SEM CONDUCTOR DEVI CE AND MANUFACTURI NG METHOD OF THE SAME BACKGROUND OF THE
| NVENTION 1. Field of the Invention 5[0001] One node of this

di scl osed invention relates to sem conductor devices and a manufacturing
nmet hod thereof. Further, one node of the present invention relates to

sem conduct or devices which control a relatively | arge amount of electrical
power. 10 2. Description of the Related Art [0002] An energy gap of a
silicon carbide sem conductor (4HSiC) is 3.02 eV, which is about three
times that of a silicon sem conductor, 1.12 eV. A dielectric breakdown
electric field of a silicon sem conductor is 0.3 M/cmwhile a dielectric

br eakdown 158EHGANDYCIOR BEVICEANR JARNHFACIURING MITHEPHF THES. 5 M/ cm

which is nore than ten tines as hi gh @gskhat of a silicon sem conductor.
Therefore, the use of a silicon carbide sem conductor for electrical
devi ces typified by inver tRACKGROLEGA O T ENVENEIQNct ed. [0003] In spite

of those adyat mgﬁrci alization of transistors utilizing a silicon
20 carbi de l\s/'g%tkgon ?chnt%gr as not been realized because of |ow quality of

silicon5carfpb@id sem conductor substrates and difficulty in increasing a
size of the substyates. 0 . Speci f.icall .1t .has been found that
defects of a st OBk dieisss, iyaEh st sedomilpeier FREPe R

probl em i n hfmaifacardg Imalad haedi dEushdséreahadehashd plebaiviefton2lateftect s
called mcropipes and anly one mcropjpe.in a transistor. prevents the
Cransi stor PRORRISHECPOR e oSt HEe N B of UHisaL ™ eh i | | con
car bi de substrate has nmany defects such as dislocation. In order to

manuf acture a high-quality silicon carbide substrate, a high-quality

si | i contOcarbiservion eldheBelesd Atayer is tried to be grown on a sem conduct or
substrate hgodpgnoepi taxial growth and heteroepitaxial growh, for 30

exanpl e (see Patent Docunents 1 and 2). o
An energy gap of a silicon carbide semiconductor (4H-SiC} is 3.02 eV, which is

about three times that of a silicon semiconductor, 1.12 ¢V. A dielectric breakdown
electric field of a silicon semiconductor is 0.3 MV/cm while a dielectric breakdown
15  electric field of a silicon carbide semiconductor is 3.5 MV/cm, which is more than ten
times as high as that of a silicon semiconductor. Therefore, the use of a silicon carbide
semiconductor for electrical devices typified by inverters and converters is expected.
[0003]
In spite of those advantages, commercialization of transistors utilizing a silicon
20  carbide semiconductor has not been realized because of low quality of silicon carbide
semiconductor substrates and difficulty in increasing a size of the substrates.
[0004]
Specifically, it has been found that defects of a silicon carbide substrate should
be reduced. There is a problem in that a silicon carbide substrate has hollow-core
25  defects called micropipes and only one micropipe in a transistor prevents the transistor
from functioning. Besides the holiow-core defects, a silicon carbide substrate has
many defects such as dislocation. In order to manufacture a high-quality silicon
carbide substrate, a high-quality silicon carbide semiconductor layer is tried to be grown
on a semiconductor substrate by homoepitaxial growth and heteroepitaxial growth, for
30  example (see Patent Documents 1 and 2).
[0005]

Although attempts have been made to improve quality of a silicon carbide



[0005] Al t hough attenpts have been nade to inprove quality of a silicon

carbide substrate, a problemof a small size of the substrate is still to
be sol ved. The size of a single crystal silicon substrate is 12 inch. On

t he ot her hand, the size of a silicon carbide substrate is still 3 inch
generally. This is because crystal growmh of a silicon carbide

sem conductor is difficult to control. After all, although devices

including a 5 silicon carbi de sem conductor are expected to be high
performance devices, their comercialization is delayed in practice due to

|l ow quality of crystals and | ow productivity. [0006] [ Patent Docunent

1] Japanese sebiifaics A@ebbizat ef sghsizecedt thosbrisate 2ovd-to 8o s¥Bed 0 Thpsreaf a Docunent
2] Japanese ' Par e, I eatd AN R me088r R0 L3 if6n THE

| NVENTI ON [S %%%&Ft%fjs\:}ﬁﬁnv %;bst ée)ksi‘ g‘?rg{gcgi ngﬁr_}r ogﬁlerms, an obj ect i lsgf% provi de
a seni conduathide sbbstoéeyiscgillinakludéneeplly. sThis cobecaunelsryital seowth ofdsdicon. | n

addi tion, anqgther object is &9 L.0prov r t V] ] 1 conduct or
devi ce i ncl Gt negseéln YR (‘:iéli{rt'%ﬁllﬂde0 %oenr?rrlogo(r%\ ugtai(%‘r %IE%B@%Q%&%ﬁﬁg%ﬁéTgodi ment
of the presilivonidaviedd sanmicordnetonlaoy exprel| entse aigh sofoneshchydeResyatheing a

sem conduct or substrate.at |east a rt ,of ich includes siljcon carbide
sem conductCSF’I?eéﬁ}é}z?n%fs g¢te fnnBragg eeﬁ?%émﬁ‘gt%%ﬂ@uBgtcpgﬁg f"ilf%(i%“ﬁti re
part of whighductiviy. silicon carbi de sem conductor. Wen a silicon

sem conduct or substrate is used as a sem conductor substrate, the size of

t he substra[f)%%jan be increased. By silicon-carbonizing one surface of the

substrate, [RatATHRuHER1G0NdHase PUBIRhERPAcMAYbIGHSHNS. Fjobiosessscar bi de
sem conductor | ayer can be obtai ned. By usi ngﬁpguch a_sem conduct or

subst r d0e, [Raseocumaid] or drppnese Prilishpd Baterd application Ne- 59610809 an acti ve
region of an elenent, such as a transistor, is formed froma silicon

car bi de sem conductor can be obtai ned. [0009
' SUMMARY OF THE INVENTION

[0007]
In view of the foregoing problems, an object is to provide a semiconductor
15 device including a silicon carbide semiconductor. In addition, another object is to
improve productivity of the semiconductor device including a silicon carbide
semiconductor.
[0008]
In one embodiment of the present invention, the above problems are solved by
20 making a semiconductor substrate at least a part of which includes a silicon carbide
semiconductor layer, not by making a semiconductor substrate the entire part of which
is a silicon carbide semiconductor. When a silicon semiconductor substrate is used as
a semiconductor substrate, the size of the substrate can be increased. By
silicon-carbonizing one surface of the substrate, a large semiconductor substrate having
25  asilicon carbide semiconductor layer can be obtained. By using such a semiconductor
substrate, a semiconductor device in which part or the whole of an active region of an
element, such as a transistor, is formed from a silicon carbide semiconductor can be
obtained.
[6009]
30 A semiconductor device according to one embodiment of the present invention
includes a semiconductor layer formed on an insulating surface and at least part of the

semiconductor layer is a semiconductor region having a larger energy gap than the



30A sem conduct or device according to one enbodi nent of the present

i nvention includes a sem conductor |ayer fornmed on an insulating surface
and at |east part of the sem conductor layer is a sem conductor region
having a | arger energy gap than the sem conductor |ayer. The sem conduct or
region having a large energy gap is provided in a position at |east
overlapping with a gate electrode provided with an insulating | ayer

i nt erposed between the sem conductor |ayer and the gate el ectrode. A
structure in which the sem conductor region having a |arger energy gap than
the sem conductor 5 layer is included in a _channel formation region has an
ef fect of isAmOUUsETdavar olThe semusonsiugtaksgivn byving aduee FEYsRRitIREded or | ayer

is preferally3iingl & 1&{sb’§wfeﬁ5p&g PRY ¥ 64tY SledbodePnshidddayiBeH RRMAME Q) F €91 ON

having a larger energy gap than the sem conductor |ayer also preferably has
a cryst al | iinferposadubateieen, the, spiishedugtor dayenmpd ka Boh cbipds ey sliustirg i sj | i con
sem conduct gr. C i ] t i 1 form ng
10t he ser S, SrfPRAlAe SO0 SAOMLE Rleer M) ol Fuf, AEAEHAIALEE o
ener gy gap lageais inbledsiein acdmaoked famatiery mgionrhas pr effeat @lff ympraging achelpitde

sem conductor, .a sil.jcon . carbide is efer il
seniconducb%?@dgy$8ﬂ g%ry °§P”§P?¥%%ﬁEP%“B?%%%?§%§%$E@ﬁ?%%%h§§§§§Pél

sil i con camnallsosehfcondetor rE€0d B viddhi\lssgrmicoagy gt tan dewenmeoadcordayeg t 0 one
enbodi nent of t sent inyention include sem,conductor, l.ayer having
one conduct‘/ﬂ?s\?iﬂr cﬁﬂ@‘é{@iﬂf BPW&YIBW SHRCPSs uﬁf?%ﬁl%geﬁp@w,mléoéﬁl?ﬁ@g 52

seni conducts@icoh €&hRBndAtRY bAed chbidtsem@agiuctorpahich afe i htutsRNTE dohiag Or

| ayer, a gate insulating |ayer provided over, Ee.carride sem conduct or

regi on,10a ¢4 TTEFWENGIYHAYSS 2BY R FERICEUBICIor I‘F@tﬁ'é‘i AVINesY (58S SEPTRASHE thany £ 1 st

mpurity regd QehilAMhdsk 184br, 38pRRRRHI t As 6 QRMtsEMicoMdickRE difkcohRerbairas
conductivity ty&;, overlapping with a part of the gate el ectrode, and
i ncl udi ng @refprablytusetie Asat Biligen sEFAGRNE SHEler aysteroilicgn db prsfaablegut i t y

region havg;ag,cﬁ}gélgﬂ&ncbggg@&f)gygegy type which is formed in the first
inmpurity regrron and substantially outside a region under the gate el ectrode

and i ncl udd€0l®i | east the carbide sem conductor region, a source el ectrode

bei ng 113 cont act Aehfiohfifud: kbdte £RoldHMb lohy o dHifly ¥ thel REseiGfiAloh PUM T Y

region, "and a drain electro erng 1mcontact wth the 'sem conduct or
| ayer. [ 00Iddludas sewngondhwtitrdayed deving one candditivityt twpco fremedrbo dit mestatiog t he

present invention include ] . Of - i ivity
Pype. for medubirenned At M nEu I LR RN i B AR U SR ERRAEL ¥
provi ded i mayat, d gas insalapisy tayaf prohided endrabe darbidersemapedyctar rggivw a gsel at i ng

layer pr OVie e%g‘o&vggovfdgc? o(\:rgi'r Rliedg%tes glrénl-ll(a:t?nngdﬁggr?% ﬁr% %n%')’]dntfl I ‘filctmehaving an

20  opposite conductivity type to the one conductivity type, overlapping with a part of the

gate electrode, and including at least the carbide semiconductor region, a second

impurity region having the one conductivity type which is formed in the first impurity

region and substantially outside a region under the gate electrode and includes at least

the carbide semiconductor region, a source electrode being in contact with the first

25  impurity region and the second impurity region, and a drain electrode being in contact
with the semiconductor layer.

[0011]

A semiconductor device according to one embodiment of the present invention

includes a semiconductor layer having one conductivity type formed on an insulating

30 surface, a carbide semiconductor region provided in at least a part of the semiconductor

layer, a gate insulating layer provided over the carbide semiconductor region, a gate

electrode provided over the gate insulating layer, a first impurity region having an



el ectrode provided over the gate insulating layer, a first inpurity region
havi ng an opposite conductivity type to the one conductivity type,
overlapping with a part of the gate electrode, and including at |east the
car bi de sem conductor region, a second inpurity region having the one
conductivity type which is formed in the first inpurity region and
substantially outside a region under the gate el ectrode and includes at

| east 5 the carbide sem conductor region, an enmtter electrode being in
contact with the first inpurity region and the second inpurity region, and
a collector electrode being in contact with a third inpurity reglon havi ng

t he opposi t@P@%‘ﬁ(f@@‘i‘icwlﬂytYP%fbﬂ‘P@ﬂ? KeadyRidviggers OV eIAPPRS e it &b s f or ned
in the sem cﬁ%ewféa{éa@ b Hciudif0 églea;toihe daifids @éﬂl&&méuﬁ& QbgifiEVd GEeoRfl the
above enbodinents, the sem conductor layer is preferably SI ngl e crystal,

but may be ipphurygionmhavirythe pae condystadyDe Wbﬁg iss fommned poibe fsyt impyrey

provi ded on C e

Crpl oyed. LB SRS ARiderRyich BEH EERHL S0 R Ak SR o

devi ce iss ahnsoargldvamucb’hrblctmtrtgj@l iancimitigseléctnodd hgng irc eerisic avithethe fostduct or

regi on by heati.n g a _sem.conduct n.an her t bi de gas
to carboni ZBPHIY fepigh and tgff' |S%cr?nof1mpﬁetysr5§1 Ergi %tcglrlg(;%} eﬁée?gﬁ%br@]mggtﬁgat °
el ectrode wohfactawith I&hlkcatmmgltﬂr &;ga:rn havhgrthe&pgbshetmmﬁnnmyetygatoetheIoaet rode
and the sem conduct or E%grdte atha chan‘q formation 20 region is forned
in the car PBLPCUENY WBR AMHCP &% [OFRe 1the SRESRBMCAdANT e car boni zati on tr eat nent
on a sem cqpeipgt or substrate, carbonization treatnment on a sem conduct or

| ayer on a substrate havi an insulating surface falls within e scope of
one enb@di ment of® ttbr?eseﬁF"é%’gmtmi fRrdsft plothe “akgve, embodimguts, the Se‘glcﬂﬁ}‘iﬂ‘g’&ar bon

gas such ag,ym.tihange@bly Pisaneysias, Ritehsy 8blpslyesRtl. 288l 4hstead of thdhe heat

treatnment of” the carbonization treatnment may include i rradi ati on of the
seni conductsemicgpdustardaysr provigled onthe H’ﬁ'éi?‘i“}go?‘l‘rf{a‘ées RegrisegdusorshesUisssRr at e.
The entire b%"é%l’g)%@d()f the sem conductor may be irradiated with |aser |ight
at atinme or be irradiated with a pul sed |aser or a continuous wave
| aser seque[ﬁ@]i'll ly. 30[0015] Note that the ordinal nunbers such as
“first" .and "sec [ 1hO &hBedbSblod AviGORVAR Q&? and do
not |i rrllst t he org{g[?h ofglél%e@%% %ﬁ?g Ea%@t ag% ng %rgeroog VI‘Ireayers §i
addi tion, eltenertimdadodwoanfoedingy aorcaibdel sernivbedustos utdgicas byf uhc@tng and
ssecond” do ol ARAL%S P Abdobfitdh ALonBBIES 2 LD 8PE LalbbntBE SRS BBrion

of the semiconductor, and forming a gate electrode with an insulating layer interposed

between the gate electrode and the semiconductor in order that a channel formation
20 region is formed in the carbide semiconductor region. As well as the carbonization
treatment on a semiconductor substrate, carbonization treatment on a semiconductor
layer on a substrate having an insulating surface falls within the scope of one
embodiment of the present invention. As a carbide gas, a hydrocarbon gas such as
methane or propane is preferably used.
25 [0014]

The heat treatment of the carbonization treatment may include irradiation of the
semiconductor with laser light, in addition to heating of the substrate. The entire
surface of the semiconductor may be irradiated with laser light at a time or may be
irradiated with a pulsed laser or a continuous wave laser sequentially.

30 [0015]
Note that the ordinal numbers such as "first" and "second” in this specification

are used for convenience and do not limit the order of steps and the stacking order of



[0016] A sem conductor device which w thstands high voltages can be
obtained by 5 form ng part or the whole of a channel formation region of a
transi stor froma carbi de sem conductor region. By heating a sem conductor
substrate or a substrate provided with a sem conductor |layer in an

at nosphere containing a carbide gas, a silicon carbide sem conductor | ayer
can be forned. In this nethod, if the area of the sem conductor substrate
or the sem conductor |ayer is increased, a |arger apparatus nay be used for
10 heat treatnent. Accordingly, a sem conductor device which includes a
silicon carbide sem conductor can be manufactured w thout decreasing
product i vi tigyerBRIERIBHESCRIERNEN\a@PmppEcORAFiES 1uPers sueB@scdist) Andng 1B

are respectiyaly @ R g&&g@ﬁ@ﬁ?uﬁnﬁmﬁa{ $RGH) AP Pleschk BWeMdinch i1l ustrate

one node of a sem con vi ce having an SO “structure in which a
sem conduct[@®ldlayer is provided over a support substrate with an insulating

| ayer interposed,therebetween. . Fl QE% (o : | an vi ew
and a cross-sect i‘ﬁ‘osr‘félﬂ1 co\llllglécw\e&vé:eivécﬁ V%CI} Ia/lﬁbls rgﬁ@glﬁ&@ta%%zgﬁol%é é<5{1]§l§ﬁ@e{?rcl€llcjzgnduct or
devi ce avifogniag pSObr thirwloleusfn chanudl ifedmatios eagicmorfducansistor fipara ¢abige ovi ded
over a support substrate wijh an insulati | ayer i nterposed therebetween.
I G5, “an ARAmSER R Ra o Trnnean B g dies Rl SB3R: bOTEF

seni conductgith 4lsenicehdbavi lager amn abidnosplietcéontainin® s EdriaBe gdsdaaiigodtBarbide ust r at e

an exanpl e of _a panufacturing_process aof a_seni.conduct devi ce, havi ng an
SO st r et (Piconducior etsein Bopformett o Ao (hiF FBPG 1 (e o e semgpeOmucior

manuf act ur i gestRi0GaES stthicénd®8lt (Y8 IGhORasI@Vd RirchappanguaimapOF uséd o€t ur e.
FIGS. 6A and 6B illustrate_an exanple_of a manufa turk@g process of a 30

“seni conl@ucthspt Eeimet HSFPEPEn asemicopdyriqr geece which ingydea SHRO HLIPR ar e
respect i velymgoRiRibr Yhiett ARG RNEELHIRAR Qb ORAL pYddavivl ch il lustrate one

node of a sem conductor device having an SOT structure in which a
BRIEF DESCRIPTION OF THE DRAWINGS
[0017]

15 FIGS. 1A and 1B are respectively a plan view and a cross-sectional view which
illustrate one mode of a semiconductor device having an SOI structure in which a
semiconductor layer is provided over a support substrate with an insulating layer
interposed therebetween.

FIGS. 2A and 2B are respectively a plan view and a cross-sectional view which

20 illustrate one mode of a semiconductor device having an SOI structure in which a
semiconductor layer is provided over a support substrate with an insulating layer
interposed therebetween.

FIGS. 3A and 3B illustrate an example of a manufacturing process of a
semiconductor device having an SOI structure.

25 FIGS. 4A and 4B illustrate an example of a manufacturing process of a
semicondﬁctor device having an SOI structure.

FIGS. 5A and SB illustrate an example of a manufacturing process of a
semiconductor device having an SOI structure.
FIGS. 6A and 6B illustrate an example of a manufacturing process of a

30  semiconductor device having an SOI structure.

FIGS. 7A and 7B are respectively a plan view and a cross-sectional view which

illustrate one mode of a semiconductor device having an SOI structure in which a



sem conductor |ayer is provided over a support substrate with an insul ating

| ayer interposed therebetween. FIGS. 8Ato 8Cillustrate a
manuf acturi ng process of a substrate having an SO structure. 5FIGS. 9A and
OB are respectively a plan view and a cross-sectional view which illustrate

one node of a sem conductor device fornmed using a sem conductor substrate.
FIGS. 10A and 10B are respectively a plan view and a cross-sectional view
which illustrate one node of a sem conductor device forned using a

sem conductor substrate. 10FIG 11 illustrates an exanple of a sol ar power
generation system provided with an inverter. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON [sedikefduston dalerdmtpsovidedt peerch Sennesiesibptiie ftithosn Wistlating 1gEcr i bed

in detail w ce to the drawings. Note that the disclosed
i nvention il%tte‘ﬁ’ggélﬂll{rna{eg&d&po the follow ng description and it will be

readi |y appreci aFH:B. By to RGskusgkiclal eahuifasturing parcesstof atsusiraiehasing ag&Phi | s can
be nodified in various ways w thout departing fromthe spirit and the scope
of the presggf’i?rh"fenventi on Accordingly, the disclosed invention should not be
construgd as bei BIGY. 9Aishé dBtace fekyectied s plat iview anfi atcess-eertiotk] iviewt which be

gi ven bel ow, In 20 enfjod] nent.s descrj bed _bel ow,. the sanme reference nuneral s
may be usedn‘fséraﬁé’ﬁﬁffgg?ﬂ %"H}’r‘émg'é%o el gorg‘ﬁgﬁan%? f?lg?cgﬁfl 3 Sél\li/jm%]ages'. [0019]
(Enbodi nent 1) | pi¢diwaesaodiBEBtrespaetiveianpla éw and anrasseupharvielevi ce
havi ng an SO 25 structure in _which a sem ¢conductor, | ayer is. provjded over
a support B Has@tgont mede ioﬁ%eﬁl'%ﬂ“‘?t%lé?“‘ien{fz’g?‘iﬁ’o‘és ?ﬁ'é'?lﬁ?g%‘f“\ﬂé’én is
descri bed. g iitai s enbodi ment, an exanple of a structure for providing a
sem conduct or device including a silicon carbide sem conductor is
descrid8d. FI G ¥IGild iHusaes apj egmple el selahPeuH BFREBHOT XAk PHleR| G 1B i s
a cross-sectybnalvoHeew t aken al ong dashed line A-B in the plan view

30[ 0020
| ] DETAILED DESCRIPTION OF THE INVENTION

[0018]
Embodiments of the disclosed invention will be described in detail with
15 reference to the drawings. Note that the disclosed invention is not limited to the
following description and it will be readily appreciated by those skilled in the art that
modes and details can be modified in various ways without departing from the spirit and
the scope of the present invention. Accordingly, the disclosed invention should not be '
construed as being limited to the description of the embodiments to be given below. In
20 embodiments described below, the same reference numerals may be used to denote the
same componenis among different drawings.
[0019]
(Embodiment 1)
In this embodiment, an example of a semiconductor device having an SOI
25  structure in which a semiconductor layer is provided over a support substrate with an
insulating layer interposed therebetween is described. In this embodiment, an example
of a structure for providing a semiconductor device including a silicon carbide
semiconductor is described. FIG 1A is a plan view of the semiconductor device and
FIG. 1B is a cross-sectional view taken along dashed line A-B in the plan view.
30 [0020}
FIG. 1A is a plan view of a semiconductor device in which a source electrode

118 is provided in the vicinity of a gate electrode 114. A drain electrode 120 is



FIG IAis a plan view of a sem conductor device in which a source

el ectrode 118 is provided in the vicinity of a gate el ectrode 114. A drain
el ectrode 120 is provided outside the source el ectrode 118. Hereinafter, a
structure of a sem conductor device according to this enbodinent is
described with reference to FIGIA and a cross-sectional viewin FIG 18.

[ 0021] [ Support Substrate] A substrate having a flat surface, for
exanpl e, an insulating substrate, a sem conductor substrate, a netal
substrate can be enpl oyed as a support substrate 100. Note that the support
substrate 100 referabl has a heat resistance to mnthstand tenperatures of

500 C or hipghade %‘Gﬂ‘m]‘f’“me electradey Ly ¢ Hesipg&es astauqture g1 f seanigendetar exanpl e
of the Supra%t:e %U&%alﬁ%tt@ tﬂQmeealﬁl%ﬁmﬁtde\A&méd Wit kFGencsUBSEIGA & Maose strain

point is 700 C or er can be used silicon substrate (a silicon wafer)
is given a§r®5189qﬂpeﬁlvleéklaﬁ%él3@f a seni conduct or substrate. A silicon
substrate Wﬁ surface is polished to be flat nay be used. An 15

i nexpensi v i con substrate which is at a so-called solar cell level can
al so be5us¢ﬂuppl6m’5ubsdwtq)l e, a silicon substrate with about 6N purity

(99.9999 % to 7 tr?té/ %91?1?2?2166 ué%zﬁgaporb&a E ags]fngkpﬁmiu Oabte sybstrate

100. In this cas at "a sur |cori substrate
be heat ed tsanﬂzﬁﬂdlﬁtdr@utisﬂraﬁ £mefal sibetradban i&Oﬂn;ﬂojted a§ @50ppOrt subsirateo¥i0di zi ng

at nosphere ont in dro en c rid 5 vol%to 10 20 vol %

(pref er abl y}°%t % tb%%%’l}/ E‘fteg F%’é‘iﬁ ?ﬁ Fsheﬂ)trff‘?ésdmcﬁﬁ tvﬁgls%ﬁ%e of
using a metté}{.l perathel bes® cCorhihtace i s polished to be flat and an insulating
| ayer descri bed bel ow is formed. [0023] [Insulating Layer over Support

Substrdfe] [9®%&h i nsul ating | ayer 102 provi ded over the support substrate

100 preferably hasqg.p! &'Bﬁfdté Xs aTﬁk%fe?sz@J @xargplb | '(ﬁoﬂﬁe %F]Stﬁﬁ stiskrhi® O100.
oxynitride, SI|ICO% nitride, ke is ‘enpl oyed for the insulating

| ayer 102. Aternatisell.cdt glasy Sh@}nete \dfosaniyalmbomhtsSEOr?é}tcérhlg!me?scanrm used-ngd si | i con

301 n the- causonerge e Tl df Pufh of o' BBEY SERPRMERAR S er /20

an i nsul at istigstdagy e ditécpn babstratenelthso nurtfdre is polishedtoobe fldtenai Ba useah sAmpstr at e

by a t f]er m?‘xllexpenswe silicon substrate which is at a so-called solar cell level can also be used.
For example, a silicon substrate with about 6N purity (99.9999 %) to 7N purity
(99.99999 %) can be used as the suppoﬁ substrate 100. In this case, it is preferable
that a surface of the silicon substrate be heated to 700 °C to 1150 °C, preferably 800 °C
to 1050 °C in an oxidizing atmosphere containing hydrogen chloride at 0.5 vol% to 10

20  vol% (preferably, at 3 vol%) so that an oxide film is formed. In the case of using a
metal substrate, a surface is polished to be flat and an insulating layer described below
is formed.

[0023]
[Insulating Layer over Support Substrate]

25 An insulating layer 102 provided over the support substrate 100 preferably has
a planarity. Therefore, silicon oxide, silicon oxynitride, silicon nitride, or the like is
employed for the insulating layer 102. An insulating layer of any of those materials
including silicon can be formed by a sputtering method or a vapor deposition method.
{0024]

30 In the case where a silicon substrate is used as the support substrate, an

insulating layer may be formed on the surface of the silicon substrate by a thermal



oxidation nethod. In the case where the silicon substrate is at a sol ar

cell level, inpurities such as netal can be reduced by thernmal oxidation on
the silicon substrate in an oxygen atnosphere containing HCL. [0025] 5
[ Sem conduct or Layer] A sem conductor |layer 104 is fornmed over the

support substrate 100 with the insulating |ayer 102 interposed

t herebetween. As for the sem conductor |ayer 104, a single crystal

sem conductor is preferable but a polycrystal sem conductor can be
alternatively used. Typically, a single crystal silicon sem conductor is
enpl oyed. 10 The sem conductor |ayer 104 has ejther n-type or p-type
conduct i vi toyidatreie meiodi nlis Begfasg e’?e‘i]?‘FéblF?BHcng?ﬂafeaVe?t %G‘Zﬂa‘i %elglﬁ%lt 50 nm
to 500 nm [;0026]es 56 RintlRal SEAHE RAGKAHY thdRRGI Hidatibn GARY Slifcos QMsGRIAGHIC O
region 106 1s fornmed inside a surface of the 15 sem conductor |ayer 104.
Thi's car bi de osespngbnenbere contapingfiClo6 has a | arger energy gap than a
silicon sen?&gmductor. Simlarly to the sem conductor |ayer 104, the
carbi de sem conductor region 106 is preferably formed froma sem conduct or
mat er i al5 wBehicemlutt@r hayesli | i con as a conponent. A silicon carbide

sem conductor is,preferab I d (o] ] aregion 106
is formed down té Yhe™ @%t% 1§Qé§¥ Ofo egﬁg? egt%!r %ﬁpgﬁ%&%ﬁgﬁrﬁgﬁlﬁggsurface
of the senismbding flger 1@ eterfiddd tHarebetvecrasks Wirahe sankieorglactvciopetuddor | ayer
104 is a silicon sem conductor,. th rhi de sem duct.or_.reqi 6 is

or med 11 ouefa RO s BrEer o sl A PATRA KEliGha 68 801 00 5
may be prowite@gdidtdhy apghodypichey, susihgle ecrfal ofilitdnesadomocio st amploggder 104 or
sel ectively provided in a regjion which serves as a channel _ fo tion region
of a triénsidesemicendustoydayer i?g%egagb"é'ihm'txpﬁ I ReYBH SRR er T en%%sﬁ a
silicon carfpiitentBhdRid WEeP104i8 ghoun 50 Bmito50®AmI N a crystallized
sem-conductor | ayer rather than formng a silicon carbide substrate itself,
a silicon d89%lde seniconductor region with inproved crystallinity can be
obt ai ned. By, tideldealidddatdidrRe3fai | i con carbide sem conductor region, a

sem conductor el ement such as a transistor can be manufactured. [0028]
A carbide semiconductor region 106 is formed inside a surface of the

15 semiconductor layer 104. This carbide semiconductor region 106 has a larger energy
gap than a silicon semiconductor. Similarly to the semiconductor layer 104, the
carbide semiconductor region 106 is preferably formed from a semiconductor material
which contains silicon as a component. A silicon carbide semiconductor is preferably
employed. The carbide semiconductor region 106 is formed down to the depth of at

20 least 5 nm to 15 nm from the surface of the semiconductor layer 104. In the case
where the semiconductor layer 104 is a silicon semiconductor, the carbide
semiconductor region 106 is formed from silicon carbide.

[0027]
The carbide semiconductor region 106 may be provided throughout the surface

25  of the semiconductor layer 104 or selectively provided in a region which serves as a
channel formation region of a transistor as is described below. In the above manner in
which a silicon carbide semiconductor region is formed in a crystallized semiconductor
layer rather than forming a silicon carbide substrate itself, a silicon carbide
semiconductor region with improved crystallinity can be obtained. By utilizing this

30  silicon carbide semiconductor region, a semiconductor element such as a transistor can
be manufactured.

[0028]



[First Inmpurity Region] Afirst inpurity region 108 is a region with
an opposite conductivity type to the conductivity type of the sem conductor
| ayer 104. For exanple, if the sem conductor |ayer 104 is of n-type, the
first inpurity region 108 is a p-type region. 5 [0029] The first
inmpurity region 108 is formed to overlap with the gate el ectrode 114 and
the source electrode 118. The thickness of the first inpurity region 108
may be approximately the sanme as that of the carbide senm conductor region
106. Since current flows between the source el ectrode 118 and the drain

el ectrode 120 t hrough the channel 10 formation region (part of the first

i mpurity rdBirdknposy fegienl overl aps with the gate el ectrode 114), the

sen conduct or | ayeft1f) i¢h T0RTRL Rogitndeith dppbdifeTond ¥RVt &¥e fod8d on 108.
[0030] [ Second Irrptﬁsrtitéurggg%g(ll)n] 15A second irr“r;}ﬁ’?i e e o8 Y ned i

the first icoplaclivify typgypbthe Bergicomtivetos dayen 04 mar pxapple df Bp samigondtistor he same
conducti vi t | l &ﬂgy ioh Aue! _ég E%% second inpurity

regi on 1101%§}%@§3?§e ?ﬁﬁgﬁkgglongﬁﬁ%g ovéﬁﬁg evvltnan end portion of
the gaté el[@@9jode 114 and the source el ectrode 118. The second inpurity

region 110 serves, as _a. so-cal | ed i ! h

t hi ckness of t he%%eeﬁmgﬁl&iﬂur?%urrelgﬁ? lr%gg{ g"%n%[{g’ ?Q’lél'ﬂ%}(?)g{“gg%l%a glgcwoﬁga-tl F‘{ he
second i npund the doagk @lectdd: tides Thothicleasshoftthe filso irtmoumitp regidrel 8 mag be npurity
region 108. This i egcause | f e second i rity regj 10, which has
the sane c&ﬂﬂﬂﬁ??@$¥ eﬁyﬁ%a%.m%ﬁg“é@ﬁ%@ﬁﬁﬁﬁ%ﬁ%F“Fﬁ?%?gk@ﬂ,%QBE%WFWfough t he
f : rst i gpurﬂow bé%h@%eka&ce &lhi&r(ﬁleﬁlgemﬁﬁe dedt dlededd 180 tncdigh e mmeln

el ectrode 120 are substantia short-circuited. .[ Q032 Gate | nsul ating
Layer] 10 formetign Fegion gt t}ag%rﬁy@wqtize%lgn HEF ?W!‘r‘f‘ér%“’i‘ﬁé‘&ﬂ #¥ng film
which is obiiraediiy, &%isdinfdon@ucidiSlapa nMioaosneulat @malnayieler ¥QAfifst Repudy Ng t he
carbi de sem conductor region 30106). Alternatively, the gate insulating

| ayer 112 egi¢nliPed by depositing an insulating filmover the sem conduct or
Iayer 104. [0030]

[Second Impurity Region]

15 A second impurity region 110 is formed in the first impurity region 108. The
second impurity region 110 has the same conductivity type as the semiconductor layer
104. The second impurity region 110 is provided in a region which overlaps with an
end portion of the gafe electrode 114 and the source electrode [18. The second
impurity region 110 serves as a so-called source region.

20 [0031]

The thickness of the second impurity region 110 is controlled so that the second
impurity region 110 does not reach the bottom of the first impurity region 108. This is
because if the second impurity region 110, which has the same conductivity type as the
semiconductor layer 104, goes through the first impurity region 108, the source

25  electrode 118 and the drain electrode 120 are substantially short-circuited.
[0032]
[Gate Insulating Layer]

A gate insulating layer 112 is formed from an insulating film which is obtained

by oxidizing the semiconductor layer 104 (including the carbide semiconductor region
30 106). Alternatively, the gate insulating layer 112 is formed by depositing an insulating

film over the semiconductor layer 104.

[0033]



[ 0033] As for oxidation of the sem conductor |ayer 104 (i ncluding
the carbi de sem conductor region 106), a dry oxidation nethod, a pyrogenic
oxi dation nethod (a wet oxidation nethod) in which hydrogen and oxygen are
burnt to generate water vapor and the water vapor and oxygen are used for
oxidation, a nethod in which thermal 5 oxidation is performed by m xing
hydr ogen chl oride with oxygen, or the |like can be enployed. Alternatively,
the gate insulating layer 112 nay be formed by perform ng plasma treatnent
on a surface of the sem conductor |ayer 104 (including the carbide

sem conductor region 106). In_the plas treatment bere, oxygen radicals
generated in pl a8hdCT @5CEIRH ©f eCRERPISH BV r 1@%?‘?’8@@‘”% oISt i on
reaction pigsRedmcy &gioht 1065 4 8 x8dHR6h MctHodSa pylgemé OkRaticinmexbdad i on film
can be forned at a tenperature of 1000 C or iower on a silicon carbide

seni conduc P oxigitiog puethod) oy whipk, Bydsogsnrend exyscn as tikRtde gencrqiQWaL] Vapar t he case

of deposi tigﬂcg tl{eh\%atgla{fﬁooi‘ B Bﬂ}}éeﬁgiré YR forl LAV alAGHSEH GARAUGL G 15 | ayer
104 (including the carbide sem conductor region 106), a thermal CVD net hod

or a pl Asmaxidudomstpedermisyd tyhingtingahydrpgenoilande getlf pAygemrorghe lik¢ ganbe
oxynitride_fi {S & (€10 20The
gate el ect r %‘hié)g}idm Pfl%h%rﬁg?}?gg%Q%tsgém%aﬁgggag?%ﬂ:%ﬁg%ﬁ {ét I ngegggg%&%@g The gate
el ectrode bplbdmi srepmevi oied sonfane dfitbe gerhieondustor dyeny04 Gydudiad the ¢ahlwdeby bei ng

i nsul ated fromthe senic uctor | r. 104 (i.ncl udin 1e, car bi .
seni conduct %“?“’?%‘%‘F‘anm%égmg)rhté“ '(r;:]hg g%e gg tfnc? gehe%lﬁ%(gggﬁ%%aésr B rf}ggbnver ed
W th an i nplabiat ireagt Wity elie dehGconlihéor nefabatnd gxiiaioarredction @nsredssevenatl at i on

bet ween_th ate electrqde 114 and .the source 25el ectrode, 118. [0036]

[ Sour o8O £1 B FtReTAES LB Ep-cif pofien i Sior g TuBin o8 SeteBBripBiooh 16 | o
provi ded t @odue°d Br ¢t dmta Wikdh Ed9Bids SeRREndudRRY N/ livh Ise@iBRel} Wfichived her, the
source electrode 118 is |located to be in contact with not only 30 the
second i np@idt%- r egi on 110 but the first inmpurity region 108 outside the
gate el ect [@g@ 114, whereby a pn junction is substantially fornmed between

the source el ectrode 118 and the nei ghboring drain el ectrode 120.
In the case of depositing the gate insulating layer 112 over the semiconductor

15 layer 104 (including the carbide semiconductor region 106), a thermal CVD method or
a plasma CVD method by which a silicon oxide film or a silicon oxynifride film is
formed can be employed.

[0035]
[Gate Electrode]

20 The gate electrode 114 is provided over the gate insulating layer 112. The
gate clectrode 114 is provided over the gate insulating layer 112, thereby being insulated
from the semiconductor layer 104 (including the carbide semiconductor region 106).
The gate electrode 114 is preferably covered with an insulating layer 116. The
insulating layer 116 ensures insulation between the gate electrode 114 and the source

25  electrode 118.

[0036]
[Source Electrode and Drain Electrode]

The source electrode 118 is provided to be in contact with the second impurity
region 110. Further, the source electrode 118 is located to be in contact with not only

30 the second impurity region 110 but the first impurity region 108 outside the gate
electrode 114, whereby a pn junction is substantially formed between the source

electrode 118 and the neighboring drain electrode 120.

10



[ 0037] In normal operation, the source electrode 118 is negatively

bi ased while the drain electrode 120 is positively biased, whereby the pn
junction formed between the source el ectrode 118 and the drain el ectrode
120 is biased in the reverse direction. 5 Thus, |eakage current between the
source el ectrode 118 and the drain el ectrode 120 is reduced. [0038]

The drain electrode 120 is provided in a region outside the source

el ectrode 118. The drain electrode 120 is in contact with a third inpurity
region 122 having the same 10 conductivity type as the second inpurity
regi on 110. éﬂ7a pat h through which current flows, the second inpurity

regi on 110,[0 & first inpurity region 108, the carbide sem conductor region
106Ejl thﬁ Zelr)n' conduﬁérﬁ;rai bpeyﬁionl&fk, so&fbdddl&t&oﬂé”li[mc:ilisiﬂﬁgﬁt&delyybila&giwllﬂleltﬁa are
sandw che et ween e source ctro 118 and the.drain ectrogde 120.
o e becaubEn I [0S EREE Y DR DY (i HRsiPegrBs ASEeF e f 1 om
a carbi de 13ugemHLeMMUELOindad driif deibildl 226 QbR CHE Vet @i ARcAAB,

vol tages that can be w thstood can be hjgh. [003@% [ Modi fication Exanpl e]

FI GS. 2A ankhusglegkape surrent betygeroths spiree slectepds dif aath s drdr estedeel 20rS whi ch” a
20 pair of galgqel ectrodes 114 and a pair of source electrodes 118 are
provi ded on opposite sides of the drain electrode 120. Wth a structure in
whi ch two dA@ifdel formation regions are provided in the support substrate

100 and the draif e ogley : g&ﬁﬂ . ctrodes
118, a device céﬁmﬁtgg%&h5|féggﬁﬂ$?§'a Swgﬁgla lggggggﬁgﬁﬂﬁﬁggeghﬁrent to
fl ow. Such Eheskamchodedst 130 ideviontact witk aithiohingupisf sgiond@P hewing thesamit h hi gh

rat ed rrent .004 eratiqn . 1.copduc - t he case
where tfie scé“nlﬁh%:c(k)lﬁlg%g%%%Scﬁigfgcron%lﬂg%gg?%&n?@ypggégﬁg&ﬁ%lﬁ B PDich SIS o

i mpurity refpivan tHO8chad impyrity ypgion orldudte fifst yimpenitgl fepion s¥@oniek carpidei ty
region 110 30.ha

(201 00 110 30,1858 i R STt 0, AT U AR, Dt o
bi as i s notizappt isediwichel hRtvgRhahekeats eBeyodeni g adstieldrainraeabdeoi2Cur r ent
f1ows. Here, because of the presence of the first impurity region 108 formed from a carbide
15 semiconductor and the carbide semiconductor region 106, voltages that can be
withstood can be high.
[0039]
[Modification Example]
FIGS. 2A and 2B illustrate an example of a semiconductor device in which a
20 pair of gate electrodes 114 and a pair of source electrodes 118 are provided on opposite
sides of the drain electrode 120. With a structure in which two channel formation
regions are provided in the support substrate 100 and the drain electrode 120 is
sandwiched by the two source electrodes 118, a device can be downsized while
allowing a large amount of current to flow. Such a semiconductor device is suitable
25  for applications with high rated current.
[0040]
[Operation of Semiconductor Device]
In the case where the semiconductor layer 104 has an n-type conductivity, the
first impurity region 108 has a p-type conductivity, and the second impurity region 110
30  has an n-type conductivity, an npn junction is formed between the source electrode 118

and the drain electrode 120. Accordingly, when bias is not applied to the gate

electrode, only a small amount of current flows.
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[ 0041] When positive bias is applied to the gate electrode 114, in
the first inpurity region 108 which overlaps with the gate el ectrode 114,
negative charges (el ectrons) are induced near the interface with the gate
insulating |ayer 112, whereby current flows 5 between the source el ectrode
118 and the drain electrode 120. The channel formation region is formed in
a region of the first inpurity region 108 which overlaps wth the gate

el ectrode 114. The first inpurity region 108 is provided in the carbide

sem conductor region 106. [0042] 10When the channel formation region is
formed in the first inpurity region 108 in the carbi de sem conductor region
106, the di[@b€dtric breakdown voltage is inproved. This is because, in a

e ong rbe | WERALE pl N ARFE4 1 0o BB, BRI OB s e

bi ndi ng energy is ergy a a SI icon car
sem conductegioh 408 baith oivbiiape whth mgzﬂdqalbcmﬁe dl4inegaion CBagesc(@lnctumsbaTc

15[ 0043] Accor di ngl in.the c er ha for i on region
is formed iRdYRE né%fr‘gi: &ge%ae@ﬁl"élgln &6 rmf"%[%f“gelayerenﬁ Hergb Cl}réeéll stance can
be ‘abouts 2 whingédnIhs sRtde@lectrbant 1l8l’imti|ﬂ& draﬁeeleuhedteelzoheThhahumél thematiah i on

region is formed froma silicon conduct or . her, since a_.carbide
semi conducti8ion s foamed, g HEeeiongef ‘6 £ IR SrEI 'rfr@{ gﬁvht%f’réaéjsé'ﬁ %ﬁes as

high as sildgORiechEdt 164N PRe dirss imdirRg 16fibh Ciognid yrovidear @f Gfeecarbideel ectric
current density per unit area in the sem conductor device is increased.

[ 0044] ( Enbrsaiideaductaryegion 1 s enbodi ment, an exanple of a method of
nanufacturl jhe 25 sem conduct or deV|ce described in Embodinent 1 is
descri bed % reference to FIGS. 3A and 3B, FIGS. 4A and 4B, and FI GS. 5A
and 5B.10An obj ecWish thehennakfoapisrresion it formydgoitheclirgt imgwily seer l Brindevi ce

including gysi. %;bgdgrgeg,fcroﬁa&@msr %)J @@'L{ﬁé Qletectf l?rgﬁédBévﬁ%ltégé% higproobd ect  of

this enmbodi nent I's 10 1 Nprove uctivity of the sem conductor device
i ncl udi ng arlss Isi oase,an blﬁ‘déi badi thenudertooric dBERCOBSE sl Atk 018 vt

Preparati on ﬁau@ﬁ%port Su st rat alg%g&%g&g;em ?A)S]ﬂhc'gg%apo%g Lopduat Qs aver 104

|sforrredo ort ubs rate
about three times that of a silicon semiconductor.

15 [0043]

Accordingly, in the case where the channel formation region is formed in the
carbide semiconductor region, specific on resistance can be about 2 digits smaller than
in the case where the channel formation region is formed from a silicon semiconductor.
Further, since a carbide semiconductor has a thermal conductivity approximately three

20 times as high as silicon, heat can be dissipated efficiently. Therefore, an electric
current density per unit area in the semiconductor device is increased.
[0044]

(Embodiment 2}
In this embodiment, an example of a method of manufacturing the

25  semiconductor device described in Embodiment 1 is described with reference to FIGS.
3A and 3B, FIGS. 4A and 4B, and FIGS. 5A and 5B. An object of this embodiment is
to provide a semiconductor device including a silicon carbide semiconductor. In
addition, another object of this embodiment is to improve productivity of the
semiconductor device including a silicon carbide semiconductor.

30 [0045]

[Manufacture or Preparation of Support Substrate (see FIG. 3A)]

The semiconductor layer 104 is formed over the support substrate 100 with the

12



insul ating |ayer 102 interposed therebetween. This is a so-called SO
structure in which a sem conductor |ayer is provided over an insul ating
surface. Therefore, SO substrates which are conmercially avail able such as
a bonded SO substrate, a SIMOX (separation by inplanted oxygen) substrate,
or the like can be enployed. A material of 5 the sem conductor |ayer 104
is preferably single crystal silicon, but other sem conductor materials can
be used. The sem conductor |ayer 104 has, for exanple, an n-type
conductivity. [0046] [Fornation of Carbide Sem conductor Region (see FIG
3B)] 10The carbi de sem conductor region 106 is fornmed inside a surface of

t he sem corckutatiog lhyey 02 TigkrpoTdethembdsivaen. s dhiscisrad se-tadled r¥Yi Bctos in ncl udes

an el enent AhLeh 08208l 186! s Prolifll GAP b RRnL OREAY. IAR:rcasOR! €11 al

.
of the seni'c nduc ayer at e car sem conduct or regi on 106
has a | ar ganbmaas ggmc@ame tdnanertially serilniglo mhlncasarbohat;de‘iOIlsMstrama SEMEND ! e,

treat nent for |n t he ondu Wi, t h cific
el ement is f)eé’F"faB ?56‘%7‘1"%6“ Subs W °§%§§ékgl e ex}%ll%[l(i Amatfrlllzggase
where the &mmaﬁdt@ﬂaﬂeaym Isibeéfemslyﬁmglé&dysfal silfivan, smngthee s@my&tcmbtoSl licon
sem conduct or, _heat great ment 1s to\%ﬁgo g: o 1300 C, tBBef erably,
1100 C to rosgriads rap ke grgdeq Thgse CHB i OfHiadn 1og %mﬂlﬁdﬁ?)d’a bn gas

such as netpanR:ieiky. Propane is m xed vvlth a hydr ogen gas serving as a
carrier gas. % this treatnent, the sem conductor |ayer 104 is inpregnated
wi th carbod0946dm t he surface to the depth of 5 nmto 20 nm whereby the

car bi de se;rp&%qeﬁap@arﬁﬁgsaﬁms%c@mgents@sszB; j0048] 25Further, in a
m xed gas atnosphere of hydrogen and a hydrocarbon gas, the semi conduct or

| ayer 104 may beThfr cabidst enigdndnctpra gagion Qs ifermsd diapide ¢ sufapensf dhpat ed
with carb O@emlcgncﬁl;&o% lzﬁ)@? 4.] tTh% %ar%f@fs,@ﬁ:?c%&cﬁd?%gl&hﬁod ﬁélﬁ&esldng:mméﬁ?

delivered in a nanner "suc east a surface portion of
seni conductwhicld basean dffett pf mmasmg Kife ¢ngrgyrgapi ofint miateriglovfathe @@micgnqmof or med

when the squl-LoRPUChOlmd B¥Rhe 10dchinbSl RENG8E ik AlaPudey IR0 C
formation ? 4 ne’ Tar tﬁe Sen conduct or gl on %g and
r e- si ngl e- gemibadcior dyeoD4af Fer edaampi, tneatmadﬁ fat mmegr@mﬁgjtht: emicprdyror ed.
15  layer 104 with a specific element is performed.
[0047]
For a specific example, in the case where the semiconductor layer 104 is
formed from a single crystal silicon semiconductor, heat treatment is performed at 1000
°C to 1300 °C, preferably, 1100 °C to 1250 °C in a mixed gas atmosphere in which a
20  hydrocarbon gas such as methane or propane is mixed with a hydrogen gas serving as a
carrier gas. By this treatment, the semiconductor layer 104 is impregnated with carbon
from the surface to the depth of 5 nm to 20 nm, whereby the carbide semiconductor

region 106 can be formed.
[0048]

25 Further, in 2 mixed gas atmosphere of hydrogen and a hydrocarbon gas, the
semiconductor layer 104 may be irradiated with laser light in order to be impregnated
with carbon. In this case, it is preferable that the laser light be delivered in a manner
such that at least a surface portion of the semiconductor layer 104 is melt. If laser light
irradiation is performed when the semiconductor layer 104 is being heated at 500 °C to

30 1000 °C, formation of the carbide semiconductor region 106 is facilitated and

re-single-crystallization after laser irradiation is further promoted.

i3



[ 0049] While the energy gap of single crystal siliconis 1.12 eV, the
energy gap of silicon carbide is about 2.2 eV to 3.1eV (e.g., an energy gap
of 4HSiCis 3.02 eV). By introducing carbon to single crystal silicon, the
energy gap can be approxinmately 5 doubled or tripled. In addition, in order
to increase the thickness of the region wwth an increased energy gap, a
silicon carbide |ayer nay be epitaxially grown over the carbide

sem conductor region 106. [0050] [Formation of First Inpurity Region (see
FIG 4A)] 10A first mask layer 124 is formed over the sem conductor | ayer
104. The first mask |layer 124 is provided with an opening in a region where
the first i[op]ity region 108 is to be fornmed. An inpurity el enent

i mparting an opp%fe%ggggggt&%é{rgmg%pgy}a:? shi¥6n SORIEEN! Wie! chels¥ By L NE

sem conduct or I npurity’regio If the
sem conductsilicohayeide i0sbohe®?2 av w3 Ay ee. gmmhmctgly\glap yf 4b6iG 5, 3.03hVOh BSi nparts

a p-type conductivity, is ad ed 05 Eormation_of Second | ity
Regi on ( sed™#f ClnﬂBﬁa}{bm to s %iﬂoﬂ&r%fg HeafhTe 8% a0 1% or o x(%’ale{clyt he
Se”‘COHQUCthbhaﬁﬁﬁqmﬁﬂ-Iﬂk&hﬁﬁ@ﬁmﬂdaﬁékmhﬁyﬁmeﬂﬁﬁmbScﬂMQMbged“mhmh an
opening in a reglon where the seco d 20 i ﬁrlt%-m glon l%p %gct% D
forned. |n BEREE ﬁﬁ?@%gm%ﬁélﬁg%ﬁﬁw‘ﬁﬁgﬁ1p S ERPO\AYER W'g'nanner

such that idsiQR@RidGedion l@cat ed over an inner region of the first inpurity
region 108. [0052] An inpurity element which inparts the same conductivity

type as tthBﬁH the 25 sem conductor |ayer 104 is added to the second

| purity r b u%&% Fird th g&@@@gﬁeﬁ%ﬁ@m&)pyer 104 has an n-type
conductivit orus arsenic I npart an n-type conductivity,

i s addeld. At theAsﬁﬂﬂbm@Sknléyertlﬁélif@ﬁﬂ@ii ovep thei sexpicoadicgy layep 1hi hedag t he
sane conductl '%x%&tl#’ Fﬁ 1 g.ee ”Jeloﬁ%lel%ﬂhéﬂiﬁtﬁﬁﬁbr@ iope
Ir |npur|t

formed. Not'€ gion 122 is not essentlal and is
pref erabl y B8 iptoye fheed. orAremdnyy nlammtgmamlohml@l)msﬁ@ aendugivity typretodr ai n

el ectrode 1tﬁe9 'COJ[\CP ]cy Lype of the %erm%on ucéﬁ‘”l%;el‘ 184 L GaciSE e e Mty

region 108. If the semiconductor layer 104 has an n-type conductivity, boron, which
15  imparts a p-type conductivity, is added.
{0051]
[Formation of Second Impurity Region (see FIG. 4B)]
A second mask layer 126 is formed over the semiconductor layer 104. The
second mask layer 126 is provided with an opening in a region where the second
20  impurity region 110 is to be formed. In other words, the second mask layer 126 is
provided in a manner such that its opening is located over an inner region of the first
impurity region 108.
[0052]
An impurity element which imparts the same conductivity type as that of the
25  semiconductor layer 104 is added to the second impurity region 110. If the
semiconductor layer 104 has an n-type conductivity, phosphorus or arsenic, which
impart an n-type conductivity, is added. At the same time, the third impurity region
122 which has the same conductivity type as the second impurity region 110 may also
be formed. Note that the third impurity region 122 is not essential and is preferably
30 provided for easily making an ohmic contact with the drain electrode 120.
[0053]
[Formation of Insulating Gate (see FIG. 5A)]
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The gate insulating layer 112 is formed by oxidizing a surface of the
sem conduct or | ayer 104 (including the carbide sem conductor region 106).
Alternatively, the gate insulating layer 112 is formed by depositing an

i nsul ating | ayer over the sem conductor |ayer 104. As an oxidi zi ng net hod,
a dry oxidation nmethod, a 5 pyrogenic oxidation nethod (a wet oxidation
met hod) in which hydrogen is burnt to generate water vapor and the water
vapor and oxygen are used for oxidation, an HCl oxidation nmethod in which
hydrogen chloride is m xed with oxygen, or the |like can be enpl oyed.

Al ternatively, as another oxidation nmethod, a plasnma oxidation nethod may
be enpl oyed for flbe ndarey ishlatigatlayer ndd| it fomyed dyepxidizing prsurfaee o dbera

oxi dation 10 nethod here n.radi cal s_gener ' r t wth
the seni cordtPBICNT ARER g(?% xclluélgrf% otﬁér(é%@ta fgo%én%?%dgg%tgéa% en gta g)f ow

t enper at ur eglterhdliviRethe ase indulatiap tsiet 1 120is tfdvened dly eleporstirigadn ingldtegdayet 12, a

thermal CVD net hod or | as D nmethod. b j C sil.,con oxide filmor
a silicon Jg¥§hite PF’H’@O’fqa“Pﬁf f@g‘?]c?r?r{eé‘s Pge 'Srﬁf‘réﬁv%(]bmi[jﬁ 4TX1‘_1L%LPHem e)é(léot%ea
el ectrode Hﬁogeﬁmfdﬁdﬁa& Q168Hod (A Gvel Bk RIS hik@bd)ig Wiiyie hyddgen Shangas e

el ectrode Is formed frompolysilicon or a netal n@ter.i al . Asﬁrche met al
material, ReRERE WATICHRPARLAKS BAEHR YAPOT AR GEYERR, arp Psed; L A¥ideogy AL HCL | oy of

any of thosg;d.ght iRl %Icﬁ'l&dﬂiﬁ%&'n BifforitRas midaswigns & gen, 06 iteade chddei s
formed to overlap wth the carbide sem conductor region 106 and thg first
d

i mpurity regimeyedosAlifrivehie ag aneihemnauriaiiop gether |2apiasma p3idatgnePsHed

ther ebet wegp,, {aﬂer%ﬂb?ed%? (iiorm e%a{qugu@ﬁmgfla}remlil T8 khd FRNMEH dddiiggi on 108
over | appi ng i e gate el ectrode 114 serves as a channel formation

r egi on. 10Notreethdvbleré, mxpgqpl radicals genperstedrin glasma reagiewiifathe semisendustos surfage s

positioned tq be surrounde %«;‘ S dg;, IBeask 3P adositi

25[ For mat i oatzll(aoq‘x1 ﬁ% 5‘%@0\?‘9& &%é%% segeaqgt?‘%%@%c)??&{eg " Th?aasi nsu?ﬂgtmi lﬁ% | ayer
116 i s for nie gaxensuiing Jatee 1¢2,cx theodd CYR. mathed or eariasset CHBI methed &y f or med
in the insulating.layer 6. After that.. . de 118 and the
drain el ect‘?’@ﬁléa %gff’%(fxédef G STIEOP 8% 6ﬂrilgéﬁ e?scefgﬁeg lgéolﬁ@g%e@ hol es in the
insul ating [bass®gr 116 are provided. In such a manner, the sem conductor

device in FIGS. LA and 301B, can.be obfai ned. [0056]. By fo W t.he
processldescri beghﬁﬁﬁséféc'ﬁo@el%é% e ?ﬁergkg\ﬁageem?“g%ﬁnﬁé?yﬁélli#hﬁg #6i de

senm conductéctod i Linis e ddnbpolpdilicdin ve d.metdlinsaterah u f Acthe hiem) nparetiek 8 S

i ncludes treatnent in which the sem conductor | zﬁ/?er 104 #?1 i lr}pére(gnat ed with
carbon. | n mefplsush arwelybdenya, pgsien, 1of Stagpim orgn gljoy of gRy gt those IERFAY e 100 i s

i ncreased, }h81sSEMY GORGMC! Phe baty MeckOdt CON sepmsIdoNGetlap Wi Be eablik t he
support substrate 100 is 5 provided easily; accord] t he carhbj de

|
sem conductssmigoadycser regien HAG ang the fisst dBPuHty Fegian égég‘gﬁy‘bﬁg&@dn%ﬂgy. I'n

ot her dSpved 119 Qferd BB bkt an! ik GusthRYBt Rfiof 1 Jfi (5O first Api
substrate, sl%{/&/:‘ or ?ang a sili conecar bindessem' conduc%or region i ngiiu(ciitg a

surface of repien $8%hesoiaphing with theyaate cleptiafley hldssricagea ehvangl Howregiogs s

sen conduct.Qr ice 0 ime r I ok di - acturi ng=
et hod of tlﬁ?tg qgér/%b% 4 %E?ir%lt Pl%w Bf i, ' $di8 elec@GeOl i ROpbiichedBE We

surrounded by the source electrode 118.
[0055]
25  [Formation of Protective Film (see FIG. 5B)]

The insulating layer 116 is formed over the gate electrode 114. Then, contact
holes are formed in the insulating layer 116. After that, the source electrode 118 and
the drain electrode 120 are formed in regions where the contact holes in the insulating
layer 116 are provided. In such a manner, the semiconductor device in FIGS. 1A and

30 1B can be obtained.
[0056]

By following the process described above, a semiconductor device including
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10 productivity of the sem conductor device including a silicon carbide
sem conduct or can be inproved. [0057] [Modification Exanple with Sel ective
Formati on of Modified Layer (see FIGS. 6A and 6B)] 15If a third nask | ayer
128 having an opening is provided for formng the carbide sem conductor
region 106 in the sem conductor |ayer 104, the carbide sem conductor region
106 can be selectively fornmed. Since treatnent for form ng the carbide

sem conductor region 106 is perforned at high tenperatures, the third mask
| ayer 128 is preferably formed fromsilicon oxide or silicon nitride.

20[ 0058] Note that since a region of the first inpurity region 108
whi ch over | tapsarbide kemivendyatoe regiecif@dan bd 4bemed.csThs manehethned pfogessat i on

region, if the first ippurjty region 108 is_included j i

seni conduc t’B‘rF]“‘ileé‘ il CSWGTEE‘, Whlcg 5 T glﬁ%ﬁﬁlé i’%(r’r %%%}'?@é q\g\ﬁr?%[lﬁ&}? téééeg%@ éﬁ’%ﬁt

simlar to mhals frbcdskeever Nitepande ckar ofitei wepérn skis@ate 108 mnderéBedatebe

250bt ai ned. [0059] (Enbodj nent 3 ) n this.enbodi nent n anple of a
seni conductS§MIagics mrcWh%ngeﬁl%?n%’@g tgttk‘ﬁ@feﬁ'r @f WP%E S‘ébsggtﬁi 1g%nlauct or
layer s prgutidereaQie acbrHPPOhE cabias séricendiictoh répfion3(D6i Has i Al latag ateay er

i nt erposed t herebet ween_and whi ch serves as a Pi[{}}ol ar trapsistor.is

descri bed. ipalse Rroyided iy melothes oglsaphent granutacinng ¢ [arge-qighpets lifoqi ng a
sem conduct by geyhGeid, B it i1idd dafifidle CRiRindGeiSERLIR LR aTheE of _
described. FIG7A is a plan view of the sem conductor device and FIG 7B is
a cross- secths eemiconduetar fayken highovolfagmanddawrnaver-losssemicobIclsr devicsi @, [ 0060]
The basic r ) u I i t InSent

embod; ment 5 FonHRE b i T L ol 1 A
and 1B, 10ex cepductifigt oft the senhicerductapdaviaeyingledjnga silipon ¢raleide pranisqdictelgi@uct i vity
type as the f.irst glrrpurity region 108, that an emtter electrode 130 is in
contact with THEF T st inpurity region 108 and the second inpurity region
110, and tHhaosd collector electrode 132 is in contact with the third

Lmpurity e[%[{?d?ﬁclaglgﬁ Example with Selective Formation of Modified Layer (see FIGS. 6A and
6B)]

15 If a third mask layer 128 having an opening is provided for forming the carbide
semiconductor region 106 in the semiconductor layer 104, the carbide semiconductor
region 106 can be selectively formed. Since treatment for forming the carbide
semiconductor region 106 is performed at high temperatures, the third mask layer 128 is
preferably formed from silicon oxide or silicon nitride.

20 [0058]

Note that since a region of the first impurity region 108 which overlaps with
the gate electrode 114 serves as a channel formation region, if the first impurity region
108 is included in the carbide semiconductor region 106, a semiconductor device which
has an effect similar to that of the semiconductor device in FIGS. 1A and 1B can be

25  obtained.

[0059]
(Embodiment 3)

In this embodiment, an example of a semiconductor device which has an SOI
structure in which a semiconductor layer is provided over a support substrate with an

30 insulating layer interposed therebetween and which serves as a bipolar transistor is
described. In this embodiment, an example of a structure for providing a

semiconductor device including a silicon carbide semiconductor is described. FIG. 7A
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10[ 0061] As in Enbodinment 1, in the sem conductor device according to
this enbodi nent, when positive bias is applied to the gate electrode 114, a
channel region is forned in the first inpurity region 108. Here, since the
third inpurity region 122 has a p-type conductivity, holes are injected to
t he sem conductor |ayer 104 fromthe third 15 inpurity region 122 in an On
state. Thus, voltage to nake the sem conductor device into an On state is

| owered. In other words, a high-capacity sem conductor device which can

wi t hstand hi gh vol tages can be obtained. [0062] The sem conductor device
according to this enbodi nent has a structure of an 20 insul ated-gate field
ef f ect tr anisiagilan vien ofitheisepisondicthe davice 2ndsEIGUEB iy ecrofs-secliinebyiay takeansi st or

on an out put side. .Thi em, copnduct or device is driven with a voltage

bet ween theé%‘ga%éqd}é??‘é%én%ﬂa%ﬁ?“fhe emitter electrode 130, and is turned
on of off kwoédput signals to the gate el ectrode 114. In this sem conductor
device, swtching, operation capn be faster. In.additi.on, self-heating is
suppr essed due t%hP EWI%WW%Q{]@F éﬂﬂlﬁ?n‘fuﬁtgf d7artcooiine tgghrlﬁ Enéﬂ(&ﬁn@?lgr devi ce
is suitaplyisseshnioss HAVIfORS samiBsndatibl Bgvice InaFIGS. aAvindtl By fexedpe diat iheal

power. [0063] (Enbodi nent 4

; %} In this enb dh_rrent, an exc%rrr}gllge of a
met hod in wWhITE FRHEY Eglendda %@6?“‘[‘%%?@9“%‘(3‘1%%?%? VSt HBRHY &t suppor t
substrate 180 fdesgfibPaotiode B0 i Bt WithQne fikst iRpSEy irbgen 1§98 he [ St ep
of Form ng Separation Layer in Sem conductor Substrate (see FIG. K 8A)]

A damaged |sgend mperifysregion g, and Baise Aeliaston sleewpdes Lissis incantaed pvigl the

i ntroductiag. 9t .1ﬂ'ﬂ§re %lgqﬁen‘i conductor substrate 134 is fornmed from a
single cryg@gﬁ néfjem co(g‘f uctor or a polycrystal semi conductor. As the

sem conductf@Péubstrate 134, a 5 single crystal silicon senm conductor

substrate 1S typigal) oGl ausds, thewensilisbdditiol akbice ARoREAVIGeglover the
sem conduct or substrat’e I's formed fromsilicon oxide, silicon
oxyni.t ri de, ershddiroam, whehmpbsigvobiag eppliddao tHergafexrlentioilohl 4ot chanaeldegiongisd | ayer

R L
i rradi at i onp-typeendlictigy holehard ingagtedttd nge beayieonductor layer 104 from the third
15  impurity region 122 in an On state. Thus, voltage to make the semiconductor device
into an On state is lowered. In other words, a high-capacity semiconductor device
which can withstand high voltages can be obtained.
[0062]
The semiconductor device according to this embodiment has a structure of an
20 insulated-gate field effect transistor on an input side and a structure of a bipolar
transistor on an output side. This semiconductor device is driven with a voltage
between the gate electrode 114 and the emitter electrode 130, and is turned on of off by
input signals to the gate electrode 114. In this semiconductor device, switching
operation can be faster. In addition, self-heating is suppressed due to low on
25  resistance; therefore, this semiconductor device is suitably used for devices controlling a
large amount of electrical power.
[0063]
(Embodiment 4)
In this embodiment, an example of a method in which the semiconductor layer
30 104 is provided over the support substrate 100 described in Embodiments 1 to 3 is
described.
[0064]
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10102 is preferably provided. [0065] In order to formthe damaged

| ayer 136 at a predeterm ned depth fromthe surface of the sem conductor
substrate 134, the sem conductor substrate 134 is irradiated with an ion
beam i ncl udi ng hydrogen ions. For exanple, the danmaged |ayer 15 136 is
formed at a certain depth fromthe surface using hydrogen ions mxed with
hydr ogen cluster ions. As for hydrogen cluster ions, H3+ ions are enpl oyed
for exanple. By enploying hydrogen cluster ions, nore hydrogen atons can be
i ntroduced to the sem conductor substrate 134 al though the dose is not
changed. Thus, formation of the danaged layer 136 is facilitated. 20 [0066]
The di st angstepef Faating Srpacitomiser indBeericohdGtarfabstiute er FIGCBANT t he

sem conductor substrate 134 | ontrolled b rati er

hydr ogen i ons. T%ed?rﬂ?gr?ﬂn 3 i%éctlﬁetgg%er%eé%n%tﬁ%ﬁ%r% 5@%&%%@%?%%3

rel eased f rigwadubforSEToO NTHE tdticdidhcbr sbsrals31B4die fendd fiom 4 kiegldeptstel of t he
damaged | ayer  136. The damaged Igéer

136 25 is fornmed in na rr such that
t he hydr ogdRMCERSHY PRE PEY AL Cq‘ﬂ@t%xgﬁﬂ}ﬁ S\?‘é‘l“iﬁ’gglﬁimrﬁal&sgﬁ{éﬁ%éfa | ess
than 1 ym fs[r%[@ talSHRIARCRn M ontiforsRbiteeNBughiodlys ethsibyal e Thd4nsularigg er abl y,
at a depth of 50"urn to 500 nmfromthe surface_o% thg sem . conduct or

substrat e iawr 19DpEyidedgver shegpmpsondpqiorpHetesk is o Bligpoqxides (o

Support Su Qafcﬁﬁbﬁyrﬁéiﬁe_ skilc6h 8R)de A thuifac & REmbdia Terd Cendectosr 136kt rat e
134 provided wth the insulating |ayer 102 is closely attached to the

support sulsks semicomipgor snhetrate hid, plappay of auyeaceidhe sripendpstas 8ibyirats t ached
to the insulatj I r 'ﬁﬁﬂg or i i lexed to

t he supporﬂsgh%ggﬁggﬁgfﬁégé3ﬁ%9g?ggg% onggﬂofA%%ﬁﬁﬁgﬁqﬁﬁéﬁgm?%}%gg. [ 0068]
51 f thdosuribaéggefofablyppowdgsbort substrate 100 and the insulating |ayer 102
are hydrOqu%¥ﬁé hydr oxyl groups and water nol ecules effectively act to
facilitate ion of hydrogen bonds. Further, if heat treatnent is
performed, water Inotdecul fsmathe dedmegrdplage di3tmt faopedsermansg| degthofrpw thsi - OH)
and hydr ogen

oot at ur GRS Do P rRBRoR NG ohur nd: e “oabakhElt Tt (M A0

bonds (0- Sijrfiatad &ith @ iRcbam ihelnding bydabgentionson Her exatnpleptiy dainegedtlayae hnent
strate 100

s | moridued 0 LSBT e RSSO PO ORI OPT ATE & For m
Sem conductQhroksay QHusRY §6nsSURROIE hSHREEA Rlitef S&B, ;G i8s) hre employed for
example. By employing hydrogen cluster ions, more hydrogen atoms can be
introduced to the semiconductor substrate 134 although the dose is not changed. Thus,
formation of the damaged layer 136 is facilitated.
20 [0066]
The distance between the damaged layer 136 and the surface of the
semiconductor substrate 134 is controlled by acceleration energy of hydrogen ions.
The thickness of the semiconductor layer 104 which is released from the semiconductor
substrate 134 depends on the depth of the damaged layer 136. The damaged layer 136
25  is formed in a manner such that the hydrogen concentration reaches the maximum value
at a depth of less than 1 um from the surface of the semiconductor substrate 134,
preferably, at a depth of 50 nm to 500 nm from the surface of the semiconductor
substrate 134.
[0067]
30  [Step of Attaching Semiconductor Substrate to Support Substrate (see FIG. 8B)]

A surface of the semiconductor substrate 134 provided with the insulating layer
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15Whi l e the sem conductor substrate 134 and the support substrate 100 are
attached to each other, heat treatnent is perfornmed. The heat treatnent is
performed at tenperatures ranging from400 Cto 700 C. The heat treatnent
enbrittles the damaged | ayer 136, whereby the sem conductor substrate 134
can be released with the sem conductor |ayer 104 | eft over the support
substrate 100. The substrate described 20 thus far can be used for

manuf acture of the sem conductor device in Enbodinents 1 and 2. [0070]
(Enbodi ment 5) In this enbodi nent, an exanple of a sem conductor device
using a 25 sem conductor substrate is described. In this enbodi nent, an
exanpl e of 182 st desetylatiectfed to the ewppditsgbstrated 89.c oWdiere tho suppettispbstiateciOldi ng a

silicon carbide senm conductor .is, de i bed, . ' i of the
seni conduc tcg%g‘a @3?‘:?8& g’ntg'e I‘—”lslﬁ{au%la' E"srs@ﬁ’ct:ﬁg g%@lgén%l ?tgﬁ%{ﬁ Vi ee\?v& Lﬁg kﬁ\é{ﬁ@ al ong
dashed | i nehé®suBpérisubleato| Erbyiyeiged B&\iAL br BaFdeGRaald foraesd 9B descri be an
exanpl e of a sem conductor device in which the carbide sem conductor region

106 is prO\W% inside a surface of a sem conductor substrate 138, and part
or the whol e of g wbaumebs bOMIBLPRIM 5udEIrAe 10G ahd tHeeidsdlatingieyer 482 birdle

sem conductor regiqn 106. [0072 Strugll_tf%r,e of the. atg el ectrode
114, the filwéﬁophlﬂfnhyﬂwylr%_@wﬁﬂ o8 ter modeodle BT P AT caligl Symstien and the
source el echngdeodd Bodse FuAhdralf hdt (tRAHRT B edEwhted molechiee o6 ai n
el ectrode 1207i s provided on a rear surface of the sem conductor substrate

138 (the suietcmroset orfan simplgnasdBoP apd bydipgenbendop duthee ergtfdt he gate
el ectrode) -[Eh%}tﬁreﬁmﬁt dthidh {eSReQRirds s WaliGihel By dds R tShest rOdRed 21 I S I N

contact wit e sem conductor substrate 138, the third inmpurity region 122
whi ch Héls tsHexana hendsddbie®@) setfgrmegdpie formn colalent benty, Wheraey thy attagdinesnt 110 may

be provi de%tren]ggl[ gtng lemiconductor substrate 134 and the support substrate 100 is improved.
[0069]
[Step of Releasing Semiconductor Substrate to Form Semiconductor Layer over Support
Substrate (see FIG. 8C)]

15 While the semiconductor substrate 134 and the support substrate 100 are
attached to each other, heat treatment is performed. The heat treatment is performed at
temperatures ranging from 400 °C to 700 °C. The heat treatment embrittles the
damaged layer 136, whereby the semiconductor substrate 134 can be released with the
semiconductor layer 104 left over the support substrate 100. The substrate described

20 thus far can be used for manufacture of the semiconductor device in Embodiments 1 and
2.

[0070]
(Embodiment 5)
In this embodiment, an example of a semiconductor device using a

25  semiconductor substrate is described. In this embodiment, an example of a structure
for providing a semiconductor device including a silicon carbide semiconductor is
described. FIG 9A is a plan view of the semiconductor device and FIG. 9B is a
cross-sectional view taken along dashed line A-B in the plan view.

[0071]

30 FIGS. 9A and 9B describe an example of a semiconductor device in which the

carbide semiconductor region 106 is provided inside a surface of a semiconductor

substrate 138, and part or the whole of a channel formation region is formed in the
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A surface part of the sem conductor substrate 138 is provided with the
car bi de sem conductor region 106. The energy gap of the carbide

sem conductor region 106 is larger than that of a sem conductor nateri al
used for form ng the sem conductor substrate 138. |If the sem conductor
substrate 138 is formed froma single crystal 15silicon sem conductor, a
silicon carbide sem conductor is used for the carbide sem conductor region
106. [0074] The carbi de sem conductor region 106 is forned down to
the depth of at least 5 ma to 15 nmfromthe surface of the sem conductor
substrate 138. The depth of the 20 first inpurity region 108 fromthe
surface of dahisdsemicodduotregiosidfstrate may be smaller than that of the
car bi de segioﬁgﬂductor region 106 or nmay be about the same as or |arger than
that of th 'bi de sem conductor region 106. Thus, the channel formation
regi on includes tShectams b de gmenélenndedi4rthe Sgt orputibregion Ki§s thegscands part .

0075] 25In the case ere.the sem.condu r _subst X . -type
E:ondu]cti vi tYPPUE IR ’ia‘iﬁ){ﬁ‘?is?lifc? félﬁcﬁf?ge %@arﬁ%m%r %%@Sﬁéﬁ; %on{rﬂlﬁl&fc |§/Pt y?/pand
t hef sec @;d bTHmuﬁih Tebéﬁﬂhﬁgi 120 islﬂrevihasoxaﬂrearl sg-tgl@ee %fomlsmh O'Iécm;iuqzorl embsmp:gl 3j8l],l- 28 tion
is formed between the source e] ectrode and the _.drai.n electro :
Accor di ngl yitheapsRicnioh dhg §er1’i‘6?n‘i‘¥ﬁt8f iSpiEls f%eoﬁ’é’f’ée gf’glch’reo%aée f%ﬁt,m(%?'il y a
smal | anoungo@f Uil @NtegfdnOws whidhl @R78kain electroddhe?0 poShtdonacbivdth ile appl i ed
to the gate electrode 1I4, in the first inpurity region 108 which overl aps
with the gatemiendeqierosbsiata 138edh itied é‘ﬁﬁ‘frﬁiésre%‘@?e@grg %ha"’rsethei?’ilaﬁced near

the i nt er f agidhlly LAE o0k Sodod YhAlkisEeoloaneD mikf-Be phieaby current f1 ows

bet ween t he source ectrode 118 and the drain el ectrode 120. The channel
formatildh ri@87dn is formed in the first inpurity region 108. [0077] 5Wen

e chanmel 1o otk B 0t B AR Bkt o0 B it serumpniiigs | ol o
, ge 1s 1nproved. This is because, in a
Si - C bond, gelmécdnitaoratgion t06i Sthavoesy sapefl thaedrbideseniprndctor region6 tshe
0,01 10 1Bty o ISP ke ) L0, 501 Bl
10[ 0078] substrate 138. If the semiconductor substrate 138 is formed from a single crystal
15 silicon semiconductor, a silicon carbide semiconductor is used for the carbide
semiconductor region 106.
{0074]
The carbide semiconductor region 106 is formed down to the depth of at least 5
nm to 15 nm from the surface of the semiconductor substrate 138. The depth of the
20 first impurity region 108 from the surface of the semiconductor substrate may be
smaller than that of the carbide semiconductor region 106 or may be about the same as
or larger than that of the carbide semiconductor region 106. Thus, the channel
formation region includes the carbide semiconductor region 106 at least as its part.
[0075]
25 In the case where the semiconductor substrate 138 has an n-type conductivity,
the first impurity region 108 has a p-type conductivity, and the second impurity region
110 has an n-type conductivity, an npn junction is formed between the source electrode
118 and the drain electrode 120. Accordingly, when bias is not applied to the gate
electrode 114, only a small amount of current flows.
30 [0076]
When positive bias is applied to the gate electrode 114, in the first impurty

region 108 which overlaps with the gate electrode 114, negative charges (electrons) are

20



Accordingly, in the case where the channel formation region is fornmed in
the carbi de sem conductor region 106, specific on resistance can be about 2
digits smaller than in the case where the channel formation region is
formed in a silicon sem conductor substrate. Further, since a carbide

sem conductor has a thermal 15 conductivity approximately three tinmes as

hi gh as silicon, heat can be dissipated efficiently. Therefore, an electric
current density per unit area in the sem conductor device is increased.
[0079] (Enbodinment 6) 20In this enbodi nent, an exanple of a sem conduct or
devi ce which uses a sem conductor substrate and serves as a bi pgl ar

transi st or iducedsenrithrinterfage tithsthe g dnsidating layer danhcachyr Cuéreg{)]ﬂﬁ?ﬁ ure for
provi di ng m;g i i i el 1ogon Hahele tseixtigenduct or

i s descri bgjg. %%%%%%gfe‘é‘gﬁéalgg\#gﬁeg?h?%lee@g?ﬁi lggndﬁlgf%r de\gi ce gﬁl’)ld FI G
10B i s a crregen sduormed mathe first wmpuriteregiind®§. dashed line 25 A-B in the plan

Vi ew. [008(& 77 FIGS. 10A and 10B illustrate an exanple of a

sem conduct 9 gjevi ce which serves as a bipolar transistor. The carbide

sem conduct or reWihen tHd Ghansel poovittedeging iisl formed um thecearifie sémwicemivcoonduct or

substrate 138 a channel .formation is.included 4n._the car hbi.

sem conduct' &t qug]?F %%éanﬁ'ltféea%ﬁvﬂ.‘c‘fﬂ?ée gn%péoﬁgg'at?gsgmg)ref%lg?’ﬁ eagé 'of the
semi conductyehd,dBYintfatorhictdidtance i dinti rik aboue 0sligind, dite hindibd esegyols highe

sem conduct or devi ce in Enbqdi ment. .3. 0081 : surface part of the
seni conductaBfl 289w B °§§851]i“é°np‘?58?}$‘?j§€d‘£‘ﬁ?"[%ﬁlt%ég achPéfh’deéa YT %’gthﬂ{ﬁt or

regi on 106 .4i1A8n kéhitdRAuESM conduct or device in Enbodiment 3, in the

sem conduct or device according to this enbodi nent, when positive bias is
appl i ed0t o [878 he gate el ectrode 114, a channel is forned in the first
impurity region AQ8,qisbipCR thd'6ast Riett hERBTnkY fokRBicANredid® isREmE fr thy Pe
conductivity, holes are’injected to the sem conductor layer 104 fromthe
third i mpurchtbjder sspiconducsy regiomA0@IPeTf @ repiiFace 9| heahentodighkemalice

sem conductpr, gl?vﬂhg Coabd hedD ) Fhff foPmbDICTGGn [O0BRAedl ATNE silicon

sem conductor device according to this enbodi ment has a structure of an

i nsul at ed- gemeofidvelad wbitete. t Fathshssinee gncarbide rysmicogduptorahas a Semmpkt ure of
a bipolar transistor on . Sld€s 11 SacSEMGORAUCLAr b Q&G S driven
with a ‘30| t°8‘91£“°g‘élﬁ¥ﬂé‘8%f°¥‘ﬁ’§t°§§?§%e|t§%e§ radq’die[l%ﬁ %ncj) the erfal(‘Pl tter e@egt rode
130, and i sffidiemigd Bhereforepbd eloytric npuentsdagsisl pertunitt dren athe sehisondustpe 114. I n

the sem corzidu.ct or. devié:e having this
€VICEe 18 1ncreased. )

[0079]
(Embodiment 6)

20 In this embodiment, an example of a semiconductor device which uses a
semiconductor substrate and serves as a bipolar transistor is described. In this
embodiment, an example of a structure for providing a semiconductor device including
a silicon carbide semiconductor is described. FIG 10A is a plan view of the
semiconductor device and FIG. 10B is a cross-sectional view taken along dashed line

25  A-B in the plan view.

[0080]

FIGS. 10A and 10B illustrate an example of a semiconductor device which
serves as a bipolar transistor. The carbide semiconductor region 106 is provided inside
a surface of the semiconductor substrate 138 and a channel formation is inciuded in the

30 carbide semiconductor region 106. The structure and operating principles of the
semiconductor device of this embodiment are similar to those of the semiconductor

device in Embodiment 3.
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15structure, switching operation can be faster, and self-heating is
suppressed due to | ow on resistance, whereby control of a | arge anount of

el ectrical power can be facilitated. [0083] (Enmbodi nent 7) In this
enbodi ment, an exanple of a solar power generation system provided 20 with
an inverter is described with reference to FIG 11. This solar power
generation systemis structured to be installed on houses and the |iKke.

[ 0084] Electricity generated by this solar power generation system
for houses can be consuned in the house and the excess electricity can be
returned to an electric grid 154. 25 Electricity can be supplied fromthe
el ectric grifeB1154 when the power generation system cannot generate

electricity at ”k%ha%gﬁﬁw}ﬁﬁeo%gf@ﬁ?& suBlirafd PRIE 'Efdvmédgﬁm%@emd&s

decreased because 0 ol'ar cell panel 140, which converts
sunl i ght enemgyndwta regiec 1946. c Asniertyy senStondgetne devicesindimbwdiment By bnthe

electricity. An inyerter 144 conyvepts the.dire C nt . el. .Gi.Ly into
al ternati n&e@iﬁpf’%‘ﬁ Oredlteg(?‘f FFe f(f11§/g. yoA{EJSp%n\}\l?eor 1%&{:] t’pu%enf 5’%&? r?éa%f%\% rlteg rtB 144 is
used as sel aké gite bleytrdde 10per diagnel & foanel il the first tnpayigt fegivad§8.158ince hO086]

The sol ar power. generation tem capn be connected to the electrigc grid 154
so that exd ‘E%BEWrF%*?&Ig%ﬁFﬁ T PHBE %Eﬁgﬁﬁgﬁ Hﬂﬂiﬁgiﬁ@ﬁggfégdﬁge sol d
to an el ectgeingdhdueimayny 104 F¥m W el ibparitysrepioavizddad ano0c enater oThapnnect i on
or disconnection 5 between the solar. cell panel 140 and the inverter 144.

An AC swi t cieltagedo make thesergisgnqdustor deriesonioqn @ LB FBEE et ween the el ectric
grid 154 aq@y@]distribution board 146 through a transforner 152. [0087]

By appl yi ng thé sem conductor device of any of Enbodinments 1 to 6 for the
10 invefter, theThasanicendueiandeyicepsaprdingde thiyprybodigentihgp 2 sfrpstatedi @y sol ar

_pover generiﬂgtﬁa%h-@(étfﬁm gf'féc*a dadueedn el tphi SRAL RAWELIAARE Fap vaRidkeal i zed.

This application Ts based on Japanese Patent Application serial no.
2009- 03771 trapiibtet] oni anshodpptasidPatTdig sapipendacion dpebe dadjivaowithgogoltaghe entire

contents Ofbe%éeﬁ rahe:aéz:t?f: Qgcrtr%ﬁé( 1 i[‘&l%rtﬂbo Eﬁﬁt%gelgéﬁord@fl%,%ﬁ?s turned on or off by
input signals to the gate electrode 114. In the semiconductor device having this
15 structure, switching operation can be faster, and self-heating is suppressed due to low on
resistance, whereby control of a large amount of electrical power can be facilitated.
[0083]
(Embodiment 7)
In this embodiment, an example of a solar power generation system provided
20 with an inverter is described with reference to FIG. 11. This solar power generation
system is structured to be installed on houses and the like.
[0084]
Electricity generated by this solar power generation system for houses can be
consumed in the house and the excess electricity can be returned to an electric grid 154.
25  Electricity can be supplied from the electric grid 154 when the power generation system
cannot generate electricity at night and when the amount of electricity generated is
decreased because of rain.
[0085]
A solar cell panel 140, which converts sunlight energy into electric energy,
30 generates direct current electricity. An inverter 144 converts the direct current
electricity into alternating current electricity. AC power output from the inverter 144

is used as electricity to operate various electric appliances 150.
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WHAT IS CLAIMED IS: 1. A sem conductor device conprising: a sem conductor
| ayer havi ng one conductivity type fornmed on an insulating 5surface; a
carbi de sem conductor region in at |least a part of the sem conductor |ayer;
a gate insulating |ayer over the carbide sem conductor region; a gate

el ectrode over the gate insulating |ayer; a first inpurity region
havi ng an opposite conductivity type to the one 10 conductivity type, the
first inmpurity region overlapping with a part of the gate el ectrode and
including at | east the carbide sem conductor region; a second
inmpurity region having the one conductivity type, the second inpurity

regi on bei g%l the first inpurity region and including at |east the

car bi de sem cond reqi.op. j ' t with
Che first 1mpuri thk plaiet epelin SNRE GrleREhire GBlebiokil ROSIEE |

el ect rode lbibatregedsn electnitigc whivhtihnotrenserddcio ntkubause chmbesold tpan gectrical

sem conduct or _devi cge cor.di to C ai erel e_selnl luct or

| ayer conprolog'é’gnysi r%b|[g‘9cs?’"§t§ gllgzs]isl rg‘élrdl%i% ct%ﬁéemcéo?'glg%}é)ﬁs(gm&(%)n %Lgl'?gr regi on
conpri sa&s Yehwezanheclddiceld paneB 1400assiethe dovederciddr de\AC ewaahcB¥8ds prpvidedCl ai m 1,

v o 1 L% il S SELRSSE bl RO St 0 MGG ST SRR
second i NPYhiohyh & @HsEImesIRUbst anti al |y outside a region under the
[0087]
By applying the semiconductor device of any of Embodiments 1 to 6 for the
10  inverter, the inverter can be downsized. Thus, a high efficiency solar power generation
system with reduced electrical power loss can be realized.
This application is based on Japanese Patent Application serial no.
2009-037717 filed with Japan Patent Office on February 20, 2009, the entire contents of

which are hereby incorporated by reference.
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gate el ectrode. 305. A senmi conductor device conprising: a sem conductor

| ayer havi ng one conductivity type fornmed on an insulating surface; a
carbi de sem conductor region in at |least a part of the sem conductor |ayer;
a gate insulating |ayer over the carbide sem conductor region; a gate

el ectrode over the gate insulating |ayer; a first inpurity region
havi ng an opposite conductivity type to the one 5 conductivity type, the
first inmpurity region overlapping with a part of the gate el ectrode and
including at | east the carbide sem conductor region; a second
inmpurity region having the one conductivity type, the second inpurity
regi on bei MYHAT IBREAIMER}IS: npurity region and including at |east the
carbi de sem conductor region; 10a third inpurity region having the opposite
conductivity type to the one conductivity type, the third inpurity region
bei ng out si de t hé. A bensitondngor detvice cogpusing: n t he seni conduct or | ayer;

T oo U5 BRI b e I P 07, 20
with the thiuffacet mpurity region. 6. A sem conductor device according to
S g ¢ ne BB SR EBRE RN b NP AP 1o g
7. A seni conduct gkatd @uken@lagaTdEHe tabidt sintivdnductor region;
a gate electrode over the gate insulating layer;
a first impurity region having an opposite conductivity type to the one
10 conductivity type, the first impurity region overlapping with a part of the gate electrode
and including at least the carbide semiconductor region,
a second impurity region having the one conductivity type, the second impurity
region being in the first impurity region and including at least the carbide
semiconductor region;
15 a source electrode being in contact with the first impurity region and the second
impurity region; and

a drain electrode being in contact with the semiconductor layer.

2. A semiconductor device according to Claim 1,
20 wherein the semiconductor layer comprises single crystal silicon and the

carbide semiconductor region comprises silicon carbide.

3. A semiconductor device according to Claim 1,

wherein the drain electrode is in contact with the carbide semiconductor region.

25
4. A semiconductor device according to Claim 1,
wherein the second impurity region is substantially outside a region under the
gate electrode.
30 5. A semiconductor device comprising:

a semiconductor layer having one conductivity type formed on an insulating

surface;
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wherein the second inpurity region is substantially outside a region under
the gate el ectrode. 258. A sem conductor device conpri sing: a car bi de
sem conductor region in a part of a surface portion of a sem conductor
substrate having one conductivity type; a gate insulating |ayer over the
car bi de sem conductor region; a gate electrode over the gate insulating

| ayer; 30a first inpurity region having an opposite conductivity type to
the one conductivity type, the first inpurity region overlapping with a
part of the gate el ectrode and including at |east the carbi de sem conductor
regi on; a second inpurity region having the one conductivity type,
t he second i npur i tarbide gmaipordaitoryreiign ithet Igastapari c%ﬁﬁﬁetnycorl@git%%ﬁd i ncl udi ng

at l east t he car Egﬂﬂ?ﬁ%@ﬁaﬁ%%g&rﬂlé &%i@@éenﬁconductorge%i@n;sOur ce el ectr Ode

being in contact Impurity region an he second 5 inpurity
regi on; and a gate diectiade evedhe gdeinbdatmg layrer;an opposite surface of the
sem conduct or substrate fromt.he ,surface portio . .

sem conduct or de®i T YEREIHITRECT J2E0E; i & pofﬁ{:/\hcg?%ﬁcﬁwt%etypgﬁ e ofit

seni conguctcanducagityorps, Aifpfisssiafpusiyl regiom oealappide with a part of the gateldectrade
seniconductor_d?vice Epcordigﬁ to Claim8, . wherein the second
impurity r &8 Bidwedt Fast i SRHTHS SRR EOTIP Ui on under the gate el ectrode.
15

14 sechnd BipueioN@pioh Ghvifle ihe ©8e calpetivity mge, the second irairioy de
sem conductor region_.in_a part of .a surface por}ion of a se 'conggctor
substrate Fegiohgesie 1ot UB’ESF Virpyriyy pegion and” includmg at least the ~carbide

semiconductor region;

10 a third impurity region having the opposite conductivity type to the one
conductivity type, the third impurity region being outside the first impurity region in the
semiconductor layer;

an emitter electrode being in contact with the first impurity region and the
second impurity region; and

15 a collector electrode being in contact with the third impurity region.

6. A semiconductor device according to Claim 3,
wherein the semiconductor layer comprises single crystal silicon and the
| carbide semiconductor region comprises silicon carbide.
20
7. A semiconductor device according to Claim 3,

wherein the second impurity region is substantially outside a region under the

gate electrode.

25 8. A semiconductor device comprising:
a carbide semiconductor region in a part of a surface portion of a
semiconductor substrate having one conductivity type;
a gate insulating layer over the carbide semiconductor region;
a gate electrode over the gate insulating layer;
30 a first impurity region having an opposite conductivity type to the one
conductivity type, the first impurity region overlapping with a part of the gate electrode

and including at least the carbide semiconductor region;
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a gate insulating |ayer over the carbi de sem conductor region; 20a gate

el ectrode over the gate insulating | ayer; a first inpurity region
havi ng an opposite conductivity type to the one conductivity type, the
first inmpurity region overlapping with a part of the gate el ectrode and
including at | east the carbide sem conductor region; a second
inpurity region having the one conductivity type, the second inpurity
25region being in the first inpurity region and including at |east the
car bi de sem conductor region; athird inpurity region having the
opposite conductivity type to the one conductivity type, the third inpurity
regi on being on asecoppompurity waiohdeeing fhetdne cansb@aldrRe: Bic setMd tMBYEY f r om t he
surface porti.on;, 30an_enit : elng:in eont.ac i ghirst
inpurity rdgron XA t'ﬁemgeggsﬁd%pﬁ%h{ ;}géoéje%@oﬁ%‘:ﬂlan ff(flcf(‘)aIa"é’llyle%xlta o%i}glldgct rode
bei ng i n copindohdwidriedidre third inpurity region. 12. A sem conduct or

devi ce according to Caim11l .wherein th arhi | r ion
conprises sili coﬁs?:ﬁ?ao"ﬁféfgogi%ﬁ?%{lgﬂcggtﬁlctc“gndt&%?{)slru élv?%%%%gggg%%ﬁa&gg Claim
11, 5  Vihptsiytedibie as@cond inpurity region is substantially outside a
regi on under the gate elecirode. 14. A netho% fog nanufaﬁ§U{ir%k ate

seni conduct or de¢i%ain elsriErdedicg: oM PRRPIINYTACL & BF SETSENUESR STREEE 1 egi on
by heating s 8¥iscandyeldh. | ayer having one conductivity type in an

at nosphere containing a carbide gas to carbonize a surface portion of the
sem conduct or | ayer; formng a first inpurity region having an
opposi te conduct gV kynib¥REchPddNIe BaRdiELRIUBIA E] Ly type in the

sem conductor |ayer, the first inpurity region including the 15 carbide
sem conduct or r eghersin the carbide semiconductor region comprises silicon carbide.

10. A semiconductor device according to Claim 8,

wherein the second impurity region is substantially outside a region under the

gate electrode.

15
11. A semiconductor device comprising:
a carbide semiconductor region in a part of a surface portion of a
semiconductor substrate having one conductivity type;
a gate insulating layer over the carbide semiconductor region;
20 a gate electrode over the gate insulating layer;

a first impurity region having an opposite conductivity type to the one
conductivity type, the first impurity region overlapping with a part of the gate electrode
and including at least the carbide semiconductor region;

a second impurity region having the one conductivity type, the second impurity

25 region being in the first impurity region and including at least the carbide
semiconductor region;

a third impurity region having the opposite conductivity type to the one
conductivity type, the third impurity region being on an opposite surface of the
semiconductor substrate from the surface portion;

30 an emitter electrode being in contact with the first impurity region and the
second impurity region; and

a collector electrode being in contact with the third impurity region.
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form ng a second inpurity region having the one conductivity type in the
first inpurity region, the second inpurity region including at |east the
car bi de sem conduct or region; form ng a gate el ectrode over the
sem conductor |ayer with a gate insulating 20 | ayer interposed between the
gate el ectrode and the sem conductor |ayer, the gate el ectrode overl appi ng
with the first inpurity region at |east partly; and formng a source
el ectrode and a drain el ectrode, the source el ectrode being in contact with
the second inpurity region and a part of the first inpurity region, and the
drain el ectrode being in contact wwth the sem conductor |ayer. 25 15. A

nmet hod for manufacturing a sem conductor device according to Caim 14,

wherein the carbi g, SerlAAAMNGHOL. LROIMN beiliaNTed by heating the

sem conductor |ayér 1n an atnosphere cormntaining a hydrocarbon gas while
per f orm ng 30l aseherkinghd carbzdamm@qndnctmlleglomcmrh?é%jﬂg et act uring a
sem conduct or device according to Claim 14, wherei n the

sem conductor |ayer conprises single crystal silicon and the carbide
seni conguct or 1 egs.oseateipdics@siesict a@oniingiofildm 11517. A net hod for

el 2ctUr i ng 3 Se OBl of Rk RS SE AR S Mg el (ne

drai n el ectrode m con

18. A met hogtdf ectrg@euf act uri ng a sem conductor device accordlng to Caim
1014, wherein the second inpurity region is substantially outside a
regi on under the gate el ectrode. 19. A method for manufacturing
a sem conduct or g HEth6@FR MafibBiuring a semiconductor device comprising:

10 forming a carbide semiconductor region by heating a semiconductor layer
having one conductivity type in an atmosphere containing a carbide gas to carbonize a
surface portion of the semiconductor layer;

forming a first impurity region having an opposite conductivity type to the one
conductivity type in the semiconductor layer, the first impurity region including the

15 carbide semiconductor region;

forming a second impurity region having the one conductivity type in the first
impurity region, the second impurity region including at least the carbide semiconductor
region;

forming a gate electrode over the semiconductor layer with a gate insulating

20 layer interposed between the gate electrode and the semiconductor layer, the gate

electrode overlapping with the first impurity region at least partly; and

forming a source electrode and a drain ¢lectrode, the source electrode being in
contact with the second impurity region and a part of the first impurity region, and the
drain electrode being in contact with the semiconductor layer.

25

15. A method for manufacturing a semiconductor device according to Claim
14,

wherein the carbide semiconductor region is formed by heating the
semiconductor layer in an atmosphere containing a hydrocarbon gas while performing

30 laser light irradiation.

16. A method for manufacturing a semiconductor device according to Claim
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15 form ng a carbide sem conductor region by heating a sem conductor | ayer
havi ng one conductivity type in an atnosphere containing a carbide gas to
carboni ze a surface portion of the sem conductor | ayer; formng a
first inpurity region having an opposite conductivity type to the one
conductivity type in the sem conductor |layer, the first inpurity region
i ncl udi ng the 20 carbi de sem conductor region,; formng a second
impurity region having the one conductivity type in the first inpurity
region, the second inpurity region including at |east the carbide
sem conductor region; formng a third inpurity region having the opposite
conductivitytype to the 25 one conductivity type outside the first
i npurity region i efhe 1€ WGeRIELP TayeR ¥Bnprises singlé Uryitl Gilfeodadfd Gle€Ct r ode
over the sem conductor layer wth a gate insulating layer interposed
bet ween t hecagrdescolieontuatetaegionicanpsisseiicoarabideor | ayer, the gate el ectrode
overlapping with the first inpurity region at |east partly; and
form ng a source electrode and a drain electrode, the source el ectrode
bei ng i s 30 cont dGt Awhdthod foe neeofantringpuenicpndwgirglevisnderging to Efaimhe fir st
inmpurity region, and the drain electrode being in contact with the third
inpurity re%#on. 20. A method for manufacturing a sem conduct or
devi ce accor di ng wherefd e fratibelectrode is in contdue mith Ithet dasbidxasemicbadiseoriregoduct or
region is formed by heating the sem conductor |ayer in an atnosphere
contai ning a hydrocarbon gas while perform ng 5l aser light irradiation.
21. A met hod for 1gaAUh&@RddIfdr BEhndfaSRfing Qn@tidonduddavded ke acardid ng ClamC ai m

, wherein the sem conductor | ayer conprises single crystal
si |i contland!%he 10 carbi de seni conduct or regi on conprises silicon carbide.
22. A method for WiRRH &6 tkddnd Smpurk® RGN AUGhRntERY beSidae Gesich fitiet theCl ai M
19, wherein the second I npurity region is substantially outside
a regi on urgigelepwdasgate el ectrode. 23. A method for manufacturing a
sem conduct or device conprising: formng a carbide sem conductor region by
heati ng a sem conductor substrate having one conductivity type in an
at nospher e cont ailfi Agethod frbnatefaghsing @ sericherhictos deyiceromprifiage porti on of

one Surlfsace of 1 *}&nﬁﬁé“ac&PS% ts&ﬁicéﬁlﬁ%? E}E@én by heating a semiconductor layer
having one conductivity type in an atmosphere containing a carbide gas to carbonize a
surface portion of the semiconductor layer;
forming a first impurity region having an opposite conductivity type to the one
conductivity type in the semiconductor layer, the first impurity region including the
20  carbide semiconductor region;
forming a second impurity region having the one conductivity type in the first
impurity region, the second impurity region including at least the carbide semiconductor
region;
forming a third impurity region having the opposite conductivity type to the
25  one conductivity type outside the first impurity region in the semiconductor layer,;
forming a gate electrode over the semiconductor layer with a gate insulating
layer interposed between the gate electrode and the semiconductor layer, the gate
electrode overlapping with the first impurity region at least partly; and
forming a source electrode and a drain electrode, the source electrode being in
30 contact with the second impurity region and a part of the first impurity region, and the

drain electrode being in contact with the third impurity region.
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formng a first inpurity region having an opposite conductivity type to the
one conductivity type in the sem conductor substrate, the first inpurity
region including the carbide sem conductor region; formng a
second inpurity region having the one conductivity type in the first 25
inmpurity region, the second inpurity region including at |east the carbide
sem conduct or region; formng a gate el ectrode over the sem conduct or
substrate with a gate insulating |ayer interposed between the gate

el ectrode and the sem conductor substrate, the gate el ectrode overl appi ng
with the first inpurity region at |least partly; and 30 form ng a source

el ectrode and a @v-ah mecghodclor suaufaetnang  semisordustor [dgves BePrbPg 1 €8t act with
t he second jighpurity region and a part of the first inpurity region, and the
drain el ectrbde being in contact with an opposite surface of the

sem conduct or subtreat ehe foadyide resmineadunigrf gegion is formed by legtingh thet hod for

manuf acturi ng.a se onduct or j.ce > I ) ein the
car bi de seﬁ?@%ﬁ %%”%ﬁﬂﬁéﬁ}%%mF§%¥%§%%)%%ﬁ&%gg??%g“%%gé%%ﬁﬁgéﬁgﬁgéﬁ
substr atse ilsseliglatimmisgpiorr e cont ai ni ng a hydrocarbon gas whil e performng
‘laser light irradiation. 25. A nethod for manufacturing a
sem conduct or device according to C aim 1023, wherein the

sem conduct or subst A aiieth@ofFp hiagefctaiing h semicpsdilor sievice accoatink tch€ladar bi de
sem conductor region conprises silicon carbide. 26. A net hod
for nanufad@uring a sem conductor device according to C aim 1523,

wherein the secopfelelPWe bemit@ALEDr 1656 LbmbAssi dhdly copstadisilzon dndgihen under
the gate el ectrode. ) 27, A _method for manufacturing a

sem conductesridrspricendysigs rPaiphepmIsies BHGRS8Piecar bi de seni conduct or regi on
by heating a sem conductor substrate having one conductivity type in an

at nosphere containing a carbide gas to carbonize a surface portion of one
surface of the s@¥&owians: or manpieiugng a semiconductordgyiss gecording fstlaimpurity
regi on havﬁ_g an opposite conductivity type to the one conductivity type in
t he sem condlctor substrate, the first inpurity region including the 25

car bi de seni conduthtwin thegéowond impurity region is substantially outside a region under the

15  gate electrode.

23. A method for manufacturing a semiconductor device comprising:
forming a carbide semiconductor region by heating a semiconductor substrate
baving one conductivity type in an atmosphere containing a carbide gas to carbonize a
20  surface portion of one surface of the semiconductor substrate;
forming a first impurity region having an opposite conductivity type to the one
conductivity type in the semiconductor substrate, the first impurity region mcluding the
carbide semiconductor region;
forming a second impurity region having the one conductivity type in the first
25  impurity region, the second impurity region including at least the carbide semiconductor
region;
forming a gate electrode over the semiconductor substrate with a gate
insulating layer interposed between the gate electrode and the semiconductor substrate,
the gate electrode overlapping with the first impurity region at least partly; and
30 forming a source electrode and a drain electrode, the source electrode being in
contact with the second impurity region and a part of the first impurity region, and the

drain electrode being in contact with an opposite surface of the semiconductor substrate
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form ng a second inpurity region having the one conductivity type in the
first inpurity region, the second inpurity region including at |east the
car bi de sem conduct or region; forming a third inpurity region
havi ng the opposite conductivity type to the 30 one conductivity type on an
opposite surface of the sem conductor substrate fromthe one surface;
formng a gate el ectrode over the sem conductor substrate wth a gate
insulating layer interposed between the gate el ectrode and the

sem conductor substrate, the gate el ectrode overlapping with the first
inmpurity region at |east partly; and formng a source electrode and a
drai n el ectframige onpaurkseir ce el ectrode being in contact with the second
inmpurity region and a part of the first inpurity region, and the 5 drain

el ectrode being in contact with the third inpurity region. . 28. A

met hod for manuf 3&tAmiatpdafos annefortuing o semisondvston devuseingegrding o Glin 27,

wher ei n th% car bi de sem conductor region is forned by heating the 10
seniconductgr substrate in an atnosphere containing a hydrocarbon gas while
perf or misng | aser whight the radiide | ssmiconductor rédon As résrmed! borheatimgifthet uri ng a

sem conduct or . deyi ce according to . Claim?2 .owher ej em.c ctor
substrate é@WﬁPﬁégcmsF%ﬁ?%Bdwgg?é?mg?%Fgo%mgﬁgm@héeﬁapﬁgggﬁs%%ig@%ﬁuctor
regi on Conyeifsasing lasérdipht e@diaticte. 30. A nmethod for manufacturing a
sem conductor device according to Claim27, 20wherein the second inpurity
region is substantially outside a region under the gate el ectrode.

25. A method for manufacturing a semiconductor device according to Claim

10 23,
wherein the semiconductor substrate comprises single crystal silicon and the

carbide semiconductor region comprises silicon carbide.

26. A method for manufacturing a semiconductor device according to Claim
15 23, |
wherein the second impurity region is substantially outside a region under the

gate electrode.

27. A method for manufacturing a semiconductor device comprising:

20 forming a carbide semiconductor region by heating a semiconductor substrate
having one conductivity type in an atmosphere containing a carbide gas to carbonize a
surface portion of one surface of the semiconductor substrate;

forming a first impurity region baving an opposite conductivity type to the one
conductivity type in the semiconductor substrate, the first impurity region including the

25  carbide semiconductor region;

forming a second impurity region having the one conductivity type in the first
impurity region, the second impurity region including at least the carbide semiconductor
region;

forming a third impurity region having the opposite conductivity type to the

30 one conductivity type on an opposite surface of the semiconductor substrate from the
one surface;

forming a gate electrode over the semiconductor substrate with a gate
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15

20

insulating layer interposed between the gate electrode and the semiconductor substrate,
the gate electrode overlapping with the first impurity region at least partly; and

forming a source electrode and a drain electrode, the source electrode being in
contact with the second impurity region and a part of the first impunty region, and the

drain electrode being in contact with the third impurify region.

28. A method for manufacturing a semiconductor device according to Claim
27,

wherein the carbide semiconductor region is formed by heating the
semiconductor substrate in an atmosphere containing a hydrocarbon gas while

performing laser light irradiation.

29. A method for manufacturing a semiconductor device according to Claim
27,
wherein the semiconductor substrate comprises single crystal silicon and the

carbide semiconductor region comprises silicon carbide.

30. A method for manufacturing a semiconductor device according to Claim

27,

wherein the second impurity region is substantially outside a region under the

gate electrode.
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