SEM CONDUCTOR DEVI CE AND MANUFACTURI NG METHOD THEREOF BACKGROUND OF THE

| NVENTION 1. Field of the Invention 5[0001] The technical field of
the present invention relates to a sem conductor device and a manufacturing
met hod thereof 2. Description of the Related Art 10[ 0002] I n recent

years, instead of a bulk silicon wafer, integrated circuits using a silicon
on insulator (SO) substrate have been devel oped. By utilizing
characteristics of a thin single crystal silicon |ayer forned over an
insulating layer, transistors formed in the integrated circuit can be

el ectrically separated from each other conpletely. 15 Further, each

transi st or SEMIGONDHGEQRREVIGEAND MANCFAMTURING METHOR THEREQF o

sem conductor integrated circuit with high added val ue such as high

i ntegration, high speed driving, and | ow power consunption can be realized.
In the devel opnent of LS| BASIKGREUDD QR TEO INSWHENEION e, i nprovenent in the
operating fr e and. .processing capability is realized by reducing the
area of a éﬁﬁp 5€ﬁ§§Fﬁﬁh§1nultilayer wiring 20 technique. [0003]

Furthers af[ooethod for formng a single crystal silicon |ayer over a

supporting substpate made_.of, gl ass by a Smart t (registered trademark)
rorhod has been PRoSudRdr 889 1S st S STamIFLES of P AGR Iy e
substrat e Gfd gmamFRQuiBRf BEROT@erkpf 25 Since a gl ass substrate can easily

have a |l arger area and is | ess expensive than a silicon wafer, when a gl ass
substrate is used as a base substrate, an inexpensive |arge-area SO

substrate oapeRAphoHVIiRCHdEdAr[ Ref erence] [0004] 30Reference |. Japanese
Publ i shed Pat ent Application No. H11-163363 SUMVARY OF THE | NVENTI ON
10 [0002]

In recent years, instead of a bulk silicon wafer, integrated circuits using a
silicon on insulator (SOI) substrate have been developed. By utilizing characteristics
of a thin single crystal silicon layer formed over an insulating layer, transistors formed
in the integrated circuit can be electrically separated from each other completely.

15  Further, each transistor can be formed as a fully-depleted transistor, and thus a
semiconductor integrated circuit with high added value such as high integration, high
speed driving, and low power consumption can be realized. In the development of LSI
using such an SOI substrate, improvement in the operating frequency and processing
capability is realized by reducing the area of a chip by using a multilayer wiring

20  technique.

[0003]

Further, a method for forming a single crystal silicon layer over a supporting
substrate made of glass by a Smart Cut (registered trademark) method has been
proposed as a method for manufacturing such an SOI substrate (e.g., see Reference 1).

25  Since a glass substrate can easily have a larger area and is less expensive than a silicon
wafer, when a glass substrate is used as a base substrate, an inexpensive large-area SOI
substrate can be manufactured.

[Reference]
[0004]
30 Reference 1: Japanese Published Patent Application No. H11-163363

SUMMARY OF THE INVENTION



[ 0005] As descri bed above, the case where a glass substrate is used
as a base substrate has an advantage in that a sem conductor device can be
provi ded at | ow cost by taking advantage of the characteristics of an

i nexpensi ve | arge-area substrate. 5[0006] On the other hand, in the
case where a glass substrate is used as a base substrate, a variety of
probl ens may possi bly be caused by the fact that the glass substrate is
made of an insulating material. For exanple, when a stacked structure of a
gl ass substrate, an insulating |ayer over the glass substrate, and a

sem conductor |ayer 10 over the insulating |ayer is used as a structure of
an SO subBXbak e, the thickness of an insulating region bel ow the

Ot O A eatehiel BovRl fk Bhse MARrd PGKAGRSaRTip LA ok ABMeALbAe Ayer and

the thickness of% ass substrate. refore, t hi ckness o

i nsul at i nghdsei @ivahsledwlidne sseitbrbtbudeaee ¢anyberprowdesl ay lov cesthy ltakidgar ger
than the th'cknesstgf the insulatin Iaggélvwgé§% | 8l 0r med on a silicon

waf er . AccBI@PRgs f the shamcierisig R 5“5@@%P1n1§8%s ot Occur when a substrate
of siligonjoooéethe like is used, the problem may possibly occur in the case
where a glass substrate is used. [0007 In.view.of the faqregoing
concerns, an obj%%ﬁmbPﬂ%hnghﬁBdV%ﬁﬁ? %?“?ﬁbg%¥e§@ﬂF§?ﬁ%gﬁpi%ha§F§%losed in
thi's speci fiyzaht08 vaRsly tdTqrbblkfis Gl pdRdbly bdchuded by thd Kichshat ke glass
specification, and drawi ngs) i.s to provide a seniconduc%qL devi ce. whi ch

sol ves pr oBwbsfae itfardepign fisulating patstialyr FoRfEAMRIes R4 siackedsfiicmge &hp

i nsul at i ng AU EidGEate, SHGRBRNS 4R S Fer TSIk §sAuBstrakes ahtd & demicORHor AOT ding to

2
one enbodi fient of the present i'nvention disclosed herein, a 25
seni co@lucbwsr theiselatineslayesrinped @8 arigueives M sorIQsubsiraigs therhigkpesh ot i ve

layer, an %{agﬁfdlj@ir ra'ﬁ‘éi?»&t@@élni@o&tﬁ%?‘?my% fHe Y BF 1R BickhAE kedhoOver a

substrate ving” arr 1 nsulating surface. [[0009] For exanple, according to
one enbodi irenlating layé¢reng freskinkncsnafdhe glass subsieico s dbergrs; ghedhigkness ofdhhod f or

et 2ttty SR NAR O SEHLGRAAIGLEy DR, B o g o
thickness of the insulating layer which is formed on a silicon wafer. Accordingly,
15 although a problem does not occur when a substrate of silicon or the like is used, the
problem may possibly occur in the case where a glass substrate is used.
[0007]
In view of the foregoing concerns, an object of one embodiment of the present
invention disclosed in this specification and the like (at least including claims,
20  specification, and drawings) is to provide a semiconductor device which solves
problems that may possibly occur when a substrate having an insulating surface, such as
a glass substrate, is used.
[0008]
According to one embodiment of the present invention disclosed herein, a
25  semiconductor device is formed using a substrate in which a conductive layer, an
insulating layer, and a semiconductor layer are stacked over a substrate having an
insulating surface.
[0009]
For example, according to one embodiment of the present invention disclosed
30 herein, a method for manufacturing a semiconductor device includes the steps of
irradiating a bond substrate with an ion to form an embrittlement region in the bond

substrate; forming a conductive layer on a surface of a base substrate having an



substrate; formng a conductive layer on a surface of a base substrate
having an insulating surface; attaching the bond substrate and the base
substrate with an insulating |ayer interposed therebetween; heating the
bond substrate and separating the bond substrate in the enbrittlenent
region to forma stacked structure of the conductive |ayer, the insulating
| ayer, and a sem conductor |ayer over the base substrate; patterning the 5
sem conductor layer to forman island-shaped sem conductor |ayer; formng a
gate insulating layer so as to cover the island-shaped seni conductor |ayer;
form ng a gate electrode over the gate insulating layer; selectively adding
an i npuri t jhselkénpesntfade atdehing shechvaid stizspatd asé the basechubstofe widyan ingdatingr m a

channel formation region first i ri.ty. region, ' j ot

regi on, an{TY%F AP r‘i?)‘?ﬁ‘?bleﬁf/eefl’eg?agﬁgﬁg? \k@%drl Sel%gg @h%%n%ﬁg@@'q% y}gr)rgélildo% regi on
and thte 3 eflﬂ)@ﬁl?]tb Ef?l_ﬂé blhbritlegemnegianig fhon abtacked sfrictat ofthe condudévedhgrt ri cal |y
connecte othe first inpurity region and a second gl ectrode .el ectricall
connect ed 5 IPHEATEEIHITH air‘lrﬁﬁbﬁeﬁnf n&g rg??.’er f’ﬁﬁl%? %ﬁ‘? 3 ‘ﬁafel’ Bﬁ,er%%%ghredi ng toy
one enbodi gBRREofiicth GayBr 85 EdHn bl edaHdis@apedi saliatttddlahar érmingangatenod for
manuf acturi ng a sem conductor device inclydes. the steps of irradi %ati ng a
bond subst inselating lapersse asdn coveritbs island-s iSEycg f"fﬁ%@f;otjﬂn?‘ﬁg £rid%ond

substrate; e%%ﬁe%e@th& Igh @ lindul b AhyeRGeledtiRlly il &linieiy elbmeidtao Hand
substrate; formng a conductive |ayer over the first insulating layer;

fg_r mdn_g a f@e:dwuaned§@m@9nd1@tor &yer togprn atCh@m@bf?&B%tﬂﬂ\féglP%efe&f?t P RPhg a
third insul ating Layey infihey ARG 4 thkdDRSEriEUREIh MeBva B8 \chatheRN

i nsul ating e%Ur a_cee; attdc ?yngééltiié Eond. suggxt%rgt@gggnd .the base substrat e
\cht h E) he seﬁcﬂrmaﬂon megidmtaind othe ssperndaimpurite regipmdanch$ureng g firshygetpdt er posed
t her ebet ween: heatin bon ”itﬂﬁ . p ' bstrate
in the gan{gF ?Iica:lﬁ I nchggileg)n%F ?H?Qtor hé%tslgggﬁgdgagat %&ﬁduggc&gpgteﬁg{}?ﬂ@rjd

i nsul ati ng cbyeted td thesesenbinguritysugiati ng | ayer, the conductive |ayer, the
first '”S“'[(?otlbfg | ayer, and a sem conductor |ayer over the base

In addition, according to one embodiment of the present invention disclosed

15  herein, a method for manufacturing a semiconductor device includes the steps of
irradiating a bond substrate with an ion to form an embrittlement region in the bond
substrate; forming a first insulating layer on a surface of the bond substrate; forming a
conductive layer over the first insulating layer; forming a second insulating layer over

the conductive layer; forming a third insulating layer on a surface of a base substrate

20 having an insulating surface; attaching the bond substrate and the base substrate with
the second insulating layer and the third insulating layer interposed therebetween;
heating the bond substrate and separating the bond substrate in the embrittlement region

to form a stacked structure of the third insulating layer, the second insulating layer, the
conductive layer, the first insulating layer, and a semiconductor Iayer over the base

25  substrate; patterning the semiconductor layer to form an island-shaped semiconductor
Jayer; forming a gate insulating layer so as to cover the island-shaped semiconductor
layer; forming a gate electrode over the gate insulating layer; selectively adding an
impurity element to the island-shaped semiconductor layer to form a channel formation
region, a first impurity region, a second impurity region, and a third impurity region

30 between the channel formation region and the second impurity region; and forming a
first electrode electrically connected to the first impurity region and a second electrode

electrically connected to the second impurity region. Note that according to one



25 substrate; patterning the sem conductor layer to forman isl and-shaped
sem conductor layer; formng a gate insulating |ayer so as to cover the

i sl and- shaped sem conductor |layer; form ng a gate el ectrode over the gate
insulating |ayer; selectively adding an inpurity elenent to the

i sl and- shaped sem conductor |layer to forma channel formation region, a
first inmpurity region, a second inpurity region, and a third inpurity
region 30 between the channel formation region and the second inpurity
region; and forming a first electrode electrically connected to the first
inmpurity region and a second el ectrode electrically connected to the second
i mpurity repbaiimentothe itdsatayabe addiidrig theobandesubsiratmoth fopmtthe Fmbl’lﬁﬂéﬁsntnny be
added to the. b subs [ A8k f t e the
first ins ufegiopﬁoﬁgqr%élerftu e C}de'fnl% ﬁgm%g? lgice e4 % ﬁf &g Ss]%g&s-% at e,
after the #ftorslie ﬁ:ﬁt&hﬁuﬂﬁtm@@yleﬁiﬁédirmeﬂ, dfer thedonduttierlaydnés fomldi,lot aftee ﬂieayer is

formed, or aft econ ulating layer is formed. 5[0011] Not e
that in th?cﬁ%ﬁ’%‘h ﬁ “ngﬁ‘?ét ective insulating |ayer may be forned on

t he surfacpoef} the bond substrate before the enbrittlenment regl on is

formed. Note that t he bond substrate is refer one of a s | e crystal
silicon subst rathte it @ e Abnve msthnd, 3 profocfiye gRuly 'ﬁ%(gb'ﬂﬁeé%tp& eg "10[ 0012]

Accor di ng {1Q @i rRRMioNE Blbsthte bR rHMe SobtittienviYetion iiofadds wtmmm n, a
sem conduct or device includes a base substrate having_ an insul ati

surface; athedwadsubsirate) inprsterablyrone |0f & sygle SEYRRLSIEeRY %}E’é'm%ﬁ“ AStHe | ng

| ayer over ,é.ptglﬁ%gld%id\éeugs%@r a sem conductor |ayer over the insulating
| ayer, the Sem conductor |ayer having a 15 channel formation region, a

first 10pufdoigl region, a second inpurity region, and a third inpurity
region bet ween t,b&oga%g{betné OBl OR 508 Qe RRE irk BRioREAMSkel TRA, Ly T €i on;

a gate insulating | covering t e sem conductor |ayer; a gate el ectrode
over the gsinsicomisctbatdevige linglodes anhse sibstete dhdos ravd énselatieg sudage; ya

connected to thtweflaresrto LI %rllng t{n%egl A q&he ugagﬁgq%, elegt modenflged rically

connect ed FPRPHRECSEY i pur on. uctive layer is held at
a given potsgat laaémmbﬁkﬁd:@]” layer over the insulating layer, the semiconductor layer having a

15  channel formation region, a first impurity region, a second impurity region, and a third
impurity region between the channel formation region and the second impurity region; a
gate insulating layer covering the semiconductor layer; a gate electrode over the gate
insulating layer; and a first electrode electrically connected to the first impurity region
and a second electrode electrically connected to the second impurity region. The

20  conductive layer is held at a given potential.

[0013]

Note that in the above semiconductor device, the semiconductor layer is
preferably one of a single crystal silicon layer and a single crystal silicon carbide layer.
In addition, the given potential is preferably a ground potential.

25  [0014]

In addition, in the above semiconductor device, an impurity concentration of
each of the first impurity region and the second impurity region is preferably higher
than or equal to I x 10" atoms/cm®, and an impurity concentration of the third impurity
region is preferably higher than or equal to 5 x 10'° atoms/cm®.  Further, a thickness of

30 the insulating layer is preferably less than or equal to 5 pm. '
[0015] '



Note that in the above sem conductor device, the sem conductor |ayer is
preferably one of a single crystal silicon |ayer and a single crystal
silicon carbide layer. In addition, the given potential is preferably a
ground potential. 25[0014] In addition, in the above sem conduct or
device, an inpurity concentration of each of the first inpurity region and
the second inpurity region is preferably higher than or equal to 1 x 1019
atons/cnB, and an inpurity concentration of the third inmpurity region is
preferably higher than or equal to 5 x 1016 atons/cnB. Further, a thickness
of 30 the insulating |ayer is preferably I ess than or equal to 5 um [0015]
Note that in thélabbean tembovnssuitasdutenderise, thg:ehapped fOTERLHERIQR SN 1 egi on
may be electrica uctive layer. [0016] According to
one enbod?%%%?gg%h¥ﬁ%ggggégﬁ?e%ﬁggﬁﬁFgﬁggiscIosed inthis 5 specification
and the |ij@éléleven when a sem conductor device is manufactured using a
substrate having, an insulating,suface Sj €3: fN
on-state current™&REmens 89%@%‘}??&0 engrogitﬁy%p‘{sﬁlgt %ﬁ%lt%\?gl %lg(ggeggﬁe%lg

conpat i $| egpeBRcEonRESAR Ak, eNenOFheEHESDRAAMINGS dBi@04 HanFh@Bred wsingnd 1B ar e

views illustrating.a sem conductor device. . FIGS .2A a di agr ans
each il us?qbé??tﬁbg‘ﬁ?ﬁwﬂh%‘ﬁat% VU FHRTFEeh Iﬂfesdécﬁgflsééfl ogﬁ%geoa%ﬁg%éi Vi ews
i |1 ustrati pghravemnbedidin kit @it tageaompaibtonduct or substrate. 15FI GS.

4A to 4D are views illustrating a method for manufacturing a sem conductor
devi ce. FIGS. 5A to 5D are views illustrating a nethod for
manuf acturing a seni congpgtPHEYERICEION OF THE DRAWINGS

10 [0017]

FIGS. 1A and 1B are views illustrating a semiconductor device.
FIGS. 2A and 2B are diagrams each illustrating computer calculation results.
FIGS. 3A to 3F are views illustrating a method for manufacturing a
semiconductor substrate.
15 FIGS. 4A to 4D are views illustrating a method for manufacturing a

semiconductor device.

&

FIGS. 5A to 5D are views illustrating a method for manufacturing
semiconductor device.
FIGS. 6A to 6F are views illustrating a method for manufacturing a
20  semiconductor substrate.
FIGS. 7A and 7B are views illustrating a semiconductor device.

FIGS. 8A to 8G are views illustrating a method for manufacturing

=<}

semiconductor substrate.

FIGS. 9A to 9D are views illustrating a method for manufacturing a

25  semiconductor device.

DETAILED DESCRIPTION OF THE INVENTION
[0018]
Hereinafter, embodiments of the present invention will be described in detail
30  with reference to the accompanying drawings. Note that the present invention is not
limited to the description of the embodiments, and it is apparent to those skilled in the

art that modes and details can be modified in various ways without departing from the



FIGS. 6A to 6F are views illustrating a method for manufacturing a 20
sem conductor substrate. FIGS. 7A and 7B are views illustrating a
sem conduct or devi ce. FIGS. BAto 8G are views illustrating a nethod
for manufacturing a sem conductor substrate. FIGS. 9A to 9D are
views illustrating a nethod for manufacturing a 25 sem conductor device.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0018] Hereinafter, enbodi nents of
the present invention will be described in detail 30 with reference to the
?ﬁcogpanyln? dram@ngﬁ hﬁ%edthat the present invention is not limted to

e description of the enbodi nents, and it appar.e o tho skilled in
the art t heRiritrasdieesprasent peension disglopedgia th‘ﬁd?"’f“ﬁi‘&“‘?‘ﬁ B? B}ﬁ"s &B W‘i *hout

departing #f o P'a'h t pfthet RELBARRART cd\68 NiohMindlieic i Fatehi s
specification an*cii“i‘e k ; I n addi tll on, fhe strulgdtﬁht]r es of s?ﬁ;dpo? t he

enbodi rrentcsmﬂmune mwpétmamce@mon refBrsPes BT relBrUP e 2B PANGF @ PRHat a
common r ef ro ﬁoﬁl{iﬂf B§ftﬁ%§%ﬁ09t m&edrﬁ@}fﬁsﬁﬁl%e &fucau@%ftthéﬂamrﬂﬁna sinilar

function t ravv|ng fructure of the invention
5descr|ﬂoedddsahhm/belawdartdhhedm@mtiopﬁhwfumléed is omtted. [0019]

( Embodi rre_n@ % In this enbodi ment, one exanple of a sem conductor
devi ce whi ﬂ s one enbodi nent of the present i nvention disclosed herein
and a manufBudodimengiyret hod 10 t hereof wi II be descri bed vvith reference to

FIGS. | A and 1B,  FJGS. .2A and 2B, F D....and FI GS.

5A to 5D. Speci fitd%F| esmboﬁmfeingnoﬁes?xgw Picth ® Iéucg%%m!éE ?? W hia&t ﬁ e

IS: ;a ?318 co 22 ucé,gmoz%ﬁw;\(zﬁ‘ thﬁ pgﬁfsmrmb&ﬁow dxshlorsaf he:emc&ndt F) nﬁhﬁﬁctuﬂxng\nmﬂd)dlB and
an tho or nufact t or ate used

for thi0 sethereshuilkborieserked vuth g eﬂ‘“é@ﬁrt‘? aeig:‘ Eﬁg? 1 %Ug&,é ‘3A to 3F.

A method 34 10 3F, FIGS. 4A to 4D, and FIGS. 5A to 5D. Spemﬁcally, a transistor which is one

example of the semiconductor device is described with reference to FIGS. 1A and 1B
and FIGS. 2A and 2B. A method for manufacturing a semiconductor substrate used
for the semiconductor device is described with reference to FIGS. 3A to 3F. A method

15  for manufacturing the transistor which is one example of the semiconductor device is
described with reference to FIGS. 4A to 4D and FIGS. 5A to 5D. Note that the
transistor which is described in this embodiment is preferably used as a transistor for
high voltage and a large amount of current; however, the application of the present
invention disclosed herein is not limited thereto.

20 [0020]

In FIGS. 1A and 1B, the transistor which is one example of the semiconductor
device is illustrated. Here, FIG. 1A is a cross-sectional view, and FIG. 1B is a plan
view. Note that FIG. 1A is a cross-sectional view taken along line A-B in FIG. 1B. In
addition, in FIG. 1B, parts of components are omitted for simplicity.

25  [0021]

A transistor 180 illustrated in FIGS. 1A and 1B is provided over a base
substrate 100 having an insulating surface. Here, between the transistor 180 and the
base substrate 100, a conductive layer 102, an insulating layer 104, and an insulating
layer 114 are formed in that order from the base substrate 100 side.

30 [0022]
The transistor 180 includes a gate electrode 154, a high concentration impurity

region 162 (first impurity region), a high concentration impurity region 164 (second



-15 for manufacturing the transistor which is one exanple of the

sem conductor device is described with reference to FIGS. 4A to 4D and
FIGS. 5A to 5D. Note that the transistor which is described in this

enbodi ment is preferably used as a transistor for high voltage and a | arge
anount of current; however, the application of the present invention

di scl osed herein is not limted thereto 20 [ 0020] In FIGS. 1A and 1B,
the transistor which is one exanple of the sem conductor device is
illustrated. Here, FIG 1A is a cross-sectional view, and FIG 1B is a plan
view. Note that FIG |A is a cross-sectional, vi ﬁ%’ {tlggen aI.onltg line A-Bin
FIG 1B. | nimpusitt Fegion)j slog) eonceratign impuriy reginp AR AT d Hogurdty FRigy: for

si mpli city.,,20l Q0% hton region 158 bRRRLESMRS 17286 lebiser 17 £4hdi the HkES. THeA and 18
IS provi ded3 over a base 'substrate 100 having an insul ating surface. Here,
bet ween t hgatt plaefsidst1Sf haga fanstion péaprivias yolage o the dhannel orEwhen g% | ayer
102, an in t r. - in g i nekdihtdh SndagRed i n

t hat orderﬁgr %ﬁ#‘{k%e‘l %gtgems’slng%%lfg?a éal?(%b g‘:ﬁ%l:&f g%[%%gg? ot ] 'I'_ﬁ{g t_?gnsi st or
180 i ncs udegion 1§} the bighcbnadeatiohdmpuarityirggion &b dipt lowtdoaeenraa ImpPyrivegi on 162
(first inpurity reqi , qa hi Jaty] | I kY o TEQ second

i npurity r’iféfognsf’,ré’ gmf@%% %hgﬂ%eé%h?igat%%%%@g&???s ymr@g‘? (131%1%%6&6&%? inlalg&?r(rrpuri ty
regi on), amatednneln tomsaficmene diamavtetB8ss, dnis giredfetablode usy 2 suwle edvelel r ode

174, and the like. Th .e electrod 54 ha f i - tNng

vol t age tosetnﬁéongﬂgﬂﬁe&n g@‘%‘ﬁ%’i%ﬁ“‘r"@ﬂﬁo‘#rﬂ%@ Lﬁlﬁfggﬂg %ﬁécgﬁagug&‘flﬁgﬁbéﬁqng | ayer
152 Each 0hddeBQo Mhehigk @ﬂﬁkﬁﬂﬁrafti%?g?puﬂiﬂgﬁﬂ%ibﬁ N65 thedighreohbiratidmeinipugly
concentration ippurity region . the | ow conc ratio urity. region
166, ahd tﬁél%h%népd%}?rm}’t R P AR EEY irggl?lb?ggedagfsf? %é’% gPeslén u%‘gnduct or
material . Lhcb@FA®nQh B EBNGon6hamast anpaity @egionst aridsthpriew efoatdntratian use a
single crystal sem conductor. In addition, an inpurity el t . inparting
one conduc inRurity regiqrds P o GHEH “PPPF{%éoﬁﬁewt’eﬁ%mv?raltil%we%%%r et 4 e gi on
162, the higi (OREE M RLAD chFaRLbS th trkihidt@IB0RkodRsht, AMBphrR cledint be _
concentration Inpurity region 166. Note that the inpurity concentration in
the hi gh ceddsdie thetlow poricapitation Jmpushy BEonlof at s SRACHREE  r at i on i npurity
regi onlijs f(g}tlﬁ 0 given inmpurity concentration; however, it is preferable
that, in order'to keep the on-state current of the transjistor 180 constant,
an inpurity el enfradditienzadwdunity clement ooy bordden o te Pharnel formation g% on 166

at certal gt et %Ligﬁ%gfﬂlgﬂ&ﬁlwhich imparts "oRfiRlitityO that AbppBRHY blide €l ement

may be adde neé C ormation region. For éxanple, an inpurity

el ement  whicalnductivigr dfshe muohuicst ¢lotnenyt whiclt isjaddedpp dlag high eanceH@tiep HERIEYY vity of
the inpurity.el ement which i d ' ENteaiibQRo LAPWE Ity

regi ons an gHE ﬁgg&/hcc%’ﬁc?%f?ngﬁaﬁ%nn%#% rl}e??ntygg?’ggﬁ%@n be added.dyﬁleedl ess to
say, ano20 imppityicleneat whiehtimpdriscthe sampacdnstuethvity sa it 06 fhgumpiwiytejergent t hat  of

the inmpurity.ele t ich.i.s added.to.the. hi gk i i ity
regi ons and‘x’t‘%elslr%a?%%%‘g R‘l‘g'ha?olnfﬁ‘f‘%latrlr%% i I?%“? é%ﬂ%nﬁqd%gﬁg{)fé@a%g?@
necessary. ilp@a¢kegldremiy Bdudded)¢icesadryon i npurity region 162 (first
inmpurity region) is adjacent 25 to the channel formation region 168. The
channel for[&%%t“' on region 168 is adjacent to

The high concentration impurity region 162 (first impurity region) is adjacent

25  to the channel formation region 168. The channel formation region 168 is adjacent to
the low concentration impurity region 166. The low concentration impurity region 166
is adjacent to the high concentration impurity region 164. Further, the high
concentration impurity region 162 is electrically connected to the electrode 172, and the
high concentration impurity region 164 is electrically connected to the clectrode 174.

30  Here, although the low concentration impurity region can be provided between the
channel formation region 168 and the high concentration impurity region 162, in order

to obtain the on-state current stably, it is preferable that the low concentration impurity



the | ow concentration inpurity region 166. The | ow concentration inpurity
region 166 is adjacent to the high concentration inpurity region 164.
Further, the high concentration inpurity region 162 is electrically
connected to the electrode 172, and the high concentration inpurity region
164 is electrically connected to the electrode 174. 30 Here, although the
| ow concentration inpurity region can be provided between the channel
formation region 168 and the high concentration inpurity region 162, in
order to obtain the on-state current stably, it is preferable that the | ow
concentration inpurity region be provided only on the high concentration
i puri ty rmegioo rbe(rrewidedi oy g the hmhonoamﬁl}ra%qru@lpurl@o&%}onmﬁ?fﬁ%ﬁ 33Pt hough
the term’ ﬁég_trode is used in the above, there is the case 5 where an

el ectrode gar? of awiring, so that a distinction between the el ectrode
and the wifop28f i s for convenience. In this manner, there is the case where

an electrode anqg.a wri ate" e i ecessary
to construe t heq\&t"eﬁ\ff’??}ﬁ‘g Q’Fﬁ ﬁﬁcﬁa&wl e@%% %%F%ttp%‘%%o@%%%se t er ns.
[ 0026] ﬁOTR%rQwae&waewaﬁaiﬂa@ﬂmmumatydismg:tmn bdt2erf thaelectonts aadthe sour ce

regi on of the tran5|stor 180,  and the electrgde 172 functjons a source
el ect rode wiingfig farcapesniopes. 188 Fﬁ“%o‘#‘?riedﬁ% SR Whgh 3%8%8%%% ation

Fmpurity regi@Nndiéde fldRght QSpEnRitds AthesRgirpt afstiaht laswidsoothe180, and
the electrode 174 functions as a drain electrode of the transistor 180. The

| ow concenwirigivoth thedimitptiop ofdagseerE6 provi ded between the high 15
concentrat :fnpurity region 164 and the channel fornmation region 168 has
a function of Teducing an electric field applied between the h| gﬁ
concent® ati on i rffhehighconesyitiation Bapugifreging 16£§Hﬁ%‘l’nsfaélar?ﬁ‘ﬂ‘f‘%¥?g}°€é’i 168. In

this manne ansisto%fg%,aaﬂa ltt%t écua§91725ﬁ195t8¥§ ﬁjse‘psovifctalélet':ﬂ@del AGRRGSDE 188 1 oNn

i mpurity r fat aval anche breakdown caused b I npact
i oni zat i onlmahhthm ﬁmdpglemdltmmdn dmpririty weions 1 & famgtinns a8 dsain 10 oor oved.

the transistor 180, and the electrode 174 functions as a drain clectrode of the transistor
180. The low concentration impurity region 166 provided between the high

15  concentration impurity region 164 and the channel formation region 168 has a function
of reducing an electric field applied between the high concentration impurity region 164
and the channel formation region 168. In this manner, the transistor 180 is provided
with the low concentration impurity region 166, so that avalanche breakdown caused by
impact fonization can be suppressed and drain withstand voltage can be improved.

20  [0027]

Further, in one embodiment of the present invention disclosed herein, the
conductive layer 102 is provided below the transistor 180. Accordingly, an electric
field in the low concentration impurity region 166 can be more favorably reduced.
Note that the conductive layer 102 is preferably kept at a predetermined potential.

25  This is because, when the conductive layer 102 is in a floating state, characteristics of
the transistor might be changed by voltage applied to the transistor 180, or the like.
Examples of the predetermined potential include a ground potential.

[0028]

Here, verification results of effects by computer calculation are illustrated in

30 FIGS. 2A and 2B. As software, a Sentaurus device (made by Synopsys, Inc.) which is
a two dimensional device simulator was used. In addition, as a

generation-recombination models, an SRH model and a Bologna impact ionization



20 [0027] Further, in one enbodi nent of the present invention

di scl osed herein, the conductive |layer 102 is provi ded bel ow the transistor
180. Accordingly, an electric field in the | ow concentration inpurity
region 166 can be nore favorably reduced. Note that the conductive |ayer
102 is preferably kept at a predeterm ned potential. 25 This is because,
when the conductive layer 102 is in a floating state, characteristics of
the transistor m ght be changed by voltage applied to the transistor 180,
or the like. Exanples of the predeterm ned potential include a ground
potential. [0028] Here, verification results of effects by
conput er cabdellvadré osedar As alttansision e d-dhamBDirfIsERr fomedgingBinglscryddlt ware, a
Sent aurus devi ce (nade by OPSYS, cLnc.) b Gh i i siqgnal device
si nul at or ﬁ%o%gagcfsﬁu%egddrir@/{gjﬁc?mésg 058% lﬁgﬁgﬁl %@9‘?@‘8@5 e?ﬁ)aﬁogﬁ& nodel s, an
SRH nodel eixtkness BOh @@a tnsulating layéromiszat to A0 nmo d &he viemeel dgwth (lgkgthain a

transi stor, an n-channe| transi stor fOtJ’ med. usi n?cljp)si ngl e cryst al ﬂ’lr%l i con was

assumed. TFRTETHNEYGHSES dgection {p|2sC (IgFmabop Tegipm), e sk fo 18 Ko The

thi ckness gfanA19al@ (1AgH!ifhidiectAREpidisulaelh thocakhé Mdembhedichasgl | engt h
(length in a carrier novenent direction in a channel formation region) was

set to 10 R chybnel forphtiemedzion) el set en§wim.i The lengthe of pdaw sepsFER#I®Ul ar to
the carrier novenent direct.i in t elk. i r.em S set to
b B - The. amEEs, Fapon, Qe i e el ik BN Gird BOTRNES Bl AR, MRS D2

carrier NDURHRIEY c6lickMEHLARY MEFowS ebnchbRraBMimpiety iragiot iway setowclert108t i on of
the | ow concentration inpurity region \rli\‘t/a}f‘ set to 1 x.1012 atons/cnB. The

i mpurity coWBekEY-at Thsrimprrity senepRiralinncdif rel saentapon ipRrinesetn @aai n 10
regi 0”)10“’a§e§ftﬁ1]5'w59sejrt8<l 1980 atprgficnB. [ 0029] FIG 2Aillustrates

equi potent i ines In the case where a 0.5-Rmthick insulating | ayer
(silicon okidd@8t Si02) is provided below a single crystal silicon layer, a

conductive | ayer_li.s ,arqvi ded bel.o i Ln anhase strate
(silicon oxide: Ff? %Fl‘o%{lsgagtespregl\lllP%%%tﬁgelfl{égv%ﬂ%E c%ﬁ%%ﬁe{/g ?'23@? , %Hr)ld a
drai n vol t agelatifs ROM. (sifitén @Bdd: I9i0Htis ploekled Gelopat engle atystal sibeoni layerile case
where only si]icon oxide havj a thickness of 700 i sed below a
single cry§? “c%‘iequ“f%tlf’ g ?‘i g‘ﬁﬁwéhed?lélfﬁ m\?ﬁ?’fe&gaebaisg E’B‘%@e LR AL A~ and
2B, thgsequimgtieploved bel@stharcenductis laval, @nd atdriintveltvgl 8 50V. 2FIG. 2JB0030]
20ln FIG 2B, cal cul ation resul,tt?l of the case . ere.ﬁ?niluié.thet 78@'%# hi ck
silicon oxﬂ%wtwlﬂoﬁenﬁ?l&lﬂeﬂgh SFECTITTRTTAPE" FHIS' glgt?eéja? 5% the base
substrate Ggh £ RNseX beek A88lglcnN@ydtlSulodh i1R@r by 8rdrdif ivoit&@nis 38Vde]n ar e
collectively considered as one |layer. Note that in FIG _ 2A the potential

of the condl@$.i2AeanddPBetherauipeatential kines age Busiertedt anervals of{DVy) . I n additi on,
in FIG 28{0(}3653 potential of the silicon oxide |ayer on the rear
20 In FIG. 2B, calculation results of the case where only the 700-um-thick silicon
oxide layer is provided are illustrated. This is because the base substrate (silicon
oxide) and the insulating layer (silicon oxide) are collectively considered as one layer.
Note that in FIG. 2A, the potential of the conductive layer was set to a ground potential
(0 V). In addition, in FIG. 2B, the potential of the silicon oxide layer on the rear
25  surface side was set to a ground potential (O0V). That is, the case where the potential of
the rear surface of the base substrate was a ground potential was assumed. Note that in
this embodiment, the rear surface side refers to a surface opposite to the surface on a
side provided with the single crystal silicon layer.
[0031]
30 The results show that, when the conductive layer is provided below the single

crystal silicon layer (see FIG. 2A), the intervals between the equipotential lines are



25 surface side was set to a ground potential (OV). That is, the case where
the potential of the rear surface of the base substrate was a ground
potential was assuned. Note that in this enbodi nent, the rear surface side
refers to a surface opposite to the surface on a side provided with the
single crystal silicon |ayer. [0031] 30The results show that, when the
conductive layer is provided below the single crystal silicon |ayer (see
FIG 2A), the intervals between the equipotential lines are substantially
equal near a region where the channel formation region and the | ow

concent ¥ atd,RlladifIiY el fefidh ABeiBh SRR HRcHBndt A6 HnoR SegiBR ol 9K 1 €01 O
where t he T'ow concentrati on | urity region and the h|%h concentration
i npurity regéanmra@mamipongtecgionanedohdeadith each othred andagar aregadnewherd thefovel d i s

reduced. On_the other hand. it j ound that. 5 whe i,ve | ayer
is not pr o“\?f‘ﬁeé%a%oé’l WWWée%l?%ﬁdeﬁgsjiﬁgltchceg irtlop S er%] ‘?ns%g %&L&gﬁ téz’ B), the
equi pot entdagh othen@sd diacak eleceintiicht Bdediwad. a0 @gi wierdaad, 6t tshouwhtiatel
formati on region and the | ow concentyation inpurity.region are ded to
bach othorvaades sapucgie Bk P PR s Bl A HEH Brd Gt Rihery o
t he bondi ngs ,r@zgieglﬂpota?ﬁﬁl Bhe@fafs cdnberfRtdd@edt a Rgidh fWiRrehe ehdvatBeiutiohe drain

voltage in FIG 2A and the drain voltage in FIG 10 2B by 20 V, the electric
fields nedrsiehand hgilow CoprenEation dmpRER JEFOR ffe r?&P‘i‘fiIS‘rfO cagh %{Ihe*‘:fﬁg haan| ow

concent r atdiQfid HBH i tinceRSita@N oI PRIMES 4fOthe d6hdiRd o, N Thirfelre, 3A and 2B
are substantially the sanme. [0032] As illustrated in FIG 2B, .in the case

wher e the witeef # differanes bptwgenct.bﬁé@%% yeltage inohiGy 2A epd ths<iraip elage 6t Fihe bondi ng
regi oy i Mg Bl 50 GARR eldohif AR R WRGEEo] RberS IR Hahndl WrifalibPReloAG@N and the

| ow concentration inpurity region are bonded to each other), "i npact

i oni zat i onthedayhtonoentrationreimpririfhesgionfaee hasded togach prherdn FIGS 44} 2 8 | ow.

That is, thgﬂ%{t%hn ‘é"is st and voltage decreases. Accordingly, as illustrated
en H'}lle co

in FIG 2A" nductive | ayer is provided bel ow t he sem conduct or

| ayer, the0étyctric field at the 20 peri phery of the bonding region is
reduced, and the dyain wt d. vol Lt age | As
et 851 G LS A RPNk o

descri bed above, a ayer etween t he base
subst regt e thOGesipkkbry € dneshindingnggloay@n thid4gasd, e cegice nheat ihenclehnadn

o oL bR RSB BB PR SRR 0,
concent r at infpacti ibnitdtion hiyht ©66E @nérl whérohe tavplfitheydrain voltage is low. That is,
the drain withstand voltage decreases. Accordingly, as iflustrated in FIG. 2A, when the
conductive layer is provided below the semiconductor layer, the electric field at the
20  periphery of the bonding region is reduced, and the drain withstand voltage can be
improved.
[0033]
As described above, when the conductive layer 102 is provided between the
base substrate 100 and the insulating layer 104, the concentration of an electric field can
25 be reduced and the drain withstand voltage of the transistor 180 can be further
improved.
[0034]
Note that when the impurity concentration in the low concentration impurity
region is made low (for example, in the case where the impurity concentration is less
30 than 1 x 10'® atomsfcm®), a region having a relatively low conductive property is
formed between the channel formation region and the high concentration impurity

region; therefore, the concentration of the electric field can be reduced even when the

10



region is made |l ow (for exanple, in the case where the inpurity
concentration is less 30 than 1 x 1016 atons/cnB), a region having a
relatively | ow conductive property is formed between the channel fornmation
region and the high concentration inpurity region; therefore, the
concentration of the electric field can be reduced even when the
conductive layer is not forned. However, when the inpurity concentration in
the | ow concentration inpurity region is nade low in this manner,

resi stance when a transistor is operated increases, so that the anmount of
on-state current decr.eases. [00 j : nt

i nvention ccfffl(i Cf‘&%%ﬁcﬁlﬁn?tﬁf?gnégpem icg%ﬁvg%etgﬁggﬁﬁiﬁ%gﬁa\%gﬁ 1!tBE:]Z(§7§onducti ve
| ayer 102 dofceptrandndaputigtregianisinkade o & thissinne esidt@fearhgn piransisisb at i ng

| ayer 104, the drain withstand voltage can be i.nproved w thout a decrease
in the i npPFrasd lﬁ%??é%snfcftg?titg%mp%wf ﬂg(%r%tﬂt/egglﬁ%léﬁ%gr%%ag?sbn i mpurity region.

That is, t{bgsqyrobl em of ensuring conpatibility between suppression the
decrease in the_on-state 10 cyrrent and inprqvenent of the_drain w thstand
vol t agd, whi ch &teRf duipdismenso @Bﬂ?sa?ténmggmgls‘iﬂ“aﬁ%ﬁﬁ‘saiﬂeﬂ&“*’stt?ﬂ“fa& e is used

as the basge fKOSHHANR cofdRiiPS1a§8 102ds phvided bbieed fhe BagtaubitmtesIfORnEss t he

decrease in the on-state current, the_ inmpurity concentrajion in the |ow
concent r atheinsplaing lpysy 194 dircghaipyithsiand ve) Fc'ﬁ“’rﬁ?r}mﬁfovgéﬁy oytg dS“ﬁ‘”iOl_G
at ons/ cnB, ;1,01 ; L&ncentehifR 30khe low cornttatioR ifiRiriPdegictl, MARUEAGEUN i Ng a

sem conductor substrTate used for a sem conductor device is described with
r ef er ence problenGs, emgwingoc@mpatibibios bytween supprespian paes decserps i Heconefe; s

prepargd (g i DU §HaSe, 20icH R curd whibd BbaiiskaRs i tti ng
gl ass gbsﬁ“%%?@%%?é@%%ﬁﬁggﬁﬁsﬁ ?%r a 4|}qU|§% crlystgltf1 dis Ialg/ Sde_vi ce or
the |ike davingenlissihtindsurfacglinssd 96 sthase absizate whs be saleed) aMofrythat 18t r ai n

poi nt of higher than or ual .t o 580 ox\eE Al 750 C
(preferabl ,gerhtfjéﬁ%ormsts héan(%oreaseeqlﬁglile%noSt%%ﬂ%Ath‘%@hg%&ﬁgg .CeNeegFéiEsheto say, a
gl ass subskywadodcdntrati®t indputiyt regioh hetyetechigieor angr agua e s ol HiSatembsiof,at e can

wi thstand heat. Further, it is preferable that 25 the gl ass substrate be a
non- al kal i P§P%8®lsubstrate. As a material of the non-al kali gl ass

substrpg e, [og34)l ass material such as alumnosilicate glass,

al um noborosi l'i cate gl ass, or barium borosilicate glass is usgdf f or
exanpl e. [0038] Next, a method for manufacturing a semiconductdr substrate used Tor a

semiconductor device is described with reference to FIGS. 3A to 3F.
f0037]
First, the base substrate 100 is prepared (see FIG. 3A). As the base substrate
20 100, a light-transmitting glass substrate which can be used for a liquid crystal display
device or the like can be used.  As a glass substrate, a substrate having a strain point of
higher than or equal to 580 °C and lower than or equal to 750 °C (preferably, higher
than or equal to 600 °C) may be used. Needless to say, a glass substrate is not limited
thereto as long as the glass substrate can withstand heat. Further, it is preferable that
25  the glass substrate be a non-alkali glass substrate. ~As a material of the non-alkali glass
substrate, a glass material such as aluminosilicate glass, aluminoborosilicate glass, or
barium borosilicate glass is used, for example.
[0038]
Note that, as the base substrate 100, as well as the glass substrate, a substrate
30  which is formed with an insulator, such as a ceramic substrate, a quartz substrate, or a

sapphire substrate; a substrate which is formed with a semiconductor such as silicon; a

11



Note that, as the base substrate 100, as well as the glass substrate, a
substrate 30 which is formed with an insulator, such as a ceramc
substrate, a quartz substrate, or a sapphire substrate; a substrate which
is formed with a sem conductor such as silicon; a substrate which is
formed wth a conductor such as a netal or stainless steel; or the |ike can
be used. Note that when a substrate which is not an insulator is used, the
substrate preferably has an insulating surface. Specifically, for exanple,
it is preferable to use a substrate in which an insulating |layer is forned
on an out et st SHL! AGE-ANY HcRaldbkoeas, Abual BRdISULALE Boakaxer |S

| ar ger t hatt mYTh thé case ere such a substrate having the insulating
surface i sanbedsedt hNoefthe sthent subspate wdnans nptrantihsslatioras wsedd théysubaiiric vol t age

due to the ovj sion of the caonductive.l can bhe. J s

ef fecti vel gfgﬁﬁy a8 A, {OspiAtng s("ffncer n ché{i(fa%’et%%‘flxéa E]“I’llc))el’l lt? %ér%fc?gat%gcrtgglssfasur face
is thin, tdiBstaubst which i sebktifasayar fsufenedronwi oliteinsoss iswifdcarantiotht he
conductive |ayer. That is, it can also be said_ that 10 the effect with the
use of 3t hethiskirssief thg wsplagaglayes is ) an & H, ilmb6|°s%ei“?¥5“‘sﬁ‘}ﬁ%?ﬁlﬁlsg?tea

sem condugl,of, %H@ﬁl%ﬁléﬁ@omyé HededVittbrRB: biitdtkdeinest ihaedralavidiigmeer t ai n

t hi ckness on ghe out errmost surface, or a conductive substrate provided wth
an i nsul atvotiged dyeete thapiomigionexfited epndpgtiveiess canbe pliaiged werodtecdiflf ace. Note
that in tNige BREGIEL fRLMARAE hybNG: thklobienfiost SueRBELRIn, HRGhNMRGA! Of the
substrates, a termsuch as dibstrate havi ng 15an insulating surface" is
used. [ 003} a function whivh izsmilectoithecdndyaive 102r. | Shpbisbepnslserberspid thiise
substragte 100 ee FIG 3 A . farm i ayer. 102
i's notl%par%? EHP AT 108 sy '§%t %cogE %cglrggéﬁty%; ??e%@ﬂc? ?tgaa%llgﬁffl%érmg% gfr’#ptﬁége,’ Lia

sput t er i ngseABdcRGELtorasubaetpoedep eithtandnsubaing dayer bavitgheer@d thicknessan be used.
The conducti ve | ayer r]_,L(EZI)Z can be fotr medbusitg% a1 t% sel. t1§91 fu Iy al um num
(A), tundbt SHERpst %M PR IEHPR i fofla(irfa ot ybdenum 81\}6‘ " ni ckel
(Ni ), plathRw deRhh thiceRpesn Hbhiengodt dulfiue) , Notel thatrin (iAg ypecifaarede (M),

neodym um (Nd), niobium (Nb), chromu Cr), and cerium (Ce): .an.all oy

cont ai ni ngtgaﬂiifead‘ﬁ atoqRecEt eluding aﬁé’fiﬂiesswﬁéﬂaﬁgscﬁ)mﬁéﬁi as 8th%‘%¢"1 &mEont ai ni ng
any of.d4 he al a. onent. 25 The conductive |ayer 102 may be

for mdl%si%giné(ﬁngﬁgkﬁg?lﬁ%g los>q<]|9 e such as indiumtin oxide (I1TO, indiumtin
oxi de cont[@¥Ing silicon oxide (1TSO, zinc oxide (Zn0); silicon to which
an impuri ty el engat | Iparting 1B9AINERLY bLY dhoAdEftiaiOliod Bee FidkgaNot e that
t he conductive l|ayer may have a single-layer structure or a stacked

st ruct ur e. A[RaK&] fodGainény tht kenduntvd layémiP2l iayer patGenlitly lmitadeld aosestpint he

conductive | r 10 see.FIG 3A). A 0, turd

i nsul ati nng%‘iran]il(ér %’%an}%et’ aRY elrg:nﬁl %?%&’ﬁ ‘21&0{“8'8 e’?%ﬂ) %éﬁge#%dé% o%re“%hod, and
for exzpl Bke @Andputdder Mhg comutivg layer pOhemebechhpaiosthe@itahstlecidd from t he | i ke
can be used. The insulatin ayer. 104 . | ayer, hayi which is
used for a‘ﬁl"&&’r\‘ﬁb(‘i{li WWB%&be?ﬁta{’W@ éﬁi‘]‘%‘%@’é‘l r@?)egné)g’lbggwghsﬁﬂ%%&%ﬁanari ty.
The i nsul agNiNP1dtAURI (PHOLppai(Cg, dotd (rad, sibien(ANmanganem (Binjatcedymaius sel ect ed

fromsilicon ..
(Nd), niobium (Nb), chromium (Cr), and cerium (Ce); an alloy containing any of these

metals as its main component; or nitride containing any of these metals as a component.

25  The conductive layer 102 may be formed using conductive oxide such as indium tin
oxide (ITO), indium tin oxide containing silicon oxide (ITSO), zinc oxide (ZnO};
silicon to which an impurity element imparting conductivity is added; or the like. Note
that the conductive layer 102 may have a single-layer structure or a stacked structure.
[0040]

30 Then, the insulating layer 104 is formed over the conductive layer 102 (see FIG.
3A). A method for manufacturing the insulating layer 104 is not particularly limited to
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5 oxide, silicon nitride, silicon oxynitride, silicon nitride oxide,

al um num oxi de, alum numnitride, alum numoxynitride, alumnumnitride
oxi de, and the like. For exanple, in the case where the insulating |ayer
104 is formed using silicon oxide by a chem cal vapor deposition nethod
with the use of an organosilane gas, the insulating |ayer 104 which is
extrenely superior in planarity can be obtained. Note that the 10
insulating |layer 104 may have a single-layer structure or a stacked
structure. [0041] Note that in this specification and the Iike,

QXY {11 06, EELEL Tucia o203 QGBI DU HONALN BTG SIRKHIRRLE) ) than

nitrogen (a nB n oxyhitri e i's a substance 1 ncl udi ng
oxygen, nlmétmgiem t]RI likecam be anel. hifte ugehatuag lagemld)éns pdayieo havingha ﬁlaﬁig'ﬁ ng from

50 to 70 at..%

respect i veyRich ﬁl“ﬁ?‘i %?é %@?f"’fﬁ‘gmr %‘F%efosm %gﬁegzﬁ% gﬁ]bfléhc%&r?al fs rmr e

ni trogen (xﬁéxﬂuml li NOP¥}YBO frmbd iEihg oE@br mosphterials istledahfromtsilicde oxi de is
a substance_ inc ng. oxygen, nitro ilic h ragen at.

concent’r at9xéiss ﬁléﬁ‘?@l ‘é’ GHfegn t@cyggg(iet, @f %Bd% gite o oKl ot . 9% and
10 to 25 afjuihumesRRe! hMBlintm Nﬂjrxﬁtr{dbaéluﬁlhﬁnf amg@sO:a&@ a&ﬁ thb liRe. nad)rby usi ng
Rut herford backscatterin spectronetr drogen. for scattering

spectr oneth?mplﬂng) e Wﬁ & the dnpalating e‘f 1{94 1 ﬁ%‘m@%r‘l‘f“@ ¢ilicon P’B ‘?) Y#he
constit uerl%llgﬁ 5 dlRERIoN MetiECHRE thhQRe JF aRbord280the DX the isubaing

substrate repared (see FIG 3B). A sem conductor 25 substrate
formed of laye@k%pwllmheﬂ exeamely; gentrigs ins Plaparish cap derpbiingdy,  Nofe ©ghthger mani um

or i 1{£00 GRLRL 48oF 764 HS, HREY ARG DOy SUPRLEALE st Need! ess 1o say,

a substra corrpou sem conductor such as gallium arsenide
or indi um{pheldphi de may be used. As the bond substrate 110, a single

crystal semi con%gt@a gg}(;)e%ﬁ atich a%d%ifxeeal?eb %Y'H@gg VY Slbstafcclfiycr yst al

sem conduct or at'e "or sem con strates may be used.
I n this endvadinandre o&y@nr(gtbms):ﬁlylshhﬂog&i (atano). sEn:rswmraple, sikcopgeyinifizdet he bond

substrate 110 1|1b'§‘| tgeou H'\dyb%ﬁé%@%%r ngru%l ms&l%cgrrx] gdrgge&ogt éotﬁgemPﬁ.gsgbst rate

110, for ’havi n i anet er i nches

(200 nm9, r:hﬁglhélq:f&ﬁ 5630070m@).%, b i ches %, 450toBy ,atm arnhe)1|t¢<e10ca:% be used.
Al ternatively, a round sem conductor ubst r'ﬁt e ma r ocess to a
rect angul aiesESRBYY- t HiBide pxidg refe o & 8 Reet | zI‘f%mst he

"single crygi yodi® mﬁ&fmg}i CF o Sdx@n M@ﬁﬁoﬁrnytﬁhaloxﬁierisca Bl!i‘rﬂtaﬁceh&ﬁ:htdﬁfgt ain
regularity and |n ich the cry tp axes are oriented in_the sane direction

in any poreiyaen, nieszen,tsHigpn,i aﬂldlhsdrﬁé‘tn % capaenEations rangine iy S eik¥rs here are.
to 55 at.%, 25 to 35 at.%, and 10 to 25 at.%, respectively. Note that the ranges are

20  obtained by using Rutherford backscattering spectrometry (RBS) or hydrogen forward
scattering spectrometry (HFS). Moreover, the total for the content ratio of the
constituent elements does not exceed 100 at.%.

[0042]
Next, a bond substrate 110 is prepared (see FIG. 3B). A semiconductor

25  substrate formed of a Group 14 element such as silicon, germanium, silicon germanium,
or silicon carbide can be used as the bond substrate 110. Needless to say, a substrate
formed from a compound semiconductor such as gallium arsenide or indium phosphide
may be used. As the bond substrate 110, a single crystal semiconductor substrate is
preferably used; however, a polycrystal semiconductor substrate or other semiconductor

30  substrates may be used. In this embodiment, a single crystal silicon substrate is used

as the bond substrate 110.  Although there is no limit on the size of the bond substrate
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[ 0043] lons are added to the bond substrate 110, so that an
enbrittlenent region 112 is fornmed (see FIG 3B). Specifically, for

exanpl e, an ion beamincluding ions 10 accelerated by an electric field is
delivered to formthe enbrittlement region 112 at a predeterm ned depth
froma surface of the bond substrate 110. The depth of the region where the
enbrittlenent region 112 is formed can be controlled by the accelerating
energy of the ion beam and the incidence angle thereof. Note that the
enbrittlement region 112 is formed in a region at a depth the sanme or

subst anti a){lyyt 1 f i ons.

[ 0044] b %e@e?mnlglm S%w%’ﬁﬁ‘ %ﬁ@gg@&@gﬁ,&gﬂa gﬁe{a%;r@?;%é% ? ® mlqu% on 112

i s forned,inthee (1Gﬂ|mllnhd§sndll'es 456 m}nocdwdﬂmtcm b¢ wsedr  Mérodtiviely, sepadat ed from
the bond substrat det rmned The c ittlement
regi on 112 @‘?cﬁ% ngaSr%@(t S PIPRAT Y 0c?lrr eq ng}a?‘%ha\ﬁg ﬁerésggd ess t han or
equal to Isppéificdionnind fie By (RC8ingfe dmmmdnm bsttabivhost Idystah BEludtare
preferably greater than or, _equal to 50 nmand |l ess . than or equal to 300 nm

[0045] >~ has copfpimroeBlREnd in Mhicti e eEsHliaes THETEY ¥AEUNG an i on
i mpl ant at | 9 RRRAT aNUR 1Rt i@ ndAMARPHMbWARRS! Rifdtss th@BaRke Used. In an ion
i mpl ant ati on apparat us, a 25 source gas is excited to generate ion species,
t he gener dP8#li on species are mass-separated, and an object to be processed

i s irradiated wibf feb PR BOEGIEILRAW ng, & @otﬁat%ﬂ%hehmeﬁeﬂt ABss 114/ an ion

dopi ng apparatus, a process gas i s excit 0 generate ion species, the
gener at ed foomeds fesei BES. a¥R). noipeﬂiﬁselleefplareamde amdioanbesny ansluding fenspr ocessed

Lo LI A Al Bt by (S a&%ﬁefahqgda&@mﬁ%c‘fmm%&)&b@agﬁgﬁ ¢ [dlidi1apR_doPi ng

30 apparatus provi nmass separator, 1ton irradiatiron wt
separati orpre@ﬂermlmd dbﬁh[ﬁem‘ osuriade afsthc bortdssbstate 116p| The dapittoef thgpregioat us

0046 f
[ ) ] h‘éh“’éﬁ%'? ¢ ?flli)rétﬁ%nﬁ%n e l{glll gai'gfl oped C&Ip b”%Pr?ch‘h%%% Uke agceperé%ﬁl ss tor

formng t on can be or e under
t he fol | ownegyadnhk fondresm 4nd Abe Rl Eeade angle\,thd:rt@fgeNo@rthattthe emhantiementequal to

10 kV and | ess an_.or ual to preferab .eater than or equal to
30 kv and 1668 NAdntopeEiiareaih §5 dsph thoths o RuiaRLfe siheau e ra-s «
1016 12 gk pyRtrafidiedeptrof@igliahs.t 0 4 x 1016 lcn?
[0044] _
Depending on the depth at which the embrittlement region 112 is formed, the

thickness of the semiconductor layer which is separated from the bond substrate 110 is
determined. The depth at which the embrittlement region 112 is formed is greater than
20  or equal to 50 nm and less than or equal to 1 um from the surface of the bond substrate
110, and is preferably greater than or equal to 50 nm and less than or equal to 300 nm.
[0045]
When ions are irradiated with the bond substrate 110, an ion implantation
apparatus or an ion doping apparatus can be used. In an ion implantation apparatus, a
25 source gas is excited to generate ion species, the generated ion species are
mass-separated, and an object to be processed is irradiated with the ion species having a
predetermined mass. In an ion doping apparatus, a process gas is excited to generate
ion species, the generated ion species are not mass-separated, and an object io be
processed is irradiated with the generated ion species. Note that in the ion doping
30  apparatus provided with a mass separator, ion irradiation with mass separation can also

be performed as in the ion implantation apparatus.
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Beam current intensity: greater than or equal to 2 itA/cnR (preferably
greater than or equal to 5 itA/cn2, nore preferably greater than or equal
to 10 itA/cnR). 10[0047] In the case of using an ion doping apparatus, a
gas contai ni ng hydrogen can be used as a source gas. By using the gas, It,
H2+, and H3+ can be produced as ion species. In the case of using a

hydr ogen gas as a source gas, it is preferable to performirradiation with
a |large amount of H3+. Specifically, it is preferable that the ion beam 15
contains H3+ ions at a proportion of 70 % or higher with respect to the

t ot al nunﬁ 6?f H+, H2+, and H3+ ions. It is nore preferable that the
proportio oAf H3+ ions be greater than or equal to 80 % By increasing the
proportion of HBw theormseiaf dsings amsom eloping ppants.i atﬂr@qmlforr@ghi@a thd2 can
contain hydro

a.co ntra ion gher 102
at ons/ cnB. "R EWPLJF%}?H glégaf;%l& nP¢ Ontnﬁ(?-:? goﬁb?’%a?lﬁl gﬁ@%l%ﬁoﬁg 20 can
b(rarbeasi : y deaditiofisted. By addition of a larger anount of H3+ ions, the
enbritt enent re i on 112 can be forne rte peri od
conpar ed t'dh ¥olpge: genter than Jreaya qupgﬁémg IQ’Z"i‘q (?ﬂ‘éal?%éde%%e with
the use Of(p}e‘ﬁetab& ?Fea@f’ﬁﬁl?&ee ASNEBO ﬁiﬂaﬁ& 1delhi oPéqubpS0&¥) be nade
shal | ower; "t hus, nbri tt enent, gl on 112 can be fornmed,at a shal |l ower

regi on. 25[1013d8]1g116nﬂ11amef emeldo dfx 155 /ﬁgl awd fowr ihapprasnalty drr WpPamat us, it is
pref erabl e {0 perform Muss SeRORaLl 01,18 £ /bR Ghliy MR 855 kO 52,

irradiatio
equal to 5 p,LA/cm , more preferably greater than or equal to 10 uAfcm ).

10 [0047]
In the case of using an ion doping apparatus, a gas containing hydrogen can be
‘used as a source gas. By using the gas, H', Hy", and H;" can be produced as ion
species. In the case of using a hydrogen gas as a source gas, it is preferable to perform
irradiation with a large amount of H3*. Specifically, it is preferable that the ion beam
15 contains Hs' ions at a proportion of 70 % or higher with respect to the total number of
H*, H,", and Hs" jons. It is more preferable that the proportion of Hs" ions be greater
than or equal to 80 %. By increasing the proportion of Hs" ions in this manner, the
embrittlement region 112 can contain hydrogen at a concentration of higher than or
equal to 1 x 10%° atoms/cm’.  Accordingly, separation at the embrittlement region 112
20  can be easily performed. By addition of a larger amount of H;" ions, the embrittlement
region 112 can be formed in a shorter period of time as compared to the case of addition
of H' ions and H," ions. Moreover, with the use of H;", the average penetration depth
of ions can be made shallower; thus, the embrittlement region 112 can be formed at a

shallower region.

25  [0048]

In the case of using an jon implantation apparatus, it is preferable to perform
mass separation to emit H;* ions. Needless to say, irradiation with H' ions and Hy"
jons may be performed as well. Note that, since ion species are selected to perform
irradiation in the case of using an ion implantation apparatus, ion irradiation efficiency

30  decreases compared to the case of using an ion doping apparatus, in some cases.

[0049]
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ions may be perforned as well. Note that, since ion species are selected to
performirradiation in the case of using an ion inplantation apparatus, ion
irradiation efficiency 30 decreases conpared to the case of using an ion
dopi ng apparatus, in sone cases. [0049] As a source gas for the ion
addition step, as well as a gas containing hydrogen, one or nore kinds of
gases selected froma noble gas such as heliumor argon; a hal ogen gas
typified by a fluorine gas or a chlorine gas; or a hal ogen conpound gas
such as a fluorine conpound gas (e.g., BF3) can be used. When heliumis
used for a sour [ t2Rin ons can be
formed w t hout %§§g§§%%§$a?r%%}mu ﬁgpﬁggs%?ﬂﬁﬁon egﬁ% g&lgﬁﬁﬁlttlenent
regi on 112neanmbe Kindsof dases ﬁdi@ﬁt@rﬁdwa nplgle & such as helipmror hgm,l, admldgem addi tion

step may be r.med Iural tinme oformth errbrlttle n 112. In
this case,® El%fpf‘% 2 E?ﬂn&gaﬁ]gggé:ﬁlr‘?ﬂn B § &e‘fjgen 7o LD f’}S'rs:!tlaﬁggflgon or the
same sour ciuogias céfpoube gatSed., IBH;) dandeivos. i rvmafhmhumm uslémforeommb gas, i on

i rradi atl on can be perforrred usin a+gas cont drogen as._.a source
gas af ter d9gAn PFata WithverproRoTieh ploHeetgng cany %ﬂ%’@h mazssepaiglioh ce gas.

Al ternati gl ¥eind QBh hﬁ%@%@me%men%t Relohan esh e toshedidiéhd. hal ogen gas
or a hal ogen conmpound gas, and then ion'irradiation may be performed using
a gas cont[8/¥ling hydrogen 15[0051] Note that before the ion addition
step, an insula |?]% | 3y IPRS Fndd BLESTANG {oNEhafkng | ayer
may be formed otg € sur a%@dlﬁ(%h %gc%gpg gtratg 110. Neng ess to say, it
is al so pmmﬂlmdnhmglanhblh néw ke icary, H@bemt s@rerogaspy owy dwdisehdoeiper, t he

i nsul ref erab ve nati on
and s g%"“?’ i ama esar?e %%uré‘%%gcﬁg yu% '&eg? Oerqﬁg({ndl&gdltg %&1 a%? 8| on ’
i rradi at i dbn ﬂdﬁ@nbﬂ |cmkh@psrfomﬂne<ﬁ heing agaé. amtzmg;ng hydrogdnsaspr ofuese @b 3ftegr eat er

t han or u 10 nm and |.ess than equal to 400 n T escription
regar di ngO[P ‘ﬁ@}ﬂna‘[s iBSEOTRE P A TR % ¥ et &PVED B %Fer%ahwg forat i on
met hod, rr&mmhﬁdn m@;t bdisdrfoti@ed ﬂfsdustul@a halkgengas bhehalagml catnpound geyeand The

|nsulat|ng Ia be r may remain.aft thelon addition step.
25[ 0052] On?FPéh gmaagr*ﬁa‘%? gPsTgﬁgPsscqfn Y%t he bond substrat e
110 (see F[b§51 3B). The description regarding the insulating | ayer 104 may
be referred to for the formation nethod, mate structure, and the like
of the insul ati A tgichelors the igp pddifionstc, 38 “FSH %aiy ]I““&'?/g'}mﬁ‘ﬁﬁ &% & not

necessari | pofeleSasBatRg 1528 rhdySHe &rinB@ ohaie kurkakd. ofaﬂé 068&RBLubstrate 110.
Needless to say, it is also possible that the insulating layer is not provided; however, the
insulating layer is preferably provided in order to prevent contamination and surface

20  damage of the bond substrate 110 due to later ion irradiation. The thickness of the
insulating layer is preferably greater than or equal to 10 nm and less than or equal to
400 nm. The description regarding the insulating layer 104 may be referred to for the
formation method, material, structure, and the like of the insulating layer. The
insulating layer may be removed or may remain after the ion addition step.
25  [0052]
The insulating layer 114 is formed over the bond substrate 110 (see FIG. 3B).
The description regarding the insulating layer 104 may be referred to for the formation
method, material, structure, and the like of the insulating layer 114. Note that the
insulating layer 104 is not necessarily the same as the insulating layer 114.
30 [0053]
Note that in this embodiment, the case in which the insulating layer 104 is

formed on the base substrate 100 side and the insulating layer 114 is formed on the bond
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Note that in this enbodi ment, the case in which the insulating |ayer 104 is
formed on the base substrate 100 side and the insulating layer 114 is
fornmed on the bond substrate 110 side is described; however, one

enbodi mrent of the present invention disclosed hereinis not [imted
thereto. As long as the structure in which at |east the surface of the bond
substrate 110 and the surface of the conductive |ayer 102 are not in direct
contact with each other is used at the tine of attachnent, the structures
of these 5 insulating |layers are not particularly limted to certain
structures, n on the
base subst P g H%Eelgg)ag%gs g%s@@?ﬁdy%gk@%] g%éo%ﬁgsdﬁ%g%frégﬁgpf%b%ﬁgg%b%%q The
i nsul at i nglidciped hérsings etbielnmbddythmto t do lotkg akthe ntrepterenn wihich addeasieliPodi ment

of 10 the |nv n. iy e i;ye. This

i s becaus Fﬁeo t]geel%o[ uf)sgrfitedl e %gﬁecdjwﬁﬁevdg éaéoél?&% @érelr(g u%g(S ]%{A,hen t he

i nsul at i ngiteaty@htacsSwito eadhhitiods is Metiet tHeatimd dffeatllabhmdnnetbsstofctttré:se)f thesal at i ng

| ayer s .a neaning which is sim|l . an inte | bet ep the

seni cogdud{lﬂﬁlaqnﬁf@%rﬁ @eﬁwaﬁtwlaﬂ}’i{%fegéﬂ&e?ﬂ% %B%ﬁrﬁ%tlﬁ\lfﬁ TRl $62. For
exanpl e, tiRQidtixgUbyt indg Beatovided ofly &frethalbaye fubstraeel 16M silhat otﬂlyeon teerval 15
bet ween the sem conductor | ayer and the conductive |ayer 102 be | ess than
or equal tkynd syfsiratedébsife. Note that the ion addition step (step of
form ng thgo rittlement region 112) may be perforned before or after the
insulating layer 114 is fornmed. 20 After that, the base

substrate 100 adde ﬂﬁé‘a‘b‘%ﬂﬁY@%@Ffe&[bé’ EOIGOOatF‘@ké‘E PreHiBe 9ng cRRRHMSEE; (see
FIG 39 dPordbACHdntion WEIORAS Fordit 1S il GndOQ e80! N QResiubsieat € 110

are attached'to each other with the insulating layer 104 and the insulating
| ayer 114 éffeciedysde 8 cohducibelajeel)2 insdaceduientheinsypingclayer éf top lick-nsul at i ng

layer 104 gnd 4 08ue thickness of the insulating layer has a meaning which is similar to an

interval between the semiconductor layer to be formed later and the conductive layer
102. For example, the insulating layer is preferably formed so that the interval
15  between the semiconductor layer and the conductive layer 102 be less than or equal to 5
pm.
[0055]
Note that the ion addition step (step of forming the embrittlement region 112}
may be performed before or after the insulating layer 114 is formed.
20 [0056]
After that, the base substrate 100 and the bond substrate 110 are attached to
each other (see FIG. 3C). Specifically, the base substrate 100 and the bond substrate
110 are attached to each other with the insulating layer 104 and the insulating layer 114
interposed therebetween. Note that the surfaces of the insulating layer 104 and the
25 insulating layer 114 which are used for attachment are preferably cleaned by an
ultrasonic cleaning method or the like. After the surface of the insulating layer 104 is
in contact with the surface of the insulating layer 114, pressure treatment is performed,
so that the base substrate 100 and the bond substrate 110 are attached to each other. As
attachment mechanism, mechanism relating to van der Waals’ force, mechanism relating
30  to hydrogen bonding, or the like is conceivable.
[0057]
Note that the surface which is used for the attachment may be subjected to
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25 insulating layer 114 which are used for attachnent are preferably

cl eaned by an ultrasonic cleaning nethod or the |like. After the surface of
the insulating layer 104 is in contact with the surface of the insulating

| ayer 114, pressure treatnent is performed, so that the base substrate 100
and the bond substrate 110 are attached to each other. As attachnent
mechani sm mnechanismrelating to van der %' force, nmechanismrelating 30
to hydrogen bonding, or the like is conceivable. [0057] Note that the
surface which is used for the attachnent may be subjected to oxygen plasna

treatnment Qr ozone t € f FIWIQ W eraphiitid ¢ By

this treatorjr{gﬁef‘n, g @5‘?@%@?”‘%@3&%@%&%@%@%@ ment @urfg{(j’:e%o that a
hydr ogen by chic aeatinentf o hyddxgt is addelt toatbh agachment swfos so th@Gogjdragant er t he
attachnent,, erfornmed on the base substrate 100 and

t.t t t be .
t he bond s%ggg%?eefoﬁgﬁﬁ?3@%?‘81%5%%%‘]%% to each other so as to strengthen

the attachoesd}. The heat tenperature at this time is preferably a
tenperature that does not pronote separation at . the embrittle t. region
112. For exanpl é‘,ﬂefﬁ“@ %t@ﬁﬁﬂg?“&{%%“?@g%tmtyobq BHEF™EH, 37 lﬁf’sﬁ,s‘rl%&%tfer ably

: ower g hamdooraneqt)eadona @p‘t?sg*lﬁ’tle @10 bidah dré SBIcHRING edth %thcff&o 5_5 td’lﬂifengﬂf]ﬁ iheu: arly
imted and may be optimally set as appropriat ependi n n e relation
bet ween prédggasgg ThedsatipmP AR e H’éﬁg"“g fsrfgf'é‘[aﬁl.y %Ppgﬁﬁ%pﬁﬁ%t, ‘foﬁ%’?ﬁ

treat ment oG cpRidararae @lvrddlndat kFQlior?1 POUESy ediipte, iHtaemPathiird € T egi on

which is uUsed for the attachnent can be |locally heated by being irradi ated
with nicr sseateelwer thahetOD i°Ke prefireiy doveer dhamserr eguaktoniipe’Gro Heet Beatmenit

streng probl e h eat . t . i : Next ,
t he bo%dc] sUB% fsrrgoF & al%lfglafq% :ﬁglé%%rgg‘i g% S;librﬁl:gu tlgag%?n&cag %h%rtg?%?te Ih%g?‘h%% and a
sem conductherrelatidas betseen pRiZzesmingt thme emddr attathneene retremgilyi offor 1k@ampleedied®| G 3D) .

The separation of the bond su r.at 0 is perforne heat .treatnment.
The t enper SEHPE SE1 F‘?)Perf e‘i%tgzt%bt ?etgf tSca Ott?égaéé’Pg’btgés/Ee&wgnWlPﬁhemupper
t enper at urgeh ifsH the aftachR®ntias He 60Ty REed 5P Deink irhdigted a6@ Mitrowaiégra gl ass
substrate as the base substrate 100, for exanplege, Eeg% tﬁxgﬁat ment

a

t enper at ur&e fike. o Whey thepupsisaies hage B atachment sir G HBRM and | ower
than ofs eguad od Snife® C. However, a gl ass substrate is not limted thereto
as long as the glass substrate can withstand heat. Note that in this

embodi ment{00¥4 the heat treatnent is performed at 600 C for two hours.

E ﬁgﬁo] By per f oni P hd tiid MeRkrate 1835 & Bhratell Afto ¥ QEHITBnRIctoN A6 0V 448 of Or med i n
semiconductor substrate 122 at the embrittlement region 112 (see FIG. 3D). The
separation of the bond substrate 110 is performed by heat treatment. The temperature
20 for the heat treatment can be set based on the upper temperature limit of the base
substrate 100. In the case of using a glass substrate as the base substrate 100, for
example, heat treatment temperature is preferably set to be higher than or equal to
400 °C and lower than or equal to 750 °C. However, a glass substrate is not limited

thereto as long as the glass substrate can withstand heat. Note that in this embodiment,
25  the heat treatment is performed at 600 °C for two hours.
[0060]

By performing the heat treatment, the volume of microvoids formed in the
embrittlement region 112 is changed, and a crack is generated in the embrittlement
region 112. As a result, the bond substrate 110 is separated along the embrittlement

30 region 112. Accordingly, the semiconductor layer 120 separated from the bond
substrate 110 is left over the base substrate 100. Further, since the mterface which is
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enbrittlement region 112 is changed, and a crack is generated in the
enbrittlenent region 112. As a result, the bond substrate 110 is separated
along the enbrittlenment 30 region 112. Accordingly, the sem conductor |ayer
120 separated fromthe bond substrate 110 is |l eft over the base substrate
100. Further, since the interface which is wused for the attachnent is
heated by this heat treatnent, a covalent bond is fornmed at the interface,
so that the attachment can be further strengthened. [0061] In the
structural body (hereinafter sinply referred to as a "sem conductor 5

subst 1 at &' § Al MR A HEP S HhRESPHRR: HBLAGLS SVficdiBohd'R (SERALARE 0N St EP

or the ion addition step exi st he sur e of the sem conductor | ayer
120, and phtrfacd, sosthatfthe dtackmerft saebd Sirtherpaerathenedher ef ore, treatnment for
reduci ng {)&ﬁts in the sem conductor |ayer 120 or treatnent for inproving
planarity he surface of the sem conductor |ayer 120 is perforned.

10[ 0062] It fhd BinfenefibBstiyneieinafted wiiply nefemed 6f e<tas”samétohdrgroovenent in
planarity of the sem conductor |ayer 120 can be realized in sych a way that

the serfi conbitiets} faragdas towribed phavaarefees e ih 1% JeRTBHEOHYUSELEY Plee FIG
3E). The Sa%ﬁltﬁﬁ@%g%&% o+ ASurfhéDof! e b&rhi dcﬁgtﬁgla‘f'&t Ivol B&d pasfity beam 130, so

that the sem conductor layer 120 is nelte 1 5 then cooled to be
sol i di fi edsurfatreisempaiieds e fhersfrge: dregimeng ferr reflypingh flefpety &F tietssmigoadycifuced and

surface plananihy. b hlRigMEd AR & S rtab Dot SerGBRRHLGERer ST NCE
t he | aser ]6 egr%bﬁgb&?agh%(g%,lﬁ@ﬁoe a@%ag bstrate 100 I's not di rect%’e; heat ed.
That is, timispafemed.ure increase of the base substrate 100 can be

suppre sed@ %ﬁerefore, a |l ow heat-resistant substrate such as a gl ass
substrit e @8ffbe used as the base substrate 20 100. Needl ess to say, heat

treat nent may bén ggs Eabstised) redudtidnpie dafeuts @nd Dmplogeman gre pehartthef theper

tenperature lLimt of th ase substrate.. By heatijng_ the base su rate,
reducti on ?eﬁ“‘a)é‘fhé‘ﬁ?rsla@égzﬁ‘ém}fefrﬁ FF‘E/E’I %'}db?ﬁ"r%?h@%hlg\%/%nﬁw%(ﬂc Ll her e a

| aser beansirhdiated keihad i@l BealnOYBE(ReS FYG.AFH)S| THe sanivaekictof @Q63]2@BNot e t hat
it is preferable that the sem conduct or

i rradiati oftadiied wikethe daser b%&hmol?,@f‘h&ﬁ‘ﬂ?elssae egoﬁé%‘g?fge,gﬂ?blti%lé’le l gﬁgug%/or
| ayer {120 fhen COHRA &) YeYsolBife8dwhbieby & Sinffdndudtbk Blyyr D whechndefaacayest al | i zed
due to anggzgged and surface planarity is improved can be obtained. In this embodiment, since
the laser beam 130 is used, the base substrate 100 is not directly heated. That is, the
temperature increase of the base substrate 100 can be suppressed. Therefore, a
low-heat-resistant substrate such as a glass substrate can be used as the base substrate
20 100. Needless to say, heat treatment may be performed at a temperature in the range of
the upper temperature limit of the base substrate. By heating the base substrate,
reduction in defects can be effectively promoted even in the case where a laser beam
with a relatively low energy density is used.
[0063]
25 Note that it is preferable that the semiconductor layer 120 be partially melted
by irradiation with the laser beam 130. This is because, if the semiconductor layer 120
is completely melted, it is highly likely to be microcrystallized due to random
nucleation after being changed into a liquid phase. On the other hand, in the case of
partial melting, crystal is grown from a solid phase portion which is not melted.
30  Accordingly, defects in the semiconductor layer can be reduced while predetermined

crystallinity is kept. Note that entire melting here means that the semiconductor layer
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nucl eati on after being changed into a liquid phase. On the other hand, in
the case of partial nelting, crystal is growm froma solid phase portion
which is not nelted. 30 Accordingly, defects in the sem conductor |ayer can
be reduced while predeterm ned crystallinity is kept. Note that entire
melting here neans that the sem conductor layer 120 is nelted to the
vicinity of the lower interface to be nade in a liquid phase. On the other
hand, partial nmelting in this case neans that the upper part of the

sem conductor |layer 120 is nelted to be in a |liquid phase while the | ower
part ther N | .ang J [ . i : 64 For
the | aser el%fpr% |eg§)c|i Boﬁe ﬁ%ﬁ’gﬁ&@@@f t%ljga% ?%ﬁef)%ﬂégee?’gﬁ@“ﬁ [é%g T Ps i's
because a thel @bt haslerpatibmmdiang ng thisgbaseneeayy than thee uppért patl of the

i nst ant aneous!l y.and .a i al | ting. state can asi | . The
repetiti o AL d‘i‘°§°rﬂ?’y§F§&aﬁ I"ﬁf"ll%%g)ﬁtfe ’ﬁlﬂg%mélrphﬁ?awﬁmloeaﬁ%%ﬂvéef p%ho{h%regﬁgand | ess
than or equaetial 4 idAdal inaaokd piiaeé.er abl y greater 10 than or equal to 10 Hz

and less than or equal to 1 MHz. As the pulsed |aser, an Ar laser, a Kr
| aser, Jan 8¥4lner (ArF, KrF, XeCl) laser, a C2 |aser, a YAG |aser, a YVO4

| aser, a YLF | aggf thelaYALPRdiaASEra pllsédd\Bér bagels pfe¥as ukals eMhisaisr uby
| aser, an Alexandrite laser, a Ti:sapphire |aser, a cogger vapor | aser, a

gol d vaporbecase e pulsed laser heamchaving tieh presyy caRdieeifie slRRABIRYHY i2pd fs

pref erabl e, t{ah Aelhd SGR daBIR"calIBATOrRBI USHR fepétitibn rBRIiE ppdferdBly tab&i@, this
enbodi ment” 1s not necessarily limted thereto. That is, usage of a
cont i nuousgremerethanaerequildo hdlz and desg dhmg or paphin KsMbiz, mpe R?E%{“ghl%%?éqfwave

| aser jqcl I I se XAGH hasehn & YVO4

I aser,id; \}P%?Pgétg?{maﬂﬁ&%ag@}éa%teﬂra,ﬁ%g e&f@/& I aggr ,A%ﬁ\%z‘)OB I aser’fma r uby

| aser, an lasesxealulasdrean asancr (ArFTKIEafsH) laeer) 2166k laser, pdlACuleseratiiVén | aser ,
and the like. 2Q,[.0065 i S y .t of the
| aser bean%aieg’oa %veugg Sel% ) XAIO vﬂg%eer’ngt(ﬁf\\fméﬁ %%éré <'flln§%5e3 %Eés?’o\ré?g% g{/})g%’ Pl%l

seni conducAkkardaiyednset, 20Li:sdpphiye tiséri € coppoevapogiaser.megeldepdelasar i tieediken
consideration of th Ki,n th of. the |aser bea t ¥ r
exanpl e, vmﬁ’et%‘é&'sg\gﬂﬁ%gjr%%@ﬁfgh I‘talf/é’Fe?Tﬁlge ?hsatg ipr‘fgiy F(Z?ag?rygskt%éll ﬁelé? ¥ E%n, t he
| aser branpald) ndfilpathingnisodwaste isemg nbeesdarity Battel thedewn Ghateigushgetad a250 nm

and | ess than or equ to 700 y.be yse Furt.her. the ener density

of the | aseUBREFW §€){aﬁeéﬁs %eﬁcg{‘gé‘gfn ﬁ@'ﬁné{?f“ %&I\es‘f(’&é?‘éciuf'avﬁvgI‘as?r%&y\/\(}aeveI engt h

of the | asg Abgaen 4 &0 lasthe ki Iasedl PV RGAhset, heY Vs tseh e AMELRERr, 4 MRIG:hi ckness
exanpl e, the

of the seniconductor |ayer 120, or the like. Specifically, for

ener gy den@ftiy? GEVORBSIra LrOpasem2r8by R8s ﬂ’eal?’ﬁg‘ﬁ%tgflarsﬁrn@é{?ﬁ’pg‘fee]ﬁfeér t han or

30 equal tohdth-RELGHR 1RRaddaBslikdan or equal to 800 mJ/cnl. Note that the

ener gy densi té range is an exanple in the case where a XeCl exci ner | aser
0

(wavel #hgt 906308 nm) is used as a pul sed | aser. [0066] The
irradiation w th 5Re.kasPha8aihdeibhofpor (Re1aR@bbah MB0Ibd Skt & RhvERERIRET €

cont ai ni ng ox?/rgen such ds an air atnosphere or an inert atnosphere such as

a_ni t r ogenwhichoapregbsorbechbiothe srmicendyeior ek 120r adisaedibnwardenetifaa tser beam
130 in an hf&hfined in consideration of the skin depth of the laser beam and the like. For

example, when the semiconductor layer 120 is single crystal silicon, the laser beam 130
25 having a wavelength of greater than or equal to 250 nm and less than or equal to 700 nm
may be used. Further, the energy density of the laser beam 130 can be determined in
consideration of the wavelength of the laser beam 130, the skin depth of the laser beam
130, the thickness of the semiconductor layer 120, or the like. Specifically, for
example, the energy density of the laser beam 130 may be in the range of greater than or
30 equal to 300 ml/cm® and less than or equal to 800 ml/em®. Note that the energy
density range is an example in the case where a XeCl excimer laser (wavelength: 308

nm) is used as a pulsed laser.
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5 atnosphere, the irradiation with the | aser beam 130 may be perforned in
an airtight chanber while the atnosphere in the chanber may be controll ed.
In the case of not using the chanber, a nitrogen atnosphere can be forned
by bl owi ng an inert gas such as a nitrogen gas to the surface which is
irradiated with the | aser beam 130. [0067] 10Note that the inert atnosphere
such as nitrogen has higher effect of inproving planarity of the

sem conductor |ayer 120 than the air atnosphere. In addition, in the inert
at nosphere, generation of cracks and ridges can be suppressed nore

effecti vel[%j éét]‘nan in the air atnosphere, and the applicable energy density
range for %e | aser beam 130 is widened. The irradiation with the |aser
beam 130 may be Tpeitaliaed vith thadassrbeabd 186 cathbe parf@matian @ntafreospheradi at i on
with the | aser .beam 130 js perforned in vacuum.the, s ffeg n be

obt ai ned #EBIEEE PrsguEeh e A praciaeahal REE konotpud MR s st e | aer
beam 130 igmpehéer NBdoider &0 peffemt ividimppheite.thd BR&8beakf 1180 ih ke inertadi ati on
with the | aser beam 130 i s perfarne

) d as desgri bed above, ,a 20 st of
t hi nni g t3YBOPERE bR duedigion) %%%‘en]&wg@mﬂe‘?’ﬁ&?% > Pyt IWF‘%Ié‘}a?S"?ﬁﬁn t he
sem conduCh@ibérayEle the B@mﬁ&heﬁe df the @h&Hberondy RCQMFOINd. a Invee @bCHE g process
or a conbination of both t be perforned. For

: .the etching processes
exanpl e, |4ingtbe ehambenpaitEogen @RI of bt WF%@%I%‘”M Yt e &R% Bsi 1 i con,

the sem copAygit¥en LAV heCRffaf8nitl RIRAHIARYA Rithl né 1860 30r OCess usi ng SF6
and 02 as process gases. 25[0069] Note that the timng of etching treatnent

is not nedee&®drily limited to the above. For exanple, etching treatnent may

be performed behorepir tﬁ?gf.e taitrﬁ&P b Rudih® i@SRh hRERTher el ImpRsRg t he
unevenness or defects of the surface of the sem conductor |ayer can be
reduced t oplawnity efthes¢misgndubter dtyehl 2{ythan et aiesimospliereer i addjiédny in thee
treatnment .na e 30 performed frer.l LI iLallon.
Furt her allfleér¥ ﬁg?cisg;heel“g,ge{“ﬁ%uqna%fgc?;clq{%%gggglg?so%a%abﬁd& ? ﬁ[gs%fgc |r%1§ﬁ?éréfg§§’nent may
be al t er nahal in the peatecphdy, adithgapriisshle beagy densitd rangé for the bisertbsbinng

treatment f3’6 is? \(?vi einclz’]cf?l t iT%Q irsadiation %vriéhl%ﬁed las?‘etl)'%\éaem 1’56‘:%%? Bo Se??drmed in vacuum.
15 In the case where the irradiation with the laser beam 130 is performed in vacuum, the
same effect can be obtained as that produced in the case where the irradiation with the
laser beam 130 is performed in an inert atmosphere.
[0068]
After the irradiation with the laser beam 130 is performed as described above, a
20 step of thinning the semiconductor layer may be performed. In order to thin the
semiconductor layer, one of a dry etching process or a wet etching process or a
combination of both the etching processes may be performed. For example, in the
case where the semiconductor layer is formed from silicon, the semiconductor layer can
be thinned by a dry etching process using SFs and O, as process gases.
25 [0069]
Note that the timing of etching treatment is not necessarily limited to the above.
For example, etching treatment may be performed before irradiation with the laser beam.
In this case, the unevenness or defects of the surface of the semiconductor layer can be
reduced to some extent by the etching treatment.  Alternatively, the treatment may be
30 performed before and after laser beam irradiation. Further alternatively, the laser
jrradiation and the etching treatment may be alternately repeated. By using laser beam

irradiation and etching treatment in combination as described above, unevenness,

21



defects, and the |like of the surface of the sem conductor |ayer can be
effectively reduced. It is needless to say that the etching treatnent, the
heat treatnment, and the |ike need not always be used. If reduction in
defects and i nprovenent in planarity of the sem conductor |ayer 120 are not
necessary, the irradiation treatment with a | aser beam5 can be om tted.

[ 0070] Accordingly, the sem conductor substrate having the conductive
| ayer 102 can be forned bel ow a sem conductor |ayer 140 (see FIG 3F).

[0071] 10Next, a method for manufacturing a sem conductor device fornmed

usi ng the 1.CO ct.or b e d 2SChi i | GS. 4A
to 4D and c%?e% ar@iﬁ? %keéﬁﬁj %}r_[é% ‘ﬁ"dﬁﬁz eﬁﬁ%%fi %ﬁ&%?@g&ﬁ%ﬁﬁ%@é ggl%e@onduct or
devi ce i nal isdicadjesa té snhatshoetchihg ahatingntythe diedtarcatmegh andthedide neal dodr ge

anount of qiurreﬁt, acgd hhe like is d@stcri ed_as _an exa Ir?a.. 150[f0 ZZ]
FI G 4A corf¥3oRtdsth aff EPlofell PSS T IHERA &l BP9 1ot he
sem Condu%kﬁicoﬁﬁtb:ﬁirﬂ?kﬁ 120PareWol hed2ssang tredrrhdiationMdatmebd withnelaso hearat | ve
| ayer 102 is_provi ded between the base substrate 100 and the insulating
| ayer $04.capde9Eftiedoan inpurity el ement inparting p-type conductivity such
as boron, @by num or galliumor an inpurity elenment inparting n-type
| .
conductivity such as phosphorus or arsenic may be added to the
sem conduct or | Ayeqrdingly, tha semiganducter sehsirpts haying theroadyrtive layen 13g@m of

{r ansi StOr fofnda@iol oithitadior Bfer 1D KL Fis shprrent [ s added and the kind
of the inpurity elenent to be added can be changed as appropriate. For-

exanpl e, dA0Zg inpurity el ement inparting p-type conductivity can be added
in thepase of WRLIBLLGRoPhy ARallTRARRS odrfiBHEhA0O8AR U oRed B Iy €l eTent
e de

i mparting n-type conductivity can In the case of formation of a
p- channel semansigtarsubg@®idilesttioddi with tefesencartnFIGSs 4pde fOand §1GH Shrie
som conducher haxe nhily oo Ig SRR HS ST Ml |,
150 (see FRilich #B)sed fNohizhtvhdge! hargt apviungoftoueentnedt therhke bdewiibévas an wet
et chi ng pr&%&%ﬁ_ or a dry etching process.
15 [0072] _
FIG. 4A corresponds to an enlarged cross-sectional view of part of the
semiconductor substrate. As will be noted from FIG. 4A, the conductive layer 102 is
provided between the base substrate 100 and the insulating layer 104.
[0073]
20 An impurity element imparting p-type conductivity such as boron, aluminum,
or gallium or an impurity element imparting n-type conductivity such as phosphorus or
arsenic may be added to the semiconductor layer 140 in order to control the threshold
voltage of transistors. A region to which the impurity element is added and the kind of
the impurity element to be added can be changed as appropriate. For example, an
25  impurity element imparting p-type conductivity can be added in the case of formation of
an n-channel transistor and an impurity element imparting n-type conductivity can be
added in the case of formation of a p-channel transistor.
[0074]
Etching treatment is performed on the semiconductor layer 140, so that the
30  semiconductor layer 140 is separated into an island shape to form an island-shaped

semiconductor layer 150 (see FIG. 4B). Note that the etching treatment may be either

a wet etching process or a dry etching process.

22



[ 0075] Next, the gate insulating layer 152 is forned so as to cover
the sem conductor |ayer 150 (see FIG 4C). The gate insulating |ayer 152
can be forned using one or nore materials selected fromsilicon oxide,
silicon nitride, silicon oxynitride, silicon 5 nitride oxide, alum num
oxide, alum numnitride, alum numoxynitride, alum numnitride oxide,

haf ni um oxi de, tantalum oxide, and the |ike. A nethod for manufacturing the
gate insulating layer 152 is not particularly limted to a certain nethod,
and for exanple, a sputtering nethod, a plasma-enhanced CVD net hod, or the
i ke can b[ﬁo.gjed. The gate insulating |layer 152 may be formed by an

oxi dation "of "10 nitridati on nmethod by high-density plasma treatnent, a

t her mal oxi dat i dlextyrételpatt, inpdatingdayer k&2 isHemed solre tgeaver hesahgendigtor ayer 152

is formed usi ilican i by, a pl.asng- t . 76] Next,
a conductil%erlrg@?eeir‘gaf ?fﬁfrecaﬁg\%?e lpguégﬁlgﬁg’?ﬁgﬁgg%%?ib% aye‘lrg&gfﬁ[e%gnd t hen
15 t he condetethateridlayddctddsirgn ailees edidepaliter mgdte, siiton axypuitddgtsdicoined
shape, wherehy the gate el ectrode 154 is fornmed.over the.sem conductor

| ayer P50 HEKE ids, ApgymusH X ﬁg‘HE‘PPWeme‘%ergFug&ﬂ“%eow S 4oy a - tvD

][fet hog, a Hpdet @iiha?hﬂmiuﬁp%xiw, iahtlalukﬂ kéxide] hendc el Uikiei v eAl mﬁ&xr)dggm be

orned using a netal such as tantalum _tungsten, titapiu no enum

al um num %@ﬁ‘ﬁ@ﬂméﬁ%rﬁa@rﬁ“‘ﬁ?mﬁi Bﬁ?ﬁﬂﬁ Ko ‘ﬁoﬂf’étr“f“saélﬁfaﬁrﬂt%i/tcﬁﬁ c3(‘%’5‘?&’*ai ni ng
the nmetal gGombd, IndBrRxSRNE.NPkery BethdR PR CARINBENCYD thétRodet e May be
used. Alternatively, silicon to which an inpurity elenent inparting

conduct i vilike ¢an begesed ofhetgnée inswatingalayefel Wsway bp dormef b ¥ BHEHIONHE gat e
el ect rode Lodi; 5@@ A1 1a30h GehBMEE 2 GRAM Gkidi@od B¥EEd, 3PHen thi's
errbodifr%rgntr?léédaesl%r#%nd cft}“}l It gnesély?ea of gne. eFr%odi ment of the disclosed
present i nilent ildere,i thenpate | instilating talyerr 6. is| formerk vsing esilignar exidpdygat e

el ectrode 154 has a . structure, for exanple, a nolybdenumfilm a
titani um fﬁglf’sﬁ'?a %Iﬁl??cteg\g&?mgﬁﬁxrii de film or the Iike may be used as a | ower

| ayer, andoamlal um numfilmor the |ike nmay be used as an upper layer. In
the case of a three-layer .stryuct.ure e | ybdenum
film an al uni nﬁﬁxgialc fuﬁﬂﬁe f<:§yerm)lf 31;%%8%8?11&? ?‘%(gﬁq © %tslgit%%{cgz%gerg?%,ﬁagg Sl}egoof a
titani e fihk Rbndudtiad kpdrrisi prokcedsed (paneined)tintoanpradetérivimd shepet whelebk &renay be
enpl oyed. Alternatjvely, .a stacked structur f f | e may be
used. [ 0053 electrode ﬁé Torgef VPR o feBIGP ‘f%gola%\?gl%élgé%zﬂ(%éﬁ%%s a mask,
an i npuri t yn@h@eNdyek BRADBE fdifhed Dy £ ONTUBEihvi y spuppsng metddedr the likke

sem conductor | ayer 150. Accordingly, a |low concentration i ri.ty region
156 and a FeRFREHLRRlayss ‘faaﬁ’ei Hﬁtﬁ&gﬁélgraefa?%wu B %“%[“&%f“&g?%%r snéueIX’Fl G 5A).
Here, an i gpibidiing! SiRBhm, Scopgete disemiubgt ot hfobiuur i Myrecemncant aladyi on i n
each of the I'ow concentration inpurity region 136 and. tg? | ow concentration
i npuri 2 reqgfadnng Hg mefal asits PEIIAIFRONGT LT A EABPYYC FOYREE ea‘f‘?)"\Plysl_ FENE. Note
that in th{és%d.emﬁghﬁﬁr@fy; siliBéh EARiCHNAN Bopafity BlRmERt YnpRHRERBLdICHPRY I NQ
n-type con uct|V|ti%k(for exanpl e, phosphorus, arsenic, or the like) is
added to té#ddedor beftkemanbeusa- | ayer 150 i s described; however, one

enbodi ment @kt he present invention disclosed hereinis not linmted

t her et o. Ah ir;purity el ement inparting p-type conductivity (for exanple,
boron or the |i kihonglythbgatgatietiodeol Stheformpd eortrisngle-13vayendyatige laygt e t hat

| {he, £ase, wer €A ch TP UL L Yo B BPEicd FRAL bhBGHRER P ErcCARANE! Sty | S
added, “the appropriate’range of the inpurity concentration is different
invention is not limited thereto. In the case where the gate electrode 154 has a
two-layer structure, for example, a molybdenum film, a titanium film, a titanium nitride
film, or the like may be used as a lower layer, and an aluminum film or the like may be
used as an upper layer. In the case of a three-layer structure, a stacked structure of a
30  molybdenum film, an aluminum film, and a molybdenum film; a stacked structure of a
titanium film, an aluminum film, and a titanium film; or the like may be employed.

Alternatively, a stacked structure of four layers or more may be used.
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15 fromthat in the case where an inpurity elenent inparting n-type
conductivity is added in sone cases. [0079] Next, a mask 160 is
formed so as to overlap with part of the | ow concentration inpurity region
158 (see FIG 5B). The mask 160 can be forned in such a way that a 20
resist material is exposed and devel oped using a photomask, for exanple.
Here, the mask 160 is fornmed so as to overlap with at |east a region of the
| ow concentration inmpurity region 158, which is adjacent to the

sem conductor |ayer below the gate el ectrode 154. [0080] 25Then, with the
use of th e electrode 154 and the mask 160 as a mask, an inpurity

el enent iﬁ'B r'ti ng one conductivity type is added to the sem conduct or

| ayer. Accor di niyleyt, withi the uihef the ghteodertrodd 1 3¢ 2oa niask ani inpuriggilenent62 and

concent  at B R 09 AT Bive SERaNE hSTIRAHEY FEF 10T A PUAh 168 are
formed (segi &encéihtiot RiRirityPfegiofiPlisi dndl a3Qweloasmhtidsingudedregntlisat the
impurity concentration in each of the hig conc_ené tion inppurity region
162 and t Hse Mrged s8Rt PAY I dEFTe rABUPIRRPD: BigmeE liéa ‘?adssos t {15 148 1 x

1019 to 1 %nddadicd AeidnBr dOidy lBadentrfon! RSUEION SN abb GRdi BB USKLY Tegion
166 is adjacent to the channel formation regiqn 168 and the high

conﬁentégatdoucﬁrﬂtrﬁmnihm}lﬁtye”gﬁigm 13%i#4 sptrio ahow Serrdbdionend0 Afopisicnt heNelgep, t he
mask 1 i.s_remved, 1 Nex I nsukat : j d so as
to cover tH& lsng%“?:oerlflyﬁglt%%rnl’l %ﬁe?gsi@g?er%@ @dﬁnééﬁﬁgﬁi#é%fggeﬁ- 52, the

gat e el ectdondectilfig, (fanaxarygle] iphesphems, ErsenBClor feor lisxanpladded e fasul at i ng
R LN N T e e L,

nitrid s _ i ride oxi al’um num ride, or
al um num oxidgion Alidceisedhierét] Y5 ndthBmited uheasto.ngAh aypnrity7 Slement ingaftmgned usi ng

an p-type conductivity (for example, boron or the like) may be added to the semiconductor
layer 150. Note that in the case where an impurity element imparting p-type
conductivity is added, the appropriate range of the impurity concentration is different

15  from that in the case where an impurity element imparting n-type conductivity is added
in some cases.

[0079]
Next, a mask 160 is formed so as to overlap with part of the low concentration
impurity region 158 (see FIG. 5B). The mask 160 can be formed in such a way that a

20  resist material is exposed and developed using a photomask, for example. Here, the
mask 160 is formed so as to overlap with at least a region of the low concentration
impurity region 158, which is adjacent to the semiconductor layer below the gate
electrode 154.

[0080]

25 Then, with the use of the gate electrode 154 and the mask 160 as a mask, an
impurity element imparting one conductivity type is added to the semiconductor layer.
Accordingly, while the high concentration impurity region 162 and the high
concentration impurity region 164 are formed, the low concentration impurity region
166 and the channel formation region 168 are formed (see FIG. 5B). Here, an impurity

30  element is added so that the impurity concentration in each of the high concentration

impurity region 162 and the high concentration impurity region 164 is set to about 1 x
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10 organic material having heat resistance such as polyimde, acrylic,
benzocycl obut ene, pol yam de, or epoxy. Note that the insulating |ayer 170
is not an essential conponent; therefore, the insulating |layer 170 is not
necessarily provided if there is no particular need for it. [0082] 15Next,
the gate insulating layer 152 and the insulating |layer 170 are selectively
etched, so that contact holes which reach the high concentration inpurity
region 162 and the high concentration inpurity region 164 are formed. Then,
t hrough the contact holes, the electrode 172 which is electrically

connected t@ th i.gh concentratiaqgn,i [ i-on. qgli €rcp

sem conducltoortol 1§§21r0 1%6‘“%%13 "t H\gowel ea(t:tthr%glg‘ev él%ﬁénﬁél%ﬂmﬂps pegEablelc6t6rllscal |y
connect ed ddgicéhigo thic ghar@elfoRiMtioA réghoh 168md itieyhigleginoentrhfidn intputiberegion

sem conductor. | ayer, 150 are, formed (see F D). Not.e that when the contact
hol es are ¥o4rifries enghodiasnt o ‘%é"trﬂéetsé‘fﬂ’ﬁﬁnﬁ’rskfg@‘frmwﬁddry et chi ng process may
be used. [[@@ﬁ:}] The el ectrode 172 and the electrode 174 can be forned in
such a manner "that a 25 conductive | ayer fornmed byéﬁl sputtering method, a
vacuumSevapor at NsHt A ieatingoleyeHd 01l fEmpPd &y BEPYT IS STUEHEL O YT exanpl e.
Each of thggelrclionshihe 1R 15DemelsaetelRe6del T, aad iRelifeossEAausCNg a
materi al such as” al um num ‘tungsten,” titanium tantalum nolybdenum

ni ckel , plEariesamplecdp pesulatipgfayer §70 ¢asybe fopmghHEse 2 PRFH) fdn$s dlifoBon, or
silicon; of;an i UCRLONLAAS ARY, nkiflES RitlB, & al s as
its main 3 l%oﬁgighrg)r{ftﬁﬁﬁ?ﬂo%%%?ha each 10% the el ectrode 172 and t’hé

el ect r ode dlifinmmyotidee Adtegiatigéln- thayissulatinguleyerr E7lomay bet forked| uging @6t ur e.

[ 0084] .As _an_exanpl.e . . e and the
el ect r Ode ¥FHC glr%%gilfﬁ(;af lr}}(%ohnef1 ggeﬁﬁﬁa‘%a%ugyﬁaﬁ%ggéﬁh ésctl]yrqrg;f h%%g%ggﬁtzéand

cont ai ni ngpalyaakiéd, ot egoxpe Wote ¢t tHerinaudbdling ilayas 1 7A@nis abt amessamhiglaiomipogentl um num
as its maip c onent .and al s ant aj ni ng_ni ckel..an i.ther on f. or both
car bon ancltﬂﬁrle OII;!%& e myyatne @Y‘vg‘ﬁﬁd& g neé)%%an% & fieﬁdclg t%r%fsurrlﬁ umand

al um num spdeti&anit. (Al - Si) have | ow resi stance and are i nexpensive, alum num
and alum numsilicon are suitable as a material for formng the el ectrode
172 and t H@%lectrode 174. In particular, alumnumsilicon is preferable
becausgs gener at init, @fe @utdlinklifglg 16707 102 afdl fRriessailg 1dyer tTedre selectivelgri al i n

which Cu is mxed into al umi numat approximtely 0.5 % may be.us i nst ead
of sili conctched] sothay contact holps, wh rE“acgethW]i‘éﬂhecoé‘&%ﬁm 0 PR B Poe 172 and

the el ectrgpand fidh eSnckRtBH ithPurlif ¥&sich 50426K €HmS4.I UNtied] @rough Heankiact
structure of a barrier film an alumnumsilicon film_ and a barrier film

a stacked kalesycdhqelscterdeql Baphichristglegwically compertsdun el high FORSIEHRNIOR i t ani um

nitride fiﬂﬂﬁmﬁﬂfé RnPRR ihahe Sithibndifctok N5y ek 1156 B ¥ndBlestifd 174 Oxhigx anpl e.
Note 15 that tHe gather filmrefers to a filmfornmed using titanium

ni trid2 of eledtticatly urpuneeted bide lam high t pangent@tionpinyyaibh 1RgioBr 18hen| tige. When
barrier fi T q A &Be m jo b Jid eration
! 6 thf b GreSRRHY e RIG. 3DYM RU Rt MHeR thd ddnfhet SRS
of a hill o%:e%ﬁ%an e %gé?t ﬁer suppr egssed. Moreover, by form ng the bather
filmincl uatk figmedtethenawetwivhing process driaghty gtchiag prackisanaylbemet | even if a
t hi n oxi de fO'h%]m is formed on the surface of the sem conductor |ayer 20 150
or the Ii k@, he oxide filmis reduced by titaniumcontained in the barrier
film whereby faheribiralecintaad themtomednl Mhandeforedde suchra thanper thatred t he
el ect rﬁ)éi esco(il Qctlt‘).’ee la(.)y%'% ﬁ)lnrr]lgéj by a sputtering method, a vacuum evaporation method, or the
like is selectively etched, for example. Each of the electrode 172 and the electrode 174
can be formed using a material such as aluminum, tungsten, titanium, tantalum,
molybdenum, nickel, platinum, copper, gold, silver, manganese, neodymium, carbon, or
silicon; or an alloy or compound which contains any of these materials as its main
30 component. Note that each of the electrode 172 and the clectrode 174 may have a
single-layer structure or a stacked structure.

[0084]
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[ 0086] Accordi ngly, a sem conductor device including the

transi stor 180 which is used 25 for high voltage and a | arge anount of
current can be manufactured. [0087] As di sclosed in this enbodi nent,
the conductive | ayer is provided bel ow the sem conductor |ayer, so that the
I mpurity concentration in the | ow concentration inpurity region is not
decreased, the electric field in the I ow concentration inpurity 30 region
can be reduced, and the drain withstand voltage can be inproved. That is, a
sem conductor device in which the drain withstand voltage is inproved while

the on-stat o cuntcRioddob &l ORY FaNGPRPURHLER ok 0l BTRAl et 2

In this enbodi nent, an exa a method for manufacturing a
seni conductlioy ceuthisingaleninhimeh its awril coropedntf asd contoinirecuiektl carobe gigel.ce wi | |

be 5 descri bed.. Note .t hat the tpﬁ for. f ' ] ctor
Substrate ljlnna%ﬁﬁllog’ ky lfc()’ icﬁ%tﬁfmnén% glmn%?tlﬁsgg&g c?r%ﬁl&?glﬁléﬁlp g%c?ﬁlgc?% a E
sen conduatickel sathsithendre dfior botk cafbon endsiticamad be ghed asrem éxampls. ¢ Birce

described with reference to FEl GS. t,o 3F, have a |ot, in conmon.

Ther ef o e, YRR @P@Fﬂ“ﬁbéﬁlﬁ% (f‘f’ gpn by v oteaNanee A A BT Rt will be

Ergi)glg%/ deseﬂ‘ﬁxhiiFa_eﬂL dﬁﬁhiﬁhnﬁﬁféﬂ §ifiBLart mi&bﬁ&i ggﬁh_tértal 6fr formitdths efb@t;tiﬁléﬂdg IA;YE ntT-h
irst, the base sufstrate .i s .prepar see ) 3 e

af or ement | BdEe deAvsds heht 2 BertipHay @F’é‘f“r‘“gbsﬂt“i?“fl&’re r@g%j%ﬂ%?‘ga BEREEPPpt i on of

the base sybstyimic® kA0be ThHristaul Futihg, laayeferidiOth whichoCaad miked ihtbe base
substrate 100 (see FIG_ 6 2 The 15 af orenmenti oned enbodi nent can be
referred tajurhisimat epnredimaglydes bt boysed instepdof séaoPat i ng | ayer 104. [0090]
Next , fohe @Qggﬁ substrate 110 is prepared (see FIG 6B). The aforenentioned
enbodi ment® can be referred to for a detail ed description of the bond
substrate 110. 20[BQBk]where each of the electrode 172 and the electrode 174 is formed to

have a stacked structure, a stacked structure of a barrier film, an aluminum silicon film,

and a barrier film; a stacked structure of a barrier film, an aluminum silicon film, a

titanium nitride film, and a barrier film; or the like may be used, for example. Note
15 that the barrier film refers to a film formed using titanium, nitride of titanium,

molybdenum, nitride of molybdenum, or the like. When barrier films are formed to

sandwich an aluminum silicon film, generation of a hillock can be further suppressed.

Moreover, by forming the barrier film including titanium, which is a highly reducible

element, even if a thin oxide film is formed on the surface of the semiconductor layer
20 150 or the like, the oxide film is reduced by titanium contained in the barrier film,

whereby favorable contact between the semiconductor layer and the electrodes can be

obtained.

{0086]

Accordingly, a semiconductor device including the transistor 180 which is used

25  for high voltage and a large amount of current can be manufactured.

[0087]

As disclosed in this embodiment, the conductive layer is provided below the
semiconductor layer, so that the impurity concentration in the low concentration
impurity region is not decreased, the electric field in the low concentration impurity

30 region can be reduced, and the drain withstand voltage can be improved. That is, a
semiconductor device in which the drain withstand voltage is improved while the

on-state current is obtained can be provided.
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The bond substrate 110 is irradiated wwth ions, so that the enbrittl enment
region 112 is fornmed (see FIG 6B). The aforenentioned enbodi nent can be
referred to for a detailed description of the enbrittlenent region 112.

[ 0092] 25Note that before an ion addition step, an insulating | ayer which
functions as a protective insulating |ayer nmay be forned on the surface of
the bond substrate 110. Needless to say, it is also possible that the
insulating layer is not provided; however, the insulating |ayer is
preferably provided in order to prevent contam nation and surface damage of
t he bond S rate 110 due to later ion irradiation. The aforenentioned 30
enbodi nent" can be referred to for a detail ed description of the insulating
| ayer. [ O0QE&jbodimennul ati ng Iayer 190, a conductive layer 192, and the

i nsul ating | ayer, 4 C over on st.ra (see FI G
6B). The descrl }%ﬁ ?gﬁgyﬂﬁﬁbaF% i am“ 0? %g%%@ %%4&$ﬁ&%%g%% 8

af or enent iseﬂmﬁ&mdaﬁdsmmte wiich tdae Ha h&drrﬁy doesenm:baduce:d devideowill be

moul 8l ngeRaen 190 4 i ee PR o her e SRR SRS RaFnsul at i ng

| ayer 190 dnfbodfthen® dndy@é Méthed) fbis nhnufaedrii®ra Edihﬁc@idhash@ﬁmratet femefore, the
i nsul ating | ayer 190 does not necessar]l

hav | whi iml
to that ofafergentinngd %PWF’&}/%’P“&EF@%WF%W 1 H%fe eﬁé%nt%ftlfgﬁg”fﬁy% Lasl"le mI nar

addi tion, fhg iipssndhdfg ITﬁé’l‘éforeloénlysdﬂ?@ienﬂgﬁﬂﬁ§aﬂ'rcbﬂl)/thbhﬁfo&%{@u@r&dt he
insulating |ayer 114. The description regarding the conductive |ayer 102 of

t he af or entsphodiped valtbbrlimpiHy deserisd widh é?fﬁ@ﬂcec & FLESadfetoabt d Bisscription
of theys ﬁﬂM&ﬁhﬂ ¢l ayer 192, 10[ 0094] Note that in this enbodi nent,

t he case ere e insulating | ayer 104 is formed on the base substrate 100
si de and tl988%lnsul ating layer 114 is forned on the bond substrate 110 side
i s descri bed; Y Ry eRtdpRadhec! osed
herein is not I?#%f%%]Fﬁggggggggbaqgkgﬁ%F%bﬁ%%ggl at?ng %aygr may be 15
provi ded omh!;odunemhmﬂyaskrrsdmsﬁor aﬂaailﬁaiesiri@epn oiithe h@elsuhsurhfatm%g Theyer may
De O V' gl 85y 1 ORmRDR B ohdOTAE: [O8RL o, gy e

enbodi mantafelfenich@orpd aﬁﬂmﬁlmmeuam Toen refersed dxsddr Iaed@mh:m éesmmimnnmﬁ dw
effective. |s HS 28‘£ecause the effect due to the conductive layer 192 is
reduced mh@ﬂl?ﬁg MEW¥4ting |ayer 190 is too thick. Note that the thickness
of the inspbadii ng | ayer 190 has a meani ng which is S|n1Iar to the interval
bet ween the sem_conduct or be for conducti ve | ayer
165" For ' exanp! e parom bt by areonsdgrosrdbebpl  of AREEBUPEL |t he

interval baﬁmaﬁerﬁeaaweﬁe@%&@aemweresamoﬁ BEthe basiLmbiteee 11@yer 192 be
| ess 2250th[%8910]r equal to 5 p.m [0096]

The bond substrate 110 is irradiated with ions, so that the embrittlement region
112 is formed (see FIG. 6B). The aforementioned embodiment can be referred to for a
detailed description of the embrittlement region 112.
[0092]

25 Note that before an ion addition step, an insulating layer which functions as a
protective insulating layer may be formed on the surface of the bond substrate 110.
Needless to say, it is also possible that the insulating layer is not provided; however, the
insulating layer is preferably provided in order to prevent contamination and surface
damage of the bond substrate 110 due to later ion irradiation. The aforementioned

30 embodiment can be referred to for a detailed description of the insulating layer.

{0093}

An insulating layer 190, a conductive layer 192, and the insulating layer 114
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After that, the base substrate 100 and the bond substrate 110 are attached
to each other (see FIG 6C). The aforenenti oned enbodi nent can be referred
to for a detailed description of the attachnent. 30[ 0097] Next, the
bond substrate 110 is separated into the sem conductor |ayer 120 and the
sem conductor substrate 122 at the enbrittlement region 112 (see FIG 6D).
The aforenentioned enbodi nent can be referred to for a detail ed
description of the separation of the bond substrate 110. [0098] In the
structural body (hereinafter sinply referred to as a "sem conductor 5

- substrate’), gtgém%v@r%hgﬁ&ﬁf gu@&@at@?ﬂ%@ee ﬁg;. R8BS ﬁﬁ%eg&igtﬁag rSaRA AL On step

or the ion additron step exist on t surface of the sem conductor |ayer
120, and phsaseing tlayenfo4 in¢hesaforfcmentioned iempediment, arfitbe bkomay be raferraddat f or

reduci ng def ect f.the m canduct or | : I1gh MPr ovi ng
the sur fade” Bramahieity B EaSQRHIE sl fhq de hodt RRLARR a0 ™0 20008,
I n this erdaddharmnilatingdayeelon Noe taf the iisulafing hwerskOfiic notdulsyeawhichyier 120 and
improvement in planarity can he realiz in su way, t hat t.

son corfauciset fraye pbiybaid Beretiel GF artaten Tkt it B We bRt i
6E) . The aflgfarpRkicld BadnRarho diden theGastldiag 18ket04shd® thomsdatietlayd ed
description thereof. In the case where 15there | s _no seri?qlééﬂspuﬁobl emin the

def ects and4t hi addpicgcte gisulabps fa}’?r 1Hds patepesprty herspmg as B8t ment

itsel f mayzfe 1991 tiiRAesddPpliORkegarding thhCoRhiGtiRIlayer W2STMhE O hdneguUbSt I at e-
havi ng t he conductive I%er 19g2 bel ow t he sem conductor | ayer 140 can be

fornmed (secabpiimensgan beyeferadip)for a detailed degchponpfibrgsopdvfitive {4yer ¥4se where t he
condugltoi vettoi)] er is provided on the bond substrate 110 side instead of

provi di ng e conductive |layer on the base substrate 100 side is descri bed.
In this way, as Notrihatds this embadimentethtease et teomelrtingeyer 404k fgaedw t he

25 ef ot o A e B R e O AR T cad
her ei n carsubgrachi Hi sidel iedewribdte rhowvesanono ndbediventsefh e rpresent vegnby any
et 00 1 e, R, o ARGy g, B B BHgLT e
15 provided only on the base substrate 100 side, or the insulating layer may be provided
only on the bond substrate 110 side.
[0095] .
The insulating layer 190 is preferably not too thick in order that one
embodiment of the present invention disclosed herein is made more effective. This is
20 because the effect due to the conductive layer 192 is reduced when the insulating layer
190 is too thick. Note that the thickness of the insulating layer 190 has a meaning
which is similar to the interval between the semiconductor layer to be formed later and
the conductive layer 192. For example, the insulating layer is preferably formed so
that the interval between the semiconductor layer and the conductive layer 192 be less
25  thanor equal to 5 um.
[0096]
After that, the base substrate 100 and the bond substrate 110 are attached to
each other (see FIG 6C). The aforementioned embodiment can be referred to for a
detailed description of the attachment.
30 [0097]
Next, the bond substrate 110 is separated into the semiconductor layer 120 and
the semiconductor substrate 122 at the embrittlement region 112 (see FIG. 6D). The
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[0102] 30Note that this enbodi ment can be inplenented in conbination with
any of the other enbodinents, as appropriate. [0103] (Embodiment 3)

In this enbodi ment, one exarrpl e of a sem conductor device different from
that of the aforenentioned enbodi mrent and a manufacturing method thereof
will be 5 described with reference to FIGS. 7A and 7B, FIGS. 8A to 8G and
FIGS. 9A to 9D. Specifically, a transistor which is one exanple of the

sem conductor device will be described with reference to FIGS. 7A and 7B. A
met hod for manufacturing a sem conductor substrate used for the

sem conducfal. dayincs e\q‘lblo!il Gt &3 Cl{e' Red fh f(freg CleEies cfegl:rﬁ:)h@ ofSfiet 0 8G A

nmet hod for manufacturing the transistor which 1s one 10 exanple of the

sem conducseparatitenif the band bubiseatddt&ri bed with reference to FIGS. 9A to 9D.
Not e t hat b?&s transistor in this enbodi mrent has many conmon portions with

t he transi[s r] described in the aforenentioned enbodi nents. Therefore, only
di fferent porti @&nghe Etﬁmdrdflebcaifyoﬂefmfﬁﬂeﬂsiﬁq;hemtfadédrmhsw ’lsbmhﬁndi&fm:ri bed in
this enbodiment with reference to draw ngs FIGS. 7A and

7B, a tr ar¥PeEsy) fHmes o dewrBed 2bovsH éefe?ts th“é t%gtm LAt Yep abmeclen. s

i 11 ustrat eghgddRig ek& ogﬁae' SRrffcLIORS saﬁ%ﬂdgae} 1ayerem ARfplhady §Bmks a pl an
view. Note that FF is a cross-sectional view taken al ong |line A-B of

FIG 7B. |wrfa@mi8tltn@wred| n Th¢reforeg Breajmeant @rdﬁdwr&)@ﬂf@r‘ﬁ of the sewiropdustPTf or
Si rrpl i ci tyla%e%q[fzg po%Jeatment fo érro@f?lﬁ'tgé gLaVI ﬁlahllﬁty%tfrﬂ?ct é%%xédﬁdﬂt&ﬁaye}p‘ and 7B

is formed oVer the base sub ate”1 g an“insul ating surface. Here,
bet ween t hi20tis perfinsedr 280 and t he base substrate 100, the insulating |ayer
114, cowﬁﬁi ve | ayer 208, and an insulating |ayer 206 are formed in that
or der é base substrate 100 side. 25[0106] The transistor 280

i ncl udes the gafe thed aﬁbcrcﬁxdmtlﬁaducttoheinrdeijphtsmfnhfemieaﬂdmtoﬁ }atperrlﬂoyanxlegi on 162

first i ur|t , .Lhe h trat LY 164 d
|(rrpur| tymrjlgﬁ’lr‘br‘??l%gt?iﬂé’l%n& cBR e?lgztgagﬁgﬁh%ul?vg?ylaﬁ:e;%%cn cloélg ¥(§ i Ens)ﬁ(r:?'?y

120 is irradiated with the laser beam 130 (see FIG. 6E). The aforemennoned
embodiment can be referred to for a detailed description thereof. In the case where
15 there is no serious problem in the defects and the surface planarity, the laser beam
irradiation treatment itself may be omitted.
[0100]
Accordingly, a semiconductor substrate having the conductive layer 192 below
the semiconductor layer 140 can be formed (see FIG. 6F).
20 [0101}
In this embodiment, the case where the conductive layer is provided on the
bond substrate 110 side instead of providing the conductive layer on the base substrate
100 side is described. In this way, as long as a structure having a conductive layer
below the semiconductor layer can be obtained as a final semiconductor substrate, an
25  effect regarding one embodiment of the present invention disclosed herein can be
obtained even when a semiconductor substrate formed by any method is used. That is,
it can be said that a method for manufacturing the semiconductor substrate is not limited
to the method.
[0102]
30 Note that this embodiment can be implemented in combination with any of the

other embodiments, as appropriate.
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region), the channel formation region 168, the el ectrode 172, the el ectrode
174, and the 30 |like. The gate el ectrode 154 has a function of applying
voltage to the channel formation region 168 through the gate insul ating

| ayer 152 Each of the high concentration inpurity region 162, the high
concentration inpurity region 164, the low concentration inpurity region
166, and the channel formation region 168 is forned using a sem conductor
material. In terms of elenment characteristics, it is preferable to use a
single crystal sem conductor. In addition, an inpurity elenment inparting
one conduapi jty type is added to the high concentration inpurity region
162, the high°5 concentration inpurity region 164, and the | ow
concent r at(Eorbodmmputr 3}ty regi on 166. Note that the inpurity concentration in
t he high concentration i.npurity regio t o} i inmpurity
region is set t %’l’sveéjﬁ%ofi%e&lg’iofl ye}({:ao %eeﬁttsar%?} %orlll?'?%%v\dgyg??fﬂi%%% gs%ﬁl%fter abl e
that, in affdthe iforekestonct eznthvditait eandus reatufefuring emethadh shaeadr wilBOGeconst ant ,

an inpyrity elenent be added e |lo eptration i ity region 166
at cer 3ai r&i‘ﬁ@&ﬁ%@ﬁhﬁﬁ 6% Ffﬁ’%o% and %’Cﬁﬁgi %J? ISF'VB‘%# ggg‘\tg }\rfgﬁge added
to the chagyelfichln] ABtdnsiBor @GiddNis dnerexamplpdfethe aemicoidikiok eake mabei mpar ti ng
conductivity different fromthe conducHLvE{y of t@s Eigh gﬁncentration
inpurity r%ﬁ?ﬁﬁddﬁﬂlfﬁ@mpﬁhﬂbdﬂg§n€ﬁaf? ﬂ"nﬁﬁﬁP? d &y pAn ABE 15 added.
Needl ess tQuS@¥ducidt dulBtkHd L¥ede R BB iseinBadlctdr ddviRe WillmBe aewAbet wrthty as the
conduct|V|téﬁ§f t he hlgh concentration inpurity region and the | ow

concent r atielsrercppuFIGSy BadeBen fayethed fonmepulaptpiinge g deaysfor YEbE °"Phe hi gh
concenfy at x&?l lRURd LehibEdhQB dhee(dillN it des el inkidh feRGIn0O )0 FERDAGEENt 20 to
the channel fbrmation region 168. The channel formation region 168 is

adj acent t¥D.t Motk dwet Serivasistonin bis dmeditany haseghwhcongeon qRiHoRsowjth the
concentratjon. | A Yy Eeql o b Sneyd] : t i1 8hGoNEEeQLLat i on
impurity r%%ﬁg%gggﬁ#%ﬁaﬁfﬁg??m%%gmﬁﬁgﬁ'%2%%@%?%§tfgﬁﬁﬁﬁﬁq???y (ggpon 162 is
el ect ri cal poti@sninec tledafbmntehiors emtboduieent %21l b Hiesduibgh i ne embodimersn
inpurity re iqg 1%gk;lﬂghpgtrically connected to the electrode 174. 25

Her e, altﬁﬁﬁ%ﬁ THEC oW E0REent rati on inpurity region may be provided

bet weers t h@1ed4jannel formation region 168 and the high concentration

inmpurity region_1 in ter of keepi the on-state.current he | ow

concentration i rlr‘ﬂ)gfq}§j}} o @r 3 émﬁf’sggéﬁﬂg%ﬁ ¥ Br vt 3 OgﬁTeyse%rl\mPﬂ&eCt?{i gh

concent r at df¥Reeiigtustiated. r Hgie@IG( A i3ci drassisagioas! vaevg aad R)G. §Bdea plaf ¥89] 30Not e

that al t hough t he terg?PeIectrode" is.used in thq.apgﬁf, &Q&rgBis t he case
TA 1 e A-B of . . In

Note that FIG. s a cross-sectional view faken along
addition, in FIG. 7B, parts of components are omitted for simplicity.
20 [0105]

A transistor 280 illustrated in FIGS. 7A and 7B is formed over the base
substrate 100 having an insulating surface. Here, between the transistor 280 and the
base substrate 100, the insulating layer 114, a conductive layer 208, and an insulating
layer 206 are formed in that order from the base substrate 100 side.

25  [0106}

The transistor 280 includes the gate electrode 154, the high concentration
impurity region 162 (first impurity region), the high concentration impurity region 164
(second impurity region), the low concentration impurity region 166 (third impurity
region), the channel formation region 168, the electrode 172, the electrode 174, and the

30 like. The gate electrode 154 has a function of applying voltage to the channel
formation region 168 through the gate insulating layer 152. Each of the high

concentration impurity region 162, the high concentration impurity region 164, the low
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where an electrode is part of a wiring, so that a distinction between the
el ectrode and the wiring is for convenience. In this manner, there is the
case where an electrode and a wring indicate the same conponent, it is
not necessary to construe the electrode or the wiring with the limtation
of these terns. [0110] The high concentration inpurity region 162 functions
as a source region of the 5 transistor 280, and the el ectrode 172 functions
as a source electrode of the transistor 280. The high concentration
inmpurity region 164 functions as a drain region of the transistor 280, and
the el ectrpdgeddfioh Liﬂlﬁﬁﬂll?r}%%ﬁﬁ 186 dﬁrﬂ fhe &h&atel 2malin tr o (@R Rl 280. The
| ow concentration inpuri egi on 166 between the concentration

i mpurity reghHa sasigongdygtor méte@hbn llieteﬂilmfrd@m@n Chfe‘gtptwtl%fi’t ihgsferalilamct i on of
reducing t g r i t wee o t|on urity
reglon 164n§h§ E‘S g%ﬁ%#ﬂ?%&ﬁg?lgﬁlgg&?%hgﬁg@p&%ﬂe %ﬁﬁé%%%e

transi st or c@ﬂiﬁcmstyp&ypa/usdectﬂeWtbhht fxéehl mmcemmnanunnpmmgrregmmuﬁitmerlfr@ on 166,

so that_.the_ av nche breakdo act. i.oni.zati.on can
RRRBRERNI < S S e e B R

15Fur t her , Notegthstrtanghpakior co&8ﬁ1tﬂaﬁoﬂ fi the Aishedhdmratidadmptiie reg:m@hwxultuee | ayer
208 belom/ihe sem canduct or ¥§n. Therefore, the electric field in the | ow
concent r at o%c‘?nﬁfﬂﬁ’fafl??mflw%ﬁg dS 850 BIYeR JURIEH FOPPRBGER oI BTS The

conduct i vepledstile 228 ibetdeid keptihabsbaicdurrdBlof the @h@Gdidr 188l dovstganfect ed to
20 the channel  formation riglon 168. Therefore, opposite Eolarlt _carriers

gener at ed BYPUTiRhslemepths addedoiy the o eongentatione HRUsiln dRgion K26 &b ive

| ayer 208. c&iRent@¥@dap!l e, in an n-channel transistor, holes are generated by

i npact ionization; however, with the use of the structure, t he hol es can be
renoved. THYP& ore, the aval anche breakdomn caused by inpact ionization can

be suppressed ang, Eﬁqurﬂ?@léhéﬁt S ADGINA! £3RE Rhnrkl Rk ARRliot 86, can be

further inproved. above en t conductive
| ayer 208 pxanplowh duphrite Flswentiopsaing combwtyior diffarpet from e wodetinity af i on of

the el ect i ot diloflecthdiuo Bl G68on ARG Sy lBLikalitd HSLARF YL LAYE, caused

by the opposite po arity rrler € prevente
added. Needless to say, an impurity element imparting the same conductivity as the

conductivity of the high concentration nmpurity region and the low concentration
impurity region may be added, if necessary.
[0108]
The high concentration impurity region 162 (first impurity region) is adjacent
20  to the channel formation region 168. The channel formation region 168 is adjacent to
the low concentration impurity region 166. The low concentration impurity region 166
is adjacent to the high concentration impurity region 164. Further, the high
concentration impurity region 162 is electrically connected to the electrode 172. The
high concentration impurity region 164 is electrically connected to the electrode 174.
25  Here, although the low concentration impurity region may be provided between the
channel formation region 168 and the high concentration impurity region 162, in terms
of keeping the on-state current, the low concentration impurity region is preferably
provided only on the high concentration impurity region (functioning as a drain) side.
[0109]
30 Note that although the term "electrode” is used in the above, there is the case
where an electrode is part of a wiring, so that a distinction between the electrode and the

wiring is for convenience. In this manner, there is the case where an electrode and a
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30 decreasing. Therefore, the drain withstand voltage of the transistor 280
can be further inproved. [0114] Note that when the inpurity
concentration in the | ow concentration inmpurity region is |ow (for exanple,
when the inpurity concentration is less than 1 x 1016 atons/cnB), a region
having a relatively | ow conductive property is formed between the channel
formation region and the high concentration inpurity region; therefore, the
5 concentration of the electric field can be reduced even when the
conductive layer is not forned. However, when the inpurity concentration in

the | ow CORGEMEALIO bhelsBRY EhbYork ROl Pndhob sy |oWnstlont BRLALRRE el the

ti me when t ransistor is operated Increases, so tha e on-state
current dewmegsweth thf initdjonkdkkesotemsnbodi ment of the present invention

di scl osed &Uﬂuﬁ]hi s specification and the like, the conductive |ayer 208
which is etectrically connected to the sem conductor |ayer is provided
bel ow t he sem cdrgbigharonteayretion isputityagibhd 621 factionsiat b standregmhtofigle can be

i nprove i t hout Cregsi t he J.mpurity concentration.i,n the |o

concent amr 13?%38& @Pé&%ﬂ‘?ﬂ llp)r%r@?f&‘loﬁl?ﬁﬁ SOHfre e%f%%q%é)ﬂb@é{?g‘%‘ﬁf%ﬁot he

\mpors] it ﬁ PThhilch Yorkahitfdtion Smpafly @idhel_ﬁg:fami@mach drIi(i;&’égibﬁ of ihﬁ @raﬂ:iiié@Ct | in
ich the on-state current i s conpatible with t rai.n st.and vol t age

when a sub$¥% a’f“gthﬁ sisrigied it farstionses H&I%FlF%fEfge PE&S g@ﬂ?‘ﬁ%r% baige W¥bstrat e

can be achigyedraiah dnfuiRy RIBIACT66IHRWYRh Gl kiR cSIREAAMSE ihPurith Scgibrall 61

wi t hstand vol tage of the transistor is suppressed can be achieved. Note

that to supist Bsschappel dereaian gegion (% han asiuaetioncef redvaing theeclpqipe detd,

concengg at hQReddnt Aph! RRcARAIGGDMtRTLORRA 16ARIE e cHaRk FomFBYn R&iciet to

hi gher than or equal to 5 x 1016 atonsﬁcnﬁ, for exanple. [0116] Next ,

a net hod f &68. ndmthismannet, Hy teansiste 28hid peavised Fitghe leweconeirafion ingurity

sem conduc dend il i:he i r e E : G

Speci fi cal {eg{ont Eee@’ %gttﬁ%)td‘!hF %%%%@e%ggﬁé%h%ﬁlg%n% grll} %tt rlg%tlf{%ga\%’mp? be

descri bed supprbesediahd th gf-0d withst@&idroitage dag bbomprovesdbst rate 110 i s prepared

(see FIG @ﬁl} The aforenenti oned enbodi ment can be referred to for a

det ai |l ed description of the bond substrate 110. [0118] Next, addition

(irradisti on) ofFurthers tHeotrdnkBtob @8U is ulys termdbdiniehOhassthp ephdirctied Jay8024her eby

e T BT SRR B FRETR, S SuPh o AL RRL o
enbrittl enkigurite@iidn 166 can be favorably reduced.
[0112]
The conductive layer 208 below the transistor 280 is electrically connected to
20  the channel formation region 168. Therefore, opposite polarity carriers generated by
impact ionization can be exhausted through the conductive layer 208. For example, in
an n-channel transistor, holes are generated by impact ionization; however, with the use
of the structure, the holes can be removed. Therefore, the avalanche breakdown
caused by impact ionization can be suppressed and the drain withstand voltage of the
25  transistor can be further improved.
{0113]

As described above, when the conductive layer 208 is provided below the
semiconductor layer, the concentration of the electric field can be reduced, and the drain
withstand voltage caused by the opposite polarity carriers can be prevented from

30 decreasing. Therefore, the drain withstand voltage of the transistor 280 can be further

improved.

[0114]
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112. [0119] Note that before the ion addition step, an insulating

| ayer which functions as a protective insulating |ayer may be fornmed on the
surface of the bond substrate 110. 5 Needless to say, it is also possible
that the insulating layer is not provided; however, the insulating |ayer is
preferably provided in order to prevent contam nation and surface damage of
t he bond substrate 110 due to later ion irradiation. The aforenentioned
enbodi ment may be referred to for a detail ed description of the insulating
| ayer. [0120] 10After the enbrittlenent region 112 is formed, a conductive

| ayer 200 is forﬁﬂg%?ﬁ%t&%pggg ébfncér{g:%ti&lpﬁldthé Y7 b ReRirdibd i?’%gﬁ‘%g' G 8C).

Note that the co ayer can be formed by a sputter thod, a
vacuum evapgioat is dow nitrhompky whes thé kepurih eouestationt isdessothan Hex déffduct i ve
| ayer 102 i.n t%e

af orenenti oned enbodi nent may be referred.to for. a
ot i 1 od qHBRYREDT B EbR TPHEE AR o TPRNIvS pRPeA st tebveel gl e
C(ﬁndugt i }/&Haﬂh(ﬁﬁoﬂﬁ&@ioh&e@ﬁ@@ﬁ@ siedhigh abohesnaetihn inli}ﬁﬂty;ire}gi@delﬁ@ﬁhienﬁﬂ: shapﬁ,
thereby_ form ng a copductive er 202 (see FI D). [0122 . Then
an i nsut at FHGeTEYeR Oggﬂ elegtrie ﬁﬁ%ﬂ% f%‘élg‘fdoe‘%\)"gen g‘ﬁé’oﬂ‘ﬁiﬁﬂﬁ%{%’?fe‘s Peyer 202
20 (see Fl fgrm8E) -HohRerl Aabh BlelimPuritg8hced@4ichah e o VoiRatrhbondinipRARe

uff
simlar to that of the insulating t?ayer 104 in the aforenenti oned
enbodi nent regjopiptps low, the resisiance ptitbe fifpe yhap thedrapsisiar is opgaied IcHRMEFDyY partly

removi ng t g hosykdteicigedtAYGLase4 (see FIG 8F). Because a |layer to be
bonded later 1s formed over the insulating 25 | ayer 206, planarization

treatment [0d1Preferably perforned. As another exanple of the planarization

Lreatmpnt, elchingnd LRAJIROM: df UfleRBe v iiBR R £ WedHiohfith ant
g treatnment may be perfor y dry etching, wet etching, or a
conbi nat i othe dike; the crmtuttivetlater 393 whioh iaddfirically ¢oonedind tettichiemicandeciement |
o anar 2200 PEELF MR PRSI AEE STph I8 LLAShuBle e, |
[ 0124] be improved without decreasing the impurity concentration in the low concentration
impurity region. In addition, the problem caused by the opposite polarity carriers can
15 be suppressed. That is, the object in which the on-state current is compatible with the
drain withstand voltage when a substrate having an insulating surface is used as a base
substrate can be achieved, and the object in which the decrease in the drain withstand
voltage of the transistor is suppressed can be achieved. Note that to suppress the
decrease in the on-state current, the impurity concentration in the low concentration
20  impurity region may be set to higher than or equal to 5 x 10'6 atoms/cm’, for example.
[0116]

Next, a method for manufacturing a semiconductor substrate used for a
semiconductor device will described with reference to FIGS. 8A to 8G.  Specifically,
the method for processing the bond substrate 110 will be described in detail.

25  [0117]

First, the bond substrate 110 is prepared (see FIG. 8A). The aforementioned
embodiment can be referred to for a detailed description of the bond substrate 110.

[0118}

Next, addition (irradiation) of ions to the bond substrate 110 is performed,

30  whereby the embrittlement region 112 is formed (see FIG. 8B). The aforementioned

embodiment can be referred to for a detailed description of the embrittlement region
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Note that in this enbodi ment, the structure in which the surface of the
conductive | ayer 202 and the surface of the insulating |ayer 206 exist on
the sane plane is described. This is because a conductive |ayer to be
formed | ater and a semi conductor |ayer can be electrically connected to
each other with the conductive |ayer 202. Accordingly, as long as the
conductive | ayer 202 can have that function, 5interpretation is not
necessarily limted to the structure. [0125] Next, the conductive

| ayer 208 and the insulating |layer 114 are forned over the conductive |ayer
202 and theo nsulating |ayer 206 (see FIG 8G . The conductive |ayer 208
can be forned in a manner simlar to that of the conductive |ayer 200. The
10 af oreneffliYned enbodi ment can be referred to for a detailed description

of the insulati I 114. 10 . rd] ] bstrate
110 can be procg§§%§¥?%¥%333§%3%§$%3%ﬁﬁ%émﬁ%%%Pg%?ﬁ%%wg&ggﬁggﬁg&ﬁgtor
substr at e. prbecd?iAkulating layerheayabe femed tanothe dudade oeti the bond Substratx il e,

description regarding FIGS. 3A.tg 3F and EIGS. 6A to 6F) .can be referred to
forCa T ooBelfdsls wirtpabearihy® Beths tnotine s e andrvites B Ee Behrent of

t he base Smﬁsgﬂhf@t ryang ptdiaalg piovdddsinr @& tgr;de\&ﬁpzdnmm' iﬁmonfallﬁag;ﬁﬁgde ed
Next, a netho or nuf acturin sem. conduct or. devi i e descri be
with ref er%‘&"’éetoé_ t]v!‘fng%.“f sirgge é%.) %[“?)f?éﬁt‘?rF‘PG“@&att"é‘r r ig?)ﬁ H‘gnetn&o%leﬁl enl ar ged
Cr oss- sect bapsdimdit @y Ok rdteridd ©fford demire TbscAPEiACIraie iﬁéﬂpﬁin% #yer.which is
manuf act ured usi ng tﬁe bond substrate obtained through the processing

process. AP12dn be seen from FIG 9A, the conductive |ayer 208 exists bel ow

the segg conduct of sd @%EmbkmANcldne 16 WBHALd, Y @ohR¥EYe 1233 2806 bhfed
sem conductor | ayer 140 are elec?rlcall¥ connected to each other through

t he conducet the shefgaerof #gzbonfiatbstretndd 0 (vve FiefiClontivie thnt thagndychvelayen ust r at ed
o YR SR et Bl | DRk el P oo
di scl osed hke @dsmpté)n patthd (ioniimceide idyer H}2oin the aforementioned embodiment may be
referred to for a detailed description of the conductive layer 200.
15 [0121]
Then, the conductive layer 200 is processed (patterned) into a predetermined
shape, thereby forming a conductive layer 202 (see FIG. 8D).
[01221
Then, an insulating layer 204 is formed so as to cover the conductive layer 202
20  (see FIG. 8E). The insulating layer 204 can be formed in a manner similar to that of
the insulating layer 104 in the aforementioned embodiment.
[0123]
Then, the insulating layer 206 is formed by partly removing the insulating layer
204 (see FIG. 8F). Because a layer to be bonded later is formed over the insulating
25  layer 206, planarization treatment is preferably performed. As another example of the
planarization treatment, etching treatment (etch-back treatment) can be given. The
etching treatment may be performed by dry etching, wet etching, or a combination of
the both etchings. In addition to the etching treatment, planarization treatment by
polishing (CMP or the like) may also be performed. Needless to say, only polishing
30  may be performed as well.
[0124]
Note that in this embodiment, the structure in which the surface of the
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[ 0130] An inpurity elenent inparting p-type conductivity such as
boron, alum num or galliumor an inpurity elenent inparting n-type
conductivity such as phosphorus or arsenic nay be added to the

sem conductor | ayer 140 in order to control the threshold voltage of a
transistor. Aregion to which the inpurity elenent is added and the kind 5
of the inpurity elenent to be added can be changed as appropriate. For
exanple, an inpurity elenment inparting p-type conductivity is added in the
case of formation of an n-channel transistor and an inpurity el enent

. ti .

b Channel’ PoriEfieBRr A7l b glsBe 1R habiiOaf@ B Bgel L MEL IR, ©

sem conductsodedcayek 17This @nbechise aemudocttheclager ItaylEr farfii@di latesegmi ated into
i sl and sh t t h d- h t 50. Not

fhat "t he. cRenRg are Bt g Bacaly darrei g e et SangRY S o ng

process. Thes, 2(12heAga:tremg1|5r,sasl Rhi Ay teayo@tuctve layer 207 s@dhse tEe& fictiopver the
senicogguctor 150. The aﬁore ii}loned enbodi nent can be referred 15to
for a ta}nF%BFeEf %‘b’rslnﬁ“t‘i‘e&?ﬁsﬁ?ly ipited i e SRt i ng | ayer 152. [0132]

Next, a copdpstive |ayer |s fornmed over the gate insulating |ayer 152, and
then the conductive | ayer Frocessed (patterned) into a predeternlned

shape, whereby t¥fEtdhg “é’né‘llcé‘(‘f? gle?Ofmnd ithe ipgating lay¢e 14 ave faowpd e dfisct or
layer 150 {s@8cte® e9£i)z anlitfe ROAIRNEFE DS RREFIe BRI mn&ﬁsﬁvbﬁy&ef erred

to for a detailed description of the gate el ectrode 154. [0133] Next ,
the gate eP®ceaobe faswdiis a gwdnesigilsraiokthatapf thenconduntive tlgyee | 280enthe nparti ng

one copducd vinfo¥ribnéRCe ﬁ%dﬁﬂ&ﬁ‘dcahobérfi'&eé&{“t&% ‘A ﬂédax Erl};tﬁ)g)l bP gfeor m a | ow

25 concentration 1nmpurity region a nmas orne so as to overlap

with part whuletirg lbewltbncentration i npurity reglon, and then an inpurity

el enent inﬁﬁiﬁing one conductivity type is added to the sem conductor

| ayer, usi he mask. Accordingly, the high concentration inpurity region
162 and t he hi ghi@ondimgly, st ba)mi subpstute t1Y0 rcey ibe rprd@@dsed ristof D slmpel usahth t he | ow
concentratloqghgﬁyrlhﬁ.re e} I%b66tand t he channel 30 formation region 168

are for med™ YIS 2RECOMURRT FIET# St i ng | ayer 170 is formed so as to cover
t he senﬂcoﬂﬂﬂtﬁor | ayer

The aforementioned embodiment (for example, description regarding FIGS. 3A
to 3F and FIGS. 6A to 6F) can be referred to for a process for manufacturing a
semiconductor substrate by attachment of the base substrate and the bond substrate and
separation.
20 {0128]
Next, a method for manufacturing a semiconductor device will be described
with reference to FIGS. 9A to 9D.
[0129]
FIG. 9A corresponds to an enlarged cross-sectional view of part of a
25  semiconductor substrate which is manufactured using the bond substrate obtained
through the processing process. As can be seen from FIG. 9A, the conductive layer
208 exists below the semiconductor layer 140, and the conductive layer 208 and the
semiconductor layer 140 are electrically connected to each other through the conductive
layer 202. Note that the semiconductor substrate illustrated in FIG. 9A is not provided
30  with the insulating layer 104 on the base substrate 100 side; however, one embodiment
of the present invention disclosed herein is not limited thereto.

[0130]
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150, the gate insulating |layer 152, the gate electrode 154, and the I|ike
(see FIG 9C). The aforenenti oned enbodi nent can be referred to for a
description of the insulating |layer 170. [0135] 5Next, the gate insulating
| ayer 152 and the insulating |layer 170 are selectively etched to form
contact hol es which reach the high concentration inpurity region 162 and
the high concentration inpurity region 164. Then, through the contact

hol es, the electrode 172 which is electrically connected to the high
concentration inpurity region 162 in the sem conductor |ayer 150 and the

el ectrode 174 : i qg%p t ntration
inpurity regi o%@jﬂuﬁn{aﬂgﬁéﬁn@ é%% f}\’ﬁ)ﬂ/g‘%ﬁ% %9%%6%0(%1%21& Esee’ FI G 9D).
Not e t hat ewmliunher aoimpacty dahens impastifgn-typd conductivity suchves pleaspliviresgprpr ocess

02,00 SLEDIIRLPROGER (TR DAk f AUB5E PR LONGH CHRRHLIBAL can e

referred tB8°for escCri the "ef
el ectrode ﬂdmgeﬁﬁéﬁ&ﬁﬁﬁn AjegﬂmﬁnwﬂmmgﬁmnmanSGanmmdumMaimﬂb&ﬂ&hﬁincluding

the transis 280. mh us Ita e an nmount of
urr ents oaft Bk LRI SErored b e T o dFoRin SR RTHITAR  when

t he conducmhpﬁeml ayaént\Wbaiting B-13R haktivite Al ddueccmrtneeztsedf fmbtish of an

sem conduct or layer is provided below the sen1conduct8 I%% gﬂe electric
field in tPehmBe Essen e BPURLLIFRER) TORYTRH MEERF PEICEITE AR  he

aval anche {eakdeWImaAMSER Pohahig @&l te polarity carriers can be
suppressed, so that the drain withstand voltage can be further inproved.

[0138] 25N&H&lk hat this enbodi ment can be inplenented i n conbination with

any of ;4 he ot herg, Y BRIhE is BESrrGRIE QR iR t§:'emlcondl,1ctor layb1130.2RR] fedt i ON i's
based on Japanese Patent Application serial No. 20 gblS? filed. with

Japan Pateﬁ@nqﬁﬂW@@‘bﬁﬂwﬁmdhsﬂﬁﬂﬂﬂbwgoavhéméhﬂwpéﬁtéﬁﬂeﬁﬁsﬂ@$1%@P%hlch are
hereby i nC&ErHQJnﬁE&Qr PaX/elr ?g@ F eQ&E- thatv}ﬁ@‘ t(!hﬁ'lgC'lréltMéR Jngy be a wet eiching

process or a dry etching process. Then, the gate insulating layer 152 is formed so as to

cover the semiconductor layer 150. The aforementioned embodiment can be referred
15  to for a detailed description of the gate insulating layer 152.

[0132]

Next, a conductive layer is formed over the gate insulating layer 152, and then
the conductive layer is processed (patterned) into a predetermined shape, whereby the
gate electrode 154 is formed over the semiconductor layer 150 (see FIG. 9B). The

20  aforementioned embodiment can be referred to for a detailed description of the gate
electrode 154.
[0133]

Next, the gate electrode 154 is used as a mask, and an impurity element

imparting one conductivity type is added to the semiconductor layer 150 to form a low
25  concentration impurity region. Then, 2 mask is formed so as to overlap with part of

the low concentration impurity region, and then an impurity element imparting one

conductivity type is added to the semiconductor layer, using the mask. Accordingly,

the high concentration impurity region 162 and the high concentration impurity region

164 are formed, and the low concentration impurity region 166 and the channel
30  formation region 168 are formed.

[0134]

Next, the insulating layer 170 is formed so as to cover the semiconductor layer
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1. A nethod for manufacturing a sem conductor device, conprising the steps
50f : irradiating a bond substrate with an ion to form an
enbrittlement region in the bond substrate; form ng a conductive

| ayer over a base substrate having an insulating surface; attaching the
bond substrate and the conductive layer with an insulating |ayer 10

i nter posed between the bond substrate and the conductive | ayer;

heati ng the bond substrate and separating the bond substrate in the
enbrittl ement region to forma stacked structure of the conductive | ayer,

the insul a o r trate;

pat t er ni ng {hens B losuBifh ByArTt BROUE Qleno 154 2R e 1G> RRSEIG R

sem conducThe aifoeapmnnorfedrambogmngaaneba refantedtto Mgy 4 depeniptomeant thdrmsulstirgnd- shaped
sem conduct or %@yer; formng a gate el ectrode over the gate insulating

| ayer; mng a first inmpurity region, a second inpurity region, and
a third i nmussty region and 20formng a first electrode electrically

connected to the fir i mpu con rode, el e tricaIIy
et Sd 1ot Ve ef Tsuefifs g nd e R EgRE e 10 B SRR e Rt ur 1t
region is picked @edmb SbMER hofes GRACH RacH e MRgH dhcERQtiON ity h?@ec@nd

inmpurity regjon. 252. The nmethod for manufacturing a sem conductor device,

accor di ng ##! ®p digh cpneanifatiopeimpusipiesion g4t hEhegy @‘ﬁo"(ﬁl t*‘?)??ﬁt"’r?b boleyy st ect i ve

i nsul ati NGyt 19Y $hidhhe elROBEaIBMbAhERL 0 the high c¥AREHAERIHIN A6l rddién ion to
t he bond substrate is perforned™through the rotectlve i nsul ating | ayer. 30

3. The net ke it ghe mwﬁmt?rllﬁberalfé)eﬁm:dhﬂj@@?mdedéﬁ dehichy a kgirisglt o cl ai m

1 wheqgl neARlaPHh High QORSAABLiAPurkd rdgith 1o ih thel BRMOhKidr 3P Tsd S | Over

are formed (see FIG. 9D). Note that when the contact holes are formed, either a wet
etching process or a dry etching process may be used. The aforementioned
embodiment can be referred to for a detailed description of the electrode 172 and the
electrode 174.
15 [0136]
Accordingly, a semiconductor device including the transistor 280 which is used
for high voltage and a large amount of current can be manufactured.
[0137]
As described in this embodiment, when the conductive layer which is
20  electrically connected to the semiconductor layer is provided below the semiconductor
layer, the electric field in the low concentration impurity region can be reduced, and the
avalanche breakdown caused by the opposite polarity carriers can be suppressed, so that
the drain withstand voltage can be further improved.
[0138]
25 Note that this embodiment can be implemented in combination with any of the

other embodiments, as appropriate.
This application is based on Japanese Patent Application serial No.

2009-059157 filed with Japan Patent Office on March 12, 2009, the entire contents of

30  which are hereby incorporated by reference.
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the second inpurity region. 4. The nmethod for manufacturing a sem conduct or
devi ce, according to claim1, 5wherein an inpurity concentration of each of
the first inpurity region and the second inpurity region is higher than or
equal to 1 x 1019 atons/cnB, and wherein an inpurity concentration of
the third inpurity region is higher than or equal to 5 x 1016 atons/cn8B.
105. The nethod for manufacturing a sem conductor device, according to
claim1l1, wherein the bond substrate is a single crystal silicon substrate
or a single crystal silicon carbide substrate. 6. The sem conduct or
device according to claim1, 15wherein the conductive |ayer is configured
to reduce an electric field at a periphery of a bonding region when a
vol t age i sWappl ISl aMide &yt t he first inpurity region and the second
impurity region, and wherein the bonding region is where the channel
formation region and the second inpurity region are bonded to each other.
20 7. A riet hadethat fomamnbfaciiting o gemcarintiondaine crmmpdingdbe ste@npri si ng
the ste Sﬁ@%: irradiating a bond substrate with an ion to form an
enbrittfenent region in the bond substrate; 25formng a first insulating

| ayer over the hesfatighondsabhstrh@wikingh idn €O faiiGini evtbritthenent gih ih e fir st

I nsul ati ngboln %Ell;s;trate;
forming a conductive layer over a base substrate having an insulating surface;
attaching the bond substrate and the conductive layer with an insulating layer
10  interposed between the bond substrate and the conductive layer;
heating the bond substrate and separating the bond substrate in the
embrittlement region to form a stacked structure of the conductive layer, the insulating
layer, and a semiconductor layer over the base substrate;
patterning the semiconductor layer and forming an island-shaped
15 semiconductor layer;
forming a gate insulating layer over the island-shaped semiconductor layer;
forming a gate electrode over the gate insulating layer;
- forming a first impurity region, a second impurity region, and a third impurity
region; and
20 forming a first electrode electrically connected to the first impurity region and a
second electrode electrically connected to the second impurity region,

wherein the third impurity region is provided between a channel formation

region and the second impurity region.

25 2. The method for manufacturing a semiconductor device, according to claim
1, further comprising the step of forming a protective insulating layer over the bond
substrate,

wherein adding the ion to the bond substrate is performed through the
protective insulating layer.

30

3. The method for manufacturing a semiconductor device, according to claim

1, wherein an impurity concentration in the third impurity region is lower than that of
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formng a second insulating | ayer over the conductive layer; formng a
third insulating | ayer over a base substrate; attaching the second
insulating |ayer to the third insulating |ayer; 30heating the bond
substrate and separating the bond substrate in the enbrittlenent region to
forma stacked structure of the third insulating | ayer, the second

i nsul ating |layer, the conductive layer, the first insulating |ayer, and a
seni conduct or | ayer over the base substrate; patterning the sem conduct or

| ayer to form an island shaped sem conductor |ayer; 5formng a gate
insulatinq%la er . over. the | sland-shaped sem conductor |ayer; formng a gate

el ectrode erﬁg l'e]"ﬁsulatlng | ayer; formng a first inpurity

region, a second |npur|ty region, and a third inpurity region; and

formng a first eI ectr connec o.the first urity
region and a 10 se tg‘f"ég"fr %agﬁlgﬂglals'c’%cf’ uSQEh%Vé(feeﬁcc% 8,12 ig)élgond
impurity rggion, wherein the third inpurity region is provided

bet ween a channel formation regi on and ) n ur.jt )

8. The *het hod f SYReFRMT MYV FRRCER@EAR @ Fﬂ?ﬂ@?@l‘: f(&jfé'v‘% ity 8%‘8?8?‘?018‘ °to claim
15 7, \Ahers%h%dpt}@uhme usrrl@mg%ftﬁaaéﬁéafaav (& 1RefoOfsRE s € the step of

fornlng t he I hsul ati ng | ayer ter the step of formng the first

i nsul ating | ayerwhegitt erimphatysoagentshlisnont thedird frepwsy sgian iy ighenthsn oror  af t er
the step of ft glnﬂ¥¢he ecpnd i nsul ating | ayer. 9. The nethod for
manuf act ur YHY 3 °se iduetor device, according to claim=20 7, further

conprising the step of fornlng a protective insulating |ayer over the bond
subst rla(} € 5. The method for manufacturing a semiconductor device, according to claim
1, wherein the bond substrate is a single crystal silicon substrate or a single crystal

silicon carbide substrate.

6. The semiconductor device according to claim 1,

15 wherein the conductive layer is configured to reduce an electric field at a
periphery of a bonding region when a voltage is applied between the first impurity
region and the second impurity region, and

wherein the bonding region is where the channel formation region and the
second impurity region are bonded to each other.

20

7. A method for manufacturing a semiconductor device, comprising the steps
of:

irradiating a bond substrate with an ion to form an embrittlement region in the
bond substrate;

25 forming a first insulating layer over the bond substrate;

forming a conductive layer over the first insulating layer;
forming a second insulating layer over the conductive layer;
forming a third insulating layer over a base substrate;
attaching the second insulating layer to the third insulating layer;
30 heating the bond - substrate and separating the bond substrate in the

embrittlement region to form a stacked structure of the third insulating layer, the second
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wherein adding the ion to the bond substrate is performed through the
protective insulating |ayer. 2510. The nmethod for manufacturing a

sem conduct or device, according to claim7, wherein an inpurity
concentration in the third inpurity region is |Iower than that of the second
inmpurity region. 11. The nethod for manufacturing a sem conductor device,

according to 30 claim?7, wherein an inpurity concentration of each of
the first inpurity region and the second inpurity region is higher than or
equal to 1 x 1019 atons/cnB, and wherein an inmpurity concentration

of ‘the thifuddiRuLid Ymt SRR 10LO B abD ARuBinP YA alda Iettictid Rt OB/ cnB.

12. The nmetho manufacturing” a’ sem conduct eVice, according to
5claim 7, lajeenetmnhd bwse hbstbtsubstrate is a single crystal silicon substrate
or a single crys%?l.sil'con.carbide sub

trate. . 13. . Th
seni conduct or d&FTEEE eof‘eé‘i‘lﬁodldfl%or(:}aéﬁerm%??orm an 151and'81v1\??§(r1eSFIﬁlctIﬁ‘guc(tzocrmducti ve
| ayer is aepdj gured to reduce an electric field at a 10 periphery of a
bondi ng regi on en a voltage.ig applied hetween the.first inpurity region
and thg second [OfPYHE & $AtG ’é@fqﬂmgﬁ%ggver%he lg%‘ﬁgi@??f{ %GH%COBS‘:‘WA%%Fegi on is
wher e the channgdmfiQy M@ Qe bR R eed inSulaREAEr npurity region are
bonded to each other. 1514. A sem conductor device.co |§_‘|H38%l a.base

i i

substrate havi ndoramng : 8T HERUREY Bgionat &5c080 ERRTHY: Fo8irg- Wi e
insul ati ng.sihfage; an insulating layer over the conductive layer;

forming a first electrode electrically connected to the first impurity region and a
10 second electrode electrically connected to the second impurity region,
wherein the third impurity region is provided between a channel formation

region and the second impurity region.

8. The method for manufacturing a semiconductor device, according to claim
15 7, wherein the ion-irradiating step is performed before the step of forming the first
insulating layer, after the step of forming the first insulating layer, after the step of

forming the conductive layer, or after the step of forming the second insulating layer.

9. The method for manufacturing a semiconductor device, according to claim

20 7, further comprising the step of forming a protective insulating layer over the bond
substrate,

wherein adding the ion to the bond substrate is performed through the

protective insulating layer.

25 10. The method for manufacturing a semiconductor device, according to
claim 7, wherein an impurity concentration in the third impurity region is lower than

that of the second impurity region.

11. The method for manufacturing a semiconductor device, according to
30 claim 7,
wherein an impurity concentration of each of the first impurity region and the

second impurity region is higher than or equal to 1 x 10" atoms/cm’, and
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a sem conductor |ayer over the insulating |ayer, the sem conductor |ayer
havi ng 20 a channel formation region, a first inpurity region, a second
impurity region, and a third inpurity region provided between the channel
formation region and the second inpurity region; a gate insulating |ayer
over the sem conductor |ayer; a gate electrode over the gate insulating

| ayer; 25a first electrode electrically connected to the first inpurity
region; and a second el ectrode electrically connected to the second
impurity region. 15.The seniconductor devi ce according'to claim 14, wherein

Single crystal St SRR APE BRI EL) Ren b e 1 °

accor di ng dqoalab &ixn01%y Unthﬁ%eln t he conductive |ayer is conflgured to be
hel d at a given potential, and wherein the given potential is a ground
potential. 17. The seniconductor devi ce according to claim 14, 5wherein an
i npurity concentipat TR nfho@a®P nitfnufabRrifif reS benhibdiduttby deEed, Qi&cdlﬂﬂgtthe second
i mpurit reglon is higher than or equal  to 1 x_ 1019 atonB/an aq
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13. The semiconductor device according to claim 7,
wherein the conductive layer is configured to reduce an electric field at a
10 periphery of a bonding region when a voltage is applied between the first impurity
region and the second impurity region, and
wherein the bonding region is where the channel formation region and the

second impurity region are bonded to each other.

15 14. A semiconductor device comprising:
a base substrate having an insulating surface;
a conductive layer over the insulating surface;
an insulating layer over the conductive layer;
a semiconductor layer over the insulating layer, the semiconductor layer having
20  a channel formation region, a first impurity region, a second impurity region, and a third
impurity region provided between the channel formation region and the second impurity
region;
a gate insulating layer over the semiconductor layer;
a gate electrode over the gate insulating layer;
25 a first electrode electrically connected to the first impurity region; and

a second electrode electrically connected to the second impurity region.

15. The semiconductor device according to claim 14, wherein the
semiconductor layer is one of a single crystal silicon layer and a single crystal silicon

30  carbide layer.

16. The semiconductor device according to claim 14,
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1018. The sem conductor device according to claim 14, wherein a thickness
of the insulating layer is less than or equal to 5 pa 19. The

sem conduct or device according to claim 14, wherein the channel fornmation
region is electrically connected to the conductive |ayer. 15 20. The
sem conduct or device according to claim 14, wherein the conductive

| ayer is configured to reduce an electric field at a periphery of a bonding
regi on when a voltage is applied between the first inpurity region and the
second inpurity region, and 20wherein the bonding region is where the

channel - for mat i gn.r.eq} o0, NG L S PR EAMHLl IRYLE hld bSO RRGoRged to each

ot her.
wherein the given potential is a ground potential.

17. The semiconductor device according to claim 14,
5 wherein an impurity concentration of each of the first impurity region and the
second impurity region is higher than or equal to 1 x 10" atoms/cm’, and
wherein an impurity concentration of the third impurity region is higher than or

equal to 5 x 10'6 atoms/cm’.

10 18. The semiconductor device according to claim 14, wherein a thickness of

the insulating layer is less than or equal to 5 pm.

19. The semiconductor device according to claim 14, wherein the channel

formation region is electrically connected to the conductive layer.

15
20. The semiconductor device according to claim 14,
wherein the conductive layer is configured to reduce an electric field at a
periphery of a bondﬁg region when a voltage is applied between the first impurity
region and the second impurity region, and
20 wherein the bonding region is where the channel formation region and the

second impurity region are bonded to each other.
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