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 ,substrate that includes. a sem conductaqor | ayer that
oxhi b s excerAEae GapalRt pees o BT nRelog,  BRHR R areltB )

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



Accordi ng to anot her aspect of the invention, a nethod of producing a
sem conductor substrate includes causing a buffer layer to grow on a
surface of a graphite layer that fornms a surface of a substrate, and
causing a sem conductor |layer to grow on a surface of the buffer
| ayer, the graphite | ayer being forned of a heterocyclic polyner

bt ai ned
aromat 1 ¢ oL TORE ety SR Ot B AL Al e RGBS Teert
surface ghokls NuabyoGhy shitl! wm {88 %ﬁ?hﬁ@la‘y&yﬁeﬁné {a%ea ot & REBREyalc a

het er ocycl i ¢ pol ynmer obtal ned con sing’an aromatic

t et racar RRhdrobathd @%nééhsﬁfg%ﬁrbﬁaﬁ@idﬁéﬂrﬁ&th@r:l@:dtalﬁﬁ af @pdanRduct or
| ayer is grown on the 'surface of the buffer |ayer, the buffer |ayer

and the semmsigeduct or |ayer exhibit 10excellent crystallinity due to
the excellent crystallinity of the graphite layer (i.e., a

senm condyo0am] | ayer that exhibits excellent crystallinity can be

obt ai ned). A sem conductor substrate that includes a sem conductor

| ayer that exHididetthe bufferlliyenis growatoalthe nirfage ofithethigidy beystabiirgi gngthite

[ 0021] 15The nethod may include causing a | ayer that includes at

| east ondayef thd fsi foned\bf almderatlic pohmuew chtninddd ymehf@singapearomythen t he
buffer layer that includes at | east one of HHN, ZrN, and AINis

provi ded tecobenylidreidrahii aremstib ttrannies, and thetsemsoniledserdagaras gloaypern
light can be reflected by the buffer layer. For exanple, when using
t he seni dshaiede! uhagaéffelalgm the br§pr lamrsa@ﬂbhwm@@@mtoaiayém@&auct or

substrate in which the |ight absorption effjciency

| i ghtl0 ab&¥sPicACryHylEnity Qu"r’ Wdhéswlle%ﬁrb%alhwhpﬂ@a 8T€\Rh§ﬁ19t¥§¥ ﬂg fhe
R e st L
Phel udes sitiohdiclor B s CRRAR Lol Bt e SHiti excéﬁ%

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



25| ayer can be increased. This nmakes it possible to obtain a

sem conductor substrate that exhibits inproved el ectrical properties.
When using the sem conductor |ayer as an emtting layer, it is

possi ble to obtain a sem conductor substrate that exhibits inproved
optical properties. [0022] The method may include formng a plurality

of layersg gaHﬂgb S er layer. For exanple, an H N ZrN | ayer
t hat refI cts I1ght and an AIN [ ayer that increases 5the grain size
may be sqggzgtely formed as the buffer layer. [0023] The net hod

may i nclude causing a sem conductor |ayer that includes silicon or a

group 13 nitrimR h@hed Mey afchideSosRink QYMEEEQT 14RYELs the Buﬁfé}u@ye@ase a
sem conduct or substrate that includes a highly crystalline

10seni conduct Qor kratBylef dnek fN/AEN e that fefits digHtaidan AlhelhydrmnBatifi@8ases
silicon or a group 13 nitride can be obtained. [0024] The (0001)
surfase nimyghavdzeamaPbOdgpamie] drencdan thd hefarbtyend may i ncl ude causi ng
the sem conductor |ayer to grow on the (0001) surface. 15Wen the
graphi te [P@sdr has a (0001) surface, and the sem conductor |ayer is
grown on the (0001) surface, a sem conductor substrate that includes
a seni conduct drhelnagtieed mhninchydeichnting 4 ppmisoadhctorilayst ttat meludansibeon or a
obt ai ned. [0025] The nethod may include formng the graphite | ayer on
a base t mmug B nitsidede geFw as the semiconductor 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



20 an organi c conpound that differs fromthe heterocyclic polyner to

obtain the substrate. The substrate can be produced at | ow cost

by formng the graphite | ayer on the base that is fornmed of an

organi ¢ conpound that differs fromthe heterocyclic polyner to obtain
the substrate. [0026] 25The net hod may i ncl ude dissolving the

het er ocyGhb&rap®! ynmer in a solvent to obtain a solution of the

het erocyclic pol ynmer, applying the solution to the base to forma

thin film and heatrhteghdtheclidbsa graghife 2aydr tHaeeAnbi6s lph 200AIINMAy3RNEBE t O
obtain the substrate. A substrate that includes a graphite

| ayer thairoduchd hi Ibss doisgihy disyestiag tHerticteroalic belypied (g salvait td omaidast by
di ssol ving the heterocyclic polyner in a solvent to obtain a solution
of the hebhkitionpfthedhempbopebe polyppet, \applyitghtbe sabtion wrthe badehe fdrasethio
forma thin 5film and heating the thin filmand the base at 2000 to
3000Cs5t o foing andheabieg shetbin flireand ©O bage at 2000 toTHOO0MR tchaidaindlye substratele
formng a | ayer of the heterocyclic polyner on a free-standi ng base,
and separd®37g the | ayer of the heterocyclic polymer fromthe
free-standing base to obtain the graphite |l ayer. 10A graphite |ayer
that exhi bit s Thegrethedmay ncludetfprmang athayes pf Biemsteregycinpolymssen at e by
formng a | ayer, of the heterocyclic polynmer on a _free-standi ng base,
and separf%?ﬁ%gd%r}gé)aﬁwefi searating th%&ﬂ@?fd@{rm heterggyslisarolymeyram gie

f - st andi t tain th hite | . [0028] 15Th t hod
mragei icf&&lgp‘"‘?aﬂafﬁs S‘?Wg" ‘%Iﬁ%?‘ﬁ grg\plﬂ%j elr'sg tﬁ)alt_tert hEa gr a}ohi te Ie_a;rgr (rjlas
Ther MBI oxpand BAPBIC Mt dfR RS M AR o el P Bihy e
hite,l ' i i bl t f f ect
T The o nuddilinae woset beliR@RR GRSt S PhENRPhHEREHLRTT 55 RankRuBc e

or aphi t 6 T b oy e BB on Bl oo CRA e e

al nost equal to the coefficient of thernal expansion of a layer that
is growm On the surface of the graphite | ayer.

[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.



[ 0029] According to another aspect of the invention, a sem conductor
growt h substrate 25includes a graphite |layer that fornms a surface of
the sem conductor growth substrate, the graphite | ayer being forned
of a heterocyclic polynmer obtained by condensing an aromatic
tetracarboxylic acid and an aromatic tetram ne [0030] Wen the
senicondqgggﬁ growt h substrate includes the graphite |layer that forns
the surface of the sem conductor growth substrate and is fornmed of a

het erocyclic pgh¥ik seRi@hdedoMoFBdBESItE thehllcd IRMB AP te layer that forms
tetracarboxylic acid and an aromatic 5tetram ne, a sem conductor

l'ayer t hahe Qithichof he@¥@adohaidtoCry Sttpdubkititt ¥nd RFoRBedb AR &BC e
surface of the sem conductor growth substrate. [0031] The graphite

| ayer maypohawe: obtaifidlbl) cohdedsigean abmatié feeragrb@hilic@cidamdranhesmaio 0001)
surface, a sem conductor |ayer can be 10grown on the (0001) surface.
Ther efor egtranisem eonciudtonr lagpethat dxaibigxeRediiehscriystpiliaite darobé grotsatdnon
can be grown. [0032] The graphite | ayer may be forned on a base
that is fibe seticeodl te sengandectagmetmahbstae. di ffers fromthe

het erocyclic polymer. 15The sem conductor grow h substrate can be
produced [8931]ow cost by forming the graphite layer on the base that

is formed of an organic conpound that differs fromthe heterocyclic
pol yner . 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



[ 0033] According to another aspect of the invention, a nethod of
produci ng a 20sem conductor growth substrate includes formng a
graphite |l ayer on a base, the graphite |layer being fornmed of a

het er ocycl i ¢ pol ymer obtained by condensing an aromatic
tetracarboxylic acid and an aromatic tetram ne, and the base being
formed ofi.@inRk3aMmchrLeMmound that differs fromthe heterocyclic

pol ymer. [0034] 25The sem conductor growth substrate can be produced
at | ow cqgp3q)y forming the graphite layer that exhibits excellent
crystallinity and is formed of a heterocyclic polynmer obtained by

condensi ng an Eieqi@hbE ma ifchéd BESWinEthe he@raReli@poldmertd lvent to
tetram ne on the base. [0035] e nethod may I ncl ude di ssol vi ng

t he het erobei b selufion yhide hefercysiid pepinet, @pibingithe SlSWnbItBObLDE td fem a
het er ocyclic polymer, applying the solution to the base to forma

5t hi n5fi Ithin fAmg afdkdating thehhirt fillnardd thebasecht 20@0 taed0&T t26Kfinttie 3000C
to obtain the sem conductor grow h substrate. A sem conduct or
growt h sushwioccatecteih@owilnaibeid@s. a graphite | ayer that exhibits high
crystallinity can be produced at | ow cost by dissolving the

het er ocycl i ¢ posepmieendunton gevtthenbstiate thitintlndes asgrhphtitedayesfthat jgzhibits

het erocyclic polyner, applying the solution to the 10 base to forma
thin fil fghespstaldatty aep bhprodnead at lawrcess &y dissolyigdhe hetapgpclicaokonednt o
obtain the semi conductor growth substrate. [0036] According. to

anot her &$pbeEnt torobigipa ﬁw\l}gw@ phthe hgteprsyRiiiPAymet adRlvingghgsolution to the

S UGG A R R A e
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

10



150bt ai ned by condensing an aromatic tetracarboxylic acid and an
aromatic tetram ne on a free-standi ng base, and separating the |ayer
of the heterocyclic polynmer fromthe free-standing base to obtain a
graphite layer. [0037] A graphite |ayer that exhibits high
crystallinity can be obtained as the 20 sem conductor growh

subst r at g%, Ek%r&ﬁagn@e hWeHicRit LGt %ﬁ@ﬁ%ﬁ)h'bﬁr fgﬁﬁlﬁgﬁgr%%@lﬁ e layer

free-standi ng base, and separating the of "t he

pol yner fsquﬁtﬁ@gﬁaﬁﬁeaay&nﬂg agoaﬁéi%nwftﬁmq BxiASiof Ke@qﬁ%h'té 8t Alﬁﬁb@tre ual
[0038] The nethod may include formng the graphite Iayer so that qt

graphi t e tb @eedoeffasent o8 tHeARAI dxphdin ¢fa 1&?&&1&@% S6RANT RO s&eck s ARNdi ng
to a coefficient of thermal expansion of a layer that is grown on a

surface gfaphie lgfeaphite layer. It is possible to prevent occurrence
of defects in the subsequent heat treatnent due to the difference in
coeffisci ¢00399f thermal expansion by formng the graphite |ayer so
that the graphite |layer has a coefficient of thermal expansion equal
to or al nost dywatdingtotdnethepedpectofeing ingéntidnea sehicendimtzidemicoincudeayer
that is grown on the surface of the graphite |ayer. 5[0039]

Accor di ndghe geripetduetor adptrete agéorting th nueaspecinf the imeeitonduct or  devi ce

i ncl udes the sem conductor substrate according to one aspect of the

i nventi on. Thdhsspmicondurterglevirewkbibite rrgebicntpreparess dustio greogarvieandsctaue
to the senjconductor, substrate that includes the seniconductor |ayer
that exhiSBpst@tetiatdneludes the fanigpndustar Jayery tiap oduopits excellent crystallinity.

10 [0040]
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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Accordi ng to anot her aspect of the invention, a light-emtting device
i ncl udes the sem conductor device according to one aspect of the

i nventi on. The light-emtting device exhibits excellent
emtting properties due to the sem conductor device that exhibits
excel l ent properties. 15[ 0041] Accordi ng to anot her aspect of

the invention, i @iz EEI@Mewﬁ@é‘éﬂhlﬂlﬂ(‘eleéif‘eﬁt H&?eﬂu'egﬁﬁe ®Mhd Eén’i‘i@oxﬁﬁx\é&o‘fe

according to one aspect of the invention di spl'ay panel exhibits

excel | entsygitsipd @yt RSy (RBBERicHR @t 14128 tiat gfﬁlbi‘%’&%}&%lléiﬁ cHRMIIER hat
exhi bits excellent emtting properties. 20[0 According to

anot her gepeqt of the invention, an electronlc deV|ce i ncludes the
sem conduct or device according to one aspect of the invention.

The el ect r oni ;Aderdicgetoexhuirthbi Spex o€ tHedhtertibaCcdy dlédtonfy iagarrhére Sncitiest O
t he sem conduct or device that exhibits excellent properties. 25[0043]
Accor di ngt teastametoli ére seapaatiuctbr ddvéce avvendirigin ona agekest theldventdod, te

i ncl udes the sem conductor substrate according to one aspect of the

i nvent i odight-emitting d&hee aobmiingteldne depactef thx ivisiitisn, éheodibplanpanel
properties due to the sem conductor substrate that includes the

sem conddetadini g ere agpget ob g inivendionxdhelelastronicdgvice bedording to ¢reoKnget
According to a further aspect of the invention, an electronic

i nst r umenf theigyeges, auhthe slat cellirievier acenadiag o eamenrectof trpdpyersion.
according to one as ect .of the invention, the light-emtti n(tg devi ce
according to E@@p iptrupeat exilit gxepllent H@PHWU% sigge hasiae fa{%‘@or di ng
to one as ect of t{']ﬁ i nvention, he el ecironic devi ce accordin
one dSpeddSiymephEc GRAFBHOTCdnE Franisat e device ewe@n%@c%wcﬁs ift 86
one aspecgt of the The.el ectronic instru exhi bi t
excel | en wgggpp' @Y@g{i ?%d%ﬂl(‘ee&cp%ﬁl?ncg to one aspec{TE frﬁle 1nvent10n %he
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



10i nstrument includes at | east one of the sem conductor device
according to one aspect of the invention, the light-emtting device
according to one aspect of the invention, 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 aspedep&itidIPBING e O corlimeRb RSt ShbddifachfNVENTI ON [ 0045]

The invention thus provides a seém conductor substrate that includes a

seni conduct or RIGYEis 4 Vg% sByWini 4 Srolds@forehydicald the bdrficomdudi: Rasknafe
produci ng a sem conduct or substrate, a sem conductor growth

subst r at eccardigttbat firkt ghsliagemng a 20sem conductor growth substrate,
a sem conductor device, a light-emtting device, a display panel, an
el ectroni ¢ deHIGe4 isa wewahowiiglthalennfiparatian df aReral coadwobet sabstrasd r ument .
BRI EF DESCRI PTI ON OF THE DRAW NGS [0046] 25FIG 1 is a view show ng
t he cénf iagenrdinigdnm a sécoad setbodomoit of the iiswdnsomn.at e according to a first
enbodi nent of the invention. FIG 2 is a view show ng a schematic
confi gur at i on HE aispuicwdheviagtthoreiloeiom prapgrtied of zircotiRED)itrgdest em
according to the first enbodi nent. _FIG 3 is a view showing a
process for pAddutisigiewshewimsdbnenndizoration b e sputteriag spytemn agearding fie
first enbodinent. FIG 4 is a view showing the configuration of a
seni condils Beord mabedimgntsaccor ding to a second enbodi ment of the

i nvention. FI 5 is a view Showing the reflection properties of

zi r coni um ni tSﬂﬁ-e? is a view sRpwinghg Confisyratign ohe WFAOPFHSE SHPSUH at i on

Iy . t.e ccprding to. the second enbodi nent.
of a 18 DUtaE:éaol}(lilrlllg tOS Xﬁnrcf%rgbod?ment ocll” 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 7 is a view show ng the configuration of a sem conductor
substrate 10 according to a third enbodi nrent of the invention.

FIG 8 is a view showi ng the configuration of a nolecular beam epitaxy
(MBE) system according to the third enbodi nent FIG 9is a

vi ew showi ng anot her configuration of a sem conductor substrate

accor di ngExamgld®. i nvention. 15FIG 10 is a view showi ng the
properties of a graphite substrate according to Exanple 1.

FIG 11 is a \Hlew Bhawiey shéweingrtiopaoperess of a grapleing sbsiehite havordiny ey
according to Exanple 1. FIG 12 is a view show ng the properties of a

sem condU®taomplé Ayer according to 20 Exanple 1. FIG 13 is a
vi ew showi ng the properties of a sem conductor |ayer according to
Exanpl e 1. FIG 14 is a view showi ng the properties of a

graphite substrate according to Exanple 3. 25FIG 15 is a view show ng
t he pPopd?E3ERIPGHON @FMMgLéﬁ%EM@L@%ENTai ng to Exanple 3. FIG
16 is a view.showi ng the properties of a graphite substrate accordi ng
to Examip@‘wé. FIG 17 is a view showi ng the properties of a

raphite substrate accordin o. Exampl e 3. SCRI PTI ON OF EXEMPLARY
%NBp(I)I NVENTS [Ooaﬁl‘ﬁ} em O(Bment gf the inventrir(Pn 18 descri%e(?’gelow with reference to the

drawings.
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
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A first enbodinent of the invention is described below 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

i ncludes a graphite substrate 2, and a sem conductor layer 4 that is
stacked adntrinkie viscagiby trd iisi@sts @&ttRe oletbRr SRIPhe fRReBACEOr Thu &t Ghindici S
provided in a light-emtting device, an electronic device, or the

| i ke. 15048y Tised gemphicfees Rubedliaditaided By Hidsaleislgalie polgmapii te film
that includes a heterocyclic polynmer obtained by condensing an

aromat i ¢ mehawsafboxydid at @contentnatioarnf Ariormi T,antl etaasuringethe Mtengit es of
the heterocyclic polyner include a polyimde polyner, a

benzi m daissbeitizofthe selntion @ 307€. | adder (BBL) pol ymer, a pol yoxadi azol e
pol ymer, a 20 pol ypar aphenyl enevi nyl ene pol yner, a BNTCA- BPTA

pol ymér, (B8]t he |ike. Specific exanples of the heterocyclic polyner

i nclude a polyner that includes a repeating unit shown by the

foll owi ng general fornmula (1), and has an intrinsic viscosity of 0.5
to 3.5 [0049] 251t is preferable that the polyner that includes the
repeating unit sho by the g (1 ave an intrinsic
viscosity of 1.0 t¢ 3.5 dI Clvi sity 0-0,0f a
polymer is an inde ReC fically,“the
intrinsic viscosit | ecul af wei ght increases.
The term"intrinsi referg to a val ue obtained
by di ssolving the polyner in nmethanesul 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 fornmula (1) nmay be obtai ned by
reacting @xgﬁnaphthyltetracarboxylic acid or a derivative (e.g., acid
100h|oriée, acid anhydride, ester, or am de) thereof with a

bi phenyl t et r anih@@oBine? tiRlidclddes HROepeana MRt 88owh bl BR: general formula (1)
bi napht hyl t et racar boxylic acid include

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
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4, 4" -bi naphthyl1-1,1', 8,8 -tetracarboxylic acid. Exanples of the
bi phenyl tetram ne include 3,3',4,4"-biphenyltetram ne Exanples of a
salt of the biphenyltetram ne include 3,3, 4,4 -biphenyltetram ne
tetrahydrochl ori de. 15[ 0052] The pol yner that includes the
repeating unit shown by the general fornmula (1) may be obtai ned by
char gi ng pdlyphasitiosio avids s pblybhaiphatendiphdis] ereS@lphedthatsl piosbh@us pentoxide,
bi napht hyl tetracarboxylic acid or a derivative thereof and the
bi phenyl toethelittene dssolacdal t t hereof, and stirring the m xture at 100
to 250C for 3 to 48 hours. The solvent is not 20particularly limted
as |l ong d4803Xe sol vent dissolves the starting materials and the
resulting polynmer, and functions as a catal yst that pronotes
pol yrer i zat i orbpegiie skfnples rbihg heterasfyckihipolymenam incheleagwlymer that
met hanesul fonic acid and the [ike in which polyphosphoric acid, a
pol ypRos prdudss ageptabing unié skawn by hsspHewviag gshasbieonule (Beandkascin  or
the like . is dissolved. [0053] Specific exanples of the heterocyclic
pol yner anEsieyEcody of Gdfahedlg hat 5 includes a repeating unit shown
by the fibéﬁﬁjng general formula (2), and has an intrinsic viscosity
of 0.5t % dl e. [0054] [0055] 10It is preferable that the
pol ymer that includes the repeating unit shown by the general formula
(2) have an intrinsic viscosity of 1.0 to 2.7 dle. The pol ymer that
i ncl udes the repeatiqg \nit sh by the gen&ral fornula (2) nay be
a ( Q
/

obt ai ned by reacting c acid or a derivative
(e.g., acid chloridej acid
benzenet etram ne or §5§£_

2t

include 1,2, 4,5-benzghef Nes oﬁ;a
[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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salt of the benzenetetram ne include 1,2, 4,5-benzenetetram ne
tetrahydrochl ori de. Specific exanples of the
bi napht hyl tetracarboxylic acid or a acid derivative thereof include
t hose nentioned above. [0056] 20The pol ynmer that includes the
repeating unit shown by the general fornmula (2) may be obtai ned by
react i ng Hyhthe pérved) Fodmydla er acar boxylic acid or a derivative thereof
wi th the benzenetetram ne or a salt thereof under the sanme conditions
as those [0@3%]i oned above in connection with the polyner that includes
the repeating unit shown by the general formula (1). [0057] Specific
exanpl es of t IBpebificexanplct bfthp dktenmiychd salymeachlsdimchidp alpphenertthat
I ncl udes a repeating unit shown by the foll ow ng general fornula (3),
and has ancladestarepsitiog wi slsin by tife folléwing g8n&al 06568k (3), knd haNe 1)
[ 0059] referable that the polymer that includes the
repeaﬁlngmUﬁ&PV§ﬁ®NYQﬁD§%b3idbEneral formula (3) have an intrinsic
viscosity of 1.0 to 2.2 dle.

[0058]

(]
™
=

=z

P
4

(3)

P aat i
WO )

\ /

[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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[ 0060] The pol yner that includes the repeating unit shown by
the general fornmula (3) may be obtained by reacting a

napht hal enet etracar boxylic acid or a derivative (e.g., acid chloride,
acid anhydride, ester, or am de) thereof with a biphenyltetram ne or
a salt 15t hereof Exanpl es of the naphthal enetetracarboxylic acid

i ncl ude bydhdgéhrenalgbinfidh ¢net et racar boxylic acid. Specific exanpl es of
t he bi phenyltetram ne or a salt thereof include those nentioned
above. [ Q0861 The pol yner that includes the repeating unit
shown by the general fornmula (3) 20 nay be obtained by reacting the
napht hal enet et4;4eRBinbohlryli I51°58; 8 dtebrcaabakaitic veidimey bdwyméesized frhmt he

bi phenyltetram ne or a salt thereof under the sanme conditions as

t hose nert¢hiorodl , Sinaptshalic anbdrids vie psteii fidatiovhecqupliygrand hiidolyisisc| des
the repeating unit shown by the general formula (1). [0062]

4, 4' - Bi napmmgyaially ava,ﬂabls'pr@%mt mezebekguised. aci d may be synthesized
from4-chloro-1, 8-naphthalic anhydride via esterification, coupling,
and hydr&pwgﬂs. A 5 conmercially avail abl e product may al so be used.

[ 0063] , 4,5, 8- t hal enet etracarboxylic acid may be )
synt hesi zed f ﬂlméﬁ @bNgPﬂ\B%nate&rﬁ?aa'a%Y&fﬁ agid gy Protvadiesigrd BRMRAgEAR e
and oxi dati usi.ng a sodi um hypochlorjte . solution. A. co rcia

avai | abl é’xlf%% Lsin S}ta%]% pslén%@g%a_te ?6![ @ggqﬁ)on us%ng a sodium my?ocﬁiorllte y
1,2,4,5-Bep.enet tram ne ?a ﬁews nt he ized'f@on1 chl orobenzene vi a
of tr at | oSOt SR SvalabIS SOBET AL 215 PPSEEE oup. and rmy be
isolqped[@ﬁmi tetrahydrochl oride. A comercially avail abl e product
may al so“be used. [0065]

1,2.4,5-Benzenetetramine may be synthesized from m-chlorobenzene via
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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15 3,3 ,4,4' -Bi phenyltetram ne nay be synthesized fromo-nitroaniline
via iodination, cross-coupling, and reduction of the am no group. A
comercially avail abl e product nmay al so be used. [0066] A carbon film
may be obtained using at | east one polynmer selected fromthe 20

pol ymer that includes the repeating unit shown by the general formula
(1), the fphbysrer that includes the repeating unit shown by the
general fornula (2), and the polyner that includes the repeating unit
shown by (1he gepelyaler Slaramibyathe I)llovEpe gedidralabiyylafdnd haningrhiimangicso
relates to a carbon filmproducing polyner that includes the

r epeat i ngiscosity ofif}.§ tahéwtg'by the general fornula (1), the repeating
unit shown by the general formula 25(2), or the repeating unit shown
by the gdR@edl forrmula (3). [0067] The heterocyclic polymer according
to the first enbodi nent may be defined as follows. (1)A pol yner
shown by the follow ng general, fornula, and hayving an intrinsic
viscosity of 0.5 to 3.5 dle. f008d] 5 ereiN Art represents the
followi ng functional group 1for 2§} Ar2 repre s the foll ow ng
functional group 3 or 4, and n NZ/ er that indicates the
degree of pol yrrerlzatlon doep not represent the
functional group 4 when Arl %\fs‘[ﬁe fungti onal group 2.

10[ 0069] [0070] o)

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]



(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 targe ol di.ng-drjving sectjon 12, a substrate hol di.ng section
13, a ga§g’§i]5&r§“e§é‘%fhe scharge Supe H - pridedtiegsr claglipds 401§ PsRddsdin the

L S
Exarpl es _&'ﬂ:&f% I s RpaE P Kbuiit f epﬂ%laagﬁegﬁf,cﬁﬂﬁmﬁu N,
w0 1415 The Pl Eb el stk SRR DRBEOHT e it 3R 130 e am

G Sehar gousis8 Yl ESaBiib I eBeCARRAN o D iRl Ml BB igernon.
opposi t € pehRGhued ¢t sl @hﬁna%@ﬁc ASARFALA &he‘k}ﬁschlgg J&Ysse;&l[@; S&idinbe

41 is formed of glass or the Ii and 1's 5configu at an &nd

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
tube 10 41. Pherpuicsebagbnbabgodesdbe pelsal dedtrandehiny icamokat tedhd end he
trigger electrode 43, and supplies a pulse signal to the trigger

el ect r odélagf the discharge bk dd quéhe ghantver 18lieptovied betirn widowel 711 Thauses
a channel spark discharge in the discharge tube 41 by utilizing the
above neé&amistpe 46 inrataddnigdbe ehpmbreh@ thrpegh thamgedpvel é6q reach theans

t hrough the end 4la. . . . .
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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15[ 0080] A ceram c tube 16 that guides the pul sed el ectron beans
is attached to the end 41a of the discharge tube 41. The chanber 10
is provided with a window 17. The ceram c tube 16 is inserted into

t he chanber 10 through the wi ndow 17 to reach the target

hol di ng-driving section 12. An opening (discharge section) 16a is

formed or gticiblehaisplidel @ Beri nttlytholita fbget 2Dd AMesHih Rb&Ghisa c.g.,
beans that have been generated in the discharge tube 41 and gui dec? by
t he cer arheetingivrellotstewadi) Scpravided in the cargdt Hohdinggetiomy1 G ehat tHeeariganer
di ameter of the ceramic tube 16 is about 2 to 4 nm The ceram c tube
16 is prZidedehestbd.a novi ng mechani sm (not shown) so that the
opening 16a of the ceram c tube 16 can be noved. 25[0081] The
target hdPef2ig-driving section 12 includes a target hol ding section
21, a target driving section 23, and a target driving shaft 24. The
targef hol di ng’bséaepidiplding pectign 24 aefosmed phamafesiapthet ¢xdekitstapnductivity.
horizontally hold a target 22. A heating nmechanism (e.qg., heating
wire) (néagwinyef thesmpfedsli faeforming the targst heldingseghion2 s Betudsgroup Ko
that the target 22 can be heated. [0082] 5The_target hol di ng _section
21 is fornhtE‘Qg uc aﬁﬁ?@iﬂiﬂ&iﬂgﬁ z%lt‘])’e%ﬁhium{l £ Giupy ity b gngt

the materjal. for .form t he .t.arget ' holding section 21 include group
13 i v abenatR e GaSHoAT e BEetabATCh ST AHEI( Gany . il o
nitride ([ d#\% and alum numnitride (AIN) to which a netal such as
titani umé 1"} is added. [0083] 10Exanples of the target 22 include

i1 fes (o o oRRITatkf® et kBB b Te R P 3oc

hol i hg SERRTSRE00 BRP AR S0R SR InF RO L Bl DOAR <t

24, and g@lidL88ie the target holding section 21 around the target
driving shaft 24. [0085] The substrate hol ding section 13 includes a
substrat gpgrahder 31, a substrate

The target driving section 23 can move the target holding section 21 upward and
15  downward via the target driving shaft 24, 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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hol der driving section 33, and a substrate holder driving shaft 34.
The substrate hol der 2031 can horizontally hold the substrate 2. A
heating nmechanism (e.g., heating wire) (not shown) is provided in the
substrate hol der 31 so that the substrate 2 can be heated. [0086] The
substrate hol der driving section 33 can nove the substrate hol der 31
ri ghtwar ¢hapded g tward via the substrate hol der driving shaft 34, and
can rotate the 25substrate holder 31 around the substrate hol der
driving gbedt) 34. The gas supply section 14 supplies a group 15 gas
(e.g., nitrogen gas) to the chanber 10. The pressure regulation

section 15 i s Ehepitihitersubst@id 2 lsdomaditasGirBeritRg beRine tﬂhpolpﬁxeﬁ?\ﬂ
inside the chanber 10. [0087] The graphite substrate 2 is torned as

descr i bedniaelrewf pdymetsy setectédfrom the pdlymer thit ipoludeeths repretieetrd dsHowam

t he pol yner that includes the repeating unit shown 5 by the general

f or ruba (b¥)the gérergddoymmda ()hthe polyoien thes irtcheles dpaapeanigg unit shehobnthey
the general formula (2), and the polyner that includes the repeating
uni t showendryl folreulgdiprad thegobme th8)indledaditbsspeasungimitahown bylitiee
liquid or dispersed in a dispersion nmediumto obtain a polyner |iquid
7. The p@eywef formulgi(d) i dissolayppin agrcidic iqrides disparsed e disprttipameddim
(see FIG 3(a)). The polyner liquid 7 is a7pI|ed by a spin coating
net hod, &° Qb'al%mismﬁ@h%@ HodTh%polfm@r ligwid 7 ip apey to'a free- -staRding qui d
or the dispers Lum.| rated fromth ymer liquid 7, and
a resi quélh Tl CRR F1G-a00b; i BB a & tohhel by kPt copktyion
i nert at her e b)). The calcining tenperature is

pr ef 8P abl4P ‘E'J%‘Eﬁm%%’ﬁg ?réﬁﬁﬁé%t 3000C, 15and nore preferably about
1200 to Taﬂﬂﬁ 2800C. The calcining tinme is preferably

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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about 1 to about 8 hours. Note that the term"inert atnosphere” used
herein refers to an atnosphere that does not contain an oxidizing gas
(e.g., oxygen). An argon atnosphere, a helium atnosphere, a nitrogen
at nosphere, or the like is preferable as the inert atnosphere. Anmong
t hese, an argon atnosphere is particularly preferable. 20[0089]

It is prefaemahl @ctRidnt betHeRRallRphfith FoRNE tHeRstréLealsd &t tbtained by
substrate 6 while applying tension to the residue 8, or applying a

pressur e ddfustifetheafcafitg 6énditiehs! €Fbitimpld, thd dgeivap thsdtionl hgekd on.
Thi s suppresses shrinkage that may occur during carbonization, so

t hat the adjuetedrss diat itlse graphiteyshoetioetik @tineht thengmeakbffiticaabf Bermads a
result, 25 a carbide that exhibits high strength can be obtai ned.

Si nce t hexpalsyomes thailof thd semigmdnttaniagerst formed om éhehgrailite sabstennd 2d
structure when the residue 8 is fired, a highly crystalline carbon
film éan[0@0jr oduced wi t hout applying a stress. A graphite sheet 9
having a coefficient of thermal expansion close to the desired val ue
can be obt ai nddeigyaphdle gbedat Adotnas kyagabdining és reoredid fromsthe Fige-stapdingl e,
the cal cining conditions may be adjusted so that the graphite sheet 9
has al nostbstige GEreFEdS(¢N-ci ent of thermal expansion as that of the
sem conductor | ayer 4 fornmed on the graphite substrate 2. 5] 0Q90

The graphite $HEETCMOYIEE tegrpphieanest ) thg reaphaamerrthe siaph Soolo is

free-standj te 6 (see FIG 3( . After renoving the
gr aphi tecgtn@g‘?ﬁg?gichi g@?‘?%ﬂfg}”ﬁlwﬁ?ﬁé‘ée%gs)qlﬂ%c’lﬁf‘“éﬁ‘ilﬂ te sheet 9 is cut
(see EIG @( )). The graphite substrate 2 is thus obtained. 10[0091]
t i pré(l) r1 ble to forma filmin advance using the polyner or the

I 1 Xt i h |t fil The, fil f d
by ar i t oy AETHaedE gt AR SRl bl wk oGl s BRbepipa™ ™
0092] 15F i 2 i L il
havi ng hroRCHdaaR R Ao Rl AN, 2 di® nthalbd il b ob e feed | |
fromt he“%ﬁﬁﬁﬂo@héﬁ‘ﬁltﬁé ﬁoln e?n‘@ﬁmg:{ cm3. Acarbon filmexhibits
linit en the

hi gh crysta ensity 1s close to 2.26 g/cm 3. The
density ofgoaicarbon fil mobtained using a BBL polynmer is 2.19 g/cm 3.
A carbon filmhaving a density al nost equal to 2.19 g/cm 3 was

obt aijped usi NTha ghPhieBIbsERHe DA ai}ﬁlglil*i g85talliR cafidad i ehviy Higls AaiRy by
the general fornmula (2). The crystallinity is
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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normal Iy evaluated by wi de-angle X-ray diffraction. However, when
appl ying wide-angle X-ray diffraction to a highly crystalline carbon
film a significant error nmay occur when determ ning the crystal size
and the interlayer spacing. On the other hand, the crystallinity can
be accurately neasured by nmeasuring the density. 25[0093] The

gr aphi t e chuhisdd 1t @e dbdve MEBO SX1EBIRCA Bigh deghe Bf dhaitatidheus Godphfed @fith he
carbon crystal is highly oriented in the direction normal to the

car bon fikngwnTathoadiimon fil m obtained by the above nmethod exhibits a
hi gh degree of orientation as conpared with a known carbon film

[ 0094] [0094] A nmethod that forns a thin filmof a group 13 nitride
on the graphite substrate 2 5 using the PED system 5 is descri bed

bel ow. Thiemethod dlgge Homassa thireSkwpEa growp dé nithide oh drebgrapi® substrate 2
adjusted to about 1 to 20 mlorr using the gas supply section 14. The
gr aphft e usingshe BER sgstem higldgsanibedjelowe substrate hol der 31, and
heated to about 200 to 850C using the heating nmechani smprovided in

t he substrate%méqgeggasmmmdqghqwrgms asisiad te apod t2@0i s 10
di sposed at a position apart fromthe target 22 by about 2 to 10 mn

(pr ef er aBnlorepEng the gag supknyectien hd + hlee FubhifRsubsEHa dishsld popg e

the el ecoRBHeANG our al hepteotn Soar0ne sica behrtaboudmiping
bref or abo R bt pofsnhe TR oRiH L S e AR o
The gl o Girrdfed PR Gah Aoy i 8P fudf PP BRBRE 250 e RSB UBEY o

to the t . . on beans are applied to the entire
surface g‘?9%%%5?%@?@@1%g8@n@%%ousl y nmoving the opening 16a of

the cera '%gube 16 over the entire surface of 20the target 22, for
exanpl e. T? (; 6] When the pul sed el ectron beans are applied to

the target 22pykefeict@oP@nMark thed WeRdrhRd it feldihaMel Whedl] FRhEQRE
of the target 22, so that the atons or nolecul es are vaporized as a

pl une. TisgarRlsehiree YI.20TIA HhulscaARGRR blefin Bkl &atiil Véitae ReFLRMNYY set to 10
colliding 25 with the nitrogen gas, and approaches the graphite

substp at & 20 kVwhdphelfreqiidnay iasferHReHeth idrat raphHze JUbBhilked fectrdns
deposited on the graphite substrate 2 in a state in which lattice
mat chi ng beamsmstguiicd blyehd cer@mic tgbo LR ahd discharpetefrom the opening 16a.  The
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

[ d Siall b d
Sputtering quniorin PRse R R rine B PER P o Sy B Bl ™

f metal. d f ' 14
E:)altﬁebg appropr :%g?fg% @%ﬁ\@%geé&r or gsaﬁrr%we,R{%lgg@gﬁ?gé%%ﬁgmégsn%n&e) be

conf i gur ethhierQfl la Qibéatl BaMfingMediniBRATY, LEutsfife hblihg 0dGP113, 2
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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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

provi ded corresponding to the sputtering guns 114a to 114e,
respectively. The output timng, the output period, the frequency,

the anpl it yethat é’rﬁﬂs ADEIFbbdiR afd ad B aldeN B&Eh.VOTH %&Hibéahpémﬁt%ﬁh
pul se power supply (115a to 115e) 10are controlled by the control

section Jdm ERhG utt&ﬁ{gt Fudl (1 e Ull 8€))can (@ hSropriately chdfi€eds € IFof exahisié,or

substrate 101 accordlng to the second enbodi nent i s produced as

descri bedhdpuerétingl bt SR P8 coi Gudistoreatita ZPBedns, anW1gBearh,Moritheliisane
manner as descri bed above in 15connecti on mﬁth the first enbodi nent.

It is prgdBysdble to adjust the calcining conditions so that the
graphite substrate 102 has al nost the same coefficient of thernal
expans$i on as Endspoftetiipegisehidae nabpedtoely @peectddw the pulse powert supply 115.
graphite substrate 102. [0107] The buffer layer 103 is forned as

fol | ows. Thhgulsapbwer suppbr 11563 phesa bdsddoraltege ROthbypysierisg gus pid-t elfulsey
deposition (P SD) that a?Flles a pul sed DC vol tage between the

subst r at @owgsuPRbes Hidgde 1 | Jere prayigsideconespondingfte &erspyering ginis (1l 4atopSD
when form ng a sem conductor thin filmon the8$raph|te substrate 102

that can lﬂrée resPREH o HAgOUPY Hidee, Seutpytpeoed, thshegpsncy die nplitude,

ni trogen su ie t he chanber 111. After th ressure

nsi de t AB Eiediser e ulﬁ‘gsvo A% IHRYATY eachgm%erpw gy bl 156 5 ko)
argon gas_and_t as raphl substrate 102 is held
usi ng%t har es‘i?BEPﬁ%ﬂ@"h’@lcg %195§‘étb°ﬂ ﬂ% (%@ con eC OPFEk at ure around t he
graphlte#ﬁ¥%ztrate 102 is then adjusted using the substrate heating
mechani s The pul se power supply 115 is then driven, so that the

sputtering our 1145 Sahl o A0nlu PRAAUHE 1ok 000 T naRLACE Of Lne

graphite subs energy are

supplied &Q4¥%E§Hé%ﬁﬂ g cfidpstrate 102 when the pul sed voltage is
applied e sputtering gun 114e. Nitrogen radicals are present on

L 2\3' f] ;r L ?Sﬁ Ofrht BEpat8 sk Ete 39D 3 fodted HPfe shb AHBe RN bRl abfiveahons

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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energy are supplied to the (0001) surface of the graphite substrate
102, so that the 10surface of the graphite substrate 102 becones
metal -rich. [0110] The Hf atons mgrate to a stable lattice

| ocation in a nmetal-rich state. The Hf atons that have migrated to a
stable lattice |location react with the nitrogen radicals that have

been act inatied érﬁtuﬁ*@@roﬁﬂ@{ﬂégraﬂa%@ stisstdaf T2 HiRh aﬁjtﬁfeﬁ%@im@fﬁé\gubstrate

crystals. HF N that 15has a abl e crystal structure is intermttently

deposi t edhetfdimbiiRishh 120Ul T3RGuIe pbABesupply 2Pl ik @fbn diven,Rufhfthd ayer
103 is thus fornmed on the (0001) surfacé of the graphite substrate

102. The spetiaraRnaiidl e emay ef HE®darh $ovf a8 MRI0001 ¥ Suefababf @e gfa?hﬂé 103 in
t he sane nanner as descri bed above in connection with the first

enbodi nenubstfacs 1@xanpl e. [0111] 20According to the second enbodi nent,
since the buffer layer 103 is grown on the surface of the highly
crystal |l i[dB09gr aphite substrate 102 that is forned of a heterocyclic
pol ymer obtai ned by condensing an aromatic tetracarboxylic acid and
an aromatic t difratomnbavisgbighlvecrgypicwpdiet torth¢ grpehitd Obsirate gD whenthe
the surface of the buffer layer 103, the buffer layer 103 and the
sem condwitsed vphgasrs allied i thsi spuiésting suantl 4er yNitengen radigalo@d prese onhe
excellent crystallinity of the graphite substrate 102 (i.e., the
seni condies Bifacegbihe praphits subsanis ]@Bt s Adgrgslamannt e fjEatamp haying highn be
obt ai ned) The sem conductor substrate 101 that includes the

seni cond §BE8Y Aeipepliechie tﬁﬁﬁ%ooémrﬁp? of the @EnhiR subsiipleshlg) $9 Watthecan

t hus be obtained. [0112 hi rd odinent A third enbodi nent of the
i nverti oﬁuﬁfgcedgg@érﬂéb'tgﬁﬁwte ;}s%m‘?eﬁ ealyicly showi ng t he

confi guri{)h%T of a sem conductor substrate 201 according to the third
enbodi ment . As shown in FIG 7, the sem conductor substrate

201§ el v, 10530 £ 35880820t | R PR i
that is §lAekKee Ve hﬁgramdftt) st PVIftic Watid {0 feaSEWRE ﬂf&qllllt%ééﬁ 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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10substrate 201 is provided in a light-emtting device, an electronic
device, or the like. The graphite substrate 202 is forned of a

het erocycl i c pol yner obtained by condensing an aromatic
tetracarboxylic acid and an aromatic tetram ne. [0113] FI G
8 is a view showi ng the configuration of a nolecul ar beam epitaxy
(MBE) 15ysdifithithédn thits bS§8athed produce the sem conductor |ayer 204.
An MBE system 220 shown in FIG 8 includes a chanber 221, a substrate
heating meehgni sm 222, a substrate hol ding section 223, an el ectron
gun 224, and a target holder TH. [0114] 20The MBE system 220 is

conf i gur exhigiceithvdimédie graphite substrate 202 can be heated using the
substrate heating nmechanism 222 in a state in which the graphite
substrate 202 A thitdedntbddymértef sheiatvenioa idddsdiingl tsdeot.i on 223 provi ded
in the chanber 221. Electron beans are applied to a target T provided
in thé target HGl HUera vitwfshomnghke edrdiguration gtia s@BZonduckorsubstete 20whi ch
the graphite substrate 202 is held by the substrate 25hol di ng section
223. The actradingrto gr1third embndimgnt.ed to be hernetically seal ed. The
chanber 221 can be depressurized using a turbo-nolecular punp (not
shown) or t he A sbewnTh&IG Ha theesenpeondpgforubatraie A0 H inphuiss agrpliien usi ng
a turbo-nol ecul ar punp or the |ike. [0115] The i nner wall
surface SROYIRE %Q?aﬁﬁggfe@ﬂeri@3 phasvs dedkedion phegmapljts ubsirate ¢ And Ar oud

(not shown), The liquid nitrogen shroud causes a_residual inmpurity
gas pr esé&fpigndyctoriayer2Qdthat 192%&*?‘6"5@%‘3%%1‘ 8 &P -t HECREIIcoaghFiat e

Sfﬁt t ?ﬁké?ﬁa r%i%éﬁﬁig%ﬁéeﬁﬁﬁﬁ Gaiprece %ﬁ%eﬁ?i FECreneApire o ?}wﬁﬁﬁl o or
i . ) T ' N

the tar odP B XL 205 i B Elvel KPR S HEE W o

the target < . . 8L

cour ce uaA I EorT sl RSah Ty APBEIART sohlieri oF. power el ectron

gun. The yﬁ@ rized Si adheres to the graphite substrate 2, so that an
Si thin 1[| is growmn on the graphite substrate 202. The chanber 221

5L St Ut S bosh g M G ST
surfage @fstéhendtd wkellkd proaact BE saRREAKRELr 1l 084.6]
An MBE system 220 shown in FIG. 8 includes a chamber 221, a substrate
heating mechanism 222, a substrate 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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The sem conduct or substrate 201 according to the third enbodinent is
produced as descri bed bel ow. The graphite substrate 202 is forned in
t he same manner as described above. It is preferable to adjust the
calcining conditions so that the graphite substrate 202 has 20 al nost
the sane coefficient of thermal expansion as that of the

sem condygé ke | ayer 204 forned on the graphite substrate 202. [0117]
The buffer layer 203 is formed on the graphite substrate 202 in the
sanme Maneriys descri bed above in connection with the second

enbodi ment, for exanple. After 25formng the buffer |ayer 203, an Si

thin filmis drevimn@wdlwrfaod dethe chattlier208 is ovidsamithe liquidhinokerd he
Si thin filmis grown by MBE is described below It is effective to

utilize NBwil{eot shown).ndlte lspid citvoderctiooud duusesfd desndoal itniperityrgup Pirdsent
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 bquer | ayer 203 is
formed i présenrs ingdaige chenbe?Bd cambe seido abawy 158¢ 1" Tomr, fxexample. t & 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 el ectronic_current, that flows thro%ﬁh t he el ectron
gun 224 |P§°‘t111@nmé]a‘f {segeb holdsr B ps 98@}%%&%#96@@&1@5111@0 the MBE gteny 220
provided.in the tar ol der -TH ., The tar .T...s vapor.ized upan
appl i cat IHFPIGEUE R 1 evpeTiZehy ARiHaE bl sh 8o ype als‘rt&{j)@e%s
for on t e, substr te 202. en the t I .
sour a0, i A RIS RECuT Pl | Ay arpatet N aheich dhe eotin n
filmis f 3. The hi il he
semcondgu W%tqgsérmﬁgﬁg Fﬂﬁ§g¥%%%ggm ntﬁe%%&?#quPﬁrtﬁgg ot?%ent,
since t h%h!ﬁﬂﬂér%@l 1%1%(/1&8%1{}1 lg:&lgmnqﬂgﬁ—gﬁergy 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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15surface of the highly crystalline graphite substrate 202 that is
formed of a heterocyclic polynmer obtained by condensing an aromatic
tetracarboxylic acid and an aromatic tetramne, and the silicon

sem conductor |ayer 204 is grown on the surface of the buffer |ayer
203, the buffer layer 203 and the sem conductor |ayer 204 exhibit
excelIenqh&Q¥§thhhﬁhgyhgmghﬁﬁ%$£§1excelIent crystallinity of the
graphite substrate 202 (i.e 20 sem conductor |ayer 204 that
exhibitsy gxpﬁllent crystallinity can be obtained). The sem conduct or
substrate 201 that includes the sem conductor |ayer 204 that exhibits
excel I ent crysjigldhmbén22088 séthol thetRisOpiletiupetsit dd BRbo-Hill @uldh limphend
techni cal scope of the invention is not limted to the above

25enbodi nehgaphitd subbtpatt d0ben whikdr the boffert1bgdr 203t fousedizdicld weidg hes nmay
be appropriately nmade of the above enbodi nents w thout departing from
t he séopeaubdirateielding eedtionr223. The targdt {The poivideden douezeeidideli THENt The
have been described taking an exanple in which the graphite substrate
2, 102, dempgutdvrpundsthe grdphet pulfstraresd20§ thgn agiusted using tisedhbstsate he
graphlte | ayer, the graphite substrate 2 may have a configuration in
whi ch a deatpis mechaal,%mfl?é-’B i“n ¢lestramet ourenhthatipes theouph thé elgcipersguR4
(see FIG.9 5%0121} In this case, the base 2A is preferab[y
formed ofs themadigptedto anphy clgptrandhaamysite thotargst B peydadiia tlpﬁ)qaggﬁeholder H.
obt ai ned by condensi ng.an aronatic tetracarboxylle acid an

aromat i ¢ ThetargeHihis, Vaﬁ?féﬁeﬂélpﬁﬁtﬁpﬂﬂafl%oé? c¢trn Rypmsrandeadbgnes F‘h‘ihﬁ Guffer

;fgliﬁg 2;%158@%&5 op e PRgte at?a%éb@ ap‘&??’é%dﬁ@?r Esérne sRobes:

eﬁ£g§i ref OPP%%%PW% fslae%ﬁ%& fiyﬁL ' o0k, Wi fn f B ﬁhﬁ??ﬁé‘P}%ﬂﬁ%ﬁab@ﬁr&an
01221 A

heterocyelic b S B s e S SrelReetSrn gt En aromt i 6

tetracari&ﬁwlic acid 15and an aromatic tetramne is relatively
expensi v en the graphite substrate 2 includes the base 2A and the

graphite | aye%cggpdl %&ﬁ@fh?lﬂlerﬁ%ﬂfma{tfgl eShd b tlclfs%r bei ?sr#ﬁw/ﬁl Ghe

pol yner is mainl ormthe graphite substrate 2 erefore,

reduggi Oguﬂfzﬂ:e(b?%e lﬁgﬁly ?}fs?élﬁﬁ@gﬁﬁim@/su%tkité 200 hafisTBIEd fla HREERRIC
than the heterocyclic ynmer as the material for form ng the base

2A. 20[Oﬁaﬁhwrobwnw&kyQ@H&ﬁmﬁ@%m&hﬁﬁﬁuﬂﬁﬂ&ﬁﬂﬁﬁ@h5aﬁa%ﬁdaﬁaﬂmﬂﬁﬁcrlbed
taki ng an exanple in which the buffer layer is forned by pul sed

sput t eri Rgrandne] ahf chestidonaaatihanctbeldesr 208 i glommchrofie Binficerof MFbhuftehe
buffer |ayer and the sem conductor |ayer may be forned by pul sed
excit at i tayed2(ig shd budfer (RXDP03 met the senganductariayre 264 extapo exadipotsi ti on,
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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25 nol ecul ar beam epitaxy, CVD, or the like. [0124] Al though the
above enbodi nents have been described taking an exanple in  which
the HFN(111) buffer layer is forned on the graphite substrate, a
ZrN(111) buffer layer or the Iike nay be formed on the graphite
substrate. A plurality of buffer |layers may be stacked on the

graphi te substfiglfigh thhbovEabibb@nRh{sNhM baxalsaiiRARIIS: SYBSIAL &) -
[ 0125] 5The sem conductor substrate (1, 101, and 201) according to

t he embodiKTENiS Ripitd BubshveIE, 10D, dT802 hBat Y$ &Hiré1Q ortn oM HYrd AN €5 @ed as
applications (e.g., sem conductor devices (e.g., light-emtting di ode

and seni eRngidEhied lab@Sek erditoeebstateNmai B e figuRsibh ai ®hich B@aphite
sem conduct or substrate may al so be used for a transparent circuit

that is floyeres ioforaed anuliphyges sidebst bade faide BIG. 19).zes such a

sem conduct or device. 10[0126] The sem conduct or substrate may
be appli ¢dlzg a transparent el ectrode of flat panel displays, solar
cells, touch panels, and the |ike. The sem conductor substrate may

al so be appl i dathipcasn, the baterdnmgmeseiablysioirobdio{im mdtefiolk thaidiffers from a
antireflective film a filmthat prevents adhesion of dust due to
static elhetsredveiic polymar ebivined by cendensing as efomraticdétrasetboypliciBud arndan or
UV-cut gl ass. [0127] . Further exanples of applications include
an el ect BEdeatisftelgyrping opiis potayclées # thecarpphyte caloinipg tneeaiuree| Examplgs

of display panels, organic EL panels, Iight-enitting devi ces

i ght - eniof 950 WrisEakinglngey hegfipsigantarganieppayiad and thedikei ndhaevi ces,
communi cation 20 devices, . and a. neans that allows onl ight within a
specilfi ¢ inber é‘ﬂ&frﬁteﬂa%%b? tprpad gﬂﬁplé’u@#e pelyost h@&&ﬁ&ﬁé@f lgyte firs
speci fic applications .inclyde._.a transparent. conductive filmof |iquid
crystal arEBHERb Bz bR 2R A BBt A SRl e Bl e

f!lters,7%n5%%ﬂ%ggﬁgn%r%&&gggycpive filmof electrolumnescence (EL)
di spl ays, a transparént contuctive filmof plasna display panels

(PDP), a[ggﬂ optical filter, a transparent conductive filmthat
bl ocks electﬂonagnetic waves, a transparent conductive filmthat

bl ocks near - i nf§ AL clic polymer obtained by condensing an aromatic tetracarboxylic acid
15 and an aromatic tetramine is relatively expensive. When the graphite substrate 2
includes the base 2A and the graphite layer 2B, a 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

S5t A LTI P B B BRSO

I i i B is., [0130
L T N T
Fu0] et U SHALYT] 3 LA AR Bl VAU AR O

and cont ﬂ{aﬁ' ﬁfév@nt'sq ia&i}fb'sﬂ)lﬁaclfidhyt duk¥e E‘@!ic 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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having a flat terrace at an atomc |level (see FIG 10). After the GaN
thin filmwas 5grown on the graphite sheet, the (0002) difflaction
peak of the GaN thin filmwas clearly observed by XRD anal ysis (see
FIG 11). As shown in FIGS. 12 and 13, it was confirmed by EBSD
analysis that the GaN thin filmwas epitaxially grown on the carbon

film (i, gays ﬁtl‘gﬁ%}ﬁa}é?ﬂ eoﬁdulcm/é Rt t}ﬁ%(ﬁ'ebéﬁ@ siHERR r@ﬁééﬁg)ﬁlalthﬂ}'s%éfelﬁom d be

grown). In the lower peak Indicates the peak of e GaN thin

filmforn@ddemivk FemBRk iH8rdaeandlot &pﬁiaa@ibmtﬁmdrénbparan%ﬁd&ﬁ% film that
i ndi cates the peak of a GaN thin filmforned on a comercially

avai | abl eréfeaiirtskagée@toptibA K], aks@mBell a Péspdive tdueh pahelpal ymer 15A
four-necked flask (200 ) equi pped with a nechanical stiffer, an

ar gon gasleupplagndtitiaductioditaechapage, g weasonitttoach patelyan®pacal \@gh panel,
charged with 100 g of pol yphosphoric acid (PPA) (orthophosphoric acid
equi val entcapddifd touddf parel, meavstivedowihgmotMedpakabdemtdrynabob trinhgalspiat h
argon gas, 12 mmol of 1, 2,4, 5-benzenetetram ne hydrochl ori de was

di ssol vednrien taveh ppotlypbaspiety arcameiptousafilieom (atie) sodaticell onmadfrod gst@dinerol
of 1, 4,5, 8-napht hal enetetracarboxylic acid, the mxture was stirred
at 200C fsdicophindilmssolas colbtaTiG hsatmac ot dyd-samsitizedsqhs ophePSC).on3 2]

The PPA solution was added to a |arge quantity of water to coagul ate
t he pol yr@ﬁhsta%féarﬁa@rymon%@mm&t@?gcﬁorcﬁ1¢ctr0§b"¢1?étﬁiaflaaqtlytawaﬁmwawt h
wat er and met hanol 25 I\/EQHQ and dried at roomterrperature under

reduced [SPRduStyeMaterivhavitchatle paterish ayavaichatbpmirraigihgatig glemer sheet

crude po then renoved., Specifijcall t.he .c € polLyner was

i ssaPbedtitE ke mel proRETas) 3hq Rsslecopdinhf s Thmyenton
may also be applied to various electronic instruments (e.g., mobile phone, information

terminal, computer, and OA equipment) provided with such a material.

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 Wiatikyod qGAARPbE RalRER & II!%Qh@ﬁéllj?ﬂj@rf ITHE P88l q@ntially

5 mn'" while circulating argon gas t hrolugh the electric furnace at a

f1ow rat ayhe®@RA WhtdrnNIN-dim@Rfab@hilide (DRBOYCaddoniedH) atd driéPH38H°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 anahy5|s results), the (0001) diffraction
peak of tofi6.15raét)avas meastred agpelShisieg dmPewakheseinased (maoh&etwadhy As
shown in FIG 17 (tilt angle distribution), the half-width of the
peak was SibasgScipniefiqiFeshnology bidsk (e pobyeerdiad apfntrinsic yisapsiytod 2 Siper
was about 10 m 20 LI ST OF REFERENCE NUMERALS [0139] 1, 101, 201.

seni condd? ¥ substrate, 2, 102, 202: graphite substrate, 103, 203:
buf f er 4, 104, 204; seniconductor | ayer CLAIMS 1. A
senlcond%ngwhgﬁﬁgP@éF@rEgﬁprising a substrate that includes

CubstPat e and sy PBFARabied dtssp Bty e oﬁ{ﬁ%‘?ﬁgﬁ%gﬁﬂtﬂw

f g? ?grr:]s:’]n an a 8rr1r%.tffa? gltagst Ige s?lctxn?ﬁ iafeter: ’R)nmm?n *he {)T%n dish was

honzontally 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 sem conductor layer that is growm on a surface of the graphite

| ayer. 2. A sem conductor substrate conprising: 10a substrate that

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

t et ram nejnpwidfidagid dt 2%Smihhathile SirBEIMNY Ao gersels iR BgiPtheld@tf RpfHcE e
| ayer; and a sem conductor |ayer that is grown on a surface of the

buf fer | ayefflowlte 625061/ 68N, SRTEIE LOT50HOD Fr' 1Hicir &6 SBh A\ G K@i M
2, wherein the buffer layer includes at |east one of 1-1fN, ZrN, and

AI'N. 4. [0h&7]sem conductor substrate according to claim2 or 3,
wherein the buffer |ayer 20includes a plurality of layers. 5. The
sem conduct or Buksthoatfdmaczanttirprged betareyn graphié platea) amd placed ilan
wherein the sem conductor |ayer is fornmed of a sem conductor that

i ncl udes edichicunase (magrfectpred dyrihinsetllectzis Fugnac Néorke@d.ddgddpeeoded
substrate according to any one of clains 1 to 5 wherein the graphite
| ayer hagvith ¢ gephife beatdrac Ehe earbon film seahedediatcY o mina ydtilei dircglabng on
the (0001) surface. 7. The sem conductor substrate according to
any one &fgas gap fyough Besleciiirdbeiage ateflevpaie 04200 mEMmige and hpldad "t hat

i ncl udes _.an _organi c conpound that differs fromthe
2800°C for 1 hour.

[0138]

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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5het erocyclic polymer, and the graphite layer that is provided on the
base. 8. A nmethod of producing a sem conductor substrate conprising
causing a sem conductor layer to grow on a surface of a graphite

| ayer that forms a surface of a substrate, the graphite |ayer being
formed of a heterocyclic polyner obtained by 10condensing an aromatic
tetracarboxylic acid and an aromati¢cpigtssam ne. 9. A net hod of
produci ng a sem conductor substrate conprising causing a buffer |ayer
to grow on a surface of a graphite layer that fornms a surface of a
substrate, and causing a sem conductor |ayer to grow on a surface of
the buffdr | ayesemichsiugtodptibstrateldonipaigiig: bei ng fornmed of a

het erocycl i c pol yner obtained by condensing an aromatic

t et racar boxyl iacsubstiate tatiinaludey @gmphite lager thei gnaphite 14/er Tdrmimes hothce of
according to claim9, conprising causing a |ayer that includes at

| east Sonéhosubkirate, adheingridrm¢d\bo fohagerovycis pehendy whbfagred tyyender@g il .
The met hod according to claim9 or 10, conprising formng a plurality
of Iayer@r%attﬁétrmfgb%ﬂb’hi: agigend maroméxcm@rmaemgordi ng to any one of
claims 8 to 11, conprising causing a 25sem conductor |ayer that

i ncl udes si | i @oAMERONguUEPlaper thatrs giovgeon psufaspobierphite Myebnduct or

| ayer. 13. The nethod according to any one of clains 8 to 12, wherein
the graphite layer has a (0001) surface, and the nethod corrpri ses
cau5| ng %Qe sem canductor layer to %row on the (0001) surface.

514. The t hod* SFEREIMMAURYT SYPSHAL BAVSHEL| aims 8 to 13, comprising
f th b t hat f i
(om0 1 TG BRI P SFRBIC B

subst r at 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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15. The method according to claim 14, conprising dissolving the

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

het erocyclic pol ynmer, applying the solution to the base to forma
thin film and 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, cqumkésing formng a | ayer 150f the heterocyclic polyner on a
free-standi ng base, and separating the |ayer of the heterocyclic

pol ymer fromthe free-standing base to obtain the graphite |ayer.

17. The method according to any one of clains 8 to 16, conprising
form ng the grigehknécondyesr sibstidi@hcdobding teglyi dn@ dof @e@ths h&s6,awherein the
coefficient of thermal expansion 20corresponding to a coefficient of
t her mal expsinas: ianludés 4 base ltlay @rcludeatin bzagrcawmponnd that ditlifefsaften dfie t he
graphite layer. 18. A sem conductor growh substrate conprising a
gr apht e hekeymyclihpelyier, mad thesgrafhaiedaysf thahés wrewided oul thetbarse. gr owt h
substrate, the graphite |layer being fornmed of a 25 heterocyclic

pol ymer obtai ned by condensing an aromatic tetracarboxylic acid and
an aromatic tetram ne 19. The sem conductor growth substrate
accordi ng-to ¢ aekod ®f pioEeiar @ semicondagion SUBSTHy ePMPESNHCIODEE)
surface. 20. The sem conductor growth substrate according to claim
18 or 986@&9@13@%?&4@}’63%%%@1 aswﬁ@é of B graphife {ayeRigt forma a suifarenfa
conpound that differs.fromthe etero yGli 0 t he hite

| ayer beiHUPEy s it b gas Bred ok Rt RO it P%‘WB’&&E‘P%%‘ gby

2 Dadl ! e R R e Sarte R Ao ARSI pol ymer

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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10obt ai ned by condensing an aromatic tetracarboxylic acid and an
aromatic tetram ne, and the base being formed of an organi c conpound
that differs fromthe heterocyclic polyner. 22. The nethod according
to claim 21, conprising dissolving the heterocyclic 15polyner in a
solvent to obtain a solution of the heterocyclic polyner, applying

the sol utizon thethanb@s&otding &Y MMydnkdirBlafthd o PNGRESE itﬂ%ﬁﬁlﬁtetlﬂre?
filmand the base at 2000 to 3000C to obtain the sem conductor growh

subst r at eyas a 2800 1/\siRAdROshd0he Meﬂﬁ)‘d%ﬁﬂ)ri@essﬁﬁl&iﬁ% R REond 1&VE Riyer to
substrate conprising formng a 20 | ayer of a heterocyclic polyner

obt ai ned dayw @anBe@BDNgsurfacar onati c tetracarboxylic acid and an
aromatic tetram ne on a free-standi ng base, and separating the |ayer

of the heterocyclic polynmer fromthe free-standing base to obtain a
graphite layer. 24. The nethod according to any one of clainms 21 to
23, cénprldsi ngdHeanethajadcheli2bgrayyhnt ef tlaies 8 01 3, katnptikiag drraphg the

| ayer has a coefficient of thermal expansion corresponding to a

coef fi ci emephaf layiee pnalbagsxtbainis famedfof an brgaerc dohmound thgt dafiersoimora the
surface of the graphite layer. 25. A sem conductor device conprising
t he semi dgiRyEhe pelymet toaabbain dlaorubibtrajet o any one of clains 1 to 7.
526. A light-emtting device conprising the sem conductor device
according to claim25. 27.A display panel conprising the

| i ght-em tting device according to claim26. 1028. An el ectronic

devi ce cdnpri SitggnethRd asprdingigriainy 4 evmprsiag eisselying thohederaryrliss, 29,

A sol ar ce{l device co rLsiqg Hhe senj conduct Qr subst rat .acggrding
to arJ|9 omalygger i a s el‘fqg 8 t?}n 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 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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15 30. An electronic instrument conprising at |east one of the

sem conductor device according to claim25, the light-emtting device
according to claim26, the display panel according to claim27, the
el ectroni c device according to claim 28, and the solar cell device
according to claim 29.

19.  The semiconductor growth substrate according to claim 18, wherein the graphite

layer has a (0001) surface.

20.  The semiconductor growth substrate according to claim 18 or 19, comprising
5  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
10  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
15  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
20  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
25  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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15

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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