,
injection of boron ions is performed with acceleration energy of 7 keV and at a
dosage of 4 x 1015¢m2. Then, a single shot of excimer laser is applied at an
irradiation energy density of 500mJ/cm?2 in a 2-chip bulk shot mode. Alternatively,
two shots of laser irradiation may be performed at an irradiation energy density of
500mJ/cm2. The SiGe layer is crystallized as a result of the laser annealing,
thereby reducing the resistance.
[0016]

The disclosure includes a description which states that excimer laser beam

or a totally solid laser beam may be used as the ultraviolet pulse beam employed

inthe laser annealing. The wavelength of the fundamental wave of ordinary totally
4
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The di scl osure includes a description which states

that exciner |aser beam or a totally solid | aser beam
may be used as the ultraviolet pulse beamenployed in
the | aser annealing. The wavel ength of the fundanental
wave of ordinary totally 4 solid laser, e.g., Nd:YAG

| $oliinaser, éf&?pNEW%(I%lab@hfiH b0 Hf, 'd'F'hé ] S6fdMaser beam

mentioned 1™ the disclosure I's understood to nean

tiRbAGordd iBitEE RisFEUB 1 Gid&tEtoddte mebHRERAKA@br MIBMEr harmonics of
[0017] 5 Considering that the boron ion injection is

apaduedsdental vagecel eration energy of 7 keV, it is
understood that the depth at which the boron

doo¢gptration reaches 1 x 1018cm 3 is not smaller

than 100 nm Cearly, no art is disclosed for formng

any ulGorssiddriid that thenbbiomionfinjg6flomis condiictdd withracceleration
[0018] 10 Later-nentioned Non-Patent Docunents 1 and
erirgy lob g ke\aitas understdodhthat the deptt attwhith thepbarpnaconcentration
| aser beam o@ﬂSB%_nm wavel ength. [0019] Fig. 11 shows
treaches it th'tenp chenekemna|lentband00dwnt Réearininp@risie disclosed for
energy densities as disclosed in the Non-Patent

decuinsnanry yltrgnshatlownHectiers ef @@ nsheshalbwefe pul se

ener density by a unit of "mJ/cnmR" while the

dpgﬂaﬁte represents the junction depth by a unit of

“nnmi'. The junction depth is_maintained at about 26 nm ,
when satersneGtionsr Nop-Raiesl Pochmeqisst Ana R d8elons fases annealing

to 460 mi/.cn?. |t i under st t hat vari ation of
HathedsER emaity alaset KA of Ra2 bl weVelesBly “deni ¢ y
fgbiﬁ wi thin the above-nentioned range. 20 [0020]

F[ ]( Docunent 1: Japanese Transl ation Publication

o g1 1 U 00 S8 LB o onry
(@dndfels ASGRERREY MiHe NSr-PARG GtUnPehts Yand2P Ofic 2t erkEa shows
the pulse energy density by a unit of "mJ/cm2" while the ordinate represents the
junction depth by a unit of "nm". The junction depth is maintained at about 26 nm
when the pulse energy density ranges from 350 mdJ/icm2 to 460 mJ/icm2. It is
understood that variation of junction depth is small when the pulse energy density
falls within the above-mentioned range.

[0020]

Patent Document 1: Japanese Translation Publication (of PCT International

Application) No. 2001-509316

Patent Document 2: Japanese Translation Publication (of PCT International

Application) No. 2002-524846

Patent Document 3: Japanese Unexamined Patent Application Publication No.

H11-330463
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Pat ent Docunent 3: Japanese Unexam ned Pat ent
Application Publication No. H 11-330463 5 Non- Pat ent
Docunent 1. R Miurto et al., An Investigation of
Speci es Dependence in Germani um Pre-anorphi zed and
Laser Thermal Anneal ed U tra- Shal |l ow Abr upt
Junctions, "2000 International Conference on |Ion

| mpl ant ati on Technol ogy 5 Proceedi ngs", (US) | EEE,

SIQBﬁ-Pa’tgﬁﬂ?’c?c&ﬁ&Qﬂ R R furtSer ﬁ&gﬁﬁb@&lqa@%ﬁ%@c%s pendence

Mirto et al., ctivation an Iva tudies o

A MM AP re AMEBNPAL PH PlasdN THIMNGI ARRESEH YpaLShallow Abrupt

and Antinony U tra-Shallow Abrupt Junctions,

| RirRXiBAS, '2080 |FRMNSEHH € HierePie ldMPloAN Ml aritBtion Technology
Technol ogy 10 Proceedi ngs", (US) |EEE, Sept. 17-22,

ZoReetihgs”, (65) IEEE, Sept ol 92] 2060)t1@2-18821] Fig. 12
shows the rel ationshi p between the sheet resistance
and the pulse 15 energy density as disclosed in the
Non- Pat ent Docunments 1 and 2. The absci ssa shows the
Nos-& atertr Bocueenst 2:\R dviueo wiat., Attivatibhcari! Deabiivationh$tudies of
ordi nate shows the sheet resistance at a unit of
Saser. Therpat Aanealeg BorensArsenic; Boosphmnaus, and RatihSay Djtra-Shallow
and the pul se energy density by E (mJ/cnR), the graph
et dungtiops, "2O00Inteipatiendl farderenge ondoh dmptantatipn Technology
equation: 20 (S[i uation 1) Rs = 0.0938 x E2 - 89 x E +
Hrpsgedings(, (Y jEEEdﬁ@@t-tU'zﬁ,&@Qjﬁ"ﬁ@nﬁ(&), the sheet
resi stance varies by about 10.2% when the pul se
energy density fluctuates by 1 % around the base
(si[ﬁ.ns'tﬁ off430 .mJ/ cn2. The above-nenti oned docunents

SROSHrRPf NNENHARr gy stability of the 25 pul se |aser
3§ﬁ'glliator of 532 nm wavel ength is 3% Pul se energy

ity fluctuation of 3% causes a sheet resistance

o g Pl A oo B R g hBR B ne i
lr%riezb\{) P%ﬁﬁlgﬁ% ﬁ%ﬁlﬁ%&éi@FH&NBH—P&QHFIS(S&%ents 1 and 2. The abscissa
shows the pulse energy density at a unit of "mJ/cm2", while the ordinate shows the
sheet resistance at a unit of /0. Representing the sheet resistance by Rs ((/[J)
and the pulse energy density by E (mJ/cm2), the graph shown in Fig. 12 is
approximated by the following equation:
(Equation 1)
Rs = 0.0938 x E2 -89 x E + 21258 ... (1)
According to the Equation (1), the sheet resistarice varies by about 10.2%
when the pulse energy density fluctuates by 1% around the base density of 430
mJ/cm2. The above-mentioned documents shows that the energy stability of the
pulse laser oscillator of 532 nm wavelength is +3%. Pulse energy density
fluctuation of £3% causes a sheet resistance variation of +30.6%. This large

variation of the sheet resistance makes it difficult to adopt the disclosed laser

annealing method in an industrial mass-production process.
6
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6 [0022] An object of the present invention is to
provide a | aser annealing nmethod which nakes it
possi bl e to suppress sheet resistance variation.
[0023] 5 According to one aspect of the present

i nvention, a process is provided for producing a
geopgpnduct or device, the process having the steps of
(a) adding an inpurity into a surfacial region of a

dept h Af olije6t oftherpressrst inferttionpisas previde @f lager annealing method
sem conductor material; and (b) irradiating the wafer

whilsh analeeseit pbssiblectol suppdess stuaataesistaricedispidtionunped
totally-solid |aser oscillator or with a higher

HaPadhi ¢ of 10 the | aser beam thereby activating the
impurity. [0024] The use of the | aser-di ode-punped

t ot al IAcconding td ape@spect dfitbe presemh inveationha prasess jgg/provided for
stability, thereby reducing fluctuation of the .
RMALLFiNg@ temigrndetor dpeicebte nraeessinaving dre stepsloé(a) adding an
sheet resi stance is suppressed. 15 Brief Description

JMPURIEY KR @i s(l@'gacql 0829 afiadepthjof 1904 efasscof a wafer made of a
illustratioon of a laser annealjng apparatus enpl oyed _

| semigandnaiBrimalerialoand ) 'HPQ@WQ%M Bf Whh 2lgses éeanz emitted

o R AR BB BRE R BB B
' | ing. Fig. .3 i h show

JBBae et BRER AR R P P bt o e

6655 ed before and after a laser annealing. Fig. 4 is

g gral\g;h showi ng wavel engt h dependenci es of absorption

25 coqid L?é;eet?‘fttﬁe o eﬁ;ﬁéal%b.ﬁgﬂ%‘ﬁgé%bﬁ%' {9‘0@\”9%} é)%?ﬂator enhances the

anor phous siTicon.

rélerby SNt tHSFéU@%BFééiﬁgtflggﬁﬁéti%h%?ﬂﬁ‘e éﬁﬁealﬁgdsczdr%dition, whereby

energy density of "a | ase amused in the
anBeatiafien in the sheet resistance is suppressed.

Brief Description of the Drawings
[0025]

Fig. 1 is a schematic illustration of a laser annealing apparatus employed in
an embodiment of the present invention.

Fig. 2 is a graph showing the relationship between sheet resistance and
pulse energy density of a laser beam used in the laser annealing.

Fig. 3 is a graph showing depthwise boron concentration distribution as
observed before and after a laser annealing.

Fig. 4 is a graph showing wavelength dependencies of absorption
coefficients of a single-crystal silicon and amorphous silicon.

Fig. 5 is a graph showing the relationship between sheet resistance and
pulse energy density of a laser beam used in the laser annealing.

Fig. 6 is a graph showing the relationship between junction depth and pulse
7
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Fig. 6 is a graph showing the relationship between
junction depth and pulse 7 energy density of a |aser
beam used in the |laser annealing. Fig. 7 shows in
section and in plan a wafer, for the purpose of
illustrating a |aser annealing nmethod enbodying the

RErsT8Y dehSiiP Bt & Piserite@m Bsed irtth@ 18BEr SRAIRG. 2

rel ationshi’'p between overlap ratio and sheet” 5 _
resi stRgCeshdws in SctioncantFlipslan BividTel f6ihi|pursésepdf iNgstrating a
a positronal relationship between a sem conductor

viaéer amestingatetmpdaemisddyodg thd prssient irfvieation es ent

invention and a position at ich a |l aser beam

i npi ndrg. & jxoa gtdeh sladweing aarelatiorishiie betWesgr avertdp ratio and sheet
position control apparatus for controlling the

pesistarme. of a beamincident region 10 relative to the

sem conductor wafer, while Fig. 9B is a graph show ng

beam iRig.€3Aincludgissa pliabwviéw illustrating atpositemngd relstiorsshipbetween a
cross-section. Fig. 10 is a graph show ng a boron
cnieandugtpowatar annepled yna arethod pmbodying the present invention and

| aser - anneal ed be/q a known process. Fig. 11 is géﬁraph,
shBasitign ehwhich alasenbeap imeingaspam the waier gpd @dnack giagram of

oMb 35BS BL B b TRS Sl RS et egion
B RTE BB U g 5B B R e
e

257 R BRI SRS PG B B specimen

qgggfr_gmgalgag&h@gn@%v},ﬁ%qge%|s| oW ng parts or conponents:

a processi ng a a transfer chanber 82;

out | et#iéem *is éggd;ﬁ??@é%ﬁg t9¢ reltibRSHP behviddn @Iegggé’r\e?éy density

a honogeéni zer 5 canera 88; and a

NEHY JURELSY deptH bfitparspaRirhén |d8ee2RRbaBdasy el Idwatpidtess.

the " processing chanber 40 includes a béellows 67,

coupl ifg. TR gRagiBsh®bingahé rslaabnsipibdewe®s paiesendrdy density
a linear notor 66, and so forth. The linear notion
and sheet resistance of the specimen |laser-annealed by the known process.

The Best Mode for Carrying Out the Invention
[0026]

Fig. 1 is a schematic illustration of a laser annealing apparatus employed in
one embodiment of the present invention. The laser annealing apparatus includes
the following parts or components: a processing chamber 40; a transfer chamber
82; outlet/inlet chambers 83, 84; a laser light source 71; a homogenizer 72; a CCD
camera 88; and a video monitor 89. A linear motion mechanism 60 attached to the
processing chamber 40 includes a bellows 67, coupling members 63, 65, a linear
guide mechanism 64, a linear motor 66, and so forth. The linear motion

mechanism 60 is arranged to cause a translational movement of the stage 44
8
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mechani sm 60 is arranged to cause a translationa

nmovenent of the stage 44 8 disposed in the processing
chanber 60. [0027] The processing chanber 40 and the
transfer chanber 82 are coupled to each other through
a gate valve 85. The transfer chanber 82 is connected

t |pbéd 83 and to the
bRt PR GRERBIRE00S 200 1o 1hE s ane
E{@ozyrsspectively. The processi ng chanber 40, the

outl et/inlet chanber 83 and the outlet/inlet chanmber

84 ar qrrproBessinyichBmbaf 4oraritRsrdhsfedchatisler82 are coupled to
respectively, so as to be evacuated by these vacuum

ReHEPsothePPESUgh 4 Galérealle B85S Mee teANTOCEhAMbSrEDRTBRAREER to the

a transfer robot 94. The transfer robot 94 transfers

vaftiet/inleiscHameb g8 arssiothe dutletirdetiohamiden 84ptrooegis gate valves 86
chanmber 40 to the outlet/inlet chanmbers 83, 84 and

\aree8%, eespectivedl Jheforquassing chaniber 48, theautlet/mést chamber 83 and
the | aser beam| provided in a top wall 15 of the

ghe eedlet/indetathanizer 8t0arerequippéd witbpiacouam plimps 94108 aasl 93,
BK7 may be used instead of quartz. A pulse |aser beam
despecively, smasto bexewacuateth by dhesecvaquum pREPSi nt o t he
honogeni zer through an attenuator 76. The honobgeni zer
‘/[QOgg}ves to create an elongated cross-sectional

shape _of the | aser bea

while unjforpmalizin t he
beam iTMedrANSI§r ehamben Seareaig@pdates alansfer r%i&i@."f- | the transfer
ot he rds, the,20 h eni zer 72 functiopns to .
TPBeT o BaNRies MRS atde PErCac g hintie fosh B grocessing chamber
djstribution. The |aser transm tted through the
AT R Ryt ShariBes 8 B AR 1 O o 38
Wﬁbﬁglalso has an el ongated shape corresponding to
t Cr oss-sectional shape of the |aser beam The | aser

e A BIREcD YO € ol LB  op vl
S o EnaRbaLTE ARl GRSP oIS ANRIR FRl o use
E)i!j@te‘édrd? eartef ApaseRRi benPéhiRRGrdth the Ider fghf ifce 71 runs
into the homogenizer through an attenuator 76. The homogenizer 72 serves to
create an elongated cross-sectional shape of the laser beam, while uniformalizing
the beam intensity along the longer and shorter axes. In other words, the
homogenizer 72 functions to provide a top-flat shape of the beam intensity
distribution. The laser beam transmitted through the homogenizer 72 then runs
through the quartz window 38 which also has an elongated shape corresponding
to the cross-sectional shape of the laser beam. The laser beam then impinges
upon a wafer as the processing object held on the stage 44 inside the processing
chamber 40. The relative positions of the homogenizer 72 and the wafer to each
other are adjusted such that the surface of the wafer is aligned with the surface of
the homogenizer.

[0030]
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t he honogeni zer. [0030] 9 The direction of the

transl ati onal novenent of the stage 55 caused by the
i near notion nechanism 60 is perpendicular to the
direction of the longer axis of the quartz w ndow 38,
so that a wide area of the wafer can be irradi ated

W th tii dﬁ@%’n Mﬁg‘tragigldtlgﬂgFm%@e@'éﬁh&ﬁfh%rstéé’é £8%8uk&d by the

taken by a carmer a e wafer“surface

AT SRRV B IE ISR o rger s o

ahbfuRiriz\wirabvBd, avahafa Witd éF@é of’\ﬂh'e%fe? Eﬁh %léﬁrrﬁdlated with the
seni conductor | aser di ode as the punping |ight source,

dagerbeardy Ancngige ofahy aaféraurzice® iikenTtiea CTIP Eafefh BS) so that
of the totally solid | aser 10 oscillator may be, for

etke wafer, susicElundeNgrotessindidanYedmonitore tvdugisthe videe monitor 89.
pul se | aser beamenmtted fromthe laser |ight source

71008¢%] t he second hi gher harnonic of the fundanent al

wave oscillated by the |laser nedium [0032] A

descr iThte lasemiight scomcer @1 gincledes adotally solid tassmlascilator which

met hod enpl oyed in an 15 enbodi nent of the present

i eToRloYE enserpicgoducton aseadjods as theppamping lightsource, and a

surfacial region of an n-type silicon wafer 1 which
QV%{e@@hﬁgw&rS@m gifmenti n ajiaﬁgr medin pw)e tqialahs,ohd Iaser

accel er at on energy. o eV and at a dosage
SEEIRTAS boslsr SAMPIE M YL ENENAS m@@we4@prpﬁévd GSGG. The

Zé%%%%a%“’%eamma?edimmtthéiaa' ghf epiros | Eaae'c‘:mfgmgher
R Bt B rlef e e e B S e et °

ﬁ@ % ]g is conducted at a bias voltage of -1OOV by
| g pl asma of a gaseous m xture forned by diIuting

Erang ande%@hgﬁﬂﬂ %ggﬁ%ﬁggggﬁéen r“a i'on Og]eiﬂﬁlloyed inan
@n%&%éﬁbﬁtﬁ@&e@éﬁﬁh@@rﬂid@%gn BE @ af iifark8d ™ h surfacial

region of an n-type silicon wafer 1 which has a principal plane coinciding with (100)
plane, with acceleration energy of 6 keV and at a dosage of 1 x 1014 cm-2, so that
the surfacial region of the silicon wafer 1 is non-crystallized to provide an
amorphous layer of about 20 nm thick.

[0033]

Then, boron ions are injected into the surfacial region of the silicon wafer 1
by plasma doping. The plasma doping is conducted at a bias voltage of -100V, by
using plasma of a gaseous mixture formed by diluting BoHg gas with He gas. The
boron dosage was 4 x 1014 cm-2 and the depth at which the concentration of 1 x
1018 cm-3 was attained ranged between 8 and 10 nm.

[0034]
The boron-doped silicon wafer is held on the stage 44 of the laser annealing

apparatus shown in Fig. 1, and a laser beam is made to be incident to the surface
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[0034] The boron-doped silicon wafer is held on the
stage 44 of the | aser annealing apparatus shown in
Fig. 1, and a |laser beamis nade to be incident to the
surface 10 of the wafer. The incident |aser beamis
t he second hi gher harnonic of Nd: YLF |aser, having a

VEMAbSEFER Phe Ieldénbladit keantisihe sdcohdthigRer [Ralfhchic of Nd:YLF

pul se frequency of 1 KHz. The wafer was froved in a

dia6 &€ haQihg’® WRBRINgH af 52 nkl)uldePWitRh off16 nef ahdh@ pulse
beam cross-section, in such a manner that the overlap

rfeéduerddy of 1t KBizb e wafes svasanbiedirna direetivd berperididuiacto the
is 50% [0035] The definition of the term "overl ap

rl@hger axis &fl thenbeamscrepssetiioatin gach @ rdahnhecttiat the overlap ratio of
follows. The width T of a region in the beam

cthedssage crassesentionton thef wafes sufface js 50%i ch exhi bits
intensity levels not |ower than 90% of the maxi mum

i [@08Rki ty 10 throughout the beam cross-section, is

referred to as a "top-flat wdth". At the sane tine, _

t he pikhadefinitionotthederm fevesiaprratio” used indbisapscifisation is defined
between the region irradiated wth one single shot of

t aefallgwsr Tbéémgtih'ﬁ of agegieqirbihe heam ceasssas)ion pe thewafer surface,

b o R a1 o
Shevignaniiis ?%g@hﬂé : -s%émln;%r@se%’cﬁéﬁéﬁ f P@eﬁfﬁgggg@&e same
rinenibe ellchdy RayBFotiAe Beafi e iis R eMrdifigdedion rraciated

{z\gﬁlb ﬁgﬁtsﬂfqlé’ SRE6ESFTIRE gas%lF gggﬁ{ arf’oothepr‘ggiggﬁfrt@%%g%% B§/ ﬂﬁéy next single

rogen, e.d., argon gas or

b&d%ﬁ%@%s%?ﬁgébﬂ?%%&ﬁ@dgé‘%s d "b%ta‘?r‘?-gtegiw i trogen

gas. nsity dirstribution e beam
cross--ﬁfg;{& Q81 A Eatif of RC@IbWs: the direction
per pendi cdlrgéf]ot or tFEe o'rﬁgdeerfﬁlgxi S eﬂg\lwgl ts a top-flat
ratio (gf- YPput1GiH]

[0036]

The pulse energy density on the surface of the silicon wafer was varied
within the range of from 300 mJ/cm2 and 3900 mJ/cm2. A nitrogen gas
atmosphere was maintained inside the processing chamber 40. An inert gas other
than nitrogen, e.g., argon gas or helium gas, may be used as the atmosphere gas
instead of the nitrogen gas.

[0037]

The intensity distribution of the beam cross-section on the wafer surface in
the direction perpendicular to the longer axis exhibits a top-flat ratio of about 50%.
The term "top-flat ratio" is defined as the value which is obtained by dividing the
aforementioned top flat width T by the half-value width of the intensity distribution
along the shorter axis of the beam cross-section on the wafer surface. In order to

achieve uniform annealing, it is preferred that the top-flat ratio is 50% or greater.
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25 The term"top-flat ratio" is defined as the val ue
which is obtained by dividing the aforenentioned top
flat wwdth T by the half-value width of the intensity
distribution along the shorter axis of the beam
cross section on the wafer surface. In order to

e uniformannealing, it is preferred that the
top f? ratio is 50% or greater. 11 [0038]

Pr ef eflaf*é'fé’rablwﬂ'\ésﬂlt@@WaY@rﬁQ%ub}éc’ﬁébbﬂoeébéﬁydr@génatlon prior to the
dehydrogenatlon prior to the Ilaser anneallng. Suc

dizisgdangediirg. Budredetiirégératiotmy bél@lﬁ’ebfé@lbpébplfcaﬂon of a laser

| aser beamonto the wafer surface, heating of

waéam,onto trbs'waferasilr&tcepheaﬂnﬁ@oﬁmeSNaﬂeeOGrrWdﬁtldn with an
wave. Dehydrogenation effectively suppresses

r elegtromaggetic wave. Dehydroganatianeffettiesly aspprebsesmoughening of the
applied for the purpose of dehydrogenation, nay be a

| wetar suifagehdhe ﬂ@setrrbeagawvehe\mmhedgonhe$wpase affdehiydrogenation,
beam used in the subsequent activation annealing, but

t Mayhel slasenbegy having the sasnewavelengh as thiat af th\e heleen used in the
range of from 500 nmJ/cn2 and 1300 ml/cn2. A p
eﬂébsgﬁu@@héﬁﬂ\gatwntanneaﬂogt pitghe puise @wsweaéws;ﬁatwall within

h d | | t f f |
t@ﬁrgéf :?rr?@; 5P reu? ath oA ?Sﬁwﬁﬁ%?@pstﬁé%géé%ytq@sny within
atl onsni e e Se ene nsi

sﬁ S bt dnsorior i kiSenaahdti afdvngtushiog f surtacia

a sa represents the 15 pul se energy
?%gi?qo?f&% l' Wagé% 'mJ/ cnk", while the axis of

@ g?te shows the sheet resi stance at a unit of
/'3 In Fig. 2, the solid black circles or dots

show IflﬁeZ‘éﬂbHESthQ EHSE%E%W%H@'S ﬁ@e%r&ﬁgﬂsﬁyon the

peC|ne sheet's accor

aPA¥En %?&réu%@e dhRE sk Xis deher @raﬁ%ecﬁtabscn?s regresents the

i nventi on. |te circles owt evalueso

r g§lis& ééﬁslfy atesluhi of Mﬂglcmﬂ" ¢Ril6 IeS bRis U1 P BindRS Snows the

prepared by setting the thickness of the anorphous
| styesst résisfancenat @i ursit oft'@/O1e 1nIFAG. B tHOBOI blaBk@ircles or dots show

anor phous | ayer was forned by irradiation wth argon
plhesvalued 60t sheet resistance exhibited by specimen sheets produced in
accordance with the above-described method embodying the present invention.
The white circles show the values of sheet resistance exhibited by specimen
sheets which were prepared by setting the thickness of the amorphous layer to 5
nm prior to the plasma doping. Such amorphous layer was formed by irradiation
with argon plasma.
[0040]
When the thickness of the amorphous layers was set to 20 nm as in the
described embodiment, the sheet resistance values obtained under a pulse energy
density of less than 1300 mJ/cm2 were almost equivalent to those observed prior

to laser annealing, i.e., resistance values ranged from 170 to 180 Q/O0. This

suggests that boron is not substantially activated when the pulse energy density is
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When the thickness of the anorphous |ayers was set to
20 nmas in the 25 described enbodi nent, the sheet
resi stance val ues obtai ned under a pul se energy
density of |less than 1300 mJ/cn2 were al nost

equi val ent to those observed prior to |aser

RPININ2 br Below, €Si st ance val ues ranged from 170 to
180 ssz This suggests that boron is not

s[@baq}antl ally activated when the pul se energy density
is 1221300 mJ/cnR or below. [0041] The sheet

resi styEcéhem FesisHmRasess ifnb%asb%qr&ﬂh@otsqnﬁqa 608 G/t in

accordance with an increase of the pul se energy

deatordandeg with BB0Acrelserd? the phlstsHergy denBity frbm $300 mJd/cm2 to
under stood_that the pul se energy density falling

w1500 mJtdm3 Itrisngderstosd:thatthé pogeaneryg densityafaliing within this
region of the silicon wafer to allow activation of

brainge cabaeés triedtingoftba sudaciahragion bithadsilioomtveafeb tr aliow activation
not raised to a |level high enough to conpensate for
tofdoaronyipet thensoncentratiarnofthe elstivatedsioron ennatarbisedias level high
been doped, so that the sheet resistance val ues of the
renaLgh toeasinapensate fordbeetypeimprrity with svhichithessilicorawafer has
the injected boron can be_ activated when the pul se
elmrgs}op% $9ithgt the shret rRsistanca valueof theimlype segien are observed.
be onleO In order to actiyate the boron,

eAdhg, Nednisriep b b erdii gryiai Wiondhedise onero
2@%’? We! aiﬂh oo giatas TuirBadcn bakend TG0 820 n aifer to
SR s L pA0h e hulh BBy 9&8@%@*‘35@9{ 107 g Lo adgvel whicn is
" g %hggg@ tc\ENI 415 g%otleﬁﬁfeég&ge éf&e%%]’é@?egiﬁi%tﬂg Giichiwaferto a
q‘éoél'ﬁ 415 \Qei ﬁ'ga(nrtf\EQﬁel%g i)%% offrl'ﬂ% ﬁd;ﬁ%r‘?%l SRy %urfb&a'l region.

consi e Increase o se energ
ngag y in this range pronoted activation of boron to
allow formation of a p-type layer in the 20 surfaci al

R i S T
| incioeartarh Wittt apuhsreasaof e PaiBsidnergy 88Msily in the range of 1500
mJ/cm?2 or above. It is considered that the increase of the pulse energy density in
this range promoted activation of boron to allow formation of a p-type layer in the
surfacial region of the silicon wafer, and the sheet resistance of the p-type layer
decreased in accordance with the increase of the pulse energy density.

[0043]

When the amorphous layer thickness was set to 5 nm, the sheet resistance
once increases to a peak value and then decreases in accordance with the
increase of the pulse energy density, similarly to the sheet resistance in the
described embodiment. In this case, however, the absolute value of the sheet

resistance is much greater than that observed in the described embodiment.

[0044]
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When t he anorphous | ayer thickness was set to 5 nm
the sheet resistance once increases to a peak val ue
and then decreases in accordance with the 25 increase
of the pul se energy density, simlarly to the sheet
resistance in the described enbodinent. In this case,

hovevefig 4 BGo® aehﬂ‘ﬁnﬁs%g%ibgbégncbﬁgaﬁ&‘?&i%tribgﬁéﬁ of %jg%ﬁnens which

is much“greater than t served I n the descri

apgRAbigRINEed i 88ddthankde Wit thé dEserBed @REHMIMBNPAR@e the pulse
b f which were

concentration distribution of specinens I C

Péstdg ednkity SETEICINOM2V THe XIS ofl BBSELSS haRdERe s tHEMS pth at a unit
under the pul se energy density of 1500 mJ/cnR. The

aofi"an?f whlé ehe arisio dr@inbrsrephesait® tHe Boron dbticentrafion at a unit of
"nm', while the axis of ordinate represents the boron

Clenednt Thi iboromtoacentiation was freasaied BPSIMG:, OThe dot group AL
concentration was neasured by SIMS. The dot group AL

s$tones thedbdron@oncentraticnsaas obserasd @ftee theeldisef apnealirg, while the
| aser annealing, while the boron concentration
durenvasmcpniration obséryetasior tatheeksengninealirgisrshowrt by the dot
dot roup BL. [0045] 10 Defining the junction depth
a@otpdBldept h where the boron concentration of 1 x

1018cm 3 is obtained, the junction depth after the

|[2968p] anneal | ng is about 23 nm [0046] Future denmand

Wil | reofui_re MOSFETs havi ng drain extension portions

havi ndP§TRg theupelirmdertn agtbe depth whetethghaian gaacentration of 1

exhibktimg sheet si stapce ;15 val ues of 770 SZ/ ™ or
Shab P s SBRed 38, Risclich o st eSS anarpasion scdbout 23 nm.
r |4 tance of 600 92/0 (see Fig. 2) are sinultaneously

a@ﬁlé ed when the pulse energy density is set to 1500

For °t Rt demalta Yatadte Vit tehdoh g et R BoRions
g R bl R B ek 8 22 i il B Bk PfBsistance

{Kg&ltfh‘gf?nﬁg‘ﬁ@%pﬁ‘ugg %r{i{\ﬁl&% ?ﬁgﬂgjﬂbﬁdﬁ Bepfof ABout2IRENY éheet
resistance of 600 Q/00 (see Fig. 2) are simultaneously achieved when the pulse
energy density is set to 1500 mJ/ecmZ2, thus substantially fulfilling the requirements
for the junction depth of the extension portion and the sheet resistance.

[0047]

As will be seen from the foregoing, in accordance with the described
rr{ethod embodying the present invention, it is possible to form an impurity diffusion
region having a junction depth of 30 nm or smaller. In addition, the method of the
described embodiment makes it possible to form junctions of depths not greater
than 100 nm with high reproducibility, over the known RTA process with which
formation of shallow junctions of 100 nm or less was difficult.

[0048]

Amorphous silicon has a melting point lower than that of single-crystal

silicon. By melting the amorphous layer at a comparatively low temperature, it is
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region having a junction depth of 30 nmor smaller. In
addi tion, the nethod of the described enbodi nent
nmakes it possible to formjunctions of depths not
greater than 100 nmw th high reproducibility, over

t he known RTA process with which 2 5 formation of

SHEM sl Festidin fife @mpEPatureYige of ﬂﬁassMQP% &yl Fédldn underlying the
[0048] Anorphous silicon has a nelting point |ower

t&raorpHows [ayers i Depthwiseydiffasionoflimpanty ddn P& lsLipp@stB& when the
anor phous | ayer at a conparatively | ow tenperature, it

| sindlé-grgstal kagiom is madritaimed 4t voniparatvely love termperatlireshe
single-crystal region underlying the anorphous |ayer.
0epd8iv se di ffusion of inpurity can be suppressed when

the single-crystal region is maintained at

conparfdgi 4 ehgws the wavelengthudependenoy of thedight-gbsdrpticoweefficient
the wavel engt h dependency of the |ight-absorption
cFemorphes silispn @ndrtbamfgrmlemyﬁialamlmqm akthepdixis of abscissa shows
single-crystal silicon. The axis of abscissa shows

tthe WaNelergihtat aniholimm" ad thenaxis ef ofdieateshowss the absorptlon

ordi nate shows the abso rpf:l on coefficient at a un

ofoefficientrata wnit of | >h19 dartkis Riguiey splid Hlack ql@l%ss,show

b ff f I
sa%q%eﬁons%é’fh'@%\%m‘? dhesiaieistalConeshfia yie Grsies show thoss
hous |I|c [0050] It will be seen that the
a@bg 88%181"°8Pent of the amorphous silicon

agégﬁgs that of the single-crystal silicon at
ngths of 340 nmor greater. By wusing the |ight

ot o W50 ) BB GCRERATE e BlckBfifs siicon
E“ﬁ*e’d%%?gﬁ'ﬁ ,ﬁfffﬂl‘e §'Q|g'|é: e&ﬁteéltg%crén%??vgéﬁg‘tﬁ’? of 340 nm or greater. By

Sl!lglﬁ%lﬂ'\ealhgﬁt ?g*é)ﬂf Wévél@ﬁ?tﬁb lak %TbH’YHE%VmorpﬁHQQ Ei‘ﬁééﬁ 8khilSits greater

t he heating the single-crystal regionh serves to

r & sorptich Ederstient Hlan thé SiriglaLerysta silbonul iPpdsditIe to preferentially
single-crystal region, thus nmaking it easier to form
shhesdtlth@amgrphotis yer f%dd)l&&h]a surfacial region of the silicon wafer.
Suppression of the heating of the single-crystal region serves to retard diffusion of
the impurity throughout the single-crystal region, thus making it easier to form
shallower junctions.
[0051]

It is also noted that amorphous silicon exhibits smaller absorption
coefficients at wavelengths of 400 nm or greater (visible and infrared wavelength
region) than at ultraviolet wavelength region. This means that light rays of
wavelengths not smaller than 400 nm are more liable to penetrate deeper into the
amorphous silicon region. Use of a laser beam of an ultraviolet wavelength region
causes only very shallow surfacial region of the wafer to be heated, and deeper

region is indirectly heated as a result of heat conduction from the very shallow

surfacial region. In contrast, a laser beam of a wavelength not smaller than 400
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It is also noted that anorphous silicon exhibits

smal | er absorption coefficients at wavel engths of 400
nm or greater (visible and infrared wavel ength

region) than at ultraviol et wavel ength region. This
means that light rays of wavel engths not smaller than

444 aNBwatife ABESer regiirftole dﬂ%&l&/rr@a?edjﬁyeﬂﬁ erﬁéi‘b? of t'P\% |#ser beam,

anmor phous silicon region. Use of a | aser beam of
Uhakingiiopedsitve e laenive mee gniforfPdesthwist bérrYpﬁarrﬁture dlstrlbutlon
shal  ow surfacial region of the wafer to be heated,
amldicH éetuen senasitomchieviemibreaifoymhdiatrindtion oﬁtrfeaﬁipﬂuhtwéctlvatlon
heat conduction fromthe very shallow surfacial
rdigtribatioh in trendepthitviseadirection. beam of a wavel engt h not
smal l er than 400 15 nm all ows the deeper region to be
d0P&Z} |y heated by the energy of the |aser beam
making it possible to achieve nore uniform dept hw se
t enperldewaksagptien coefficient is impracticallytamail gleexcessively large
achi eve nore uniformdistribution of the inpurity
avejangtbref tae Laser heam hampering effipieniheating. r@heremre the

e .absorption coefficient is inpractically

éﬁ%\\fqﬂ%&tn@wa%@% beamyugrd fafanmealige thesilicer waé@reus preferably

e 38 FAlowtindhe 58060 o Tam AQANTD GMER | ng the

%héé n wafer is preferably selected to fall within
$]2nge of from400 nmto 650 nm 10 [0053] It is

ayer M8 el ipaife »?h'éﬁqtbhéﬁ‘égﬁéf»segf SO0 taer i setto 5
irﬁ'ﬁ,ﬁﬁ@%ﬁgeﬂ’e@%w@é is%crlelgﬁeg '5’989” g\\générﬁgo&ﬁ%e?}t &ﬁﬁch sets the

_ ness as w be"re
thckhﬁ &rhh, aéwill Ee rSal® 5rﬂw}qﬁe &%sb g. % It i Is, also found
anor p ous ayel thickness o nm al | ows bor o

dhéf thé%érﬁh@ug %@? Ehlé@wés%%f Shrh Eﬂawb BoFJP?to‘-H@cﬂff'uéB%‘lﬁto deeper

in which the anorphous |ayer thickness Is set to

neyiontthaA inhéesrhibedithdnt & which@Re affrphél I%?@ﬁﬁﬁcl@fesé RSsetto 20

anor phous | ayer allows the energy to reac
simgltés angetstdod iz b tod sl tthieRhess Sfthéigpiaphbils layer allows the

absorbed by the anorphous |ayer, with the result "that

temergy toyleachtiys simlglevafyatal alzgenbishat dairey suffitientdy absorbed by the
amorphous layer, with the result that the single-crystal wafer absorbs greater
energy.

[0054]

In order that the laser beam is efficiently absorbed in shallower region, the
thickness of the amorphous layer is preferably selected to be greater than 5 nm but
not greater than 30 nm,

[0055]

In the described embodiment, the surfacial region is rendered amorphous

down to the depth of 20 nm from the surface by argon ion implantation. This,

however, is only illustrative and the amorphization may be effected by other

another element which does not affect electrical characteristics of silicon, e.qg.,
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20 [0054] In order that the laser beamis efficiently
absorbed in shall ower region, the thickness of the

anor phous layer is preferably selected to be greater

than 5 nmbut not greater than 30 nm [0055] 25 In

t he descri bed enbodi ment, the surfacial regionis

r a i t f ;
P I SRERUOARADL ity o fEd 13 ot Stiefinan ion

¥ tetibh | /gt bgtol a6pinge ' | 18 RFFEBY icularl
e@fgﬁ gc!l by gt’hgip| Sgrr]l%t h':érBeI‘:fawrréggtaia\%\’/ﬁﬁ\{cqhI doesﬁ(\ﬁ%}f‘amcuarywhen

adrilgeh wirashallow regivay B Am tdt1CAmMAs t6 bei aifdvphized. ., 16
germani um Anor phi zation al so may be effected by a

nMeoseé ot her than ion inplantation, e.g., by plasna

dopi ng. Plasma doping is effective particularly when

only d&ng.ub shaws il relatiorstiip betwedn putseenEdgy aensityt anddsheet
anor phi zed. [0056] 5 Fig. 5 shows the relationship
bresistancepol) served withyspoeimens peepdrad by tthe methed @mbedying the
observed with speci nens prepared by the nethod

aeresent ingentien. phe axistofiapseissa seprevantsdhe putse eneargy deasity at a
represents Lhe pul se energy density at a unit of _
"Wt einprd/cmni (whilertbe gissofeirdipate shevws thesheet resistasee at a unit of
resistance at a. unit_of "S2/7". Nbre specifically,

FXY s Meespactisalli 619. §rshoe papioncef the graph ebFig. 2

R TESERRA RS S0P eSS ang8ns i eeds baw e fPOgensredand 2000
e R i a5 B 8o o
AP EB L 18 S EngF RNt biAy o g iEt Bl ensity
rf?ﬁé%tﬁ[ﬁtﬁié’%r’@? as neasured are approxi mated by a

raig when the pul se energy density ranges
fibegy) 1500 mi/cn2 to 2000 mi/cnR. The anount of
Jarla}ion of pul se energy density is represented here

by DE |58 GonBRIcPE® Kt tRé shast @isis¥he valli8s 2d98éasured are
resistance is

approximated by a straight line L2 when the pulse energy density ranges from
1500 mJ/em2 to 2000 mJ/cm2. The amount of variation of pulse energy density is
represented here by AE and the amount of variation of the sheet resistance is
expressed as ARs. The value ARs is about 150 Q/00 when the value AE is 300
mJ/cm2. Taking the pulse energy density level of 1500 mJ/cmZ2 as the basis, the
variation of the sheet resistance is estimated to amount to 0.75% in response to
1% variation of the pulse energy density.

[0058]

The above-described embodiment employs a totally solid laser oscillator

incorporating a semiconductor laser diode as the pumping light source. This type
of laser oscillator has a high energetic stability. The amount of fluctuation of pulse

energy is as small as +1% or less. Therefore, the amount of variation of the sheet

resistance can be maintained as small as 0.75% or less, when the |laser annealing
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expressed as ARs. The value ORs is about 150 S2/”" when
the value DE is 300 20 mJ/cnR. Taki ng the pul se energy
density level of 1500 mJ/cnR as the basis, the
variation of the sheet resistance is estimated to
anmount to 0.75%in response to |%variation of the

P 'c‘éﬁd@ét@& "\ ﬁgﬂ(}% ér}ér?{/ eeﬁﬂy r;éggilng%m1 866 %J/@ﬁﬂ to 2000 mJ/cm?2.

enbodi ment enpl oys a Tota | 'aser oscillator
Aopobgpor porating a sem conductor |aser diode as the
punping |ight source. This type of | aser oscillator

has a THed$heuieesgisianeesiailidd aé yheabhfedERMAbprokimated by a straight
fluctuation of pulse energy is as small as 1 % or

| lresl.1 Whenefie palsetdrergyrdensityaangas frahi P50®MJIdne2 €800 mJd/icm2.
resi stance can be nmintained as snmall as 0. 75% or

| Erses absdlate vdiee oather gradiesd bf ihg lihe Li1siscomalle treah thitat ef the line L2.
pul se energy density ranging from 1500 mJ/cn2 to 2000
nWhemzhe 1ag859inekiagis eenducied @t apdse ehaergy density ranging from

measured are approxi ma,‘%ed by a straight Iine L1 when
t@mmumaimﬁfo md a4, fhe sarjatiort ofthe sheet rasistamce io response to
1800 my/CM2. 5 The absol ute value of the gradient of
t hé variatiop ofitke prisel energy dlensijamaytbe astimaied todbe aswmall as
the | aser annealing is conducted at a pul se energy

§|/‘t-y ranging from 1500 mJ/cn2 to 1800 mJ/cn2, the

@r%gfi on of the sheet resistance in response to 1 %
P ion of the pulse energy density may be esti mated

I g o Tl AR P rrs
ST LR ST A8 Al 8 ucn2 o
RO OB 1R R WS

qggghLy and junction depth as observed w th speci nens
produced by the nethod enbodyi ng the present

LE;?S;N%;% glﬁ?\?sgﬁ% gelﬁfioﬁ‘é?ﬁﬁ bebdedPPlLRBHet gy RBNEY) 8Rd junction
depth as observed with specimens produced by the method embodying the
present invention. The axis of abscissa represents the pulse energy density at a
unit of "mJ/cm2", while the axis of ordinate shows the depth of junction at a unit of
"nm". The junction depth increases as the pulse energy density becomes greater.
When the pulse energy density falls within the range of from 1400 mJ/cmZ2 to 1800
mJ/cm2, a variation of the pulse energy density by 400 mJ/cm2 causes the
junction depth to vary by about 25 nm. Taking the pulse energy density level of
1500 mJ/ecm2 as the basis, the variation of the junction depth is 0.93 nm in
response to 1% variation of the pulse energy density.
[0062]

Since the laser light source used in the described embodiment exhibits high

energetic stability of £1% in terms of variation, it is possible to suppress the

variation of the junction depth to a small value of £0.93 nm, When the pulse energy
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unit of "md/cnR", while the axis of ordinate shows the
depth of junction at a unit of "nnf. The junction
depth increases as the pul se energy density becones
greater. 20 Wen the pul se energy density falls within
the range of from 1400 mJ/CM2 to 1800 ml/cnR, a

vasnhaity iarsebto falawitih 3ISe PAIRINT FAEHSIZ00 RY/cAHZoMBOD R J/cm2. This

causes the junction depth to vary by about 25 nm

Takionat bheariatiopeofeng junctidngdptl id small ePbugh 86 8nsiriel@dtisfactorily
as the basis, the variation of the junction depth is

OhigB leveliof stabéiitp imieems of préductyuality dmneissiphedurtiopaat an industrial
energy density. 25 [0062] Since the |aser |ight source
usealei n the descri bed enbodi nent exhibits high

energetic stability of 1 %in terns of variation, it

i ©063%si bl e to suppress the variation of the junction

depth to a small value of 0.93 nm Wen the pul se

ener gyiniBe fiestsiraodiment of the preisentinvantion Hesceribegtherietofore, the
from 1400 m)/cn? to 1800 mJ/cnR. This anount of _

veiticen vaferyyas iFadjaiad withra pldpe lases bear at tha ougrap tatio of 50%. In
ensure satisfactoril hi | evel of stabilit

h )
t d 8RO embeaim@ntdvragh will r.%w reslespribeddhe dfﬁaﬁétilgawith pulse laser
. . . . . ;

B 6Bt Fan x9S Ehid AR, e brsrd reheS empioys
Z%*4%%2”aaﬁ’%‘%ﬁriqﬁ’ﬁéﬁr%hf%%@%eeﬁwq“#ﬁ%%E'@éﬁ%@%tEéﬁ%”at shownin
. - . S adiat i . o
ouiekd: {1t ko B8 Bl REEBRb i chOg A P Al fihbymyn Fio. 1 isa

QA [ I 10 I
G B XPRBCBE e Daci ¢ arr angerent

ogft shown in Fig. 1. it is to be understood that
?@e sTage 44 in the apparatus shown in Fig. 1 is a

t wo- di ARfRel ‘éﬂﬁbhb{ndﬁ\éﬂ%&iﬁ%eﬂréﬁrﬁe %vﬁﬂ% sbedP 8mbodiment will

anneal i ng nmethod i'n accordance wt e secon
ep adsemssd with refekdndtaieige i bed wi th reference to

Fig. 7. [0065]
[0065]

Referring to Fig. 7(A), a resist film 2 is formed on the surface of an n-type
silicon wafer 1 the principal plane of which is the (100) plane. Then, an aperture is
formed in the resist film 2 by an exposure/ development process.

[0066]

Then, as shown in Fig. 7(B), argon ions (Ar) are implanted into surfacial
region of the silicon wafer 1 through the aperture 2a. The ion implantation is
conducted under the same condition as that in the first embodiment. As a result,
the portion of the surfacial region under the aperture 2a is amorphized, whereby an
amorphous region 3 is formed to have a thickness of about 30 nm. The
amorphized region corresponds, for example, to extensions of the source and

drain regions of a MOSFET. When it is desired to amorphize extensions of source

and drain regions of a MOSFET, argon ions are implanted into the surfacial region
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Referring to Fig. 7(A), aresist film2 is fornmed on
the surface of an n-type silicon wafer 1 the
princi pal plane of which is the (100) plane. Then, an
aperture is formed in the resist film2 by an
exposure/ devel opnment process. 2 0 [0066] Then, as
SEONB dilfton Wafef 1Bby @i kel Gae eld¥tlod¥ & theesFest %Qh‘?nask.
surfacial region of the siTicon wafer 1 through the
gyyre 2a. The ion inplantation is conducted under
the same condition as that in the first enbodi nent. As
a resuyAd showin Pigr 7{®Nbéfort i8énjsttetiastodhe s @AM rédlER bf the silicon
the aperture 2a is anorphized, whereby an 25 anorphous

rwgienrt By plashra deping ondthvd whilehisihg éss redistdidall a8@ mask.

The anorphi zed region corresponds, for exanple, to
ef006Bki ons of the source and drain regions of a

MOSFET. When it is desired to anorphi ze extensions of

sour céAs amesult, animpegityedeped regiMd8HE fornzadyohhe cesistilm 2 is then
inmplanted into the surfacial region 19 of the silicon
weEmgver. by using the gate el ectrode of the MOSFET as

a mask. [0067] As shown in Fig. 7(C), boron is

i[%068l ed into the surfacial region of the silicon

I [ h whi | ' th i st
}N,a}c re}]r Zqug}/r' gﬁéﬁo %?56738)9?5 fs@,i%gn Méa!j‘gs i l|JsS '53% on ?her seébé 44 of the

R Bt Sl ST o bl S s o
TincloBPS bRl e otda Al i ichikin Jasqt bealfi o 48 g second
BT ) P 168558 8 AU 2878 g i o
PHEEL 619 A ol of T RUETTR N B 4 i

! e . ! )
%ﬁ}gaﬁuw tS"thé(%%gg?‘éﬁl@ dF b &hrh o4 LBectRHY. wagdrgélu trgénner that

onger axl s the beam cross-sectl on, I
aheRVeriapraaé of thelBran¥@ssaddcliBhion tRE wafst SBABBR is 50%. The pulse

cross-section on the wafer surface 1s 50% The pul se
energy density on the surface of the silicon wafer 1 was varied within the range of
from 300 mJ/cm2 and 3900 mJ/cm2. A nitrogen atmosphere was maintained in
the processing chamber 40.
[0070]

As shown in Fig. 7(E), the beam incident region on the wafer surface, i.e.,
the beam cross-section on the wafer surface, has an elongated linear shape. For
instance, the beam incident region 6 has a width of 0.1 mm and a length of 17 mm.
The energy density per pulse on the wafer surface ranges from 1400 mJ/cmZ to
2000 mJ/icm2. The beam incident position is moved stepwise in the direction of
the shorter axis of the beam incident region 6 so that the entire surface of the
wafer is irradiated with the laser beam 5. The stepwise movement of the laser

incident position is performed such that the beam incident region of one shot of the

laser beam partially overlaps that of the immediately preceding shot. Aterm
20



10

15

20

25

energy density on the surface of the silicon wafer 1
was varied within the range of from 300 mJ/cn2 and
3900 mJ/cnR. A nitrogen atnosphere was maintained in
the processing chanber 40. [0070] 20 As shown in Fig.
7(E), the beamincident region on the wafer surface,

I "Rerlap r&Go18 8L Fc?ﬁr%‘aﬁ?ﬁ% '\/QI'ﬂJerg)c’c)%iH@g ngdﬁfidiﬁé'fﬁeaé}ég of overlap of

has an el ongated |1 near shape. tance; the

| 18l RN cFRALESBNAING indtahthsHt aRdh8WagioH idabiRied By the

of 17 mm The energy density per pul se On the wafer

sipirhédiatdl pessedin Shdiditheldreaibftife brdd creldsco&etiohhe

beam i nci dent position’is noved stepwi se in the

diooge} i on of 25 the shorter axis of the beamincident

region 6 so that the entire surface of the wafer is

i rr adiFag.e8 showb thé eelbtisaship datveéen tFecowdrigpmatio and the sheet
novenent of the laser incident position is perforned
snesistamae. THeeaXis afrabsuissteshowstiiemveniapoatio ahaunifof %8, while the
| aser beam partially overlaps that of the imediately

pxig efiorginatashows the sheeresistandesat a anit of "(/E1'uddw data shown in

nean_t he val ue obtai ned by dividi _n% the area of . _
dvigr 8 Hgs beeniabtained witbrspesinaens wbichovererdasma dopedsyithout being

and the region irradiated b% t he _innediatelimggb
piukiected do Briet amprrhizationsef the suraciglregiane The dosage was set
[0071] [ shows the re|ationshi p between the
oiPe-P p! QE‘a“qugza Derise ARRIgY Jensity ORARR SPEHmERSLEraGe was set to
a [ S ows the overlap ratio at a unit of "%,
Wﬂ%ﬁ%”@ﬁgﬁfaxis of ordinate shows the sheet resistance
a@ 22Enit of " S2/7". The data shown in Fig. 8 has

8 bt ai ned wi th speci nens whi ch were pl asnma-doped

W t hoyr - Reknoy tﬁ&%@pﬁ&tiﬂro‘?ﬁ 785, BB gﬁgﬁ?%%ﬂ'{éoﬁ%eg P%istance

surfacial regron. oron dosage was

ltgjcfé‘d?éé)se B8R M@Qll‘%&%r% ﬁﬂﬂSiﬁrfﬁ%@'ﬁ 3% ?ﬁ@gnggﬁtood that the

surface was sef to 0 mJ/ cnk. I'Acr eas

ARAIBRCD N L BSRIADIPHLCANIR (M HEfhoatrositarc
Fiadtiépersddrityton béthithe WeHeatidrPRlic dfaorbA@ind the depth of junction.

This means that at least one of the boron activation ratio and the junction depth is
controllable by varying the overlap ratio.

[0073]

Activation annealing was conducted at a pulse energy density of 1500
mJicm2, after forming an amorphous layer of 5 nm thick, and the depth of junction
was measured. The measured junction depths of about 60 nm and about 90 nm
were obtained at the overlap ratios of 75% and 95%, respectively. It is thus
possible to adjust the depth of junction by varying the overlap ratio.

[0074]
Fig. 9(A) is a block diagram of an apparatus for adjusting the positional

relationship between the silicon wafer 1 and the beam incident region, as well as

relative position therebetween. Scribe lines 10X and 10Y are scribed in a lattice-
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15 sheet resistance is controllable by varying the
overlap ratio. The sheet resistance has dependency on
both the activation ratio of boron and the depth of
junction. This neans that at |east one of the boron
activation ratio and the junction depth is

Cid pattdrft %Qh@‘éui’flééé/ bf‘@\eté?l?cdh‘ﬂﬁ%ﬂe?ﬁ. "I'%isE[JiPé 310X é)gend in the

Acti'vation anneal I'ng was conducted at a pulse energ

d@iRsdtion d¥flathbal asWéwed 8n4&é ?r(i]geﬁr@r \WhPS 1R GBY MEUF0Y extend in
and t he was

| ayer of 5 nmthick, pth of junction

niBasdifekfion DIforBRRIE" €Chd Iaffdd-fkk S&d1Enes 10ReHd P B8fine a

and about 90 nm were obtained at the overlap ratios

oplurdifty anenipeM . respectively. It is thus possible to

adj ust the depth of junction by varying the overlap

r@ovd] 25 [0074] Fig. 9(A) is a block diagramof an
apparatus for adjusting the positional relationship

bet wedhpositos isehsomdSaémrseslama deterts betntramstatitavdl and rotational
region, as well as relative position therebetween.

Feoditiens inbe planeofine silicay wafer theldumrdthierstage 44.t Theeredilts of the
like pattern on the surface of the silicon wafer 1.

TPRsitken detectipnage inpoktcea centroliunit4te Thi eentral anit 46 controls the XY
latitude as viewed on the Figure, while the scribe

| $tAge 44 imgushiacmannar thah ghejlonger exis afithe begm cress-segtion 6a
lattice-like scribe lines 1 OX and 1 OY define a

oPXiead in parsileLwithha scrie [ines Y Angdbat beih Ieesitisinalends of the

T CHRe SRR ROOERPTL T BORIT R IaCHL  taines 10X
P 3 o R e B 45 ctatoy
SRR onShopi 1914 St BIEAR g BB b petweer
PRt eSO ek 1 S by mnionec
A S0 8t asbrkat g e
SRS 0t £ o838, ik eeh rigpucigehagDOng i s
bedatieRrBa trace on and along the scribe lines 10X, while the pulse laser beam is

applied.

[0076]

The length of the beam cross-section may be set to an integral multiple of
the pitch of the scribe lines 10X. For instance, the arrangement may be such that
both longitudinal ends of a beam incident region 6b having a length two times as
large the pitch of the scribe lines 10X trace on and along the scribe lines 10X.
[0077]

By setting the length of the beam cross-section on the wafer to a value
greater than the pitch of the scribe lines 10X, it is possible to apply the laser beam
to the entirety of the chip simply by a unidirectional scanning the chip surface with

the laser beam.
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two adj acent scribe lines 1 OX but smaller than the

sum of the above-nentioned 15 distance and a twofold

of the width of each scribe Iine 1 OX. The silicon

wafer 1 is noved such that both I ongitudinal ends of

t he beam cross- section 6a trace on and al ong the

qgoor8p lines 1 OX, while the pul se laser beamis

applied. [0076] 20 The length of the beam

Cr oss-a @d alooveragsdrberémbadifierit thedihabr bedrmindiderf fegion moves
the pitch of the scribe lines 1 OX. For instance, the
stepwiperintite dingction ofitlhé shbdér axisthereof) gutivthattHe aredscovered by
of a beamincident region 6b having a length two tines

dbe duacgssivé stepistpantially overlapceadreothenedt mMighkbe passibdato use a
and along the scribe Iines 1 OX. [0077] 25 By setting

tlasen beamiwhich ekkibiie ansqtians srasseséctionoon thecwafer surfacezand to
value greater than the pitch of the scribe lines 1

Gifeat a costrpbsuithat the bﬁqmn mqldfmtlp@sénonbe moavedin a disection parallel
entirety of the chip sinp by uni di recti onal

steaﬁmlhgf PpROSING pides of Hteeswarﬁ Irﬂ sdch asapefeaweverthe uniformity
[0078] EE*'PQ bove- descri bed enbodi nent, the |inear

tidhe .aﬁ\apa efegh tsRdRLR Be Imgtausgwrwe FRQioRs eearetae.aheve-

the shorter, axi

389@9%6 GPPeTiRS slssrstnle o B Eastion of e & ra%ennsatb In the
aeriBaarthadmant Bout BrBtidiol ade aﬁﬁsﬁe@ﬁﬁrﬁéﬁbﬁ region 6a and

Worasft hepﬁg?'ﬁﬁaﬂa%é*e (ol 58 a8 o 480 altBianp XeriBE A 10x

?&ﬂbﬁ%ﬁ tHEARER Whetd %?)ﬁ L%{otrm)cg?ﬁ% Snnéé‘llr’sq“gﬁe&ﬁpgeﬁrs are

owever, the uniform the annéa

0P A8 sScRBRIIHES 13'3(3“*9% trh%Pé e pBSsgble JBeatPa*ﬂ%%mf m

nentl%ned opposi ng Si par al Irection

t%e!aﬁhg@ﬂébt olVér thaearéa ofi R8sk Ichﬁﬂﬁenbodi ment, both
| ongi tudi nal ends of the beamincident region 6a and

tfboge] of the beamincident region 6b trace on and
along the scribe lines 1 OX, portions of the wafer

wher e Figro(Bhshowsthe/poditibhal relatioashipbetivées thedfe@sitydistribution
aarlcejng the length of the beam cross-section and the scribe lines 10X. The axis of
abscissa indicates the positions along the length of the beam cross-section, while
the axis of ordinate shows the intensity level. It will be seen that the intensity
gradually decreases in the regions near the longitudinal ends of the beam cross-
section, towards the longitudinal end extremities. The region A in which the beam
intensity decreases from 90% of the maximum intensity down to 10% of the same
will be referred to as "intensity drop-off region". Preferably, the laser beam is
applied such that each intensity drop-off regions is positioned within the width of
the scribe line 10X. Application of the laser beam in this manner prevents either
longitudinal end of the laser beam cross-section from fluctuating into the area of

the chip 11, with the result that the non-uniform annealing effect which otherwise is

caused by the passage of the longitudinal ends of the beam cross-section.
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exactly on the scribe lines 10X. It is therefore
possible to attain a uniform annealing effect over
the area of each chip 11. 1 s [0079] Fig. 9(B) shows
the positional relationship between the intensity
distribution along the length of the beam
c%pggjsection and the scribe lines 1 OX The axis of
absci ssa indicates the positions along the | ength of

the baaAhé HesErilses EmdBdiniéhtl Bmokbisizaions istéffetted BAltRe surfacial
shows the intensity level. [t will be seen that the

I reigiorsof the Aafar athisi Howelee,ie asessdamtinhénd t@ SM6rpeadtion may be
t he | ongi tudi nal ends of the beam cross- section,

t effeteld ohren intergiat lagenedgiemdf the sursttatesi.e. Thdayerdiavingla

in which the beam intensity decreases from 90% of the
neredetermimeck thicknessant spackdlapsrt & ipeedeterminedl deptiewise distance
referred to as "intensity drop-off region".

Firemdhe biajer sunface askite imaintaining the phyistallineustatetin the sartdcial region.
intensity drop-off regions is positioned within the

windhis egsez the lasesbeamds preferentiepy appoibeskbyotihednternal amorphous
| aser beamin this manner prevents either

| lawgn therekyenbancipg the activatiaon adiamef this yydesal{ayes Preferably, the
fluctuating into,the are 11, with the

rl@881 Peam4s apRlied dnders raﬁé%rﬁ\@%r fh% ke internal@merphous layer is
RGP WieuRe SHAACE chistA e e seBatiscial swottens Tisgogthod is
SR R Bl AN A oS e

R BOREEAort PR R TR bl P PR raep yrion i at 2

pedetdhlduPBepReld i Rleediauar ned L ckness and

spaced apar edetermned W se di stance from
t sq\/jafer surface, while maintaining the crystalline
state in the surfacial region. 1In this case, the

| aser |ReseabsvéLties &Y émbblinfdtt BASH ilpIdnisd ihMh&Eiifdcial region

anor phous | ayer, thereby enhancing the activation

réftthe silfconhdubstrate isnadtivatacby |d¥efbehalling. The impas§ to be
beamis applied under such a condition that the

limptamtad, aowe pdroisndt dynitedits bbforToF dranstahté anmipity such as arsenic
surfacial crystalline Iayer remains not nolten. This
ni#shaehasphoe{R)e ot thedikeamay belimplantedand actated ohttewafer material
structure is desired in which the

to which such impurity is implanted is not limited to silicon. For instance, it is

possible to use an SiGe wafer.

[0082]

The embodiments described heretofore rely upon pulsating oscillation of a
totally solid laser oscillator which incorporates a semiconductor laser diode as the
pumping light source. It is to be understood, however, the present invention does
not exclude the use of continuous oscillation instead of pulsating oscillation. When
the laser annealing is effected by a continuously oscillated laser beam, it is
possible to activate the impurity effecting such a control that the laser beam

incident position moves in the wafer surface, as described before in conjunction
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impurity concentration distribution has a peak in an
internal region which is at a predeterm ned depth

fromthe wafer surface. [0081] 15 In the

above-descri bed enbodi nment, boron inplanted in the

surfacial region of the silicon substrate is

awftth F’vq.eid RYs b8ssibieabt@ntroNthe jliRtidATBEHIH anhd thebactivation ratio by
i mpl anted, however, is not linited to boron. For

| STt tHeWalbtityobtheméeverénteni ¢ (As), phosphor

(P), or the Iike may be inplanted and activated. The

wapes] material to which such inpurity is inplanted is

not limted to silicon. For instance, it is 20

possi Althdughube irvenfiofdasdieen.dgsefiBedl inthe comtextlofemibediments, it
descri bed heretofore rely upon pul sating oscillation

olillzbe appraiciated blyitbhosenskiled scthd art thatihesdhembodiments are only

i ncorporates a sem conductor | aser diode as the

pilluptrative anphvariaus changes, medifisations antbimprowments mayde, imparted
t he present invention does 25 not exclude the use of
clbetetAuous oscillation instead of pul sating

oscillation. Wen the |aser annealing is effected by
dOQQﬂlinuously oscillated | aser beam it is possible

o AXRSS ok ceFBH 44 BOoHPedof £ 0l ol o
4S5 oS B8 abef SR et ot souce
s Sl e SRR b ARl beion, by
e BER BB By S bester IR B Rihard g oo
t R88S pFORRAIORBA IS RtGaYeaYe | | | ustrative and vari ous

changgs, rmgl fications ancF i nprovenents may be

inmparted thereto. [0084] As has been described, in

the present invention, a totally solid |aser 10

oscil l ator punped by a semi conductor |aser diode is
used as the laser |ight source.
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This | aser effectively serves to reduce fluctuation of
the annealing condition, by virtue of its high energy
stability. The present invention therefore clears the
way to mass production in industrial scale. 25 Cains
[1] A nethod of producing a sem conductor device,

conprising the steps of: (a¢| ding an inpurity to a
surfacial region of a sem conductor wafer having a

dﬁ?tmn%ﬂ%d QW\SFOQUEFH@ é@@m“ﬁﬂno@cﬁﬂcﬁ g}&) 'cbh@ﬁ‘isﬁ{d {#@ steps of:

said wafer with a | aser beamemtte

| @5 eiddthgPas ipumgdo d Sirkddial régldrp'oﬂ a’r1§émldb$‘@l4b{o€f‘tv&h"fephavnng a

w th a higher harnonic of said | aser beam thereby

agépthashaliowentrtan 1onty. [2] A nmethod of producing a
seni conduct or devi ce accor di ng to daim1l, wherein 10

the sta@ (b) includes irradiating said vvafer wth a

| aser beam having a wavelength falling within visible

afid inradiating daithwafes wgthha laesgir deani 8inittedizdmaal laser-diode-pumped
produci ng a sem conduct or device according to Caim1l

ototally sollddasemosdilatert epwitlap highénhrmamimoiddid iasgr bleam, thereby
surfacial region of the wafer of a single-crystal
sactivebnawaidbmpkitiéri al . 15 [4] A nmethod of producing a

sem conductor device according to Claim3, wherein

t e Pa'i\?ﬁmq QfeRrPGHC'ﬂQ aspinigenductsrdavies accenging to Claim 1, wherein

anor d |ayer a t hickness reater than 5 nm
bite %?@r"a%w o8 idiating #i Walpr witharatal hsemhaving@wavelength

Fehevann s Bla 45 e HRglereuh Eeqciﬁﬁa?fyusii i
Pl el bR o S R A Rgraing g Caim 1 or 2,
(% é@l%egtreb 6(%&%}0@%% g’B? @%Bﬁg&i QEQQC%?F%%F grﬁWtGOJvafer ofa

s@hdie I(V:‘@r§4§{al sEminEi td?fmét'ebbFo” [7] A method of

produ sem conduct or device according to Cl aim 6,
‘”ﬂZTrA?r'n@thod of producing a semiconductor device according to Claim 3, wherein

the amorphization is conducted such that the amorphized layer has a thickness
greater than 5 nm but not greater than 30 nm.

[5] Amethod of producing a semiconductor device according to one of Claims 1 to
4, wherein the laser medium of said totally solid laser oscillator is a medium
selected from the group consisting of Nd:YLF, Nd:YAG, Nd:YVOy4, and
Cr:Nd:GSGG.

[6] Amethod of producing a semiconductor device according to one of Claims 1 to
5, wherein said wafer is formed of silicon.

[7] Amethod of producing a semiconductor device according to Claim 6, wherein
the step (b) includes irradiating said wafer with a laser beam having a wavelength
not smaller than 400 nm but not greater than 650 nm.

[8] A method of producing a semiconductor device according to Claim 6 or 7,

wherein the step (b) includes causing said totally solid laser oscillator to emit a
26
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25 the step (b) includes irradiating said wafer with a
| aser beam having a wavel ength not snaller than 400
nm but not greater than 650 nm [8] A nethod of
produci ng a sem conductor device according to Claim®6
or 7, wherein the step (b) includes causing said

t pile! 4s&rbddin Isael thatIRk lpudePbnédrgy ABrsitd oAGhB Water surface is

it
| aser beam such that the pul se energy density on t

VgfedtestihahatED0 mJ/cai®at er than 1300 mj/cn2. [9] A
nmet hod of producing a sem conductor devi ce accordi ng

t [9]ovmettiodbfaproduting@ sefmicBheuictondéviee atedrdiny tol she of Claims 1 to
executed such that the tenperature of the surfacial 5

r égwhareii tsastdpwidl & executed slichwhatitheterhperatwiet dfrtbe surfacial
point of the material formng said surfacial region.

[ tegiomofieait svafer is mob thweeriigara theemeltiogaointof thiematerial forming said
according to one of Clainms 1 to 9, wherein said |aser
bedfeeRhiegiars an el ongat ed beam cross-section on the

surface of said wafer, and the beam i ncident position _

i E10) Amethadofpipducinga semigrnddetondeyiee genernding teroneof Claims 1
the | ongi tudi nal direction of the beam cross-section.

[ 1019 Whetein Aaid laserheain @xRibits aseplirpaaiaddiesm geassceection on the

ding_tq d Q.. wherein the step (b) includes
(R 33 MRoh B4t BeABLACIATE RSSANR CEHBSRAS Biove in a

AR e Bt A o sston
108 Py P B AT o
P S 5T A i Bl vt
| svgade ﬁfthEHSn@ﬁﬁfmélrtﬂr%%t'Eﬁgf'tﬁé‘ bEBmté}Ssg‘@gﬁﬁoﬁ‘ Ut P& Slirection

i s not. snallerothan the dretance between: ad, acen

spéigendidui@sthefetg] A method of producing a
sem conduct or device according to Claim10 or 11, 20

Whe ed methdd of Brddutingfa SerhiceRdLiLtor SeliReaceERIING f8 CRAM 10 or 11,
on the surface of said wafer, and the irradialion

wivhbrdih e pladity dfestnibedines hdive tednsiteibeti foni the RUEABE bf said wafer,
drop-of f regions, which exist near both |ongitudinal

eand whiereih ¢hd kmgitadings leseth otthe eahherosgabetiorson theaeafer surface

and in which the beamintensity decreases from 90% of

t isenot smaller than the distance between adjacent scribe lines.
[13] Amethod of producing a semiconductor device according to Claim 10 or 11,
wherein a plurality of scribe lines have been scribed on the surface of said wafer,
and the irradiation with the laser beam is conducted such that intensity drop-off
regions, which exist near both longitudinal ends of the beam cross-section on the
wafer surface and in which the beam intensity decreases from 90% of the
maximum intensity to 10% of the maximum intensity, are positioned within the
widths of the scribe lines.
[14] Amethod of producing a semiconductor device according to one of Claims 1

to 13, wherein the irradiation of said wafer with the laser beam is conducted in an

inert gas atmosphere.
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maxi mumintensity to 10% of the maxi numintensity, are
positioned within the 25 wdths of the scribe |ines.
[14] A nethod of producing a seni conductor device
according to one of Clainms 1 to 13, wherein the
irradiation of said wafer with the | aser beamis

cEmg K riefitbd Bf BiddutiMey 4 sEffcoMRR? e é’c?co[r&i%g tg\.maim 14,

net hod of producing a sem conductor devi ce accordi ng

t @héteih hd thert gheineiutidshat |688 dneddAd iof ghy defeciéd freAtthe group
one kind of gas selected fromthe group consisting of

ncorigisty gfasitroben igas) lgelium gad, anderg@fgas. 16] A met hod

of producing a sem conductor device according to one

offt 60l Aamethat ofpprbdudihg avdeemieondsctoddewite acterdingioastHesst Claims 1
to dehydrogenation treatnent in advance of the

i tor Ha ivdterein saiid tvafdras balsjecteddamehydritigepation tredtrmént in advance of
produci ng a sem conduct or device according to Claim

1the irmadiationiwitththedlalgtbeamnat i on treat nent incl udes at

| east one t%pe of treatnment selected fromthe group

cdfiAmethipdef progicing asemiganduetas deviaer agtioadingrio &laim 16,
sajd wafer 10 with a_ | aser beam and irradiation of
suherajthe denydroganaliantreatmelidncludematleast oge type of treatment
FTreSipeeort e Soup temisiognn A NEAHG aF SR 1aTerIGHIBHoR 1 Said wafer
' d f by pl .dopi.ng; .. (b) addi .
S S A B B 3 BRSPS b e 8 vve,
BT A% of BRERgA teERralei R aevES betvlsnanipesies of
Btz el oy B B AR o B84 A gopn
oY o b0 84 717 eEptt YRy, St Wt P ffHn 100 nm,

bynd | aser diode or with a higher harnonic of said
| aser beam 20 28

(c) heating at least the surfacial region of said wafer, thereby activating the impurity.
[19] A method of producing a semiconductor device according to Claim 18,
wherein the step (c) is executed by irradiating said wafer with a laser beam emitted
from a totally solid laser oscillator pumped by a laser diode or with a higher

harmonic of said laser beam.
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