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low melting point, and are outstandingly stable in air and to heat and light. Consequently, 

the indium compounds in Application Example 7 to Application Example 13 above are 

liquids at the desired indium compound supply temperature, and are easily supplied to 

the film-forming process. 

Formation of indium-containing films can be carried out by ALD with the present 5 

invention, and in order to ensure a broad ALD window and obtain high quality it is 

necessary to be able to form a film at high temperatures. The indium compounds in 

Application Example 7 to Application Example 13 above have high heat stability, and 

therefore the film-forming process can be carried out at high temperature. Moreover, a 

high GPC is obtained by employing the indium compounds in Application Example 7 to 10 

Application Example 13 above. Consequently, they are ideal materials having a broad 

ALD window, for obtaining high quality films with a high throughput. 

In one aspect, there is provided a process for forming an indium-containing film 

on at least part of the surface of a substrate wherein the process for forming an indium 

containing film includes  15 

(a) a step of placing an aforementioned substrate inside a chamber, and  

(b) a step of introducing a gas which includes an indium compound having a 

structure with a hydrocarbon group as a substituent group on a cyclopentadienyl group 

represented by general formula (I) below into the aforementioned chamber, and  

(c) a first purging step after carrying out the aforementioned step (b), in which 20 

the aforementioned chamber is purged with a first purge gas, and  

(d) a step in which an oxygen-containing gas is introduced into the 

aforementioned chamber, and  

(e) a second purging step after carrying out the aforementioned step (d), in which 

the aforementioned chamber is purged with a second purge gas, 25 

wherein steps (b) to (e) are repeated at a temperature of 225°C or higher and 400°C or 

lower until a desired thickness of the indium-containing film is obtained,  

In (C5R
1
xH(5-x))  (1)  

wherein in general formula (1), x is an integer 1-5, and each R1 is independently 

a C5-8 hydrocarbon group. 30 

In another aspect, there is provided an indium compound having a structure with 

a hydrocarbon group as a substituent group on a cyclopentadienyl group for forming the 

indium-containing film, represented by general formula (2) below:
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In(C5R
1
xH(5-x))  (2) 

wherein in general formula (2), x is an integer 1-5, and each R1 is independently 

a C5-8 hydrocarbon group which includes a secondary carbon.  

Simplified Description of the Drawings 5 

[0041] 

[Figure 1] Figure 1 is a graph showing the result of thermal analysis of In(sBuCp) 

obtained in Example 1. 

[Figure 2] Figure 2 is a graph showing the result of thermal analysis of 

In(sPenCp) obtained in Example 2. 10 

[Figure 3] Figure 3 is a graph showing the result of thermal analysis of In(iPenCp) 

obtained in Example 3. 

Modes for Carrying Out the Invention 

[0042] 

Modes for carrying out the present invention are described in detail below. It 15 

should be understood that the present invention is not restricted only to the embodiments 

described below, and includes various other different examples within a scope which 

does not alter the essential substance of the present invention. 

[0043] 

<Indium compounds> 20 

The indium compound according to one embodiment of the present invention is 

a compound represented by general formula (1) to (8) below. 

[0044] 

Compounds represented by general formula (1) 

In(C5R
1
xH(5-x))  (1) 25 



 !"#! !

!

$%&'&(!)*!+&*&',-!./'01-,!$"2(!3!)4!,*!)*5&+&'!" 6(!,*7!&,89!:"!)4!)*7&;&*7&*5-<!,!

=" >!9<7'/8,'?/*!+'/1;@2!

ABBC6D!

=/0;/1*74!'&;'&4&*5&7!?<!+&*&',-!./'01-,!$"2!,?/E&!9,E&!,!45'1851'&!F)59!

9<7'/8,'?/*!+'/1;!/*!59&!8<8-/;&*5,7)&*<-!+'/1;@!G9&!0&-5)*+!;/)*5!/.!4,)7!8/0;/1*7!6!

)4!-/F&'&7!,*7!45,?)-)5<!)*!,)'!,*7!5/!9&,5!,*7!-)+95!,'&!',)4&7!?<!9,E)*+!4189!,!45'1851'&@!

=/*4&H1&*5-<(!8/0;/1*74!'&;'&4&*5&7!?<!+&*&',-!./'01-,!$"2!,?/E&!,'&!-)H1)74!,5!59&!

7&4)'&7!)*7)10!8/0;/1*7!41;;-<!5&0;&',51'&(!,*7!,'&!&,4)-<!41;;-)&7!5/!59&!.)-0 

./'0)*+!;'/8&44@!

ABBCID!"B!

J-59/1+9!3!)*!+&*&',-!./'01-,!$"2!,?/E&!)4!,*!)*5&+&'!" 6(!,*!)*5&+&'!" C!)4!

;'&.&''&7(!,*!)*5&+&'!" K!)4!0/'&!;'&.&''&7(!,*!)*5&+&'!" #!)4!&E&*!0/'&!;'&.&''&7(!,*7!"!

)4!&4;&8),--<!;'&.&''&7@!L'/E)7&7!59,5!3!)4!)*!59&!',*+&!,?/E&(!M9&*!,*!)*7)10 8/*5,)*)*+!
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T3,0;-&4!/.!4189!9<7'/8,'?/*!+'/1;4!)*8-17&!,!0&59<-!+'/1;(!&59<-!+'/1;(!UV

;'/;<-!+'/1;(!,*!)4/;'/;<-!+'/1;(!UV?15<-!+'/1;(!)4/?15<-!+'/1;(!WXYV?15<-!+'/1;(!ZX[ZV

?15<-!+'/1;(!UV;&*5<-!+'/1;(!*&/;&*5<-!+'/1;(!)4/;&*5<-!+'/1;(!WXYV;&*5<-!+'/1;(!K 

;&*5<-!+'/1;(!ZX[ZV;&*5<-!+'/1;(!UV9&3<-!+'/1;(!WXYV9&3<-!+'/1;(!UV9&;5<-!+'/1;(!WXYVKB!

9&;5<-!+'/1;(!UV/85<-!+'/1;!,*7!WXYV/85<-!+'/1;@!\.!59&4&(!,*!)4/;'/;<-!+'/1;(!)4/?15<-!

+'/1;(!WXYV?15<-!+'/1;(!)4/;&*5<-!+'/1;(!WXYV;&*5<-!+'/1;(!K ;&*5<-!+'/1;(!WXYV9&3<-!

+'/1;(!WXYV9&;5<-!+'/1;!,*7!WXYV/85<-!+'/1;(!&58@(!F9)89!)*8-17&!,!4&8/*7,'<!
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+,,--.!"-!
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!
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G;,10!/)008+(2!-<,!)!3,16!-;!67)/+(2!,91!3<43,0),1!+(!,91!/9)5410.!GHE!+(/7<*13!

)!3,16!-;!+(,0-*</+(2!,91!+(*+<5!/-56-<(*!+(,-!,91!/9)5410!+(!,91!;-05!-;!)!2)3.!)(*!)!N%!

3,16!-;!6<02+(2!,91!+(*+<5 /-(,)+(+(2!2)3!;0-5!,91!/9)5410!48!51)(3!-;!)!6<021!2)3!

B,91!;+03,!6<021!2)3F!);,10!01)/,+(2!,91!3<43,0),1!)(*!,91!+(*+<5!/-56-<(*.!)(*!)!3,16!+(!

?9+/9!)(!-@821(M/-(,)+(+(2!2)3!+3!+(,0-*</1*!+(,-!,91!);-0151(,+-(1*!/9)5410!);,10!

6<02+(2.!)(*!)!3,16!-;!6<02+(2!,91!-@821(M/-(,)+(+(2!2)3!;0-5!,91!/9)5410!48!51)(3!-;!

)!6<021!2)3!B,91!31/-(*!6<021!2)3F=!>91!3,16!-;!+(,0-*</+(2!,91!+(*+<5!/-56-<(*!2)3.!NA!

)(*!,91!3,16!-;!+(,0-*</+(2!)(!-@821(M/-(,)+(+(2!2)3.!/)(!41!/)00+1*!-<,!)7,10(),178!)!

2+:1(!(<5410!-;!,+513=!>91!,?-!3,163!/)(!41!/)00+1*!-<,!)7,10(),178!<(,+7!01)/9+(2!,91!

*13+01*!,9+/Q(133!-;!,91!+(*+<5!/-(,)+(+(2!;+75=!

$%%#R&!

>9101!+3!(-!6)0,+/<7)0!013,0+/,+-(!)3!,-!,91!-@821(M/-(,)+(+(2!2)3!60-:+*1*!,9),!+,!P%!

+3!)!2)3!/-(,)+(+(2!-@821(.!)(*!+,!/)(!41!?),10.!-@821(!-0!-S-(1=!T31!-;!-S-(1!+3!+*1)7.!

41/)<31!+,!2+:13!)!9+2910!;+75 ;-05+(2!3611*!,9)(!?),10!-0!-@821(.!?+,9-<,!1567-8+(2!

67)35)=!
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$%%&'(!

)*+!,-./+!/01!203!4+!035!/01!6*06!71!73+.6!6890.:1!6*+!73:7-;!28;,8-3:<!

+=0;,>+1!732>-:+!376.8/+3!03:!0./83<!4-6!6*+.+!71!38!.+16.726783!01!68!6*+1+?!)*+!@7.16!

,-./+!/01!03:!1+283:!,-./+!/01!203!4+!6*+!10;+!8.!:7@@+.+36?!

$%%&A(!'!

)*+!@7>; @8.;73/!6+;,+.06-.+!203!4+!BB'CD E%%CD<!03:!71!,.+@+.04>5!BF%CD 

F%%CD!03:!;8.+!,.+@+.04>5!BE%CD BA%CD?!

GHIJKLMN!

$%%&&(!

O+>89<!6*+!,.+1+36!73P+36783!71!:+12.74+:!73!1,+27@72!6+.;1!45!;+031!8@!"%!

+=0;,>+1Q!*89+P+.<!6*+!,.+1+36!73P+36783!71!386!.+16.726+:!68!6*+1+!+=0;,>+1?!

$%%&#(!

RS=0;,>+!"T!U536*+171!8@!V3W1O-D,XY!

F%%!;Z!8@!:+*5:.06+:!,+3603+!03:!B&?#!/!8@![ 4-65>252>8,+360:7+3+!W%?BB;8><!

"?"!+\-7P?X!9+.+!,-6!7368!0!"Z!20,02765!2836073+.?!"F"!;Z!8@!0!"?A]!̂_4-65>>76*7-;!"'!

18>-6783!W%?B";8><!"!+\-7P?X!901!0::+:!:.8,971+!06!.88;!6+;,+.06-.+!WB%CDX?!)*+!

.+1->673/!.+026783!;7=6-.+!901!167..+:!@8.!F!*8-.1!976*!0!;0/3+672!167..+.<!03:!6*+3!6*+!

18>P+36!901!:7167>>+:!8@@!06!:+2.+01+:!,.+11-.+<!68!/7P+!0!9*76+!18>7:?!

)*71!9*76+!18>7:!901!1-1,+3:+:!73!'%%!;Z!8@!:+*5:.06+:!:7+6*5>!+6*+.Q!F"?A!/!8@!

V3D>!W%?B";8><!"!+\-7P?X!901!0::+:<!@8>>89+:!45!167..73/!06!.88;!6+;,+.06-.+<!03:!6*+3!B%!

0!5+>>89!@7>6.06+!901!.+28P+.+:!45!@7>6.06783?!

)*+!18>P+36!901!.+;8P+:!@.8;!6*+!.+1->673/!>7\-7:!45!:7167>>06783!-3:+.!

:+2.+01+:!,.+11-.+<!68!/7P+!0!5+>>89!>7\-7:?!)*+!.+1->673/!>7\-7:!901!736.8:-2+:!68!0!

173/>+!:7167>>06783!:+P72+<!03:!6*+!,0>+!5+>>89!>7\-7:!@.026783!.+28P+.+:!45!:7167>>06783!06!

0!6+;,+.06-.+!8@!E%CD!68!E'CD!03:!,.+11-.+!8@!'̀0!901!846073+:!976*!0!57+>:!8@!E'?F!/!B'!

W%?"a!;>?X<!,+.2+360/+!57+>:!W.+>067P+!68!V3D>X!a"b?!)*+!.+1->673/!,0>+!5+>>89!>7\-7:!901!

0!>7\-7:!06!6*+!168.0/+!6+;,+.06-.+<!.88;!6+;,+.06-.+!BFCD?!

$%%&a(!

)*+!.+1->673/!V3W1O-D,X!901!030>51+:!45!3-2>+0.!;0/3+672!.+183032+!Wc]dX?!

)*+!.+1->61!8@!"e c]d!-173/!DAfA!283@7.;+:!6*+!16.-26-.+!8@!V3W
1O-D,X?!"e c]d!Wg<!F%!

DAfA<!E%%]eh<!B'CDXT!g!'?a"!W6<!Be<!D, eX<!'?#"!W6<!Be<!D, eX<!B?EA!W;<!"e<!D, De X<!

"?A% "?F'!W;<!Be<! DeBDeFX<!"?"'!W:<!Fe<! De!WDeFXDeBDeFX<!%?a"!W6<!Fe<! DeBDeFX!

i!jSkZ!E%%]h!c]d!:+P72+!901!+;,>85+:!@8.!c]d!030>5171?!



 !"#! !

!

$%%&%'!

()*+,-!"!).!/!*,/01!.123)4*!51-!,-.+65!27!51-,8/6!/4/69.).!27!51-!:4;.<+=0>!

2?5/)4-@!/?2A-B!C1-!D24@)5)24.!27!51-,8/6!/4/69.).!3-,-E!CF GCH!8-/.+,-8-45!3)51!

./806-!3-)*15!IJBJK!8*L!0,-..+,-!"!/58BL!)4!/4!/582.01-,-!27!4)5,2*-4L!1-/5)4*!.0--@!

"%B%M=N8)4B!H.!.1234!?9!51-!.26)@!6)4-!)4!()*+,-!"L!)4!51-,82*,/A)8-5,)D!/4/69.).!;CFH>L!J!

##BOP!3/.!A/02,)Q-@!/5!+0!52!I%%M=L!3)51!/!,-.)@+-!27!%BRPS!51-,-72,-L!)5!D/4!?-!./)@!

51/5!51-,8269.).!@2-.!425!2DD+,!)4!/!.12,5!5)8-!/5!TI%%M=B!

H4@!51-!,-.+65!27!).251-,8/6!*,/A)8-5,)D!/4/69.).!.123-@!51/5!51-!A/02,!0,-..+,-!

27!:4;.<+=0>!3/.!"C2,,!/5!U&BUM=B!

H!V-556-,!C26-@2!CFHNWGCH&J"!/4/69Q-,!3/.!-80629-@!72,!51-,82*,/A)8-5,)D!"%!

/4/69.).B!

$%%&"'!

XYZ/806-!IE!W9451-.).!27!:4;.[-4=0>\!

#BJ!*!27!]);.[-4=0>!;%B%RK826L!"B%!-̂+)AB>!/4@!I%%!8]!27!@-19@,/5-@!@)-5196!

-51-,!3-,-!0+5!)452!/!J%%!8]!D/0/D)59!76/._B!C1-4L!"%B"!*!27!:4=6!;%B%RK826L!"!-̂+)AB>!"J!

3/.!/@@-@L!726623-@!?9!.5),,)4*!/5!,228!5-80-,/5+,-L!/4@!51-4!/!9-6623!7)65,/5-!3/.!

,-D2A-,-@!?9!7)65,/5)24B!C1-!.26A-45!3/.!,-82A-@!7,28!51-!,-.+65)4*!6)̂+)@!?9!@).5)66/5)24!

+4@-,!@-D,-/.-@!0,-..+,-L!52!*)A-!/!9-6623!6)̂+)@B!C1-!,-.+65)4*!6)̂+)@!3/.!)45,2@+D-@!52!

/!.)4*6-!@).5)66/5)24!@-A)D-L!/4@!51-!0/6-!9-6623!6)̂+)@!7,/D5)24!,-D2A-,-@!?9!@).5)66/5)24!

/5!/!5-80-,/5+,-!27!K%M=!52!&%M=!/4@!0,-..+,-!27!J[/!3/.!2?5/)4-@!3)51!/!9)-6@!27!"UB&!I%!

*!;%B%JJ86>L!0-,D-45/*-!9)-6@!;,-6/5)A-!52!:4=6>!&UPB!C1-!,-.+65)4*!0/6-!9-6623!6)̂+)@!

3/.!/!6)̂+)@!/5!51-!.52,/*-!5-80-,/5+,-L!,228!5-80-,/5+,-!IUM=B!

$%%&I'!

C1-!,-.+65)4*!:4;.[-4=0>!3/.!/4/69.-@!?9!4+D6-/,!8/*4-5)D!,-.24/4D-!;̀Va>B!

C1-!,-.+65.!27!"b ̀Va!+.)4*!=RGR!D247),8-@!51-!.5,+D5+,-!27!:4;
.[-4=0>B!"b ̀Va!;cL!IJ!

=RGRL!O%%VbQL!IJM=>E!JB#I!;5L!IbL!=0 b>L!JB&"!;5L!IbL!=0 b>L!IBJK!;8L!"bL!=0 =b >L!

"BR% "BIJ!;8L!ObL! =bI=bI=bU>L!"B"R!;@L!UbL! =b;=bU>=bI=bI=bU>L!%B&&!;5L!

UbL! =bI=bI=bU>!

H!dYe]!O%%VQ!̀Va!@-A)D-!3/.!-80629-@!72,!̀Va!/4/69.).B!

$%%&U'!U%!

()*+,-!I!).!/!*,/01!.123)4*!51-!,-.+65!27!51-,8/6!/4/69.).!27!51-!:4;.[-4=0>!

2?5/)4-@!/?2A-B!C1-!D24@)5)24.!27!51-,8/6!/4/69.).!3-,-E!CF GCH!8-/.+,-8-45!3)51!

./806-!3-)*15!IOBU#!8*L!0,-..+,-!"!/58BL!)4!/4!/582.01-,-!27!4)5,2*-4L!1-/5)4*!.0--@!



 !"#! !

!

$#%#&'()*+%!,-!-./0+!12!3.4!-/5*6!5*+4!*+!7*89:4!";!*+!3.4:)/8:<=*)43:*>!<+<52-*-!?@%AB!

0<-!=<C/:*D46!<3!9C!3/!"$#&';!0*3.!<!:4-*694!/E!"%FBG!3.4:4E/:4;!*3!><+!14!-<*6!3.<3!

3.4:)/52-*-!6/4-!+/3!/>>9:!*+!<!-./:3!3*)4!<3!H"$#&'%!

,+6!3.4!:4-953!/E!*-/3.4:)<5!8:<=*)43:*>!<+<52-*-!-./046!3.<3!3.4!=<C/:!C:4--9:4!

/E!I+J-K4+'CL!0<-!$M/::!<3!N"%A&'%!N!

,!O43354:!M/546/!MP,(QRM,SN$!<+<52D4:!0<-!4)C5/246!E/:!3.4:)/8:<=*)43:*>!

<+<52-*-%!

T##SAU!

VWX<)C54!YZ!Q2+3.4-*-!/E!I+J*K4+'CL[!

A##!)\!/E!64.26:<346!C4+3<+4!<+6!"Y%"!8!/E!*-/C4+325>2>5/C4+3<6*4+4!J#%$S)/5;!$#!

$%$!4]9*=%L!04:4!C93!*+3/!<!$\!><C<>*32!>/+3<*+4:%!M.4+;!$#A!)\!/E!<!$%FO!̂_193255*3.*9)!

-/593*/+!J#%$@)/5;!$!4]9*=%L!0<-!<6646!6:/C0*-4!<3!://)!34)C4:<39:4!J"#&'L5!M.4!

:4-953*+8!:4<>3*/+!)*X39:4!0<-!-3*::46!E/:!Y!./9:-!0*3.!<!)<8+43*>!-3*::4:;!<+6!3.4+!3.4!

-/5=4+3!0<-!6*-3*5546!/EE!<3!64>:4<-46!C:4--9:4;!3/!8*=4!<!0.*34!-/5*6%!

M.*-!0.*34!-/5*6!0<-!-9-C4+646!*+!N##!)\!/E!64.26:<346!6*43.25!43.4:;!"N%$!8!/E!$N!

I+'5!J#%$@)/5;!$!4]9*=%L!0<-!<6646;!E/55/046!12!-3*::*+8!<3!://)!34)C4:<39:4;!<+6!3.4+!

<!2455/0!E*53:<34!0<-!:4>/=4:46!12!E*53:<3*/+%!

M.4!-/5=4+3!0<-!:4)/=46!E:/)!3.4!:4-953*+8!5*]9*6!12!6*-3*55<3*/+!9+64:!

64>:4<-46!C:4--9:4;!3/!8*=4!<!2455/0!-/5*6%!M.4!:4-953*+8!-/5*6!0<-!*+3:/69>46!3/!<!-*+854!

6*-3*55<3*/+!64=*>4;!<+6!3.4!C<54!2455/0!5*]9*6!0.*>.!0<-!3.4!E:<>3*/+!E:/)!6*-3*55<3*/+!<3!"#!

<!34)C4:<39:4!/E!F#&'!3/!FN&'!<+6!C:4--9:4!/E!#%@̀K<!0<-!>/554>346%!M.*-!5*]9*6!

-/5*6*E*46!0.4+!54E3!<3!://)!34)C4:<39:4%!M.4!2*456!/E!3.4!:4-953*+8!-/5*6!0<-!YA%#!8!

J#%$A)/5L;!<+6!C4:>4+3<84!2*456!J:45<3*=4!3/!I+'5L!0<-!S#B;!3.4!)453*+8!C/*+3!0<-!NN 

NF&'%!

T##SNU!"N!

M.4!:4-953*+8!I+J*K4+'CL!0<-!<+<52-46!12!+9>54<:!)<8+43*>!:4-/+<+>4!JaObL%!

M.4!:4-953-!/E!$c aOb!9-*+8!'FRF!>/+E*:)46!3.4!-3:9>39:4!/E!I+J
*K4+'CL%!$c aOb!Jd;!

'FRF;!A##OcD;!"N&'Z!d!N%?Y!J3;!"c;!'C cL;!N%SY!J3;!"c;!'C cL;!"%AF!J);!"c;!'C 'c L;!

$%F# $%YN!J);!Yc;! 'c"'cJ'cYL"L;!#%S?!J6;!Fc;! 'cJ'cYL"L!

,!eWf\!A##OD!aOb!64=*>4!0<-!4)C5/246!E/:!aOb!<+<52-*-%!Y#!

T##SFU!

7*89:4!Y!*-!<!8:<C.!-./0*+8!3.4!:4-953!/E!3.4:)<5!<+<52-*-!/E!3.4!I+J*K4+'CL!

/13<*+46!<1/=4%!M.4!>/+6*3*/+-!/E!3.4:)<5!<+<52-*-!04:4Z!MP RM,!)4<-9:4)4+3!0*3.!



 !"#! !
!

$%&'()!*)+,-.!"/012!&,3!'4)$$54)!#!%.&03!+6!%6!%.&7$'-)4)!78!6+.47,)63!-)%.+6,!$'))9!

#:0:;<=&+60!>$!$-7*6!?@!.-)!$7(+9!(+6)!+6!A+,54)!23!+6!.-)4&7,4%B+&).4+C!%6%(@$+$!DEF>G3!

HH0/I!*%$!B%'74+J)9!%.!5'!.7!"#K;<3!*+.-!%!4)$+95)!78!:01IL!.-)4)874)3!+.!C%6!?)!$%+9!

.-%.!.-)4&7(@$+$!97)$!67.!7CC54!+6!%!$-74.!.+&)!%.!M"#K;<0!

>69!.-)!4)$5(.!78!+$7.-)4&%(!,4%B+&).4+C!%6%(@$+$!$-7*)9!.-%.!.-)!B%'74!'4)$$54)!K!

78!N6D+O)6<'G!*%$!#E744!%.!1K;<0!

>!P)..()4!E7()97!EF>=QRE>SK#!%6%(@J)4!*%$!)&'(7@)9!874!.-)4&7,4%B+&).4+C!

%6%(@$+$0!

T::SUV!

WXY%&'()!/Z!A74&+6,!%6!N6"[2!8+(&!?@!>\R!5$+6,!N6D$]5<'Ĝ!#:!

>6!+69+5& C76.%+6+6,!8+(&!*%$!874&)9!76!%!$5?$.4%.)!?@!>\R!?@!)&'(7@+6,!

N6D$]5<'G!$@6.-)$+J)9!%$!%6!+69+5&!C7&'7569!+6!XY%&'()!#!%?7B)!%69!)&'(7@+6,![2!

%$!%!4)%C.+76!,%$3!569)4!.-)!87((7*+6,!C769+.+76$0!

T::SSV!!

DA+(& 874&+6,!C769+.+76$G!#K!

>!$.)'!+6!*-+C-!%!C@(+69)4!8+(()9!*+.-!N6D$]5<'G!*%$!-)%.)9!.7!2H;<3!B%'74!%69!

+6.4795C)9!+6.7!%!4)%C.+76!C-%&?)4!?@!?5??(+6,!5$+6,!_"!,%$!%.!#::!$CC&!D'5($)!>G3!%69!

%!$.)'!+6!*-+C-![2!'4795C)9!?@!%6!7J76)!,)6)4%.74!*%$!+6.4795C)9!+6.7!.-)!4)%C.+76!

C-%&?)4!?@!_"!,%$!%.!K:!$CC&!D'5($)!]G!*)4)!C%44+)9!75.!%(.)46%.)(@3!$)'%4%.)9!?@!

'54,+6,!874!/!$)C769$!*+.-!_"!,%$!%.!"::!$CC&!%$!'54,)!,%$0!"::!C@C()$!*)4)!C%44+)9!75.!":!

+6!.-)!>\R!C-%&?)4!76!%6!Q+!$5?$.4%.)!%.!%!$5?$.4%.)!.)&')4%.54)!78!"K:;<3!%.!%!'4)$$54)!

78!C%0!#!.7440!E-+$!,%B)!%6!N6"[2!8+(&!"S!6&!.-+C̀0!FO<!%.!"K:;<!4)%C-)9!#0/a=C@C()0!

T::SHV!

N6!.-)!4)$5(.$!78!QNPQ!%6%(@$+$!78!.-)!N6"[2!8+(&!.-5$!7?.%+6)93!C76C)6.4%.+76$!78!

C%4?76!%69!-@947,)6!+6!.-)!8+(&!*)4)!"b#:#H!%.7&$=C&2!%69!Kb#:":%.7&$=C&23!"K!

4)$')C.+B)(@!D(7*)4!(+&+.!78!9).)C.+76Z!C%4?76!Kb#:#S!%.7&$=C&2!%69!-@947,)6!

Kb#:#H%.7&$=C&2G0!>!OcN!>RXOE#:#:!*%$!)&'(7@)9!874!.-)!%6%(@$+$0!

T::H:V!

A+(&!.-+C̀6)$$!%69!FO<!*-)6!8+(&$!*)4)!874&)9!569)4!.-)!$%&)!8+(& 874&+6,!

C769+.+76$!C-%6,+6,!76(@!.-)!$5?$.4%.)!.)&')4%.54)!%4)!'4)$)6.)9!+6!E%?()!#!?)(7*0!>$!2:!

$-7*6!+6!E%?()!#3!%.!%!8+(& 874&+6,!.)&')4%.54)!D+0)0!$5?$.4%.)!.)&')4%.54)!*-)6!

874&+6,!%!8+(&G!78!M"::;<3!FO<!+$!W:0Ua=C@C()3!%69!.-)!.-475,-'5.!78!.-)!8+(& 874&+6,!

'47C)$$!+$!+6%9)d5%.)!?)C%5$)!.-)!$'))9!78!8+(&!874&%.+76!+$!$(7*0![6!.-)!7.-)4!-%693!
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!

#$%&!'$%!()*+ (,-+)&.!'%+/%-0'1-%!)2!,(!3""4567!896!)2!3:;<=>?@?*%7!0&A!()*+ (,-+)&.!

2/%%A!?0&!B%!20)A!',!B%!0A%C10'%;!

D::EFG!

DH0B*%!FG!

!4!

D::E"G!

IJK0+/*%!4L!M,-+)&.!0&!N&"OP!()*+!B@!QRS!12)&.!N&T)9%&6/UV!

Q&!)&A)1+ ?,&'0)&)&.!()*+!#02!(,-+%A!,&!0!21B2'-0'%!B@!QRS!B@!%+/*,@)&.!

N&T)9%&6/U!2@&'$%2)W%A!02!0&!)&A)1+!?,+/,1&A!)&!JK0+/*%!P!0B,X%7!0&A!%+/*,@)&.!OP!

02!0!-%0?'),&!.027!1&A%-!'$%!(,**,#)&.!?,&A)'),&2;!F:!
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CLAIMS 

 

1. A process for forming an indium-containing film on at least part of the 

surface of a substrate wherein the process for forming an indium containing film includes  

(a) a step of placing an aforementioned substrate inside a chamber, and  5 

(b) a step of introducing a gas which includes an indium compound having a 

structure with a hydrocarbon group as a substituent group on a cyclopentadienyl group 

represented by general formula (1) below into the aforementioned chamber, and  

(c) a first purging step after carrying out the aforementioned step (b), in which 

the aforementioned chamber is purged with a first purge gas, and  10 

(d) a step in which an oxygen-containing gas is introduced into the 

aforementioned chamber, and  

(e) a second purging step after carrying out the aforementioned step (d), in which 

the aforementioned chamber is purged with a second purge gas, 

wherein steps (b) to (e) are repeated at a temperature of 225°C or higher and 400°C or 15 

lower until a desired thickness of the indium-containing film is obtained,  

In (C5R
1
xH(5-x))  (1)  

wherein in general formula (1), x is an integer 1-5, and each R1 is independently 

a C5-8 hydrocarbon group. 

 20 

2. The process for forming the indium-containing film as claimed in claim 

1, wherein the aforementioned indium-containing film is a film containing indium oxide, 

and the aforementioned oxygen-containing gas includes at least ozone. 

 

3. The process for forming the indium-containing film as claimed in claim 25 

1 or claim 2, wherein the aforementioned indium containing film is an insulating material 

with a relative permittivity (k value) of ≥7. 

 

4. The process for forming the indium-containing film as claimed in claim 

2, wherein the aforementioned oxygen-containing gas further includes water, hydrogen 30 

peroxide, oxygen, nitric oxide, nitrous oxide, nitrogen dioxide, a sulfur oxide or a gas 

comprising a combination thereof. 
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5. The process for forming the indium-containing film according to any of 

claim 1 to claim 4, wherein the substrate is glass, silicon, silica or a polymer. 

 

6. The process for forming the indium-containing film as claimed in any of 

claim 1 to claim 5, characterized in that the speed of film formation in one cycle of steps 5 

(a)-(e) above is ≥0.7Å/cycle. 

 

7. An indium compound, having a structure with a hydrocarbon group as a 

substituent group on a cyclopentadienyl group, for forming an indium-containing film, 

represented by general formula (2) below: 10 

In(C5R
1
xH(5-x))  (2) 

wherein in general formula (2), x is an integer 1-5, and each R1 is independently 

a C5-8 hydrocarbon group which includes a secondary carbon. 

 

8. The compound as claimed in claim 7 wherein the aforementioned indium 15 

compound represented by general formula (2) is In(C5
sPenH4) or In(C5

iPenH4). 

 

9. The indium compound as claimed in any of claim 7 to claim 8, wherein 

the compound has a melting point of ≤80ºC. 

 20 

10. The indium compound as claimed in any of claim 7 to claim 8, wherein 

the compound is material for forming an indium-containing film for producing a 

semiconductor device. 

 

11. The indium compound as claimed in any of claim 7 to claim 8, which is 25 

material for forming an indium-containing film by a film-forming process selected from 

a set comprising chemical vapor deposition (CVD), atomic layer deposition (ALD), 

plasma-enhanced chemical vapor deposition (PECVD), plasma-enhanced atomic layer 

deposition (PEALD), pulsed chemical vapor deposition (PCVD), low pressure chemical 

vapor deposition (LPCVD), subatmospheric chemical vapor deposition (SACVD), 30 

atmospheric pressure chemical vapor deposition (APCVD), spatial ALD, radical-

assisted deposition, supercritical fluid deposition, spin-on deposition and combinations 

thereof. 
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12. A process for forming an indium-containing film on at least part of the 

surface of a substrate, wherein the process for forming an indium containing film 

includes 

(a) a step of placing an aforementioned substrate inside a chamber, and  5 

(b) a step of introducing a gas which includes an indium compound of any one 

of claims 7 to 8 into the aforementioned chamber, and  

(c) a first purging step after carrying out the aforementioned step (b), in which 

the aforementioned chamber is purged with a first purge gas, and  

(d) a step in which an oxygen-containing gas is introduced into the 10 

aforementioned chamber, and  

(e) a second purging step after carrying out the aforementioned step (d), in which 

the aforementioned chamber is purged with a second purge gas and  

and steps (b)-(e) are repeated, at a temperature of ≥225ºC and ≤400ºC, until the 

desired thickness of the aforementioned indium-containing film is obtained. 15 

 

13. The process for forming the indium-containing film according to claim 2, 

wherein the indium-containing film is an insulator with a relative permittivity (k value) 

of 7 or more material. 


