DESCRI PTI ON SEM CONDUCTOR SUBSTRATE, METHOD FOR PRODUCI NG

SEM CONDUCTOR SUBSTRATE, SUBSTRATE FOR SEM CONDUCTOR 5 GROMH, METHOD
FOR PRODUCI NG SUBSTRATE FOR SEM CONDUCTOR GROWMH, SEM CONDUCTOR
ELEMENT, LI GHT-EM TTI NG ELEMENT, DI SPLAY PANEL, ELECTRONI C ELEMENT,
SCLAR CELL ELEMENT, AND ELECTRONI C DEVI CE 10 TECHNI CAL FI ELD [ 0001]
The invention relates to a sem canESCRITIOMDStrate, a nethod of
produci ng a sem conductor substrate, a sem conductor growth
substrate, a nmethod of producing a sem conductor growth substrate, a
sem conductor device, a light-emtting device, a 15display panel, an
el ectroni ¢ devi BEMIGONDECTOR $UBBSVRAGE, METHODA @GR PRODIECINGt r ument .
BACKGROUND ART [ 0002] A sem conductor device that utilizes a

sem conduct &EMEE@ND&JC'@RSL%SEATE,&UB)STEA’EEM)R PERICONIPOOGTORt or
material (group 13 nitride (AN, GaN, or or amxedc st al

t her edf) &3%@ ;MERHRY FQ R@HUIQHBTGO%BBS %SEM{ MNRUCIAIR

use. A sem conductor device has been general l roduced on an
expensi vo sORPBIESEMICGNBUG IR ELEMEN 51615%1119 BBl ENT,

car bi de) b@a met hod with | ow mass producti fare, such

expensi ve SURT LSRN BE: bt EROMS Eﬁgeéo%RaCEBLrEtLEMENF AND
25source instead of a SurfaceéﬂE%]ltRéﬁféiﬁEVICE

10 TECHNICAL FIELD
[0001]
The invention relates to a semiconductor substrate, a method of producing a
semiconductor substrate, a semiconductor growth substrate, a method of producing a
semiconductor growth substrate, a semiconductor device, a light-emitting device, a

15 display panel, an electronic device, a solar cell device, and an electronic instrument.

BACKGROUND ART
[0002]
A semiconductor device that utilizes a semiconductor material such as silicon or
20  anitride semiconductor material (group 13 nitride (AIN, GaN,or InN) or a mixed crystal
thereof) that forms a PN junction has been widely put to practical use. A
semiconductor device has been generally produced on an expensive single-crystal
substrate (e.g., sapphire or silicon carbide) by a method with low mass productivity.
Therefore, such an expensive semiconductor device has been used as a point light
25  source instead of a surface light source.
{0003]

An organic EL device has been known as a surface light source (see Non-patent



[ 0003] An organic EL device has been known as a surface |ight source
(see Non-patent Docunent 1, for exanple). Since the organic EL

devi ce can be produced using an inexpensive plastic substrate or

gl ass, the organic EL device is inexpensive, and can be used as a
surface light source. The organic EL device is expected to be used as

a fl exi blgdub @t 1,603 Elanie)deChRe 1) orbhdid! E'L%Mic@ @aﬁﬁé’bﬁﬁucﬂt@%

It has been proposed to forma sem conductor |ayer on a grap

subst r at qné@@ﬁsi%ghmctsﬁbm off 818dsSthaveSniAPd dewbs Rith&pbhevd, Bhd bdnbe

when an external force is applied. A graphite filmthat is obtained

by heat i ngedaddirfee liget BurcePOTNE HigdBic VL MIJe idbxpechidgh bt asgdersat ur e
and has c-axis orientation has been proposed as the graphite

subst r at dlexitle REHt ARG NAREvI0OCHNENTn AN FATIENT DOCUMENT [ 0005]

Non- pat ent Docunent 1: N kkei Nano Busi ness, 2006, No. 40, pp. 34-35
15 SUMVARYOGET THE | NVENTI ON PROBLEMS TO BE SOLVED BY THE | NVENTI ON
[ 0006] However, a graphite sheet produced using a pol yner as
the starting rfehasicat prbpesedriotfomes sgsigpndugtostdiiebon a grephite serstrate that
crystallinity, and a sem conductor |ayer formed 20on the graphite
sheet al sshibgebeat sesistancesandraxhipite flekibility siien iag externat foyes iglappligd: y A

[ 0007] In view of the above situation, an object of the

i nvent i osrapdite &l thafigebtained by beriag ol yserndse, #obimigeor PR adigh
sem conductor | ayer, that exhjbits high crystallinity, a method of
produci ndEBPLUHCHRINGE CEXIsQIsatatigR éﬁg%eegmw%e&%ﬁra@ﬁwwswe-

substr at e, f 0 ing a sem conductor growh substrate, a
senidgndggggpﬁﬁggﬁgggqgﬁWQﬁﬁﬂenitting device, a display panel, an
eleCtrOn%ﬁjﬁﬁ%ﬁﬁﬁ$rﬁcﬁﬁhﬁﬁNﬁEIl device, and an electronic instrunent.
[0005]
Non-patent Document 1: Nikkei Nano Business, 2006, No. 40, pp. 34-35

15 SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0006]

However, a graphite sheet produced using a polymer as the starting material

does not necessarily exhibit sufficient crystallinity, and a semiconductor layer formed
20  on the graphite sheet also does not necessarily exhibit sufficient crystallinity.
[0007]

In view of the above situation, an object of the invention is to provide a
semiconductor substrate that includes a semiconductor layer that exhibits high
crystallinity, a method of producing a semiconductor substrate, a semiconductor growth

25  substrate, a method of producing a semiconductor growth substrate, a semiconductor
device, a light-emitting device, a display panel, an electronic device, a solar cell device,

and an electronic instrument.



MEANS FOR SOLVI NG THE PROBLEMS [ 0008] According to one aspect of the
i nvention, a sem conductor substrate includes: a substrate that

i ncludes a graphite layer, the graphite layer formng a surface of 5
the substrate, and being forned of a heterocyclic pol yner obtai ned by
condensing an aromatic tetracarboxylic acid and an aronatic

tetram neypaR& PFORSB aong q:%i%rpﬁggggmgnat is growmn on a surface of

the graphite layer. | e graphite layer forned of a
heterocyqb@gg]pol ynmer obtai ned by condensing an 10 aromatic
tetracarboxylic acid and an aromatic tetram ne exhibits excellent

crystal lini ty.ActBRIISEMN GREpket Bf the frehtibd) AlsehScoBdOMBr Aibsirite irliidegce
of the graphite |ayer also exhibits excellent crystallinity. A

sem conduct or asubstat@that inbRided 0 gﬂapﬂi@eslaﬂerﬁhﬁigemﬁw CAyer forayes a utfice of
exhibits excellent crystallinity can thus be obtained. [0010]

15Accer ditihgsubstrataainddeingsioantd of a idieocyrlie polyomer obtabedibyaoddatstng an
substrate includes: a substrate that includes a graphite |ayer,

t he gr aphrdmaticayeacafimxyiicgeid asdiph awenatif t¢tteniselmatir at e, and bei ng
formed of a heterocyclic polynmer obtained by condensing an aromatic

t et r acar boxyl iasemedotdagtdr laperdhaningiosnt a & surfage of d@ardnkite dayer.ayer t hat
is grown on a surface of the graphite layer; and a sem conductor

| ayer th&®04% grown on a surface of the buffer |ayer. [0011] The

graphite layer formed of a heterqcyclic polynmer obtained by i
condensi ng an Thegraphite lavsr foamad Bbg hrterockeicPArigeebtainehby FANdCRHRGM ne

exhibits excel]lent crystallinity.
aromat%c tetracarbo);/(yltlc acid ané gn aromatic tetramine exhibits excellent crystallinity.

The semiconductor layer that is grown on the surface of the graphite layer also exhibits
excellent crystallinity. A semiconductor substrate that includes a semiconductor layer
that exhibits excellent crystallinity can thus be obtained.
[0010]

15 According to another aspect of the invention, a semiconductor substrate
includes:

a substrate that includes a graphite layer, the graphite layer forming a surface of
the substrate, and being formed of a heterocyclic polymer obtained by condensing an
aromatic tetracarboxylic acid and an aromatic tetramine;

20 a buffer layer that is grown on a surface of the graphite layer; and

a semiconductor layer that is grown on a surface of the buffer layer.
[0011]

The graphite layer formed of a heterocyclic polymer obtained by condensing an
aromatic tetracarboxylic acid and an aromatic tetramine exhibits excellent crystallinity.

25  The buffer layer that is grown on the surface of the graphite layer, and the
semiconductor layer that is grown on the surface of the buffer layer also exhibit

excellent crystallinity. A semiconductor substrate that includes a semiconductor layer



25The buffer layer that is grown on the surface of the graphite

| ayer, and the sem conductor |ayer that is grown on the surface of
the buffer |ayer also exhibit excellent crystallinity. A

sem conductor substrate that includes a sem conductor |ayer that
exhibits excellent crystallinity can thus be obtai ned. [0012] The

buffer | Wﬁrexf[?%%{% bRIEAE rfallifiRs barOfs BF %1%-35%? ZrN, and AIN. \Wen the

buffer | ayer i ncludes at least one , ZrN, and AINis
5provi deqo@gt]ween the graphite substrate and the sem conductor | ayer,
light can be'reflected by the buffer layer. For exanple, when using

the sem conductiRbuleyRedfiapinchbtat RAKPnBLRBAITNAYAN, anliAGNI i ght
absorption efficiency of the |ight-absorbing |ayer can be inproved.

When using theNB@‘mih@@ﬂﬁUlCIhf)ér thatifdlu@s adleagonk bif FIN| ZWe, and AN is
utilization efficiency of light emtted fromthe emtting | ayer can
be i npr oypeskiddfisnwtdrethbgfdphite 3Hsayterand tiod deetdson@hiddor talger, Gplticandeze of
the sem conductor |ayer can be increased. This nakes it possible to
i nprove tréfecelddgt the bafferdapger Forestanipld, ndies @ring dmdienti condieipe layedsen
usi ng the sem conductor |ayer as an emtting layer, it is possible to
i nprove tigbt-dsoitdng layen therlighe sbsofptionetia enayoriducti ght-absgrbing 14100 t@] be
15The buffer layer may include a plurality of |ayers. For
exanpl e, improMedy ZWMlien agiag thensemieasrdpelor layer agtan eanilingdaysrNhe atplézationat

i ncreases the grain size nmay be separately fornmed as the buffer

| ayer. [ @tfcgncey of light emittegh Foguthe eomdne dayer cakeimpigvede Moranethe beiley

Chi s 18as GyeRmnsl e IErE e peo LB EBRAUSKTN Y P u g o
zg{n aIC (r)]gg %‘?ﬂ?(%%if%)?%&blg ?c? {nllj;grgge t?'liele.&e%g‘?caijfarogel%gg gp th% %erﬂic%ﬁé&?oﬁgﬁenbe
When using the semiconductor layer as an emitting layer, it is possible to improve the
optical properties of the semiconductor layer.
[0013]
15 The buffer layer may include a plurality of layers.
For example, an HIN/ZrN layer that reflects light and an AIN layer that increases
the grain size may be separately formed as the buffer layer.
[0014]
The semiconductor layer may be formed of a semiconductor that includes silicon
20  ora group 13 nitride.
In this case, a highly crystalline semiconductor layer that includes a
semiconductor that includes silicon or a group 13 nitride can be obtained.
[0015]
The graphite layer may have a (0001) surface, and the semiconductor layer may
25  be grown on the (0001) surface.

When the graphite layer has a (0001) surface, and the semiconductor layer is

grown on the (0001) surface, the orientation of the semiconductor layer can be



The graphite |ayer may have a (0001) surface, and the sem conductor
| ayer may 25 be grown on the (0001) surface. When the graphite
| ayer has a (0001) surface, and the sem conductor |ayer is grown on
the (0001) surface, the orientation of the sem conductor |ayer can be
i nproved. [0016] The substrate may include a base that includes an
organic qﬁgpg)égq that differs fromthe heterocyclic polyner, and the
graphite layer that is provided on the base. 5A sem conductor | ayer
that exhifhptey high crystallinity can be obtained even if the entire
substrate s not the graphite layer. The crystallinity of the

sem conduct or TakEbstRANmAE il iIeQMRde Mt HRIALY aif SrdiniB @oinBBund that differs
sem conductor |ayer to grow on the surface of the graphite |ayer. An
I nexpensifien §RMetRdE ¢t polyiieh it aiegrapliitdlgyind Ucpdvided ph e lsag t he
graphite layer on the base that includes an organic conpound that

di ffess 10fr om dneictreiuetod tayet that @dlityinsigh £QOMinity can be Abtamediengn ifthe
anot her aspect of the invention, a nethod of producing a

sem condwotimrsubstir¢ rsatoé therpriphiiedayeau sTingerastsléinity ofithe tmicohdyator layper
grow on a surface of a graphite layer that fornms a surface of a
subst r at ean bhengpoughby merdy eaushigi the séroicomtiictolr layed Bharpwrancthe barface of
pol ynmer obtained by condensing an aromatic tetracarboxylic acid and
an ar omathegrephitedayere. AhOpagEngygeamiconsusonseshaigenn be pegaeced By gr own
on the surface of the highly crystalline graphite |ayer that is
formed ofPrevidiag dreogrgriniedayssioptae bass that inciudey ap gragsissiopypornd tgt differs
aromati c tetracarboxyl.ic acid and an aronatic tetram ne, the -
sem dBnd@@%meﬁ’ﬁgﬁé‘PCYé hPRYESLexcel | ent crystallinity due to the
excel | eni1 é:riStal linity of the graphite layer (i.e., a sem conductor
| ayer th 90 hi bits excel | ent crystallinity can be obtained). A

sem conduct or subsdtr

i ncl ) i | h
exhibits exceft&AIRE t gapé h?% ?F;P?gi Olcf eesWﬁ %egonﬂ“g)ﬁr?g(r?rocﬁu%%rgg at

semiconductor substrate includes causing a semiconductor layer to grow on a surface of
a graphite layer that forms a surface of a substrate, the graphite layer being formed of a
15  heterocyclic polymer obtained by condensing an aromatic tetracarboxylic acid and an
aromatic tetramine.
[0018]
Since the semiconductor layer is grown on the surface of the highly crystalline
graphite layer that is formed of a heterocyclic polymer obtained by condensing an
20  aromatic tetracarboxylic acid and an aromatic tetramine, the semiconductor layer
exhibits excellent crystallinity due to the excellent crystallinity of the graphite layer (i.e.,
a semiconductor layer that exhibits excellent crystallinity can be obtained). A
semiconductor substrate that includes a semiconductor layer that exhibits excellent
crystallinity can thus be obtained.
25  [0019]
According to another aspect of the invention, a method of producing a

semiconductor substrate includes causing a buffer layer to grow on a surface of a



25[0019] According to another aspect of the invention, a nethod
of producing a sem conductor substrate includes causing a buffer

| ayer to grow on a surface of a graphite |ayer that forns a surface
of a substrate, and causing a sem conductor |ayer to grow on a
surface of the buffer layer, the graphite | ayer being forned of a

het er Ocy?ré};ﬁﬂ t@%%{’ﬁ{ t %}Ia@ A Yo GOREERRE %d%%ﬁﬁ%%orgiuctor layer to

tetracar I C "acCl an aronmatic tetram ne

buf f er a%f&‘&/ oh$ GHAV o Afe biiGerItydane g&@hﬁéﬂ% B Mg\’fo%kf@ 584 hét&%cychc
graphite lTayer that is formed of a h rocy 't ¢ pol ymer obtained by

condensi rﬁﬁlﬁﬁbr%‘bfb"ﬁ%d‘ Yy Mﬁéﬁﬁ@'%b{ﬁlhﬁc %Qarﬁ&@h@ RcAl AR iafomatic

tetram ne, ‘and the sem conductor |ayer is growi on the surface of the
buffer | ayeminthe buffer | ayer and the sem conductor |ayer exhibit
10excellent crystallinity due to the excellent crystallinity of the
graphste [0@30dr (i.e., a sem conductor |ayer that exhibits excellent
crystallinity can be obtained). A sem conductor substrate that
i ncl udes a serfin@nhebofber [hyey & grotvatonahdsurfdces oftheddighdn trystall stegdraphitet y
can thus be obtained. [0021] 15The nethod may include causing a |ayer
t hat i ncllayeethaats tbeast ofmleeterdeydlit ipolyzinay obtmbd Ay ondengingvanasomhtec
buffer layer. Wien the buffer layer that includes at |east one of
Hf N, Zr Ntetzasarbakpig @lcbm;l/mdmb@@ {ebremnine, @n@t@ghﬂ@néw@tlamres oAV X d1e
seni conduct or | ayer, |ﬂght can be reflected by the buffer er. For
exanpl e, thhenfage phigie buEe lémrcthﬁ@uﬁ?lbluawra@pérth%enacmumghi&yab@%mhjt ng
llayer, a sem conductor substrate in whi the i ght absorption
ef i dPenégsceélﬁmt Fastallighy da%godhﬁpwﬂplaféyst@lymthﬁ%@geppbgﬁlqyér A58 ned.
When using fhe. sem conduct or la er_as an ttin
ser conddEPSPRLART I 04 AT A H@ltmsrﬁ%?@afx S Rl BhoyAof 11 gh
emtted fsén?{?ofl@ ectoerns?u strategthata' cludclessa ée 1rcc?1¥ uctor ?ayer fhat exhibits excellent
crystallinity can thus be obtained.
[0021]
15 The method may include causing a layer that includes at least one of HfN, ZrN,
and AIN to grow as the buffer layer.
When the buffer layer that includes at least one of HfN, ZrN, and AIN is
provided between the graphite substrate and the semiconductor layer, light can be
reflected by the buffer layer. For example, when using the semiconductor layer as a
20  light-absorbing layer, a semiconductor substrate in which the light absorption efficiency
of the light-absorbing layer is improved can be obtained. When using the
semiconductor layer as an emitting layer, a semiconductor substrate in which the
utilization efficiency of light emitted from the emitting layer is improved can be
obtained. When the buffer layer includes AIN, the grain size of the semiconductor
25  layer can be increased. This makes it possible to obtain a semiconductor substrate that

exhibits improved electrical properties. 'When using the semiconductor layer as an

emitting layer, it is possible to obtain a semiconductor substrate that exhibits improved



obt ai ned When the buffer layer includes AIN, the grain size of the
sem conductor 25l ayer can be increased. This nakes it possible to
obtain a sem conductor substrate that exhibits inproved el ectrical
properties. Wien using the sem conductor |ayer as an emtting |ayer,
it is possible to obtain a sem conductor substrate that exhibits

i mproved o,@pkjifrGberfidsoperties. [0022] The nethod may include formng a
plurality“of lI'ayers as the buffer |ayer. For exanpl e, an

H N ZrN ljgyer; that reflects light and an AIN layer that increases
5the grain si'ze may be separately fornmed as the buffer layer. [0023]

The net hod mMayTHefétHOEmMER IR fBrnSiRElaGARdNGtIMayetyRthé bafferlivdrudes
silicon or a group 13 nitride to grow as the sem conductor layer. In

this case, a SefecaslyCinoM NVERYldy@t that Feflects NightfiRSanA 1IN IgiMdrithat increases
crystalline 10sem conductor |ayer that includes a sem conductor that
i ncl udes tisd fiatnosizeomapbe sapantd 3 foriricdiad ehectmuffcbéayebt ai ned. [ 0024]

The (0001) surface may have a (0001) surface, and the nethod may

i ncl ude ¢8@&ilng the sem conductor layer to grow on the (0001)
surface. 15Wien the graphite | ayer has a (0001) surface, and the
seni conduct or Thgyesth¢dmgy dwtudsreatdieg § 600itPndgtdrdayesr that swhideositiowt ora
substrate that includes a sem conductor |ayer that exhibits inproved
ori ent at igligﬂpc]érﬂlﬁéledbigmvhé%lt.he[Sm)EQ]ldUCtor layer.

In this case, a semiconductor substrate that includes a highly crystalline

10 semiconductor layer that includes a semiconductor that includes silicon or a group 13

nitride can be obtained.
[0024]

The (0001) surface may have a (0001) surface, and the method may include
causing the semiconductor layer to grow on the (0001) surface.

15 When the graphite layer has a (0001) surface, and the semiconductor layer is
grown on the (0001) surface, a semiconductor substrate that includes a semiconductor
layer that exhibits improved orientation can be obtained.

[0025]
The method may include forming the graphite layer on a base that is formed of

20  an organic compound that differs from the heterocyclic polymer to obtain the substrate.

The substrate can be produced at low cost by forming the graphite layer on the
base that is formed of an organic compound that differs from the heterocyclic polymer
to obtain the substrate.

[0026]

25 The method may include dissolving the heterocyclic polymer in a solvent to

obtain a solution of the heterocyclic polymer, applying the solution to the base to form a

thin film, and heating the thin film and the base at 2000 to 3000°C to obtain the



The nethod may include form ng the graphite |ayer on a base that is
formed of 20 an organic conpound that differs fromthe heterocyclic
polynmer to obtain the substrate. The substrate can be produced
at low cost by formng the graphite |ayer on the base that is forned
of an organic conpound that differs fromthe heterocyclic polymer to
obtai n thghsitastrate. [0026] 25The net hod may include dissolving the
het erocyclic polynmer in a solvent to obtain a solution of the

het erocyclic pobybRite tRRMSHdY alghephtte laliel Biat ExhibikehiBRe6/stainit9icah Be
thin film and heating the thin filmand the base at 2000 to 3000C to

obt ai n t eodirudat lbat @st by dissolvidg SHelrteradyelit balynicadl agtdsem t@okpinia e

| ayer that exhibits high crystallinity can be produced at | ow cost by
di ssol vi nglutibe ok dtedretarywiclic pplyinemapplymgahe edlutot tct the bidead foran sthlimt | on
of the heterocyclic polyner, applying the solution to the base to
form & t Hilm, aiid heating thet thimefilinngnd the badeiah 2600 1m 2098°E treotiais ¢heasub2®06 t 0
3000C to obtain the substrate. [0027] The nmet hod nmay incl ude
form ng d0024er of the heterocyclic polymer on a free-standi ng base,
and separating the |ayer of the heterocyclic polymer fromthe

fr ee- st andi nggfﬁléé’ée'fh BBy Hichiderfarnging paee of Bypdieteraqyaligpelphict en payer
that exhibits high crystallinjty can be obtained as the substrate by
form ng dreeajppdingbaseand sepsraigdhs Byprorfyfehetrgeyclicrobmasrdmim Hif base,

d ing.the | f th | | f h
(e ot aleri gD B GHEan s eI o | ayer.[0028] 15The met hod
i.ncl ude f i th hj .that th i ite | h
vodlri of ant bR i EERAhLR hRb vt Ao iR sy e tRbeeor
t her mal X'?@ﬁ‘l%hg 9 l%}cer g’f‘ {h%i}ﬁg{eﬁ%cgrgllti%i)%lyrgép W %‘%e-%ta%&fnf sk glfld ge:f)%r é’P%C ts

graphite Vayer. 0 prevent occarrence o

R N IR 6, 8 Iy Rl

graphitelﬁérer has a coefficient of thermal expansion equal to or
al nost equa

[0028]

15 The method may include forming the graphite layer so that the graphite layer has
a coefficient of thermal expansion corresponding to a coefficient of thermal expansion
of a layer that is grown on a surface of the graphite layer.

It is possible to prevent occurrence of defects in the subsequent heat treatment
due to the difference in coefficient of thermal expansion by forming the graphite layer

20  so that the graphite layer has a coefficient of thermal expansion equal to or almost equal
to the coefficient of thermal expansion of a layer that is grown on the surface of the
graphite layer.

[0029]
According to another aspect of the invention, a semiconductor growth substrate

25 includes a graphite layer that forms a surface of the semiconductor growth substrate, the
graphite layer being formed of a heterocyclic polymer obtained by condensing an

aromatic tetracarboxylic acid and an aromatic tetramine.



to the coefficient of thermal expansion of a layer that is grown on
the surface of the graphite |ayer. [0029] According to anot her aspect
of the invention, a sem conductor growth substrate 25includes a
graphite layer that forns a surface of the sem conductor growth
substrate, the graphite |layer being formed of a heterocyclic pol yner
obt ai ned [hyz@ondensi ng an aromatic tetracarboxylic acid and an
aromatic tetramne [0030] When the sem conductor growth substrate

includes the gyaadineQemavaludibedrowe] MBsttde itWdea 8 RipHifdQayer that forms
sem conductor growth substrate and is forned of a heterocyclic

pol ymer ahé airfied oPtheGomaRNGder SOwe QibBirite ah@®isrBfdédePayhdiéoasdid and
an aromatic Stetram ne, a sem conductor |ayer that exhibits excellent

crystal | ipplshyereodming 9y @vdeding dicarsmafiateracdrbé:idic el amdnd wedrpdticgr owt h
substrate. [0031] The graphite | ayer may have a (0001) surface. Wen
t he gsaphettanibayerentiasmdactoddr) thatuexhitii exeelleentrganitiuity oin bagewnaan be
10grown on the (0001) surface. Therefore, a sem conductor |ayer that
exhi bi t s theprivedf heisemicanidwrorc@nwiesuhstoate. [ 0032] The graphite
| ayer may be forned on a base that is formed of an organic conpound
that diff{@@3]fromthe heterocyclic polynmer. 15The seni conductor

growt h substrate can be produced at | ow cost by formng the
The graphite layer may have a (0001) surface.

When the graphite layer has a (0001) surface, a semiconductor layer can be

10 grown on the (0001) surface. Therefore, a semiconductor layer that exhibits improved

orientation can be grown.
[0032]

The graphite layer may be formed on a base that is formed of an organic
compound that differs from the heterocyclic polymer.

15 The semiconductor growth substrate can be produced at low cost by forming the
graphite layer on the base that is formed of an organic compound that differs from the
heterocyclic polymer.

{0033]
According to another aspect of the invention, a method of producing a

20  semiconductor growth substrate includes forming a graphite layer on a base, the
graphite layer being formed of a heterocyclic polymer obtained by condensing an
aromatic tetracarboxylic acid and an aromatic tetramine, and the base being formed of
an organic compound that differs from the heterocyclic polymer.

[0034]

25 The semiconductor growth substrate can be produced at low cost by forming the

graphite layer that exhibits excellent crystallinity and is formed of a heterocyclic

polymer obtained by condensing an aromatic tetracarboxylic acid and an aromatic



graphite layer on the base that is forned of an organi c conpound that
differs fromthe heterocyclic polyner. [0033] According to another
aspect of the invention, a nmethod of producing a 20sem conduct or
growt h substrate includes formng a graphite |ayer on a base, the
graphite layer being fornmed of a heterocyclic polynmer obtained by
condensi NgraRindbAMl hiet €t racarboxylic acid and an aromatic
tetram ne, and the base being fornmed of an organi c conpound t hat

di ffers fipom)t he heterocyclic polyner. [0034] 25The seni conduct or
growt h substrate can be produced at | ow cost by form ng the graphite

| ayer that exhrirh&h&xsay !i@lﬁdeccﬁss%mlldg fhBihkdrcRdlid Soll@ermt Rfvet to
het erocycl i c pol yner obtained by condensing an aromatic

t et r acar b b solatibtlofihd harer@yoli@pdlgmet, epplgitighie utidittohBsSBase k@ fb3m]a
The met hod may include dissolving the heterocyclic polyner in a

sol vent tthindtimahmd keasiab tid thin Blin advethb &hserad 2900 103000y reshtaiapipd yi ng
the solution to the base to forma 5thin film and heating the thin
fi | m and stineobdisetoragro®@I0Mbsiwat8000C t 0 obt ai n t he sem conductor grow h
substrate. A sem conductor growth substrate that includes a

gr aphi t e | ayerA sdmitorsiohiobigtasvthisybstiatethatantlndésta/srapinteayqytiod gxhiiitat

| ow cost by dissolving the heterocyclic polynmer in a solvent to
obt ai n a hégll aystalhingy cahee predecsday tdw eosh by disselvingphe hetengeyelis podynaeriinn
to the 10 base to forma thin film and_ heating the thin filmand the
base at 2¢0bendosbtvca selubipe af thehrerasyriiceriynst aprlyingikhsadutan todhe

[0036) Agcor 09, LS L Sha ASRSS tnchin 16 AETb 0 800 BB
obtain the semiconductor growth substrate.
[0036]
According to another aspect of the invention, a method of producing a
semiconductor growth substrate includes forming a layer of a heterocyclic polymer
15  obtained by condensing an aromatic tetracarboxylic acid and an aromatic tetramine on a
free-standing base, and separating the layer of the heterocyclic polymer from the
free-standing base to obtain a graphite layer.
[0037]
A graphite layer that exhibits high crystallinity can be obtained as the
20  semiconductor growth substrate by forming a layer of the heterocyclic polymer on a
free-standing base, and separating the layer of the heterocyclic polymer from the
free-standing base to obtain the graphite layer.
[0038]
The method may include forming the graphite Iayer so that the graphite layer has
25  acoefficient of thermal expansion corresponding to a coefficient of thermal expansion
of a layer that is grown on a surface of the graphite layer.

It is possible to prevent occurrence of defects in the subsequent heat treatment
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sem conductor growth substrate includes formng a | ayer of a

het er ocycl i c pol ymer 15o0btai ned by condensing an aromatic
tetracarboxylic acid and an aromatic tetram ne on a free-standing
base, and separating the |layer of the heterocyclic polyner fromthe
free-standing base to obtain a graphite layer. [0037] A graphite

| th i t
ayer t hafyeq hic; ﬁ&eﬁé@m coERiAl Bftﬂbﬁal%gﬁhngﬁm fﬂh@ﬁgﬁlgé%}% fit Og er

sem conduct or gr owt h substrate formng a ay

pol yner ag tﬁatftﬁ@gaﬁﬁlmdyaqmp ﬁ%@efﬁ@i%ﬁt SRR EXhnbidE el @) opilnfogﬁequal
het erocyclic polyner fromthe free-standing base to obtain t

gr aphi t e tb @eedoeffiddéh3 8F thERBalMBRp AR EHA 1ah&! kel §s fotw ohdhé E\ﬁf@e @pmet e
| ayer so that the graphite | ayer has 25a coefficient of thernal

expansi ongrgghiteésrandi ng to a coefficient of thermal expansion of a

| ayer that is grown on a surface of the graphite layer. It is

possi Bl e [0@393r event occurrence of defects in the subsequent heat
treatnent due to the difference in coefficient of thermal expansion
by formi ng theAgoaiig toanbtigeaspsct dflil invegiogy apéricendwyerdehige ircludes
coefficient of thermal expansion equal to or alnost equal to the
coef fi ci dha sepficerdactonbubskplrrscardingfto an¢ aspeet aflthe inventmown on t he
surface of the graphite |ayer. 5[0039] Accordi ng to anot her
aspect of the Thevemiqopducter dexiseeshidite exrellgatirereriiesdugde thersemiconductor
sem conduct or substrate accordi to_one aspect. of the invention. The
sem cond §BpatcB le@ué%ﬁhﬁﬁ%w@ség@tqré%ter Biab pehiibitseaxcellrat exystaHinity.
senicondT@&@a substrate that includes the sem conductor |ayer that
exhi BPt s | lent crystallinity.

According to another aspect of the invention, a light-emitting device includes
the semiconductor device according to one aspect of the invention.
The light-emitting device exhibits excellent emitting properties due to the
semiconductor device that exhibits excellent properties.
15 [0041]
According to another aspect of the invention, a display panel includes the
light-emitting device according to one aspect of the invention.
The display panel exhibits excellent display performance due to the
light-emitting device that exhibits excellent emitting properties.
20 [0042]
According to another aspect of the invention, an electronic device includes the
semiconductor device according to one aspect of the invention.
The electronic device exhibits excellent electrical properties due to the
semiconductor device that exhibits excellent properties.
25 [0043]
According to another aspect of the invention, a solar cell device includes the

semiconductor substrate according to one aspect of the invention.
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10[ 0040] According to another aspect of the invention, a
light-emtting device includes the sem conductor device according to

one aspect of the invention. The light-emtting device exhibits
excellent emtting properties due to the sem conductor device that
exhi bits excellent properties. 15[0041] Accordi ng to anot her

aspect of the Fauent caNdedcdi-dRliRY%xPaANGL pﬂogel&i%gi@&e foliRe bdrGiRbaddrt | NY

device according to one aspect of the invention. The display panel
exhi bi t's ayafkd @atindiuae @Y sARIHAIITRIIA Sy Uit EﬂliEﬂ@seeﬂcbg%{[t Sfélglfilﬁﬂi@g

device that exhibits excellent emtting properties.

Accor di ngop4t]anot her aspect of the invention, an electronic device
i ncl udes the sem conductor device according to one aspect of the

i nventi on. Accortigg ®l eRithendsped @ tizdnettioh] dnseletald iastiuredi tidludeal

properties due to the sem conductor device that exhibits excellent
propest i aslea@5n@ @4 Be semiconddaonddiceactardanat hae agrpecittheinvehtdon, the
invention, a solar cell device includes the sem conductor substrate
accor di ngighbemritngdpact acobrdiretoiome aspccbef the invention, Theedishypaneé| |
devi ce exhi bits excellent properties due to the sem conductor
subst r at acetdingitg enearpsctii shesiamensiondibe tetpetrprip devich accoeding b e aspect
excellent crystallinity. [0044] According to a further aspect of the
i nvent i oRf therimesnsionr adi the pelat qellfisHice japeardina o gag aspeetof thsriavetionhe
sem conduct or _devi ce according tq _one aspect of the invention,. the
| i ght - emi t t i nd ha&lachanigdpsiigichtethibitrxcelisab propeitics siace MESHABRIC t he
di spl.ay panel ac.cog]gi ng.to one ect, of the inventiop, the
el ect!P oniRSIHEFERC 8%%&@%%5%%“3?\ SRiGRRIGuCEY deee _F“%F\?Bﬂ% BroneARedt fE
sol ar Celtllle i%ggrlltﬁ)%, &1% (ii%ﬁgzar?lgti}lgo dé)V?cee aac%gr%%}g t%fonte ggpelcp gfetﬂtte gn%ghtion, the

display panel according to one aspect of the invention, the electronic device according

to one aspect of the invention, and the solar cell device according to one aspect of the

invention.

15  EFFECTS OF THE INVENTION
[0045]
The invention thus provides a semiconductor substrate that includes a
semiconductor layer that exhibits high crystallinity, a method of producing a
semiconductor substrate, a semiconductor growth substrate, a method of producing a
20  semiconductor growth substrate, a semiconductor device, a light-emitting device, a

display panel, an electronic device, a solar cell device, and an electronic instrument.

BRIEF DESCRIPTION OF THE DRAWINGS
[0046]

25 FIG. 1 is a view showing the configuration of a semiconductor substrate
according to a first embodiment of the invention.

FIG. 2 is a view showing a schematic configuration of a pulsed electron beam

12



The el ectronic instrunment exhibits excellent properties since the
el ectronic 10i nstrunent includes at | east one of the sem conductor
devi ce according to one aspect of the invention, the light-emtting
devi ce according to one aspect of the invention, the display panel
according to one aspect of the invention, the electronic device

accor di nQle%;@si@él?(m%@gteﬁlfac%ﬁiﬂgﬁﬁ%ﬁ@ﬂemﬁ%mfeﬁt‘? solar cell device
according to one aspeCt of the invention. 15 EFFECTS OF THE | NVENTI ON

[ 0045] THIE. 3 RVEEGRok IS REQXE dRDrédR ey thO B Muckit RSt atee
that includes a sem conductor |ayer that exhibits high crystallinity,

a met hod aetorpingde tiefirseesedti@enduct or substrate, a sem conduct or
grow h substrate, a nethod of producing a 20sem conductor growth
substrate, a $Gi 4 onddewchowigithecondighratibh o€ Aisérhicogdwbesti sabstrage di spl ay
panel , an electronic device, a solar cell device, and an electronic
i nst r @menccorBRE EF-a BESGRIcRbo G «DF o tHE IDRAWINGS [ 0046] 25FIG 1 is a
vi ew showi ng the configuration of a sem conductor substrate according
to a first entiddi hisrmaview shoeingiberetflecinn fFp@rties ofzimoniugmighiswi ng a
schematic configuration of a pul sed el ectron beam deposition (PED)
syst em accor difilg: @ & aHew shewngdubeifigeration of a sputferigg sgstery ageopdiagto
showi ng a process for producing the sem conductor substrate according
to the fitRGIccephaaboMENt. F1G 4 is a vi ew showi ng the configuration
of a senicondéﬁﬁor,substr tengﬁfor in%rto second.  enbodj nent of the
] o t

i nvention. FI &l0s57 5@ ey shoyiag EHRLPR PF 8 sENISANHCP ShbstRle of
Zi €9b i u@ccncjr&ilﬁiggg a third embodiment of the invention.
FIG. 8 is a view showing the configuration of a molecular beam epitaxy (MBE)
system according to the third embodiment.
FIG. 9 is a view showing another configuration of a semiconductor substrate
according to the invention.
15 FIG. 10 is a view showing the properties of a graphite substrate according to
Example 1.
FIG. 11 is a view showing the properties of a semiconductor layer according to
Example 1.
FIG. 12 is a view showing the properties of a semiconductor layer according to
20 Example 1.
FIG. 13 is a view showing the properties of a semiconductor layer according to
Example 1.
FIG. 14 is a view showing the properties of a graphite substrate according to
Example 3.
25 FIG. 15 is a view showing the properties of a graphite substrate according to

Example 3.

FIG. 16 is a view showing the properties of a graphite substrate according to

13



FIG 6 is a view showi ng the configuration of a sputtering system
according to the second enbodinment. FIG 7 is a view show ng the
configuration of a sem conductor substrate 10 according to a third

enbodi ment of the invention. FIG8 is a view showi ng the
configuration of a nol ecular beam epitaxy (MBE) system according to
the thir dExeripdeB ment FIG 9 is a view show ng anot her

configuration of a sem conductor substrate according to the

i nvention. 15MIG 118 adew skdweingshopopetithel pgaphkitd dubstraé accoptiapty t e
substrate according to Exanple 1. FIG 11 is a view show ng

t he propdidamgpde Bf a sem conductor |ayer according to Exanple 1. FIG
12 is a view showi ng the properties of a sem conductor |ayer
according to 20 Exanple 1. FIG 13 is a view showi ng the
properties of a seniconductor |ayer according to Exanple 1.

FI G 14 iREXCRIPAIOBHREAEMREARS O@MBLQ@MENTE graphite substrate
accor di ngf to_Exanple 3. 25FIG 15 is a view showi ng the properties of
a graphi tl80%bst rat e accor di ng to Exanple 3. FIG 16 is a view
showi ng the properties. .of a graphite substrate according to Exanple
3. FlG A gmiodimen %fﬁ[awwgnwsqs‘ﬁw@?& Pelewoithyrederapgsitp éhe
substrate _according to Exanple 3. 5 DESCRI PTI ON OF EXEMPLARY

EMBODI MENTEYNES:

FIG. 1 1s a view showing the configuration of a semiconductor substrate 1

10 according to the first embodiment.

As shown in FIG. 1, the semiconductor substrate 1 includes a graphite substrate
2, and a semiconductor layer 4 that is stacked on the graphite substrate 2. The
semiconductor substrate 1 is provided in a light-emitting device, an electronic device, or
the like.

15 [0048]

The graphite substrate 2 1s formed of a graphite film that includes a heterocyclic
polymer obtained by condensing an aromatic tetracarboxylic acid and an aromatic
tetramine. Examples of the heterocyclic polymer include a polyimide polymer, a
benzirdazobenzophenanthroline ladder (BBL) polymer, a polyoxadiazole polymer, a

20  polyparaphenylenevinylene polymer, a BNTCA-BPTA polymer, and the like. Specific
examples of the heterocyclic polymer include a polymer that includes a repeating unit
shown by the following general formula (1), and has an intrinsic viscosity of 0.5 to 3.5
dlg™.

[0049]

25 It is preferable that the polymer that includes the repeating unit shown by the

general formula (1) have an intrinsic viscosity of 1.0 to 3.5 dlg”. The intrinsic

viscosity (n) of a polymer is an index of the molecular weight. Specifically, the

14



[ 0047] A first enbodi ment of the invention is described bel ow

with reference to the draw ngs. FIG 1 is a view show ng
the configuration of a sem conductor substrate 1 10according to the
first enbodi nent. As shown in FIG 1, the sem conductor

substrate 1 includes a graphite substrate 2, and a sem conduct or

| ayer 4 tih@insics/isbaiok@ iitiedsteasghepldldelas W*éi%ht fHceeades. T@e term “intrinsic
sem conduct or substrate 1 is provided in a light-emtting device, an
el ect r onivisadeityosed hereinhefdrs toea valbd C4i8ed B disgpleiphithiepsyhst hate 2 is
formed of a graphite filmthat includes a heterocyclic polyner

obt ai ned hethawadénsé agd ata esroestritontofOr ldcmil haxg masatigtheimriasic
aromatic tetram ne. Exanples of the heterocyclic polyner include a
pol yi mi devigsebiypefthe solbderratri0i@z obenzophenant hrol i ne | adder (BBL)

pol yner, a pol yoxadi azol e pol yner, a 20 pol ypar aphenyl enevi nyl ene

pol ymér, [BOFNTCA- BPTA pol ymer, and the |ike. Specific exanples of the
het erocyclic polyner include a polyner that includes a repeating unit
shown by the follow ng general fornula (1), and has an intrinsic
viscosity of 0.5 to 3.5 [0049] 251t is preferablg that the polymer

t hat includes the rgpeatigg u shqwn, by he eNeral fornula (1)
have an intrinsic Yyiscosi ty..g 1 ) 5 Al -The |ntr|F
viscosity 0-0 of aI i | x{ of - cul ar é

i \-cVi |ncrea es as the nDIecuIar

Speci fically, the*#“gp

wei ght increases i sC@sity" fused herein refers

to a val ue obtalned\by dlssoIV|ng the polyner in/ methanesul fonic acid
at a concentration of 0.15 gdl-1, and neasuring the intrinsic
viscosity of the solution at 30C. 5[0050] [0051] The pol yner

that includes the repeating unit shown by the general formula (1) may
be obtaiT@Qﬂ@y reacting a binaphthyltetracarboxylic acid or a
derivative (€.g., acid 10chloride, acid anhydride, ester, or am de)

thereof w th anbipBRemwthhRixdited eheep@iti®ghuhit shown by the general formula (1)

may be obtained by reacting a binaphthyltetracarboxylic acid or a derivative (e.g., acid

10 chloride, acid anhydride, ester, or amide) thereof with a biphenyltetramine or a salt
thereof. Examples of the binaphthyltetracarboxylic acid include
4,4’-binaphthyl-1,1°,8,8’-tetracarboxylic acid. Examples of the biphenyltetramine
include 3,3’,4,4’-biphenyltetramine. Examples of a salt of the biphenyltetramine
include 3,3°,4,4’-biphenyltetramine tetrahydrochloride.

15  [0052]

The polymer that includes the repeating unit shown by the general formula (1)
may be obtained by charging a reaction vessel that contains a solvent with the
binaphthyltetracarboxylic acid or a derivative thereof and the biphenyltetramine or a salt
thereof, and stirring the mixture at 100 to 250°C for 3 to 48 hours. The solvent is not

20  particularly limited as long as the solvent dissolves the starting materials and the
resulting polymer, and functions as a catalyst that promotes polymerization. Specific

examples of the solvent include methanesulfonic acid and the like in which

15



t hereof . Exanpl es of the binaphthyltetracarboxylic acid include

4, 4" -bi naphthyl1-1,1', 8,8 -tetracarboxylic acid. Exanples of the

bi phenyl tetram ne include 3,3',4,4"-bi phenyltetram ne Exanples of a
salt of the biphenyltetram ne include 3,3', 4,4 -biphenyltetram ne
tetrahydrochl oride. 15[ 0052] The pol yner that includes the

r epeat i ngolyphbsphosioacidy a pblgphespaita) dipmyltsyl ."phoa‘.mlﬁtebﬁh&bh@ilﬁl péhtbyide,
charging a reaction vessel that contains a solvent wth the

bi napht hydrtlet lileciakizealybd.c aci d or a derivative thereof and the

bi phenyltetramne or a salt thereof, and stirring the m xture at 100
to 250C f[6053 to 48 hours. The solvent is not 20particularly limted
as long as the sol vent dissolves the starting materials and the

resul ting pol \hipetificgnamplgn of thehstesacyalicpelpingsalse nstudp apetimesr that

pol yneri zation. Specific exanples of the solvent include

net hafes indledis@ rgpgaging yait §h@”ﬂl bx thei tallowingtgengral fppnvladRbend hagcdnd, a

pol yphosphat e, di phenyl cres phosphat e, phosphorus pentoxide, or
the |ike MENHFYE6PYPE G Dt9sR Ebe0|f|c exanpl es of the heterocyclic
pol ymer Zb@% include a polynmer that 5 includes a repeating unit shown
by the f ng general formula (2), and has an intrinsic viscosity
of 0.5 to 3.5 dle. [0054] [ 0055] 10It is preferable that the
polymer that includes the repeating unit shown by the general fornula
(2) have an |ntr|n3|§/V|sc03|ty of 1.0 to 2.% dle. The polyner that

i ncl udes the repeatifg \ _ | formula (2) may be
obt ai ned by reactingja bi baylli c acid or @)derivative

(e.g., acid chloride|I E d 2
benzenet et ram ne or QTSQQT_‘

[0055]

10 It is preferable that the polymer that includes the repeating unit shown by the
general formula (2) have an intrinsic viscosity of 1.0 to 2.7 dlg”'.  The polymer that
includes the repeating unit shown by the general formula (2) may be obtained by
reacting a binaphthyltetracarboxylic acid or a derivative (e.g., acid chloride, acid
anhydride, ester, or amide) thereof with a benzenetetramine or a salt thereof.

15 Examples of the benzenetetramine include 1,2,4,5-benzenetetramine. Examples of a
salt of the benzenetetramine include 1,2,4,5-benzenetetramine tetrahydrochloride.
Specific examples of the binaphthyltetracarboxylic acid or a acid derivative thereof
include those mentioned above,

[0056]

20 The polymer that includes the repeating unit shown by the general formula (2)
may be obtained by reacting the binaphthyltetracarboxylic acid or a derivative thereof
with the benzenetetramine or a salt thereof under the same conditions as those

mentioned above in connection with the polymer that includes the repeating unit shown
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15Exanpl es of the benzenetetram ne include 1,2, 4,5-benzenetetram ne.
Exanples of a salt of the benzenetetram ne include
1,2,4,5-benzenetetram ne tetrahydrochl oride. Specific exanples of the
bi napht hyl tetracarboxylic acid or a acid derivative thereof include

t hose nentioned above. [0056] 20The pol yner that includes the

repeat i Nngbyuht perffd iBrmiyla {He general fornula (2) nmay be obtai ned by
reacting the binaphthyltetracarboxylic acid or a derivative thereof

wi th the [beslenetetram ne or a salt thereof under the sane conditions
as those nentioned above in connection with the polynmer that includes
t he repeati ng Specificehawnples bfthe hetegmyeli@polimenulbainchide a[poObdr tiepeci fi c
exanpl es of the heterocyclic polyner also include a polyner that

i ncl udes iscludgse@atpeating miit skdvowhy the follewingldeoshiyrgeladdpknd basad a (3),
and has an 5intrinsic viscosi t}/_lof 0.5 to 3.5 [0058] Il ---Ne.1l)

[ 0059F  intrinsic viscosity of 0.5 to 3.5 dlg™.

[0058]
;f
."J 2 /N N |'k‘“
[ ~ _ A ] (3)
oy : |
;{CL/ =
/
[0059]

It is preferable that the polymer that includes the repeating unit shown by the
10 general formula (3) have an intrinsic viscosity of 1.0 to 2.2 dlg™.
[0060]

The polymer that includes the repeating unit shown by the general formula (3)
may be obtained by reacting a naphthalenetetracarboxylic acid or a derivative (e.g., acid
chloride, acid anhydride, ester, or amide) thereof with a biphenyltetramine or a salt

15 thereof. Examples of the naphthalenetetracarboxylic acid include
1,4,5,8-naphthalenetetracarboxylic acid. Specific examples of the biphenyltetramine
or a salt thereof include those mentioned above.

[0061]

The polymer that includes the repeating unit shown by the general formula (3)

20  may be obtained by reacting the naphthalenetetracarboxylic acid or a derivative thereof
with the biphenyltetramine or a salt thereof under the same conditions as those

mentioned above in connection with the polymer that includes the repeating unit shown
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It is preferable that the polyner that includes the repeating unit
shown by the 10general forrmula (3) have an intrinsic viscosity of 1.0
to 2.2 dle. [0060] The polynmer that includes the repeating unit
shown by the general forrmula (3) may be obtained by reacting a

napht hal enet et racarboxylic acid or a derivative (e.g., acid chloride,
aci d anhydrthéelgenegsltferinulo(1)am de) thereof with a bi phenyltetram ne or
a salt 15thereof Exanples of the naphthal enetetracarboxylic acid

i ncl ude I0d6XH, 8- napht hal enet etracarboxylic acid. Specific exanples of
t he bi phenyltetram ne or a salt thereof include those nentioned
above. [0061] 4,4’-Binaphthyl-ITh'e8,pefeyrawnbdxydit acidahajdessyntiesizepfami ng uni t
shown by the general formula (3) 20 Tgé¢be obt ai ned by reacting the
napht hal éneiletor a8-anpldhslic anhydnde Ge esiereestions ¢oupling end bidmiysts. t He

bi phenyl tetram ne or a salt thereof under the sanme conditions as

t hose S nespmsrseialbpaneclable pseisbmay glioletthed he pol ymer that i ncl udes
the repeating unit showmn by the general fornula (1). [0062]
4,4'-Bin&9ﬁi yl-1,1',8,8 -tetracarboxylic acid nay be synthesized
from 4-chl oro-1, 8- ht hal i ¢ anhydride via esterification, coupling,
and hydrol ysi éz4,§8$%&m?§qﬂeie§ﬁwgwgp|aabé|r%a>b%%m8}esvfa@ﬁam§afrw iged.

[ 0063] ....1,4,.5 8-Napht hal enet et racar hoxylic.acid may, be .

synt hesi PEUHEH HIRE PAASIT 2GRS A SHIRIGORREA WA hHRASHIAFE

o, 0L TR U D UBRGI gepo bl A comererally

1,2, 4 S-f&ﬂﬁﬁretetranine may be synthesized from m chl orobenzene via
nitra?io , am nation, and reduction of the nitro group, and may be

| solated as a e} EgoL G Aihdfay He SHIRES LU dnY nPUAIB1RnPYRdUCT

may al so be uséd.
nitration, amination, and reduction of the nitro group, and may be isolated as a

tetrahydrochloride. A commercially available product may also be used.
[0065]

15 3,3’,4,4’-Biphenyltetramine may be synthesized from o-nitroaniline via
iodination, cross-coupling, and reduction of the amino group. A commercially
available product may also be used.

[0066]
A carbon film may be obtained using at least one polymer selected from the

20 polymer that includes the repeating unit shown by the general formula (1), the polymer
that includes the repeating unit shown by the general formula (2), and the polymer that
includes the repeating unit shown by the general formula (3). Specifically, the
invention also relates to a carbon film-producing polymer that includes the repeating
unit shown by the general formula (1), the repeating unit shown by the general formula

25  (2), or the repeating unit shown by the general formula (3).

[0067]

The heterocyclic polymer according to the first embodiment may be defined as
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[0065] 15 3,3',4,4'-Bi phenyltetram ne may be synt hesized from
o-nitroaniline via iodination, cross-coupling, and reduction of the
am no group. A commercially avail abl e product may al so be used.

[ 0066] A carbon film may be obtained using at | east one pol yner
selected fromthe 20 polyner that includes the repeating unit shown
by the gdbBeows. fornula (1), the polyner that includes the repeating
unit shown by the general formula (2), and the polyner that includes
t he repedi) ng Aipolymehshawiblyy thedolipariag abndralrforth a(d8). haGpganfinteiakicy,
the invention al so relates to a carbon filmproducing polyner that
|ncIudes‘ﬂﬂ@ﬂhe@@hﬁhn@Scﬂg unit shown by the general formula (1),
the repeating unit shown by the general formula 25(2), or the
repeat i ng09ijt shown by the general fornula (3). [0067] The

het er ocycl i ¢ pol ymer accordi ng to the first enbodi nent may be defined

as follows. (1)A polyner sho the foll owng general formula, and
having an intrinsic viscosity of .5to 3 5 dl§. [0068] 5 wherei n
Art represents the follow ng {func |onaI or 2, Ar2 represents
the follow ng functional gro p a natural nunber that
i ndi cates the degree of poly, V|de that Ar2 does not
represent the functional gro mhen ' repregsents the functional
group 2. 10[0069] [0070]
n
5

wherein Ar' represents the following functional group 1 or 2, Ar? represents the
following functional group 3 or 4, and n is a natural number that indicates the degree of
polymerization, provided that Ar* does not represent the functional group 4 when Ar'

represents the functional group 2.

10 [0069]
(Functional group 1)
[0070]
Q (Functional group 2)
[0071]
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(Functional group 1) (Functional group 2) [0071] [ 0072]

(Functional group 3)
! (Functional group 3)
t (Functional group 4)

5 (2) A polymer shown by the following general formula (4), (5), or (6), and having

[0072]

[0073]

an intrinsic viscosity of 0.5 to 3.5 dlg”'. Note that n in the general formulas (4), (5),

and (6) is a natural number.

[0074]
ilff J 4)

10 [0075]
(53

[0076]
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(Functional group 4) [0073] 5(2)A polymer shown by the follow ng

gener al

formula (4), (5), or (6), and having an intrinsic viscosity

of 0.5 to 3.5 dle. Note that n in the general formulas (4), (5), and
is a natural nunber. [0074] 10[ 0075] [ 0076]

(6)

10

15

20

(@

[0077]

The graphite substrate 2 shown in FIG. 1 may be formed to have a thickness of
10 to 100 pm, for example. When the thickness of the graphite Fsubstrate 21s 100 ym
or less, the graphite substrate 2 exhibits flexibility when an the external force is applied.
Specifically, the graphite substrate 2 can be bent. When the thickness of the graphite
substrate 2 is 10 ym or more, the graphite substrate 2 rarely breaks when an the external
force is applied. The thickness of the graphite substrate 2 is preferably 25 to 100 um.
In this case, breakage of the graphite substrate 2 can be reliably prevented. The
graphite sheet 2 can be formed to have an area as large as 50 cm” or more. When the
semiconductor substrate 1 includes a buffer layer, the graphite substrate 2 is formed so
that a (0001) surface comes in contact with the buffer layer (3) (not shown).

[0078]

FIG. 2 is a view showing a schematic configuration of a PED system 5 according
to the first embodiment.

As shown in FIG. 2, the PED system 5 includes a chamber 10, an electron beam
source 11, a target holding-driving section 12, a substrate holding section 13, a gas
supply section 14, and a pressure regulation section 15. The PED system 5 vaporizes
the target substance by applying electron beams. The following description is given
taking an example in which a group 13 nitride semiconductor is formed on the substrate.
Examples of the group 13 nitride semiconductor include GaN, AIN, InN, and the like.
The group 13 nitride semiconductor is shown by InxGayAl; x.yN (wherein 0 <X <1,

0= <, and 0X+Y ).
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[ 0077] The graphite substrate 2 shown in FIG 1 nay be fornmed to
have a thickness of 10 to 100 Am for exanple. Wen the thickness of
the graphite substrate 2 is 100 ptm 5or |ess, the graphite substrate
2 exhibits flexibility when an the external force is applied.
Specifically, the graphite substrate 2 can be bent. Wen the

t hi cknesg0079]t he graphite substrate 2 is 10 itmor nore, the graphite
substrate 2 rarely breaks when an the external force is applied. The
t hi ckness of tTe decaphibeemsust 1 hteprdvidsd putside tiddhamder 1@ ah8 dndhides an
this case, breakage of the graphite substrate 2 can be reliably

pr event edlischmge ftbegtlaphbllew shibede 22,canighe datméd43, anlapesierelatede 44,

| arge as 50 cn2 or nore. Wien the sem conductor substrate 1 includes
a buf f er andypeulsetgdenergionphi t Ehgdischarge tub@4] & fhonerbef glasstonste like; @ODE)
surface cones in contact with the buffer |ayer (3) (not shown).
[0078F  configured pq thaban endet b iaihesloagitysing disettiomes pperc orfitiedwotlawi on of
a PED system 5 according 15to the_ first enbodi nent. As shown in FIG
2, the Pegfhegeteinssourgd ppdssonersidanidhe digchasge tbedl sohapempleetafickl
11, a targeg gfldig%-dgkving sectjon 12, a substrate hol ding section
13, a ga$ROpHmipedde thegtischarze Sk H - prldedtigger elegtirds 40§ PERededbiy the
The PED system 5 vaporizes_.the get . sybst ance, by, applyin ] ectron
beans. TRECHEF Biheay QRbe prtst FishTTEEoth dchsgee tke N bire Saneturial n

whi ch a gra 13.nitride sem conductor .d.s,formed.gn t substrate.
el os Pt g pbeSeRERAE 4 B i o B P Al p b Mg e,

e A 115 TR P ZpieRug Ll R G T BRI e il Sr%*’%?f@@? FoitBeam
3 schar ge v e IS Sn b3 Bk R0 of VBl el O dgoren,
41T § op eaShyreFL hschd R AR ool E (ST PR

4la in t g dveRghicdRtiniah, £td@ehi@ss ihs gﬁﬁ’&ﬁ‘ted gih@ed@lea% GRS tHeS
secured on the outer side of the discharge tube 41 so that an

electricehdelqgl can be formed in the discharge tube 41. The trigger
el ectrode 43 is provided in the discharge tube 41 on the other end
41b of teosdischarge tube 41 in the |ongitudinal direction. The
opposite electrode 44 is provided on the end 41a of the discharge
t ube A ceramic tube 16 that guides the pulsed electron beams is attached to the end
41a of the discharge tube 41. The chamber 10 is provided with a window 17. The
ceramic tube 16 is inserted into the chamber 10 through the window 17 to reach the
target holding-driving section 12. An opening (discharge section) 16a is formed on
20  one end of the ceramic tube 16, and pulsed electron beams that have been generated in
the discharge tube 41 and guided by the ceramic tube 16 are discharged through the
opening 16a. The inner diameter of the ceramic tube 16 is about 2 to 4 mm. The
ceramic tube 16 is provided with a moving mechanism (not shown) so that the opening
16a of the ceramic tube 16 can be moved.
25  [0081]

The target holding-driving section 12 includes a target holding section 21, a

target driving section 23, and a target driving shaft 24. The target holding section 21 is
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10 41. The pul se generator 45 is electrically connected to the
trigger electrode 43, and supplies a pulse signal to the trigger

el ectrode 43 at a given frequency. The el ectron beam source 11 causes
a channel spark discharge in the discharge tube 41 by utilizing the
above nmechani sm and di scharges the generated pul sed el ectron beans

t hrough tdhguebid thdtas prbv{ded 8®horizontallhy okt atiirget LRbeA R afinpaheHahidas(ctdle
pul sed el ectron beans is attached to the end 4la of the discharge

t ube 41. hthengwaab@ot ddwind ipprovidaeth the tdrget holdidpseclidn 2 The thaethatarget
tube 16 is inserted into the chanmber 10 through the w ndow 17 to
reach theZtcandpethedtod.di ng-dri ving section 12. An opening (discharge
section) 16a is fornmed on 20 one end of the ceram c tube 16, and

pul sed el[é@824]on beans that have been generated in the discharge tube
41 and gui ded by the ceramic tube 16 are discharged through the
openi ig 16a. Tlve targpidiolding pectien 2éfis fomamed of amaterialibet exhibhits copduativityt o
4 mm The ceramc tube 16 is_provided with a noving nechani sm (not
shown) sd&xapplesioh ghegpalgripldon foamire the targed hglding seghen 3binsldegaourolied.
25[0081] . ., The target halding-driving.section 12 includes a target
ol di ng. SuEdeoTr o5 Dnatas AT e BeideiaDd, indivn 80646 G0, R vi g
shaft 24. The tar.get ~hal.ding.section 21 is.a.crugible at is

provi ded a%uémﬁﬁ?]inigﬁf’éﬁm) tﬁ&%ﬂaha fgra) sge .tltﬁllﬂﬁgﬁi)ﬁbaqﬁgﬁihapi sm(e.qg.,

heat i ng i@é (not shown) is provided in the target hol ding section
21 so th e target 22 can be heated. [0082] 5The target hol ding

S&Sﬁ}%g&zé ' RRSRERE Pt 2L ek M Tolh b e AT s, o1 d
(a1 RRe By B R e N N, MG s W

net al sugﬂugﬁnng§niun1(Ti) i s added. [0083] 10Exanpl es of the target
22 include group 13 netals (e.g., Al, Ga, In, and a m xture thereof),
group 13ygug4ri des (e.g., M\, GaN, and InN), and the like. Gais
liquid at 30C. [0084] The target driving section 23 can nove
the target holTdkRgg&eivirgtedtlonMB\edntnanskhd enWhoRTith ¥clol PEup@i@aind

driving shaft 24, and can rotate the target hol ding section 21 around
t he targdvwdwand vig tisehafget ddving SB5)4, and can rotate the target holding section 21
around the target driving shaft 24.
[0085]
The substrate holding section 13 includes a substrate holder 31, a substrate
holder driving section 33, and a substrate holder driving shaft 34. The substrate holder
20 31 can horizontally hold the substrate 2. A heating mechanism (e.g., heating wire) (not
shown) is provided in the substrate holder 31 so that the substrate 2 can be heated.
[0086]
The substrate holder driving section 33 can move the substrate holder 31
rightward and leftward via the substrate holder driving shaft 34, and can rotate the
25  substrate holder 31 around the substrate holder driving shaft 34. The gas supply

section 14 supplies a group 15 gas (e.g., nitrogen gas) to the chamber 10. The pressure

regulation section 15 is a pump or the like, and can regulate the pressure inside the
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The substrate hol ding section 13 includes a substrate holder 31, a
substrate holder driving section 33, and a substrate hol der driving
shaft 34. The substrate holder 2031 can horizontally hold the
substrate 2. A heating nechanism (e.g., heating wire) (not shown) is
provided in the substrate holder 31 so that the substrate 2 can be
heat ed. [§HQ86Lr 1Jne substrate hol der driving section 33 can nove the
substrate holder 31 rightward and | eftward via the substrate hol der
driving ghedt] 34, and can rotate the 25substrate hol der 31 around the
substrate hol'der driving shaft 34. The gas supply section 14 supplies

a group 15 gasTHeGrgphiteRubst@geNisFamned & deb@iteddoloer. 1Opolymer @rassur e

regul ation section 15 is a punp or the |ike, and can regulate the

pr essur e mixgire of pdigmersh setbred fi6m thOP&¥ined that mehdbs the repuehttg adieshdwns

formed as described below. A polynmer (or a mixture of polyners)

sel ectsed biyrthergtreenl patnyrie (1)1 thapolyneh doé sncludes thepepdating uoni shovehbythe5 by

the general formula (1), the polyner that includes the repeating unit

shown by gehealferrenlal(2), endrthicpolyayer thatdneldes tlod sepreatinghvait showh byldlse t he

repeating unit shown by the general formula (3) is dissolved in an

aci di c | iggogral bnnuliaiébussiwolwnd 0 &l applie Sieid ardispened b disparsion msdivgier

liquid 7. The polyner liquid 7 is applied to a free-standing.

subst r at é0 ebt@kpefbpqimer bqug y. Th@p@lmnfﬁﬁﬁquaﬁﬁplwd tgaéﬁstst@gmy a

spin coatin di spensi n or the like. [0Q088]

The 1 quith bty @eargféé@aon oA IReA Ly iAmRle by PSR R iher, o
and.a reﬁla S ﬁ.gd the free-standing substrate 6 are fired

(bakéa) dﬁpﬁ?ﬁl?%’@te HJEHHEFe (see FIG 3(b)). The cal cining

tenperatTB&%ﬁs pref erably about 1000 to about 3000C,

The liquid or the dispersion medium is evaporated from the polymer liquid 7,
and a residue 8 and the free-standing substrate 6 are fired (baked) in an inert atmosphere
(see FIG. 3(b)). The calcining temperature is preferably about 1000 to about 3000°C,
15 and more preferably about 1200 to about 2800°C. The calcining time is preferably
about 1 to about 8§ hours. Note that the term “inert atmosphere” used herein refers to
an atmosphere that does not contain an oxidizing gas (e.g., oxygen). An argon
atmosphere, a helium atmosphere, a nitrogen atmosphere, or the like is preferable as the
inert atmosphere. Among these, an argon atmosphere is particularly preferable.
20 [0089]
It is preferable to fire the residue 8 and the free-standing substrate 6 while
applying tension to the residue 8, or applying a pressure to the surface of the residue 8
in the vertical direction. This suppresses shrinkage that may occur during
carbonization, so that the precursor is easily oriented during carbonization. As a result,
25  acarbide that exhibits high strength can be obtained. Since the polymer molecules
spontaneously form a highly oriented structure when the residue 8 is fired, a highly

crystalline carbon film can be produced without applying a stress. A graphite sheet 9
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15and nore preferably about 1200 to about 2800C. The calcining tine
is preferably about 1 to about 8 hours. Note that the term"inert

at nosphere" used herein refers to an atnosphere that does not contain
an oxidizing gas (e.g., oxygen). An argon atnosphere, a helium

at nosphere, a nitrogen atnosphere, or the like is preferable as the
inert at RSRBEI@eeNgf HRASA expihstndIhedd MRSREREEVAISe EarTd Sbidiasd by
preferable. 20[0089] It is preferable to fire the residue 8 "and
the free-zaghangs Mg calethfihg abmlifonshi Fer exapipye, Ag: dafisingRohditibiianselsd due

8, or applying a pressure to the surface of the residue 8 in the
verti cal adjustedtsoaifat tHehgraplsitepbeadies akhsst Heagmetdoafficisay oDthetialdur i ng
carboni zation, so that the precursor is easily oriented during

car boni zaxpasionAs thatod thed semi@mdactoalaperdefotinad o e drafistelsubdirasd 2.engt h
can be obtained. Since the polynmer nol ecul es spontaneously forma

hi ghl §y olD@Hed structure when the residue 8 is fired, a highly
crystalline carbon filmcan be produced w thout applying a stress. A
gr aphi t e sheetlThg graphite sheeh O dowtdd by cahniniog ig demoned frerptha Sleentavdinge t o
t he desired val ue can be obtained by adjusting the cal cining

condi t i ofdbstiaky 6 sgaklb-8(ch-he cal ci ni ng conditions nay be adjusted so
that the graphite sheet 9 has al npst the sane coefficient of thernal

expansi on as tHEY TgRoYipg theggprivisshest §r the ppuphesaliaseaidhe Araphide gheghbhist e

substrate 2, 5 The, graphite. sheet 9 formed by cal cining
is removéldt @?%%fcgag&)?-r e&%ﬁﬂﬂfe%&ggmfiﬁg S%bt?‘gﬁ‘g FIG 3(c)).
After rer@}g ig the graphite sheet 9, the peripheral area of the
grapHPte e1 t 9is cut (see FIG 3(d)). The graphite substrate 2 is
t hus obtained,, .l s preferable to. forma filmin
advance. s ng TtV P g ¢ Rl S dVREHT e BO0ERET Prepopibée
resul ting.fi [y f hy i r i Ng
t he pol y%ey%fu(k)%’na{l%@?epo §%§r %@E‘ urg[.r fU%IQILZITB?Q%%@%ngﬁf{%&&%&#ﬁéﬂle 2
i's a hi ghkyeSkshiahll 8LE851 Hildehavi ng high density. The density
of a pure lcglrli)o}%)tglrysta]-l gg?@&fat erg}fromthe crystal structure is
2.26 g/cr[r@@z A carbon filmexhibits high crystallinity when the
density is _cﬂose to 2.26 g/cm3. The density of a carbon film
gbt aufled :JSI n %l‘ha ﬁhl ittaglhazstf?fg 2 i/§ a%-i%@y s{y@ﬁgfm_ céwgarfhmmamdgmi Yér3gy.a
ensity al nost equal to 2. g/ cm 3 was obtained using a polynmner

The density of a pure carbon crystal calculated from the crystal structure is 2.26

g/em™. A carbon film exhibits high crystallinity when the density is close to 2.26
g/em™. The density of a carbon film obtained using a BBL polymeris 2.19 g/em™. A
carbon film having a density almost equal to 2.19 g/cm™ was obtained using a polymer
20  that includes the repeating unit shown by the general formula (2). The crystallinity is
normally evaluated by wide-angle X-ray diffraction. However, when applying
wide-angle X-ray diffraction to a highly crystalline carbon film, a significant error may
occur when determining the crystal size and the interlayer spacing. On the other hand,
the crystallinity can be accurately measured by measuring the density.
25 [0093]
The graphite substrate 2 is also characterized in that the c-axis of the carbon

crystal is highly oriented in the direction normal to the carbon film. The carbon film
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20t hat includes the repeating unit shown by the general formula (2).
The crystallinity is normally eval uated by w de-angle X-ray
diffraction. However, when applying wi de-angle X-ray diffraction to a
highly crystalline carbon film a significant error may occur when
determ ning the crystal size and the interlayer spacing. On the other
hand, thebediysta) the Bbdye MaRod exiabiedd RilR ldygrer asofi@tatih ARBHIPhicd Ivithe
density. 25[0093] The graphite substrate 2 is also characterized
in that tknewa-caros fitifa.t he carbon crystal is highly oriented in the
direction normal to the carbon film The carbon film obtained by the
above net[do]exhi bits a high degree of orientation as conpared with a

known carbon film [0094] A nethod that forns a thin film of
a group 13 ni tA imgthodrihdtHernyraghii film elibgtonptl 8 ntrife ositheggrapteteREDs tsys? em
5 is described bel ow The nitrogen gas pressure inside the

chanbér 21@ingghaBEDsyeidmtisalesuibed below20 nTorr using the gas supply
section 14. The graphite substrate 2 is held using the substrate

hol der 31, andhseufressnigss prsstire nvlettee Iuotend? irpdnstedteabpyig to 20
mechani sm provided in the substrate holder  31. The openi.ng 16a of the
cerani ¢ tRyHUT yng theges synppoacsiond4a Pogerplie wbairdte £ivhsld Hang theget 22

SRR AERII N G PR LI P N o, e
e a0 LA, S EC RS A0 % A G LS
OGN TSN ) RN T R e

o schar 02 AT USRS IAgyilhe pulsed el et o, beams d schar g

el ectron &?jﬁs are applied to the entire surface of the target 22 by
conti nuo&s y nmovi ng the opening 16a of the ceram c tube 16 over the

entire surfaceyufq 2(dH6n b&ngelre Afn debrad FMeQtisch@926be 41 of QR

11
pul sed el ectron beans are applied to the target 22, kinetic energy iIs

suppl i ed pksin sb@cal PTSTIRS pulRdegst@s b@ﬁmtab@:léraﬁ%&ol?a e iSptefchadly 1o 10
atons or nol ecul es are vaporized as a plune. e plune gradual ly

changes id26 k¥ sdwhé frequeppg af gefeyablpidt kalan@t 2% 20 Ha. t Mae pulséd@edir@as,
and approaches the graphite substrate 2. The plune that has reached
t he grapbedres slpsidedbg tRe cardetobe t € Anddischeggl fpinitheosanirgt r@t e TAei n
a state in which lattice matching is nost stable (i.e., group 13
ni t ri de) pulsed electron beams discharged from the opening 16a are applied to the target 22.
The pulsed electron beams are applied to the entire surface of the target 22 by
continuously moving the opening 16a of the ceramic tube 16 over the entire surface of
20  the target 22, for example.
[0096]

When the pulsed electron beams are applied to the target 22, kinetic energy is
supplied to the atoms or molecules of the target 22, so that the atoms or molecules are
vaporized as a plume. The plume gradually changes in state while repeatedly colliding

25  with the nitrogen gas, and approaches the graphite substrate 2. The plume that has
reached the graphite substrate 2 is deposited on the graphite substrate 2 in a state in

which lattice matching is most stable (i.e., group 13 nitride).
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[ 0097] The group 13 nitride grows on the graphite substrate 2 in the
shape of islands (three-dinensional islands). The island-Iike group
13 nitride further grows, and undergoes coal escence. The group 13
nitride then two-dinmensionally grows in the 5thickness direction to
forma thin film(sem conductor layer). Athin filmis thus forned on
t he graqug§ﬂsubstrate 2. [0098] According to the first

enbodi nent, Since the sem conductor layer 4 is grown on the surface

of the highly Weysbad 13 Rigridd @Bk bR t@@ﬁ%ﬁi&tsﬁb%e&@@‘in in® shafdB¥dsigddsa

het erocyclic 10 pol yner obtained by condensing an aronatic

t et r acar Geyd-dignedsiodalasland). AT Biang-likeletAip IBenitrideuSRr ggSnsl uad or
| ayer 4 exhibits excellent crystallinity due to the excellent

cryst al | ivadéngoed coaleecqgeaphihegioup 38 hitide e twe-diméditonaBirgeanduchor
| ayer 4 that exhibits excellent crystallinity can be obtained). The
sem céndubickiess divsdtwatte fdnt Hetin fihn Ksetddcoridhetos buyerd ondubindilm iayiars 4
that exhibits excellent crystallinity can thus be obtained. 15[0099]
Second erfbmekidnerthe grapbdesubsgateddi nent of the invention is described
bel ow. FIG 4 is a view showi ng the configuration of a
senmi condli@®¥B substrate 101 according to the second enbodi ment 20As
shown in FIG 4, the sem conductor substrate 1 includes a graphite
substrat e 102 Acgonling erthe fyss embodimenhsines thesgmieomdueior gergt ig@nowr on
substrate 102, and_a_ sem condyctor | ayer 104 that is stacked on the
buf fer | &yeturfaesot the bighiyrrysistinetcssphils subsirates? thatis fermed afiadwsterpgyclic
light-emttin evice, an electronic device, or_ the |ike. The
graphfte vyt Ry PRy Bemalietrasasharstic emgcﬂng RABATSBAYS ned
by condensing 25an ar.o i et racar.boxyl i cid and a romati c
ot r am nectapdneaRe sy sy 2 EBEY treefief fpbrdio et ae
(Zr N( 111)c}ysta?lrillgt)) 6F the graphite substrate 2 (i.e., the semiconductor layer 4 that exhibits
excellent crystallinity can be obtained). The semiconductor substrate 1 that includes
the semiconductor layer 4 that exhibits excellent crystallinity can thus be obtained.
15 [0099]
Second embodiment
A second embodiment of the invention is described below.
FIG. 4 is a view showing the configuration of a semiconductor substrate 101
according to the second embodiment.
20 As shown in FIG. 4, the semiconductor substrate 1 includes a graphite substrate
102, a buffer layer 103 that is stacked on the graphite substrate 102, and a
semiconductor layer 104 that is stacked on the buffer layer 103. The semiconductor
substrate 101 is provided in a light-emitting device, an electronic device, or the like.
The graphite substrate 102 is formed of a heterocyclic polymer obtained by condensing
25  an aromatic tetracarboxylic acid and an aromatic tetramine,

[0100]

The buffer layer 103 is formed of zirconium nitride (ZrN(111)), and is
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i nt erposed between the (0001) surface of the graphite substrate 2 and
the sem conductor layer 104. FIG 5(a) is a graph show ng the
reflectivity of zirconiumnitride. In FIG 5(a), the horizontal axis

i ndi cates wavel ength, and the vertical axis indicates reflectivity.
FIG 5(b) shows the relationship between the reflectivity of

zirconi u qht@i‘ﬁo"sétfiﬁet@@gl fnl ‘?O(ﬁ)ﬂ@‘éﬂffd%%tfﬂl@éraﬁﬂl&%bst{a%@ ¥hd the semﬁ%ngmwﬁ'

in FIGS. 5(a) and 5(b), the feflectivity of zircontumnitride at a

vavel engtiflyepf 0470Fm}ns(aw1§ :thaph Bl%WYﬁg %eel@g&awﬁ@W%u%mﬁmuﬂnhb ghty) FiGS
65. 6% Therefore, when applying blue light to the buffer |ayer 103

formed ofs(z) heddlideatal dxid 1ﬂﬂl,caﬁe§1€&/ab©[%1f1§th ahQ|tRY edrtidd) AxisehdieftSrefbQitity.
65% or nore of the blue light. [0102] FIG 6 is a view show ng

t he conf iRIGr 3{b) shovaftharepishtleap ibegveey slicretlediblityiof zliis@duimmitide ahd b
buffer layer 103. A sputtering system 110 shown in FIG 6 includes a
chanmbér Maveleagthuiidighat e heati ng nmechani sm 112, a substrate hol di ng
section 113, a 15sputtering gun 114, a pul se power supply 115, and a
control geblijon 116. [0103] The sputtering system 110 is
configured so that the graphite substrate 102 can be heated using the
substrat e heatisEjowadh Egﬁ“’& ra(anand; {bla thetraflectivity wifi zisbonivre nifridphf a e
substrate 102 is held by the substrate holding section 113 provided
in the cheavplepgthpf479 e}s)p@flthém rhﬁgv@@bmgﬂm@g% lv@hglttblsﬁﬁeﬁ‘%@ aphgretore,

substrate 102 froma plurality of sputtering guns 114 in a_state in
?

whi ch t h&'hgRapplving Wughlght de ghehyster Laywél QB toymedief zipeatunyRigrides fh gter
section 3..10 e p allt ing guns 114 include a
sput t'8ri ﬂ@’ebﬁ&p T%Egtstaﬁ%'ft éé%?rsma BEjiﬁ#tand a Ga alloy beam a
sputter|E n 114b that emts an Al bean1and an Al alloy beam a
sputteri g“%in 114c that enits an In bean1and an In alloy beam a

Sput toring gueioiife ik sF e oo U0 BER P Bicrhg S P e B e
type of ghtAlREAR G Al wsggha%gg; L 40006 b 4140

can be appropri ately’changed
chamber 111, a substrate heating mechanism 112, a substrate holding section 113, a

15  sputtering gun 114, a pulse power supply 115, and a control section 116.
[0103]

The sputtering system 110 is configured so that the graphite substrate 102 can be
heated using the substrate heating mechanism 112 in a state in which the graphite
substrate 102 is held by the substrate holding section 113 provided in the chamber 111.

20 Sputtering beams are applied to the graphite substrate 102 from a plurality of sputtering
guns 114 in a state in which the graphite substrate 102 is held by the substrate holding
section 113.

[0104]

The plurality of sputtering guns 114 include a sputtering gun 114a that emits a

25  (Gabeam and a Ga alloy beam, a sputtering gun 114b that emits an Al beam and an Al
alloy beam, a sputtering gun 114c that emits an In beam and an In alloy beam, a

sputtering gun 114d that emits an Si beam and an Si alloy beam, and a sputtering gun
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the sputtering gun nay be configured to emit a Zr beam an My beam
or the like. [0105] 5Each sputtering gun 114 is respectively
connected to the pul se power supply 115. The pul se power supply 115
applies a pul sed voltage to the sputtering gun 114. Pul se power
supplies 115a to 115e are provided corresponding to the sputtering

guns 1143149ihhléGits HEBIPEE4rh ¥&d %(n HFBBoPhapMt T of thBg! ]%éh'péihltted

period, the frequency, the anplitude,” and the |ike of the pul sed
vol t age GHmpbichfsh @m&%c@nqmizﬁaetomm?rcaﬁtu,erabyrobﬁaté@ dh@ngdeliS e Fod Btnple,
controlled by the control section e.g., control conputer).

[0106]  the spuftbéng g m@pdaa@rﬁrgusmtdhﬁt £Z710dangcamgdbedn e thdkk&second
enbodi nent is produced as described bel ow. The graphite substrate 102

i s fornmed0i0s]t he sane nmanner as descri bed above in 15connection with
the first enbodinment. It is preferable to adjust the cal cining

condi i ons soEadhedputterengygraphidtie respbsivebt @nhé@edmsthabniss powbresupplyel 15.
coefficient of thermal expansion as that of the sem conductor | ayer
104 f or nddhe pnlst pewgr sypiplit B Sspbles apdsaionltapo oo saisribgiehed 14.ayRulsel 03
is formed as follows. The buffer |ayer 103 nay be forned 20 by pul sed
sput t er i pgwaepwslied bida(el b are heavidgdorespoadinglts e spEtaoia awe 1bet teen
the substrate and_the target, for exanple. It is effective to utilize

PSD when 4% igsRgct el mT@Srﬁ’BtR‘:*E Hming ithe qutpyhpsHodHRe GESHEY éhes%@lstpféﬁ,e
102 that ¢ formed to have a | arge ar 0108] 25Argon ga

ni trogen a@i@i Slﬁss of dspryleed voljage iteyt %Pa%aul CATOMEF SYIPAY E» éggmflée)
|nS|d the ch 1 has jincre to a given value due to the

ar goid gadANPHEA B T SgRroIgHEIon HE ensirte Smmfrhte 102 s hel d
usi ng th?‘ﬁ%istrate hol di ng section 113. The tenperature around the
graphite % trate 102 is then adjusted using the substrate heating

rechant o 142 DR AR T A e SRR e
graphi t e ,Sstd Aldesdfifed bRIH 091
The graphite substrate 102 is formed in the same manner as described above in
15  connection with the first embodiment. It is preferable to adjust the calcining
conditions so that the graphite substrate 102 has almost the same coefficient of thermal
expansion as that of the semiconductor layer 104 formed on the graphite substrate 102.
[0107]
The buffer layer 103 1s formed as follows. The buffer layer 103 may be formed
20 by pulsed sputtering deposition (PSD) that applies a pulsed DC voltage between the
substrate and the target, for example. It is effective to utilize PSD when forming a
semiconductor thin film on the graphite substrate 102 that can be forined to have a large
area.
[0108]
25 Argon gas and nitrogen gas are supplied to the chamber 111.  After the pressure
inside the chamber 111 has increased to a given value due to the argon gas and the

nitrogen gas, the graphite substrate 102 is held using the substrate holding section 113.
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Hf atonms having high energy are supplied to the graphite substrate
102 when the pulsed voltage is applied to the sputtering gun 114e.

Ni trogen radicals are present on the surface of the graphite
substrate 102. A large anount of Hf atonms having high energy are
supplied to the (0001) surface of the graphite substrate 102, so that

the 10s Urﬁlﬁ@&nﬁéra&?@a&ﬁﬁ@ﬁiéﬁa&%%ﬁﬁs%raﬁa 1335 %ﬁ%ﬁfﬁteﬁ%@sﬁ bhd ﬁmstrate

[0110] atons mgrate to a stable Ice loCation in a

net al - ri qRagt@hmechahlteh H2. atoRHulB bw@ﬁé’@pf? orsak ﬁd:nfd@wen Ssbakdtend attice

| ocation react with the nitrogen radlca S 'that have been activated in

t he chanbgntiekink dud 11196 Bmire @ H et iksigartl hﬁHN%OOO ?&@ﬁrﬁb@@fth@ @kaﬁhﬂé 15has

a stable crystal structure is intermttent eposited each time the
pul sed veubage: 18@.applied. The buffer layer 103 is thus formed on the
(0001) surface of the graphite substrate 102. The sem conductor | ayer
104 is fdbmEd on the buffer layer 103 in the sane manner as descri bed
above in connection with the first enbodi nent, for exanple. [0111]
20Accor di ng t dlfiaemsboonghighisoetigprert supplieicte thdgrabbiftd sibstraty ¢02 $08n il
grown on the surface of the highly crystalline graphite substrate 102
that is folsaéyoldgeds menliedde el sputigsbigguarl 1dbt alNHegen yadientihsn prasentaon
aromatic tetracarboxylic acid and an aronmatic tetram ne, and the

seni conddi Birfacagkihe Bophits sehssie 16R- t helazggremevat ofHi atemp hiayiag highy er
103, the buffer |layer 103 and. the_sem conductor |ayer 104 exhi bit
excel | emen%rugyéf‘faﬁupphﬂ & tb%&l?@ 1} grfaggo ﬁﬂempélﬁﬁ spbsiiates 02; #0 W9t e ¢ he
graphlte sybstrate 102 ( senlcond r layer 104 that

exhi BPt s SBRRGE 9 gTéPli‘}EetS&‘letfﬂ? @fh‘?—mm&é% dl%9ed) The seni conduct or
substratioﬁgi that includes the sem conductor |ayer 104 that exhibits
excel l en ystallinity can thus be obtained. [0112] Third

erboct ot A i SRR B bR L o SEPEEA i, Dot
substrat g 2QlnAGEHOL mi&qtetdcb ta@f'abwlh{tfée R FEPL with the nitrogen radicals that
have been activated in the chamber 111 to form metal nitride (HfN) crystals. HfN that

15  has a stable crystal structure is intermittently deposited each time the pulsed voltage is
applied. The buffer layer 103 is thus formed on the (0001) surface of the graphite
substrate 102. The semiconductor layer 104 is formed on the buffer layer 103 in the
same manner as described above in connection with the first embodiment, for example.,
[0111]

20 According to the second embodiment, since the buffer layer 103 is grown on the
surface of the highly crystalline graphite substrate 102 that is formed of a heterocyclic
polymer obtained by condensing an aromatic tetracarboxylic acid and an aromatic
tetramine, and the semiconductor layer 104 is grown on the surface of the buffer layer
103, the buffer layer 103 and the semiconductor layer 104 exhibit excellent crystallinity

25  due to the excellent crystallinity of the graphite substrate 102 (i.e., the semiconductor

layer 104 that exhibits excellent crystallinity can be obtained). The semiconductor

substrate 101 that includes the semiconductor layer 104 that exhibits excellent
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As shown in FIG 7, the sem conductor substrate 201 includes a
graphite substrate 202, a buffer layer 203 that is stacked on the
graphite substrate 202, and a sem conductor |ayer 204 that is stacked
on the buffer |ayer 203. The sem conductor 10substrate 201 is
provided in a light-emitting device, an electronic device, or the

l'i ke. Thergianhi j@drﬁﬂdﬁgg@gtgnwz is formed of a heterocyclic polyner
obt ai ned by condensing an aromatic tetracarboxylic acid and an

aromati c [pefxjam ne. [0113] FIG 8 is a view show ng the
configuration of a nolecular beamepitaxy (MBE) 15systemthat is used
t o producphitdnentslithe@nduct or | ayer 204. An MBE system 220 shown

in FIG 8 includes a chanber 221, a substrate heating mechani sm 222,
a substrat e hak thimgEnsedimean of &, ineentieh ecdesonbagiiel@24, and a target
hol der TH. [0114] 20The MBE system 220 is configured so that the

gr aphbt e substhlat Bis20dewahowmghbatedigusitiog of heemicosducadresubsste P
mechani sm 222 in a state in which the graphite substrate 202 is held
by the subsurdimgdo Helthird gmbedittienh 223 provi ded in the chanber 221.

El ectron beans are applied to a target T provided in the target

hol der TH f r orf\s Hhewalie&1@.oh thpsmacundpefonsubsiaste 20 h inghideh a graphye aphi t e
substrate 202 is held by the substrate 25hol di ng section 223. The
chamber 3pastjaie FPnf |bglif¢relaﬁr@0% dhaidy siagked an |t19ﬁ &fég]lﬂéf‘cﬁu‘)ﬂff?ée ebhmpér 221

can be de res rized using a turc%églrml ecul (not shown) or the

ke, ThetmiaRpistoriayer 204 Mhat it Sicked on fedhutles Mygh o nigieemiconductor
bq- nol I he ] ..J.0115]. |l f

fﬁ; rtﬁgngﬁﬁlgﬁg?f ?éﬁcl;s ?V&eébpgélﬁh%ﬁnﬁ%g e an ﬁm@a&ﬂg@% Satpedise

oresen: 2 i griie SublsoAS)s Rty o S RBFE LB AL RE i RBL Y aneBRpe

t he cha 5@2%1%3@&3&%%%‘5553?35 gr}l\bheaggtét%l Qanber 221 can be set

to about resr's ant Ta crucible or the
i ke may @3 Tsed as the target holder. The target T provided in the
t ar get h(g THis a solid Si source or the |ike. The MBE system 220

is configuredgsq ¢ Ratvidl shcﬁvM@@ﬁHéoﬁ%@mﬁYloﬂS %]h{b@echﬁ?béﬁh'eﬁltaﬁy(m ©

usi ng el ectron beans 10 emtted fromt power el ectton gun he

vapors zedyspm A & @4 t@plodBcdthd BlthicBndtllis@k €02, so that an Si thin
filmis grown on the graphlte substrate 20 The chanmber 221 is

provi ded wi t h Am WBH Sefeh0Z2(Nihoman F1G)8 iableaty Dehasck DALt saBst{dRHEED)
system so that the crystallinity of the substrate and the surface of
t he t hi nheatingmechabiemdi22es viddtrate holding section 223, an electron gun 224, and a
target holder TH.
[0114]
20 The MBE system 220 1s configured so that the graphite substrate 202 can be
heated using the substrate heating mechanism 222 in a state in which the graphite
substrate 202 is held by the substrate holding section 223 provided in the chamber 221.
Electron beams are applied to a target T provided in the target holder TH from the
electron gun 224 in a state in which the graphite substrate 202 is held by the substrate
25  holding section 223. The chamber 221 is configured to be henmetically sealed. The

chamber 221 can be depressurized using a turbo-molecular pump (not shown) or the

like. The chamber 221 is maintained under vacuum using a turbo-molecular pump or
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15[ 0116] The sem conductor substrate 201 according to the third
enbodi ment i s produced as descri bed bel ow. The graphite substrate 202
is formed in the sane manner as descri bed above. It is preferable to
adjust the calcining conditions so that the graphite substrate 202
has 20 al nost the sanme coefficient of thermal expansion as that of

t he sem gpodugt or | ayer 204 forned on the graphite substrate 202.
[0117] The buffer layer 203 is fornmed on the graphite substrate
202 in theisgne manner as described above in connection with the
second enbodi nent, for exanple. After 25form ng the buffer |ayer 2083,
an Si thin filThelisngvalnsueface bethb uhdalier2ay ¢y prafided Aithexaqid gitiogemhi ch

the Si thin filmis grown by MBE is described below It Is effective
to utili sardvBEnedshowhpr fitrediguideimogenstncideausdsi avefidhahimputityezag pagshitt e
substrate 202 that can be forned to have a large area. [0118] The
chanbér 3fthdchagber 24 tolbe adswbeporthswal wsiangofthe ahdboberdléc uThe bgzanp,
and the graphite substrate 202 on which the buﬂL@r | ayer 203 is
formed i presevrg ingidaigerchambe3d cambe s¢ido abawg 156Q 11 Tom, KxPxample. t dr get T
is provided in the target holder TH. The tenperature around the
gr aphi t e bsgibssisianelpgpcible areglikginay bedsadsis fep terest Belden r dhe tasitl ng
mechani sm 222. An electronic_current that flows thro%ﬁh the el ectron
gun 224 PEovigehindhs tesgeb oldsr BHAS § sltdriseBiseise Hiedikco tlhe MBE gutteny 220
provided.in the target holder TH . The target T_.Ss vaporized upgn
appl i cat i1HfP LA HevaberiZethRy Bfieg Ol Sh e vune dfstigpdieanss
for on the graphite, substrate 202, en the target T is an §.
sour db, -Gt bEa TS RECEu P | ayarpoted L dThug o3he Eeplitd
filmis qr e fer or _203. The Si thin filanhs the
seni con dglél?s\glgtqoi; )#é :t]haé 8&%1 F‘bril‘fg‘}( b gro%n on tple gr%phfte Substrite Tbh. ’i“he
chamber 221 is provided with a reflection high-energy electron diffraction (RHEED)
system so that the crystallinity of the substrate and the surface of the thin film can be
observed.
15 [0116]
The semiconductor substrate 201 according to the third embodiment is produced
as described below.
The graphite substrate 202 is formed in the same manner as described above. It
is preferable to adjust the calcining conditions so that the graphite substrate 202 has
20  almost the same coefficient of thermal expansion as that of the semiconductor layer 204
formed on the graphite substrate 202.
[0117]
The buffer layer 203 is formed on the graphite substrate 202 in the same manner
as described above in connection with the second embodiment, for example. After
25  forming the buffer layer 203, an Si thin film is grown on the buffer layer 203. An
example in which the Si thin film is grown by MBE is described below. 1t is effective

to utilize MBE when forming a semiconductor thin film on the graphite substrate 202
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According to the third enbodi nent, since the buffer |layer 203 is
grown on the 15surface of the highly crystalline graphite substrate
202 that is formed of a heterocyclic polyner obtained by condensing
an aromatic tetracarboxylic acid and an aromatic tetram ne, and the
silicon sem conductor |ayer 204 is grown on the surface of the buffer
llayer 203paithe bbbl b BRI B2 #0d the sem conductor layer 204

exhi bit excellent crystallinity due to the excellent crystallinity of
the graphptimsubstrate 202 (i.e., the 20 sem conductor |ayer 204
that exhibits excellent crystallinity can be obtained). The

sem conduct or Ti¢hhknbe224Qd séth@the Yact peesurd MiénS £ Rirb@ RIS luﬂlg,eamﬁ 04
that exhibits excellent crystallinity can thus be obtained f01 0]

Not e t hatthé fraphiecdubieatt 26Z opevhidh thbbuffeneydri20n id Srmed islHetd Gtk the t he
above 25enbodi ments. It should be understood that various

nodi f 5catsubstenteolding seqon@2Bi athe jargadds pfovided ialbomergentud den®Hht sSThe

W t hout departing fromthe scope of the invention. Al t hough

t he abovderepdradinentsl thagepbee suldtrserl0Basithen kilingted msing simpiubstirate whi ch
the graphite substrate 2, 102, or 202 that is entirely formed of

gr aphi t e hegfingsmechasismhd22gr dphéleatranzg/anrent that fewpthiroughdhbsleetmeregun 2y
have a configuration in which a graphite layer 2B is fornmed on the
upper si dethgk adjupigd ¢o anrly sleetrqn kgags to ghegarze] T provided,ip thesfarget helder Thie
base 2A is preferably fornmed of a material that differs froma

het er ocy dinedarge iseiabeiediupen appliceEay ehelpeeprdivams gipgdadgeres to the buffer

t et i i d ti ] dis. t .melt .at
R B i
| u = | u . . | .
oo o Mtk do S LARD> (. GO TR R §i B ghY et ondiS bk tayes

f t hefi . i t). b A i th h f t hi
T andotar The it RPE E Mdicofuk B B8P F0f L0, L0e Shape of & thin

exanple.[éﬂ% 2] A heterocyclic polyner obtained by condensing an
aromatic tetracarboxylic acid 15and an aromatic tetramne is

relatively eXE&%@éﬂdY;f‘% to‘f%‘@fﬁiﬂd%&ﬂﬁﬂéﬂt}f‘?c%;{ﬁéf;ﬁi‘?érﬁ?y?er 'QB% ;%’%]S\t%ﬁtgﬁ%@ase

2A and the graphitelayer 2B, a materi at differs
het en9cy ghiifceREMNREhly TryS I g iaet fuBsttRE 103 AR BreRid & a%é?e?&éy%li@ 2.

Therefore, a reduction in cost can be achieved by utilizing a
mat eri al pelarP ObtaiRabylcd8daRinRraGyshhtic RRhAIRIXyES atid@ndBh efdn@ticl Or

form ng the base 2A. 20[ 0123]

tetramine, and the silicon semiconductor layer 204 is grown on the surface of the buffer
layer 203, the buffer layer 203 and the semiconductor layer 204 exhibit excellent
crystallinity due to the excellent crystallinity of the graphite substrate 202 (i.e., the

20  semiconductor layer 204 that exhibits excellent crystallinity can be obtained). The
semiconductor substrate 201 that includes the semiconductor layer 204 that exhibits
excellent crystallinity can thus be obtained.
[0120]

Note that the technical scope of the invention is not limited to the above
25  embodiments. It should be understood that various modifications may be

appropriately made of the above embodiments without departing from the scope of the

invention.
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Al t hough t he above enbodi ments have been described taking an exanple
in which the buffer layer is fornmed by pul sed sputtering, and the
sem conductor layer is fornmed by PED or MBE, the buffer |ayer and the
sem conductor |ayer may be fornmed by pul sed excitation deposition
(PXD), netal organic chem cal vapor deposition, 25 nol ecul ar beam

epi taxy, CVD, QknhduBg tild dt8ve E:Igﬂ)g(ﬁlneﬁ‘lst}ﬁ%'E@bnt&@cr?&ﬁ\fﬁ(iﬁ%'mgiﬂﬁﬂéﬁu have
been described taking an exanple in whi ch the HIN(111) buffer |ayer

is fornedyam tlex e@hﬁm&t&@abzp&%z%&ﬁé\&r&ﬁ@{f&lfﬁefd%lrf_gk@m]ge iégﬁsfeggrg
u

li ke may be forned on the graphite substrate. plurality o

layers maye pepsitalakadihenriphae ghtphid 2may batd aédnfigtration iSabichay@hprieN
| ayer/ graphite substrate). [0125] 5The sem conductor substrate (1,
101, and 1@t PBds tomding thoupfeesidabbdbaeis(seé FIM@).i nventi on may be
used for a wide range of applications (e.g., sem conductor devices
(e.qg.5 li[@gHtlJem tti ng di ode and sem conductor |aser) fornmed on an
anor phous substrate). The sem conductor substrate nmay al so be used
for a transparetitis casecthe bagelda isipefemblidroed afa matriphtbatsdifatsstomate
and utilizes such a sem conductor device. 10[0126] _The

sem condbieterrcysiibpelyarceohtaiicd by apipiensitg a8 appmatigrieitasadorylis add pabian of
flat panel displays, solar cells, touch panels, and the |ike. The
sen cond@aneticdetpping: adrgpotaneliedys thampplite qaleining tmnerateign g Feamples
shield used for an antireflective film a filmthat _ preyents_ adhesion
of dust @h&shq wetgriplingludep heatirespstantorganic eampquad ppd e likst qfhe

apol it B f’fj?'a@t?sfr’a@"éw?ﬁ%ﬁrf%h3%&313%3%&3@%3@@%%ggﬁéﬁﬂ"éffeﬁéﬁ%h?si o
[ . [ L. , .
1 gt - ereT PP B oo b TR BRT W DA 00 eBp ke Bobetsr g

| asers, Ha%ttlj,l@l%}sgﬁxi ﬁo?SeXm% ni cati on 20 devi ces, and a neans that
allows onl'y I'ig W thin"a Specific wavel ength range to pass through.

[ 0128] Eﬁ@h es of specific applications include a transparent
conductive frimof liquid crystal displays (LCD), a transparent

conductive fi |Anﬁé?ér093?:||1:_igpo aaﬂér?)[)@dmea ty SREARL a%éﬁ%dféﬁévagﬁ?{y?ihggf

el ectrol um nescence I splays, a’transparent conduc
pl asyg dhﬁ@h@%oﬁ?&ﬁ@'t&ralﬁrﬁﬁp ?swel?ﬁti?@? efpdnsRRl  Wiehehe graphifanSpR4tENt

conductive filmthat bl ocks el ectronagneti c waves, a transparent
conduct i weelddel Mettagé 281208 ke fesHitel 18§dr 2BSd material that differs from the
heterocyclic polymer is mainly used to form the graphite substrate 2. Therefore, a
reduction in cost can be achieved by utilizing a material cheaper than the heterocyclic
polymer as the material for forming the base 2A.
20 [0123]

Although the above embodiments have been described taking an example in
which the buffer layer is formed by pulsed sputtering, and the semiconductor layer is
formed by PED or MBE, the buffer layer and the semiconductor layer may be formed
by pulsed excitation deposition (PXD), metal organic chemical vapor deposition,

25  molecular beam epitaxy, CVD, or the like.

[0124]

Although the above embodiments have been described taking an example in
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rays, a transparent conductive filmthat prevents surface reflection,
a transparent conductive filmthat inproves color reproducibility, a
transparent conductive filmthat prevents breakage, an optical
filter, a touch panel, a resistive touch panel, an el ectromagnetic

i nducti on touch panel, an ultrasonic touch panel, an optical touch

panel, SauGapae!Hm el 1 BUEEr IQ?éS}% forfheli B Hifd %r‘é@i%e%ﬁﬁ&ra‘?&%eierf(Pﬁ)gglffﬁr

portable information term na an inner touch panel, "a solar "«
an andr phaus o8 el MdybeTodm&Pbidthe Geiphite 3ubb@ie0 C A SThAity Houtier 15RR
thin-film'solar cell, "a CIGS solar cell, a dye-sensitiZed sol ar “cel

(DSC), anmnandd sickbd 6n tHAREHARNbstRONQUC! GNE 14REAIN Mycf/efapBite sibse k)
parts, an antistatic transparent conductive material, a sw tchable
mat eri al [o®53W t chabl e minor, a heating el ement (sheet 10heater and
el ectrical heating glass), and an el ectromagnetic shield glass. The
i nvensi on may Thiesembendygdr sabsttate {lad 0 haad @0erdcconding tonkd enb@diinents of
(e.g., nobile phone, information term nal, conputer, and OA

equi pnentie jprentiotiedaybe tsed diodn wideategel aellapp EGEMRL €S I6ddddhctFhéevices
invention is further described bel ow by way of exanples. Exanple 1
Pr oduct i dngetightesmicionadiedoandsgngeandneonlapn) fosmied e anwawrphous sebstrate).
het erocyclic pol ynmer obtai ned by condensing an 20aromatic

t et r acar BoRyencondycioranbstente mep ako e usest foa aitigasparent airgbhths is ferweed on
formed by pyrolyzing the BBL polynmer. After cleaning the surface of
t he car b8h afofrHoNy S‘\%ﬁgéﬁrﬁnﬁh‘ﬁgﬁsi sHeh 2 senagRndystas devickn was grown by
PXD. N2 ? S s introduced as a nitrogen source, and the GaN thin
fil mas @y%&ﬁ at 700 to 800C. The thin fil mwas eval uated by X-ray

gLl raction (XDl enaLiels  RROTLLETRET ShULS Dot olum nescence )
and el eCE)Eu(l)erl] dps%fal%,cs%}atr %tl;,lls(,:I %Jufch %gﬁeilse In E’x%%l@e. a%!a ¥§nillscbn(£u%%‘o§'%llbstrate
may also be applied to an electromagnetic shield used for an antireflective film, a film
that prevents adhesion of dust due to static electricity, an antistatic film, solar reflective
15  glass, or UV-cut glass.
[0127]

Further examples of applications include an electrode of dye-sensitized solar
cells, a transparent electrode of display panels, organic EL panels, light-emitting devices,
light-emitting diodes (LED), white LED, and lasers, lighting devices, communication

20  devices, and a means that allows only light within a specific wavelength range to pass
through.
[0128]

Examples of specific applications include a transparent conductive film of liquid

crystal displays (LCD), a transparent conductive film of color filters, a transparent
25  conductive film of electroluminescence (EL) displays, a transparent conductive film of
plasma display panels (PDP), a PDP optical filter, a transparent conductive film that

blocks electromagnetic waves, a transparent conductive film that blocks near-infrared
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The carbon filmfornmed by pyrolyzing the BBL pol yner was al so

subj ected to XRD anal ysis and AFM observati on after vacuum anneal i ng.
It was confirnmed that the carbon filmhad an exposed (0001) surface,
and contained a high-quality crystal having a flat terrace at an
atomc level (see FIG 10). After the GaN thin fil mwas 5grown on the

gr aphi t e ;shegtanififent CORRLLM Finh 86t hRVME M FRE rtMiGAN tdtsparbdd M was
| ( FIG 11). As I GS. 12

clearly observed by XRD anal ysis (see shown 1'n F .

and 13, idond@sive FilkhitharB@pReFEsI6 @P%d%ﬁféibgit&,%}anfs erftbndlttive filth thavas
.

epitaxially grown on the carbon fi ., a GN thin filmthat

exhi bi t's paés@htsUryadagt, laniptival Gt @ tOhgia0e ) resistivEkdach banelf e | ower
peak indicates the peak of the GaN thin filmformed on the BBL 10
gr aphi t e eidvaemagaanit ihdetionparchpead, amndiraainéstotitiepes lin optical Galdhtphhéel,
filmformed on a conmmercially avail able graphite sheet. [0131]
Exanpbe 2 depadtiet iooch pdnep alrgsigivetbuchipauel-foepéatabld infisknaiaf) Germiinals, an
equi pped with a nmechanical stiffer, an argon gas supply tube, a

di schar genngr p@ichaadeclaa sdlarselinst enophsuschilacaped-Sal tohar @, gmadrocrystalline
pol yphosphoric acid (PPA) (orthophosphoric acid equivalent: 1159%.
Af t er restigonghidifdmaioles gelbya/gérd spjartpgia dymysensitinedsejenrrte 48SCl.2nmol
of 1,2,4,5-benzenetetram ne hydrochl oride was dissolved in the

pol yphos BRB¥tatC sgaren qoaduetive material forelestron® pagisnas angistatic transparent

1, 4,5, 8-napht hal enet etracarboxylic acid, the mxture was stirred at
200C f or coudyshis matesiah 3y syyitshablppatesisl, gisvdtshahle miper ¢ Aeating dament (sheet

o T gl SR8 8 AL B Sl gm0 e Ll
d th | .2 Ve d drijed at. t t d duced
o T g g WL RSB s AENTES, e e
I . ) i fical . .
RO B ISRR B RBP4 PRRVIES Lo

EXAMPLES
15 [0129]
The invention is further described below by way of examples.
Example 1
Production of semiconductor substrate
A BBL polymer was used as a heterocyclic polymer obtained by condensing an
20  aromatic tetracarboxylic acid and an aromatic tetramine. A carbon film was formed by
pyrolyzing the BBL polymer. After cleaning the surface of the carbon film by vacuum
annealing, a GaN thin film was grown by PXD. N, gas was introduced as a nitrogen
source, and the GaN thin film was grown at 700 to 800°C. The thin film was evaluated
by X-ray diffraction (XRD) analysis, room temperature photoluminescence (PL)
25  analysis, observation using a scanning electron microscope (SEM), and electron
backscatter diffraction (EBSD) analysis.

[0130]
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to a large quantity of water to coagul ate the polyner. The pol yner
was sequentially washed with water, N, N-di nethyl acetam de (DVAc), and
MeOH, and dried at 240C for 24 hours under reduced pressure to obtain
a purified polynmer. [0133] 5The intrinsic viscosity (ft) of the

pol ynmer (MSA sol ution having a concentration of 0.15 gdl-1) was

measured at 30@ciaine B PFh®be pYoBEMEHE BRIBINhackh At fibjStdaaba

Scientific Technology Ltd.). The pol'yner had an intrinsic viscosity

of 2.5 t oxRBDQnélysis hnd R UBIcaifiof hftBioVtiEh ahhédling OAI &R EmSe Mt on
obtai ned by dissolving 0.3 g of the polymer in 7 m of MSA was spread

on a fl atthgtaben fikh hid 6k Stpost(MBD 1 Xhivafaed, ahd cditained a hiyth-@elity crifétah was
hori zontally placed in a flat bottom separable flask (500 m) placed
i n a mantHaeingediat terradt aein deomicleselr(beei FiF. 10)e drarizbbaN thiafkmwsisng a
rotary punp, the solvent was renoved by heating the separable flask
to 206C greywpnos ¢hd grapgtesshretathp g0G02R diffra¢tinn fe5k 081]GaN thin filthevapol yner
filmcould be easily renoved fromthe petri dish. MSA remaining in
t he pol yrebsarliiobservedsby K& amsiseldee BgedlX i el shpwntin E1GS| W2rand 15} {trwasas
i mrer sed in an MeOH solution of triethylam ne at roomtenperature
for 12 hearBrmegdane Sidiannalyns ot therfdald thie diluveseritedelbegropmessthe e.  The
t hi ckness of the resulting. polynmer film20 was about 50 Am The
pol ymer fATbenid® (-¢-e% CeNethinghiln Bgtiexdhipts high criypieBingy gedldhsgrawape In
[ 0135] Production of carhon film The | yner. fil s carbaoni zed by
the foll Eﬁﬁnlg% thedowenprakradicates apRenet he Saotaey film Tormefgn b §kr
filmwas cut.into a given shape,. interposed bet raphite pl ates,
and P ac gt et ot G reE Pk et G PS8 ThP L hC AR e QB oBaPEP e
heater. -Egrerlnpe?éiglrirj?erlvailable graphite sheet.
[0131]
Example 2
Production of polymer
15 A four-necked flask (200 mi) equipped with a mechanical stirrer, an argon gas
supply tube, a discharge pipe, and a thermometer was charged with 100 g of
polyphosphoric acid (PPA) (orthophosphoric acid equivalent: 115%). After removing
dissolved oxygen by bubbling with argon gas, 12 mmol of 1,2,4,5-benzenetetramine
hydrochloride was dissolved in the polyphosphoric acid.  After the addition of 12
20  mmol of 1,4,5,8-naphthalenetetracarboxylic acid, the mixture was stirred at 200°C for
24 hours to obtain a PPA solution of a polymer.
[0132]
The PPA solution was added to a large quantity of water to coagulate the
polymer. The polymer was filtered off, sequentially washed with water and methanol
25 (MeOH), and dried at room temperature under reduced pressure to obtain a crude
polymer. PPA remaining in the crude polymer was then removed. Specifically, the

crude polymer was dissolved in methanesulfonic acid (MSA). The solution was added
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filmwas heated at 20/ mn" while circulating nitrogen gas through the
electric furnace at a flowrate of 250 mM/mn-1, and held at 1500C
for 1 hour to obtain a carbon film [0137] The carbon fil mwas

i nt erposed between graphite plates, and placed in an 5electric
furnace (rmanufactured by Shinsei Electric Furnace Wrks Co. Ltd.)

provi ded Wiatifyo8 qBiARPbE RaRRER @agulﬂ’é%hﬁﬁél%@r.f ITHR RS s@q@intially

5 mn'" while circulating argon gas through the electric furnace at a

flow rat 6yhe R WwhtérNIN-Uim@ R abthifidd ( DRBY CarddWedHN @b driéd438h°A 0

Exanpl e 3 Properties of graphite substrate obt ai ned usi ng

bi napht hytbf 24 hagauhder Yedueed fiedsude eyh aglurifiedl pelyhBNTCA- BPTA) pol yner
as starting materi al FIGS. 14 to 17 show the properties of a
graphite [DB3B4r that was forned by spin-coating a BNTCA- BPTA pol yner
onto graphite. 15As shown in FIG 14 (surface SEMinage), the surface
of thé graphi tkheliatyi@sicwissofityal) ofshepobmeri(MSA Blutidn HaXRIg actalcsgrasion
results) and FIG 16 (EBSD analcysi s results), the (0001) diffraction
peak of toffi@.16raddt)avas roéasuted agBaShidting smQewakbeiseinesder (Jaohiemvethy As
shown in FIG 17 (tilt angle distribution), the half-width of the
peak was SibaaSciprigligFeshnolopy bid). e potymerdiad apfntripgic gisapsitytad 2 lper
was about 10 Am 20 LI ST OF REFERENCE NUMERALS [0139] 1, 101, 201.
seni condd? ¥ substrate, 2, 102, 202: graphite substrate, 103, 203:
buffer |ayer, 4, 104, 204: sem conductor layer CLAIM5S 1. A
senicond%%@%ﬁ“gﬁﬁgP@ﬁF@ 88%pri si ng:

10 A viscous solution obtained by dissolving 0.3 g of the polymer in 7 ml of MSA
was spread on a flat glass petri dish (inner diameter: 70 mm). The petrt dish was
horizontally placed in a flat bottom separable flask (500 ml) placed in a mantle heater.
After depressurizing the separable flask using a rotary pump, the solvent was removed
by heating the separable flask to 200°C stepwise to obtain a polymer film.

15 [0134]

The polymer film could be easily removed from the petri dish. MSA remaining
in the polymer film was then removed. Specifically, the polymer film was immersed
in an MeOH solution of triethylamine at room temperature for 12 hours, washed with
MeOH, and dried under reduced pressure. The thickness of the resulting polymer film

20 was about 50 pm. The polymer film was flexible, and could be cut into a desired
shape.

[0135]
Production of carbon film

The polymer film was carbonized by the following two-stage heat treatment.

25 [0136}

The polymer film was cut into a given shape, interposed between graphite plates,

and placed in an electric furnace provided with a silicon carbide heater. The polymer
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a substrate that includes a graphite layer, the graphite |ayer
formng a surface of 5 the substrate, and being fornmed of a

het erocycl i c pol yner obtained by condensing an aromatic
tetracarboxylic acid and an aromatic tetram ne; and a sem conduct or
layer that is grown on a surface of the graphite layer. 2. A

sem condugihPkaShRRdrALEC AP Whilk REculd@ SHBSIT @kehbhat tue@récmieﬁm?ace

graphite layer, the graphite layer formng a surface of th

subst r at ext a @ee 126 TR 5OQKIET ' hndhdle LETSVOJC HdrCl st YETBbtammlt @w‘tﬁﬁﬁlhy
condensing an aromatic tetracarboxylic acid and an aronatic

tetram ngp137]buffer layer that is grown on a surface of the graphite
| ayer; and a sem conductor |ayer that is grown on a surface of the
buf fer | ayer. The cathonTim wanntoprdod betwest pephid plates.cmdghlavgd ioarc| ai m
2, wherein the buffer layer includes at |east one of 1-1fN, ZrN, and
Al N. 54. eleticimace (uantfactusd bytShatsei Ekectmindiunglce WarkaCom [2dgpr@yided
wherein the buffer layer 20includes a plurality of |ayers. 5. The
seni conduweitior genhise heptes. atboeatberyfilng vanheaseda Cémiaj' rvéhilk dirsulating
wherein the sem conductor layer is formed of a sem congductor that

i ncl udes 2&g9n; gag thrgpgluthg elsgiicifyrmece at aow zafe of 200(hal/gm , @od heldiabr
substrate _according to any one of clains 1 to 5 wherein the graphite
| ayer hagggoéb@@iﬁwgﬁrface and the seni conductor |ayer is grown on
t he (000 % urf ace. 7. The sem conductor substrate according to
any one 18lains 1 to 6, wherein the

10 Example 3
Properties of graphite substrate obtained using binaphthyltetracarboxylic
acid-biphenyltetramine (BNTCA-BPTA) polymer as starting material

FIGS. 14 to 17 show the properties of a graphite layer that was formed by
spin-coating a BNTCA-BPTA polymer onto graphite.

15 As shown in FIG. 14 (surface SEM image), the surface of the graphite [ayer was
flat. As shown in FIG. 15 (XRD analysis results) and FIG. 16 (EBSD analysis results),
the (0001) diffraction peak of the crystals of the graphite layer was clearly observed.

As shown in FIG. 17 (tilt angle distribution), the half-width of the peak was 1.63°. The
grain size of the crystals of the graphite layer was about 10 um.

20
LIST OF REFERENCE NUMERALS
[0139]

1, 101, 201: semiconductor substrate, 2, 102, 202: graphite substrate, 103, 203: buffer

fayer, 4, 104, 204: semiconductor layer
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substrate includes a base that includes an organic conpound t hat
differs fromthe 5Sheterocyclic polyner, and the graphite |ayer that
is provided on the base. 8. A nethod of producing a sem conduct or
substrate conprising causing a sem conductor |ayer to grow on a
surface of a graphite layer that forns a surface of a substrate, the
graphite layer being fornmed of a hetenoemgc! i ¢ pol ynmer obtai ned by
10condensing an aromatic tetracarboxylic acid and an aromatic
tetramine. 9. A nethod of producing a sem conductor substrate
conprising causing a buffer layer to grow on a surface of a graphite
| ayer thdt forAasendicsnducaseutntrae @uipsisingt e, and causing a

sem conductor |ayer to grow on a surface of the buffer |ayer, the
graphi te 15 | asabstime thyt oludesla gfaphitheyer theyerdphite poley fremindbi airfeed oby
condensing an aromati c tetracarboxylic acid and an aronatic

t et r afii néhe subStrat¥randrheirgddrmaetol aligterocyrlicipalyme cbtagredbiysiondersingsinng a
| ayer that includes at |east one of HfN, ZrN, and AINto grow as the
buf f er | ayamaticigtrachiboxyhe a¢iérhdan awwowmtigiteitamioe;sindi m 9 or 10,
conprising formng a plurality of layers as the buffer |ayer. 12. The
net hod accor digr§ri@ngusionlarerghatds gioe @ @ gutace of hgerandiitadaveausi ng a
25sem conduct or | ayer that includes silicon or a group 13 nitride to
grow as the sem conductor layer. 13.The nethod according to any one

andt he Ret hod SAlIBHEEE! SUTERIRGTRE S conduct or | ayer 1o gr ow oh
:E ge 1%8023“)? :Jré'lrsags%faae? tkgwggﬁﬂ%e eE Er%glﬁ?ecl%%rﬂhg %rz}p%itéa [l%/ep H)%n%{g & éuz%%argg o?
the substrate, and being formed of a heterocyclic polymer obtained by condensing an
aromatic tetracarboxylic acid and an aromatic tetramine;
a buffer layer that is grown on a surface of the graphite layer; and
a semiconductor layer that is grown on a surface of the buffer layer.
15

3. The semiconductor substrate according to claim 2, wherein the buffer layer

includes at least one of HfN, ZrN, and AIN.

4, The semiconductor substrate according to claim 2 or 3, wherein the buffer layer

20  includes a plurality of layers.

5. The semiconductor substrate according to any one of claims 1 to 4, wherein the
semiconductor layer is formed of a semiconductor that includes silicon or a group 13
nitride.

25
6. The semiconductor substrate according to any one of claims 1 to 5, wherein the

graphite layer has a (0001) surface, and the semiconductor layer is grown on the (0001)
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graphite layer on a base that is forned of an organi c conpound that
differs fromthe heterocyclic polyner to obtain the substrate. 15.
The met hod according to claim 14, conprising dissolving the

het erocyclic 10 polyner in a solvent to obtain a solution of the

het er ocyclic polymer, applying the solution to the base to forma
thin fil nyra@d heating the thin filmand the base at 2000 to 3000C to
obtain the substrate. 16. The nethod according to any one of clains 8
to 13, conprising formng a | ayer 150f the heterocyclic polynmer on a
free-standi ng base, and separating the |ayer of the heterocyclic

pol yrmer f7om tihe stmé@ndtandubgrdaseotdingbl @iyodeh ciaphid €, wisetein.the
17. The method according to any one of clains 8 to 16, conpri sing
form ng tshbstgraipbiuties 4 base tha indutdes ah hezagrcaphipioend eyediffessiram the
coefficient of thermal expansion 20corresponding to a coefficient of
t her mal dxparychapdfmehand theegraphitatlayes thpt mprovided bethedatace of t he
graphite layer. 18. A sem conductor growh substrate conprising a
graphite layer that forns a surface of the sem conductor growth
substrate, the graphite |ayer being forned of a 25 heterocyclic

pol ymer &bt ai Hemethipd o6 pendnsing g samicendvsier HbstEate SoRPHBRE t4Usingd d and
an aromatic, tetram ne 19. The sem cqonductor growt h_substrate

accor di n§EREORIUAION1AYET IQERMEDHA BIHEACH 04 B IBFARAITE é@y@f thah@nas eguage of a

o 20 wfBaTIE SR i B DTt el 2
B e A S B el 0
sem conductor growth substrate conprising formng a
9. A method of producing a semiconductor substrate comprising causing a buffer
layer to grow on a surface of a graphite layer that forms a surface of a substrate, and
causing a semiconductor layer to grow on a surface of the buffer layer, the graphite
15 layer being formed of a heterocyclic polymer obtained by condensing an aromatic

tetracarboxylic acid and an aromatic tetramine.

10.  The method according to claim 9, comprising causing a layer that includes at
least one of HfN, ZrN, and AIN to grow as the buffer layer.

20
11. The method according to claim 9 or 10, comprising forming a plurality of layers

as the buffer layer.
12.  The method according to any one of claims 8 to 11, comprising causing a

25  semiconductor layer that includes silicon or a group 13 nitride to grow as the

semiconductor layer.
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graphite layer on a base, the graphite |layer being forned of a

het er ocycl i c pol ymer 10obtai ned by condensing an aromatic
tetracarboxylic acid and an aromatic tetram ne, and the base being
formed of an organic conpound that differs fromthe heterocyclic
polynmer. 22. The nethod according to claim 21, conprising dissolving

the hetergeyclyye aROd Xé@éfdﬁ@t@arﬁ@nﬁ%’f‘%laﬁﬁs okl &, m&réﬁ métgr%l@fla%?e

het erocyclic polyner, applying the solution to the base to form

thin fil masape0d§abdae, iduemnt hiemhdul dompaaek éahﬁn ﬂi%eseﬁﬁco%gg&oiﬁ &Q@OC to
obtain the semiconductor growth substrate. . A met hod of prodUC|ng

a sem congogloarthgfoom Ysustabst rat e conpri si ng form ng a 20 layer of a
het erocycl i ¢ pol ynmer obtained by condensing an aromatic
tetracarboxylic acid and an aromatic tetram ne on a free-standing
base, and separating the |ayer of the heterocyclic polynmer fromthe
free- 8§t andi ng Thesecthad alsbaling @ ayyapbiof elalnay@ta 13, 2dmpfikieg tethinglthe
according to any one of clains 21 to 23, conprising formng the

25gr aphi tgeaghéty dayes on & fpase thhtds doraystiof en begpeic deapound thef differseinem dlic

t hermal expansi on corresponding to a coefficient of thermal expansion
of a | aydeteroryelic polymente ahtaia tkagubsteate.of the graphite layer. 25.A
sem conductor device conprising the sem conductor substrate according
to any one of clainms 1 to 7. 526. A light-emtting device conprising

t he sem caonductor devjce agcording to claim25 27.A display panel

conpri si g t hek hPl‘%]POqe?ﬁC‘P’Edi"FﬁgtOd%ﬂ}mc]é" SeTBr Hng §isselvine Ansheogocydisg. an

el ectroni c. devi.ce rISL gl sen&cgnguctor dev ce accor.di to

cl ai 25, polymer in a $o Ve t to obtain a solution of the heterocyclic po ymer, applying t
solution to the base to form a thin film, and heating the thin film and the base at 2000 to

3000°C to obtain the substrate.

16.  The method according to any one of claims 8 to 13, comprising forming a layer
15  ofthe heterocyclic polymer on a free-standing base, and separating the layer of the

heterocyclic polymer from the free-standing base to obtain the graphite layer.

17.  The method according to any one of claims 8 to 16, comprising forming the
graphite layer so that the graphite layer has a coefficient of thermal expansion
20  comresponding to a coefficient of thermal expansion of the layer that is grown on the

surface of the graphite layer.

18. A semiconductor growth substrate comprising a graphite layer that forms a
surface of the semiconductor growth substrate, the graphite layer being formed of a
25  heterocyclic polymer obtained by condensing an aromatic tetracarboxylic acid and an

aromatic tetramine.
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29. A solar cell device conprising the sem conductor substrate
according to any one of clains 1 to 7. 15 30. An electronic

I nstrunent conprising at | east one of the sem conductor device
according to claim?25, the light-emtting device according to claim
26, the display panel according to claim?27, the electronic device

accordi ngot 0 cii seddndadter H3 1S lafrate abdordiQi ke 1Rk ¢ O  WhétbinR: Slaphifa

29.

10

15

20

25

layer has a (0001) surface.

20.  The semiconductor growth substrate according to claim 18 or 19, comprising
forming a base that is formed of an organic compound that differs from the heterocyclic

polymer, the graphite layer being formed on the base.

21. A method of producing a semiconductor growth substrate comprising forming a
graphite layer on a base, the graphite layer being formed of a heterocyclic polymer
obtained by condensing an aromatic tetracarboxylic acid and an aromatic tetramine, and

the base being formed of an organic compound that differs from the heterocyclic

polymer.

22.  The method according to claim 21, comprising dissolving the heterocyclic
polymer in a solvent to obtain a solution of the heterocyclic polymer, applying the
solution to the base to form a thin film, and heating the thin film and the base at 2000 to

3000°C to obtain the semiconductor growth substrate.

23. A method of producing a semiconductor growth substrate comprising forming a
layer of a heterocyclic polymer obtained by condensing an aromatic tetracarboxylic acid
and an aromatic tetramine on a free-standing base, and separating the layer of the

heterocyclic polymer from the free-standing base to obtain a graphite layer.

24.  The method according to any one of claims 21 to 23, comprising forming the
graphite layer so that the graphite layer has a coefficient of thermal expansion
corresponding to a coefficient of thermal expansion of a layer that is grown on a surface

of the graphite layer.
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25.  Asemiconductor device comprising the semiconductor substrate according to

any one of claims 1 to 7.

26.  Alight-emitting device comprising the semiconductor device according to claim

25.
27.  Adisplay panel comprising the light-emitting device according to claim 26.

28.  An electronic device comprising the semiconductor device according to claim

25.

29.  Asolar cell device comprising the semiconductor substrate according to any one

of claims 1 to 7.

30.  An electronic instrument comprising at least one of the semiconductor device
according to claim 25, the light-emitting device according to claim 26, the display panel
according to claim 27, the electronic device according to claim 28, and the solar cell

device according to claim 29.
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