Logo®m3gemU ¢gdbozmMo «boggdbodg@o

bawbsfig@ol mawmgdom

Q5300 YobRoggwro

96O EBMI0gd0560 BbMTSLoEgdOL FoMds S 33W939

MgGHMO0L 5350098000 boerolbols Imbodmzgdws Homoygbowo
obgmEs300L

533 MmMm9gxgds@o

Lo MIBHMOM 3OO BoobgobMM oD 3> Fogg®mo 0404

0d0olo
2018 oo



LodmPom g9 gdME0S LodsMMNZ9EMU (39dbo3mMo «bogzgMLo@g@do
0633530305 s FoMM30L LOLEBHIIGOOL B3N EIGO

L50650bOHM BoBOIOL Y350 B3H>xbGHO

b9wdd©3s69eo: 36:mg. . }¥0d0sd30¢0

69395963 9d0:

5335 99009995 2018 Heols "-----=" —=mmmmm oo R LosnBY
Logo®m39eml ¢9db03meo »bog9MLoEgE0l 06x3m®mdsE030Ls o
356mm30L LoLEYFgOOL Bs3MEBHYEHOL LOEOLYOEHOE0M BodFML 3Mmegao0l
bb®dsby, 300O3MBO --------=mm-- , 9IQOGMO0S ~—--------—~ 3doLsTsOMO:
0175, odogobo, 3mbEogsl 77.

oLYIOES300L 453bMdS Fg0dEgds LE¥)-b BodEPoM™M93530, bergom

933MMR9M5EOLS - B3 GHYEHOL 390339600 www.gtu.ge/Ims/

LoOLYOES30M LYdFML dE03560: 3OMG. M. 3508560


http://www.gtu.ge/Ims/

dgbsgsemo

d9m39 Lo 369do 90360mgwgdGHOHmbmeo &9gbozobo Qo
A996mmaoqgdols  dwsgMds s LHGmsRds 4963000609053  gegdGH©mboyem
bLRIOMIo OO MY3MEY305 BMEbEObs. Jgoddbs s8M30 gwgd@Mmbmero
babsfym. 93390600  gomdxmdgbs 3936096900,  dgoEobol s
0653353090 3H9dbmermyogdols Jowfigzqdo.

QEILEEIMBON sOLYDWO JEgJHO®bIwo LobEHIIIDO 3003 VBO™
300056M0©JdS S AE0xMEY0S. FgLsdsdoLOE 0BMEIOS TMmMbMzbowgds MRM®
05050 [oMmBo@MdoL 5 VIO MOMYGOMEgool dJmbg gwgd@®Mber
bowlofiymgddyg. 59  8mmbm3zbogdgdol  ©e3dogmRoegds  JGLodErgdgE0s
LEOHYP0SE SHIEO B0TsOMEGdOL, BobmBgIbmemyool sbgomstmgdom.

MM Y390l 356353eMdT0 JMIM-9M0 Y39 DY 5dGHMOWMIMHO ©
54BHomeo  8085M0gds  bsbgz356M90BHIOMWo  BsbmBsgmgdols  BMHoL
A996mma0qd0L 990853905 ©5 oo M30L93900L 33930 Pobenogo.
656mB530magdl 209Bb0sm  Mb0o3oMEO 29mBgE®0s, Foowo BgLI3ocmol
ROMOMO0/IMEMNEXMdsDY  050657oMMBS, o3 0339MOE 99X MOgLYdL
Bobg35699BHoMMo  bgarbsfymgdol 356599EHMIOL. gLMMdom 0gddbgds
bbgoolbgs doboerols Bobmdsgmmwgdo, A - BYs A-BY! Bobgzo659@s6rvwo
Bogmgdol, Loeroiomdol, bo@Moqool, ®mJulogdol @s  wwommbgdol
0390500996 md00.

B56m8o300gdols  Jgbfogars  dmoEsgl ooy 2oBMHPIL,  M30L9d9d0L
339358 s 8500 d90amd  godmygbgdsl bgelofiymgddo. mMBEs MMPMO3
B900Ldog® sboew JodoMMMEgd5d0, Bobm@Hgdbmemyosdoi sMLYdMBL Bg3GO
59mblbgero  3ombgzgdo. ©sdMeg0 3090900, 356539GHOJP0 s BOHEOL
A996mema0900 x9H 300093 FodMLH33EG305 s @ILEBYMAOD. 58 65IGMIOL
d0Bsboi LHmMgo Bsbmdsgmmwgdol 538 030L90900L s  3560539EHMOOL
330935 @5 om0 DBOHOL  BHgdbmemyool 89dwdsggds Aobwsgm. 3gMHdme,
3boeo 3gdbmemyools 9939853905 InP-ls 6560m3530099c0gd0l golisbM o,



do9do Bobmaslocrgdols 3obollosmgdgdols LEGHOMIBHO,
090500396035,  IMORMEMA05) 33935 @ domo  F9dbmemyome
356539390056 3538060l Ybs.

060dol gmbiggoo 309371336935 Al - BY bsbggo69008@smmo 3sGronm
3Ll @ 299m0MBg3s 98 3emoliols bbgs bsbgz56gs9@99d0ligsb Lbgsalbgs
030L905m5  MbB0o3omO  Fgmogligdom. gwgd@OMmbms dz3MsEMds Bs3doMm©
3o0owos s 5400 U1BY3.H0-L 50fg3L, oL AodmE Bsbby Do YOE
bgwbsfiymgdl dgmderosm 3m8smds 200 40539603 Lobdo®mgby, Fogowomo
9@ ™MM9ddo, 3gbgmo@dm®mgddo, 1.3-1.5 8030MmIgBH® Gsweol LoyMdgby
003998539 ™m33H03M6  995dw09Mgdgddo. Fobo 30MEIS0MO 53O
Dmbol Logsbgs 1.3493 s 0ol Logroomdols s GaAs-ol 995 dEOsMGMAL. dols
3oohbos  Lbbgs  AM-BY-B59g®009dmsb  990e®gdom 439y m39009L0
3565393900 19gMHIMgEgd@emm 356MHs37dbgugdolbmazob.

060130l BMbRoOLsEdo 0bEIMGLBO 4oBLOZMNPMGO0D Ao0BIMES 5T
dmwm fargddo, MHMOILYE ©FBIOES, OMI JgLedwrgdgEos ITHBIEIL
do0oo  dobgl3gbBH Mo mM30U909d0L dJmbg 0bowmdols Bsbmdslsergdo,
OMIgwms 25dmlbogqds bowrmew 235630 Fgodwgds 35M93MIOMHMo  Fo00
bmdgdom s 299m3094gbmom  obobo  domwMmAoMGmO  FoM30609d0Lm30L
dosEmduozmnmo  CdTe-ol  bsggws, mIgroz ©EIL  BIOOMO
3990M0g9gbgds.  ymz9geozg  gu  2oblobeg®egl o  0b@gegll  InP-L
656mB5Loegdol 0600 S Fobs30MMIGOL 65IOMBOL sgGoMdSL.

LoEOLOESEOM 658MMToL oMM FoBIBL HoBmoagbws 0bowmdols

RbRoOL  6s6m8sg30wgdols s BsbmLEBHMMIEBHMOIOOL TJorgdols sbowo
A99bmemaool 999853905, DBOHEOL  39bMBBMI0gMgdgdol  Fqlfogwrs o
30000 Bsbmdoloergdol  Fgagbomdol,  JmOBMEOMAools o
LEAHOMIGHMOOL 33¢935. S0b0dbMEo JoBbol Folom(g3o o0LEbs s F989Y
365JGH03MW® 3950305 39000980 9m3sb9d0:
1. 999935390905 InP-b Logymdzgerbg 6s6mTogmegdols dowgdols
A996mmy0s, HMIgos 30GMsHBobol (N 2H4) mOmdwol godmygbgdsls



9%39969d5;
. InP-ol, InP+Ga, InP+Zn s InP+Zn0O {{gs6Hm8sboergdols 3o0®msbobols

56980 5MOHMJEgooLOL B0MYOME0 SJOMWHO F0bsdMHMmEMMdoLs s
30033mb696¢)gd0l  0g®ImdodoMo  M95d30900L6  MIMOOMWO
305gHOIIO 35339393

. 0bowdols xmbrool Lox3B39W by 3OobEowmeo 1D
B56mbGHOIBHMgOoL DOHOL d9gdsboBdol Gqlfogans;

. 3M0d0boMgdmwo  InP+Ga, InP+Zn s InP+ZnO  {gomrmgdols
3odmygbgdom InP/Ga:03 o InP/Zn3(POs):  4me00-go6lo  Godol
6560853009900l LobmgHo s BOEOL J9JsboBAol Fglfoges;

. $996m@MyomEo 356599BHMO0L BYRs3wbol oG BobMBsLosms
03009090b9,  IMOFMEMY0sDY,  LEHO®WIEHMOSD)  ©d  Fomo
™33H0d0DBo(309;

0o68maqboeo  658680b  393bogdmeo  Losberg  8ymBs®gmdls

9999 do:

090185390905 BbmlGmIBHemgdol BOOL  30MMEoHGO
A996mmg0s, GMIgoi Bsdwomgdsl g35deg3l d93583060Mm BEOOL
A99396M53 M5 WO GIOSGHMESA0 SOHIOO0W 9B MmAgdMb goMmgdom.
39933 gos ol ®mgMIMJodoemo Lbogmdzwgdo, Gmdwgdog InP-ob,
Ga-ol s Zn-ob {igo®mb 25dmfzobsl Foedmdabosh xqgM sgdmeo
L3O YdL, bmerm 999 30 0§39396 BobMTs3m M ™ms LobMgDBU;
5396005 0l 3H9d39M5EMOMo 0bEIM35wgdo, HMIwgddoss InP-
ol 656m8530099gdol LobmgHBolsl bogds Beol dgdsboBdol 33
MONJ0—-0950M096 mOmJeo-Liombg-8g4s® d9dsboBdby.

. 000930y InP/Zn3(POs)2  gme00-94560bo  GHodol  bsbmdsgmmengdo,
LoSE Fomoeo dobglizgbEoIMo ™M30L9d9d0l Jmby 3MoLEIMEO
InP-ol gl 4o6b sG@Ys3L 90mORMwo (5G53mdbozMo) mvmool
LYEGBIGHOL GoMLo, GoE Fo50 doMEMYoME® FoM39M9gddo godmygbgdols

39639JGH035 0deng3s.



6596 Mol JoBHOMoo G0A100 93280 dEAMISMHMOL:

. 090990953900y InP-U Logmdzgewbg bsbmdsgmmemgdol  dowgdols
A996memg0s, HMIgwog 30OMsHobol (N 2H4) mOondeols 459mygbgdsls

9953969055

. 440°C-%g InP-L (gomm©sb Si-bU gmdgdmnbg oBM©OEos InP-l
Bobmdogomamgdo. o  QosBbosm Mmool Lwyewgool  (ZnS)
LAHOMIGHMBS. B0MIOMWOos  BbMIsgmEgdo  OmamOE  fymdol

©IBIIOIOOL  33Mg8g 0oLy FMIZoRIMO©O, b OYFNWSOYEO
MO GO0D;

. InP-l §gs6ml 990mnbgnzsdo g3mdgdcol  3Hgd3gMo@meol 540°C-8¢
33539000 033905  BbMIs3mMgdol  IMORBMEMA0S.  0BOYdS
odmqbody do3m™dgEH®mob ©0539BHM0L Bobmasgmmergdo
39350BsGHMMOL  39009%0m, o3 0momgdl BOHoL F9dsboBdols
330 g05HY3 MOMNJW0-894sm0 IJNMPOEIL MmOHMNJwo-Lombg-dgstro
9d9mODY;

. InP+Ga o InP+Zn §gs6>m@sb Fomgdmeos  4mmo—gomlo  GHodol
B56m8og300gdo, MHMIgddoss o HoMmdmoygbl  3GoLEIWMG
InP-U, bomem 2o6bo s0mORwmer Gax0s3 96 Zn3(POs)2;

. InP+Ga §9go6m@©sb 800gdmm 4meo—g5mLol GHodol bsbmdsgzomedo
InP-U g0l 990degds 205Bbgl HmameE 0vmool bwyergool, obyg

3090G3E0GOL LEAOIGHWMS. 53 1396513690 LEHOWIEHMOOL SOLYOdMDS
dbmEm© B56mBMIol InP-do ©@s08Bo6qds ;

. InP+Zn s InP+Ga {gsemgddo InP-ls dgo6g 999339 m0d0obol 053056
0DMHEY0s  FMEo—goMLoL  Godol  bsbmdsgmewro, bmerem  InP-U
50mfmO30L 89992 oOLO goboa™MImdL Bl Zn3(PO4)2—ob o6 Ga203

BsbmBos 3ol Labom;



7. InP+Zn §ys6Hml  boggero InP+ZnO  figosdml  a50mygbgds  0ofh393L
InP+Zn3(PO4)2 3memo—go6mbo  3Ho3dob bobmdsgommedo as6Llol  Lobidol
3OBOIL B3 M9oJBHMMTo  H9bgdool  3mbEabEGHMsgool  BMom
50blbgdo.

8. dgbfogeoos InP+Zn  (ys6rm@sb  656mBogomengdols  Lobomgbo
1d9gdmol bbgosbbgs 3933gMo@werme M9g0990do 400°C; 450°C; o
550°C.  ($933965GHmeMol  dmdsBgdom 033905 656mTsg3009egdols
AmORME@MY0s  39OdME, oo  39gd3geoG by  aoMlo  xge
Po68mddbols §390790L, 89089 30 3993b356 bosfons3gdl.

6596080l 36054303210 0060900 qd5L 25bLsBM3ML3L ob, MH™d Bz9bl doge

39985390990  656mLGHOMIGMOHJOoL Dol 30HMWobMEMmo  Hgdbmammyos
1530905l 35993l F935930MM™M BOEOL 3H9d39M@NIMS oGHIMSEGIMSTo
500900 5bsMygdmb  JgsMgdom.  300Mm5HBobol @Ol sdEHomeo
fobs3OMm©MIBHId0oL  asdmygbgdom  Bgzgb  dg3dgerom  doagzgwm  InP-ob
36M0LGHIWMOHO Mool BMbRoOL LBEOMIEGHMYOOL bsbmsgomergdo 440°C
A99396M5GHMM5Dg, o3 810°C-omm 653109305 300009  oEIMSGHIMST0
SMLgdMEo 03039 oLl  656MBsg3mMEgdol  BGOOL  (39d39Mo@ Gy
1250°C. 396¢5 5dobs 9600 3OHMEgLdo LobmgHBoMYdMWos InP+Zn3(PO4):2 ymeo-
23o0LO  3Hodol BsbmIogmmegdo, Lossg domoo wdobglzgbiool ddmbg
30M0LEMOO InP-0l auwo 0x8s0Mgds Zn3(PO4)2-0b asmbom. 30650056 InP
500305 0396905, LBEHIOOEMEMO FoLoEol odLOL sGLYdMDdS bgarls »dols
InP-l g0l mgbosEosl s 99dx™mdgLGAL ol FMEMLEIBOEIMOMBDSL.
3190 YW 0-25MLO BH030L 656MToLoEgdo Fo00 d0MTsMIYMHYdTo godmygbgdols

O 396L3943H0390L Loboggb.

6596H™3d80  259myqbnd o Aqdbmmom®o  36mzqLd0  S3OHMDOMIBIMMO  0ym

3990092 3060396096(3090%19:




1. Formation of macro porous and micro tubes in the nanocristalline Ge:
GeO, films. The international Congress of Nanotechnology ICNT 2006,
October 30-November 2, San-Francisco, California, USA.2006.

2. Si and Ge Nanocrystals. Embedded in the Alumina Film. 13™ International
Metallurgy-Materials Congress 09-11 November 2006 (IMMC 2006), Istanbul,
Turkey.

3. Nanoporous films produced by the magnetron sputtering of Ge in oxygen
plasma. International workshop on nanostructured materials. Nanomat 2006,

Antalya, Turkey, June 21-23, 2006. www.metucenter.metu.edu.tr/nano2006

3m003530900.  65dGMIoL  doMOMOO g9 gd0  godmd3zgbgdmwos 8

L5993b0gMHM 399803530580, MMIJW™MS Los FMYz3560w0s 53EHMOIRIMSGHOL
dmemdo.

I o530

30639 5300 S0F9M0W0s 1D BBl GO GHmegool
Bsbmgmgd@BHmmbozs8o, 890E0bsdo s Mgoe bgarbis(ymgddo ds9mygbgdol
d0M0mMO©O  39ML39JGH03900.  656mBs300gdol doMHomMOEo M30L9d)d00
om0 25b6b353905 IMEMEEMdOMO  FoboErgdobgsh, Bmdgdol T9dEocMHgdsLmD
©535300690)0  356599BHMIO0L  33¢00g09d0.  dobbowrmmos  sbg3zg 0
33X0¢g0900L 5 356153939O0L 2odmdf3930 JobgHgdo, 3960dME, 33563 MO
399003990 S OO HBYPI30MH0L BsOMMdOM 45dM{3gMEo bBgs3oMol
30L90900L EMIoboMYds. gl 530 Lsdo J390530L96 Fggqds.

1.1 d3909380 50(96000s 65603300990 gdols sbogro m30l909d0 o
3565393900 GMmIgdoE BmBgdol 999300905506 5M056 353806093 o.

656m8og00gdo PotBmoy9b9b JODRH6DMI0 90056 1D
BobmbBHOMIBHMOIOL,  O™MIgwms  ©osdg@®o  1-10060 9goagbl, bmerm
LoA®AY/OTIBHOOL MBIBRIMPMOS 50ToEgds 1000-U. Imgygbligbgdsm, Mmd
BsbmBogommeols  Jgdspabger  s@HMIms oo  bsfowo  Bgs3omby
9009056M9MBL 5 4oBLEBOZMO3L dol M30LgdYBLS s JegdBHOMYSTESOMDILS(.
50LS60d65305, BOMI  BIBMIs3mMgdol DBmAol s BMOIOL (330 gdOM
0330905 3500 3560539GHM9dO.


http://www.metucenter.metu.edu.tr/nano2006

656mBMIgd0L Foboergddo om0 M30L9dgd0 S 356YGHMJO0 3356FHOO
39996030L 396Mbgd0m 085MI09ds. MMOLSE BIBMAsLOEOL ©O5TgEHMO dmMOL
9Jbo@MboL GoEoMlBY Bogegdos, dsboersdo 0fygds dmguo Moo 3356¢ OO
39D0M©3990, M3 0f393L 656MTsLoErol M30U909d0L (93Mdocvyero DBmbols
Losbg, bMdOL FH9ga3gMsG M, ©OYWgdBHM03Mwo g9z Mds, IguGOL
356599900 s Lbg.) Foo DmIgdby ©odm30©I0Eqdsl. 53 Imgzegbsl
339660 9903y (Quantum confinement) gfmgds. dmEOOL gdboEmbols
5©0LO 459MmoLIHYds 90YR0 BMOINWOm:

an = s5—a (1)
B =& "0o

Loo3 E-B5LOEPOL OYW YB3 30355, m*- Boffogrszol dsbs
m-  9gwgdBHOHmbol  MdMomdol ALy,  ay-fgoedool  sGHmdol  GsomLo.
3326900 89beYE3lb 98doe ofiggst 9bgMBIOE3Nw ©™byIRL dmeols
06396350l (33000¢905L, HMIGE03 50Lbgds 990 BMOIMOom:
AEgp

§E, = x )

an

Looi  Er-gg9®3ol  9bgMposs, n-LogsgbBm  gwgddHommbms  Log®om
H0oEb305. 0BOEYOS 53MgMN3Z9 9300 BMboL Logsbggdoa. Fogswomo
4.8 b3 ©05d9@®ol dJmbg PbSe-ol 655m3MOLEHIOL  530dsmo  HBmbol
Logobg 0.82 93-U 895096L, bmem dmgyemdomo PbSe-ob 3o 0.28 93-b (PbSe-
ol 3oL gduo@mbols Gsomlio 46 63-05).

5990096 298md0bsg M) dmEMMdom Fsloensdo sboo ™M30LgdgdoL

o935 bgdms Fbmem d93509bemdob 96 LEMwYJEMOlL (33C0wgdom,
B56m8oLoEgdTo 58 MG 356539BHOL 9853 Jds 3093 YO0, M30909d0L BMI>BY

5930093 gdol  3965FgBHM0. 53  Fm3gbsl OIS  Sbow, 9.§.
BobmbodgommTo 893945350, L3 FglodewgdgEros GHMIOE0Y dsbogddo
LEOHYPO0SE b0, Mb03ZSEX MO M30L9d9d0L Jor(jg3s s IM35w0 3356EFGO
30593900L MMSbOL 3H933gMoEIMsDY 45dMT503690s.



1.2 d3gomoegdo  obbowmos  9gHmsbHBmdogdosbo  6sbmIslogrgdols
BOHOOL JOMH0MIO FJNMEIO0, HMTJMIRBs3 Y39 sHg OO YMMSEYds
399563009005 b3BbMAs3m Mool BOOL MmOmJwo-bombg-dgsco (mLd)
@5 MOMJ0-94s60 (md) 99gnmEgdbHY, MoYsh LoolgdGsgom bs8GMIdo
0bomdol gmbgool  BsbmLEHO®WMIEGMMIdol s  BsbMIogommgdols
dobsegds© LMMg g ™Mo FgMEO 0gm A5dMYnbgdIEro. MMM o-Lomby-
3g4s60 39gnmEOo 99945690 L0 BsBOL QodMYgbgdsls (bob.1).

X966 §o603MJb0sb  35@9oBsBHMEMOL  ()39mgdlL, (5dobomzol Loggbols

B993060DB) ©9d3 39O oBsGHMO™MS Au, Fe, Ni, Cu s Ubg.
B56mbsfos3900) 58530MMNMo© bgds golsbMEIEo Fslogrols sSmOHmJwrgds.
(0b3) 89dob0BToL FgmMg 9BHO30L ML bobg356MYAGHIMIOL MmOMJwo g3l
39GO0BIGHMOOL Fobogsdo s HoMdmddbol bsgHml. 3bmdowos, HMI mGOo
dsboeol BogMol EbmMdOL 3gd3gms@n®s (93G9dBH03MNM0 BH9I39MsE s Tk)

65309005 3o-(35¢39 300G 0 Foloerol EbMdOL GgddgemsdMsby.

— —

P—_
_.—‘

Bob 1. 656mBogmengdol mGmodaro-lombg-dgs®o (mbd) ol dgdsbobdo. 1.
mONJol 3mgddggds 39@omob 35390 BIGHMOMB. 2. 458bsto
3935W0BGHMM0 @ [igoOrmb 99bsc0bmdo Foedmdadbob (3gmb. 3. gstro BEHob
350.

O3 M95Jgool  G9d39M9GHOS  9BAHIIBH0ING  B939MGHOSL
399G ™MY05, bgds MmOMJol SELMOBE0S 39EIWODBIGHMODY s Tobo

10



3oobsfoemgds  mbgze  doldo  ogMbool  gboom.  Tgusdg  9BS3BY,
39GO0BdGHMOOL  Dgs3omdg  mOmdwol  dmdogzo  SELMODE000

390003990 25X IJOJO0L  F9gIRo©  bMMO309gds 53  doboggdol

9183933037900 39000056 34sm0 BsBoL 369303035305 @S ZMOLEIWIMHO
LEAHOMJEGHIOOL BBMTog3m ML QDBM..

1.3 J39ms3d0 249bboamos MmOJw0-394sm0 d9oM©Om
656035300 gdol B, OHMIGoE WoMMBOL  35GHIW0DIGMMOL  o69TY
90900656 9MdL, Lobmgbol ©®95396@900L MdMsmE MOMIJEOl BoHBOIH
9956 930500  goIlZom. SIS  MOMNI0-3YsGO  FJOIMEO
65608530079 gd0l BHEOL 3HMEgLo.

1.4 @5 1.5 g39ms39ddo Fo6dmagboos 3939Hma3sBmo s ameo-
30O 3H030oL BbMmIog30MEgdol BOHEOL dgmm©gdo.

1.6 43905380 @sbbomos sdMmOHBMWo BsbmBsloergdol Lobmgbo o
3sLmb 3538060900 oMM 99d0.

656mBMIgdol sImOFMo Foboegdo [oMmdMoygbgb 9653M0OLEIMOHO
3gom0  3Hobols Asbogroms ka0l 360d3z690M39b s B 353BYMEOOSL.
SGHMINMmo  LEGMMIGHMOOL 0BMEGHOHM30MdOL 2o0m S0MOHRM0
B56m8sLoEgdols FMOHRMEMY0MOHO 3MbEGHOHMEO doeHI HOYIENO0S.

31939  d0LYB0Tbs305, GMT  3OOLEIMOO  LEHOWIGHMOOL  SbsEoDOo
AMOOOEOE0 99 ©Ydom, MHMYMMH9O0359: 13b3b0gdoL
©9563H396m©onMsdazos (9.§. powderX-ray diffraction XRD), 9960bgemo 56056
99dEHO™bms onMadios (.. Selected Area Electron Diffraction SAED) oo

35050 OHIBMEM300L GHMIBLIoLOWwo gugd@OMbMwo dozmmlizmdos (9.0
high-resolutiontransmission electron microscopy HRTEM) 8qLsdergdgeos

©5350030b6mm  FoboErols  sMOHRMo  BEGHOWMIGHIOS, TogMsd  F9degdgE0s
dm35b@0bmm dolo LBEGHMYIGHWOMEO 565e0DO. SFMOTRMEO LBEBHOYIEBHWOIOOL

5b65¢r0Bolmzols 0y969096 696396 RBMGHMI9JEHOMbm
139dBHOMB3M300L  (9.f. X-ray photoelectron spectroscopy), 0bgMsHoomgen

1399dGHOMBZM305L s MYBbGHRIoOL Bb03ggdOl Fmsbmddol L3gdEHHmLgm3osl (9.6

11



X-ray absorption spectroscopy). @@qgobosmgol  sdmOGBMo Lo gdo
36O0LGHIWMOMID  IgsMgdom  Boggdoss  dglfogwrowo. Fomo  Foo
LEAOMIGHOOL JomEGHMOMBOL A5TM  XIM 300093 9O SMLYIMBL LOYIPYMBOEO
dmEgmo 96 mgmM0s, OMIgoi  sofigMs  98mORMo  Joboggdol
LAHOMJGHOSL.  FguHogEroos  BMAoghmo  SIMOBMo  dsbserols dogos
LEAHOYIGHWOOL  356589FBHMY00, FoPO0MOE: WOoMbMMO dobols  sEHMIMEO
Pgmds  sbeom  856dogdby,  9GHMIMGO  ymds  LsdMowrm  Bsbdogrgdby,
3m@wodmOHxzobdo s dme ds6dowgdbg 95GHM™IGO0OL  BHMIMEmyomMo ffymds.
365350 330935  BoBIM©S  Lbgoolbgs  GHodol  s8mMxmo  doboggdol
WMISNOO SGHMIMNMO 256M9dmb Fglobfogers. dsmo sEHMIms 139305309M0
Pgmds  2965306MHmdgdoL  sdIMmOBMo  oboergdol  dgdobogmeo s  Lbgs
MB035¢MH0 130198900 25dM3egbsl. 81939 dse by 3609369 ™3z5605 Jsmo
352b0@MM0 ™30L909003. 993s IMEFMEMB0” SFMORME Jsloergddo 3069
B905306M0L BSOMNMO0 935309 BOMI3L 58 M30L9dBOL GO BFOSL.

B5b6m3oboergdoll m30L9d900 o  LEGHMMJGHIOSDYS FM3IOYOMEO,
Omdgwoi  9900e0gds  ©o394mm  mmb  35393mM0s@:  bmds,  gmEo,
090500396035 @5 3MmbLEHOMWJ30s.  FoBolLosdg 98 LEGHOYIGHWBIMEO
R9dBHMOIOoL  2om3z5olobgds  HoMBmoagbl  mogl  sFmEsbals
B56mbGHOIBHOIO0L BMOT0MIOOLMZ0L. MI3S STMOFBMYO BIBMIsLOEgOOL
LAHOMIGHMOOL  Fga3zs s JBLZNMPOGPom oo IMOFBMEOMYONOO
3Mb6EOMo doewbg MY 53m3BL FoMdmoaqbl. dows LEHM™MIGMOOL
3003394l OMIOL godm sdMmOHBMo b3BMLEOWJGHMgOOl BOEOL 3OMm3gLo
RB9dBHOMOOE  MBsMO305.  JOBME0  ©939OL 256353 MdST0 o3IO
536530  9Ju39M0dgbBHO  Lbzoolibgs BmMIoL  (LygMmgdo, dsgmwwrgdo,
dos3900, 3190960, MJGHIJOOMIMO @S 3ME0JOOEV0) 5MMGBM0
B56m8sLoEgdols golisBMgms bbgoalbgs dgmmob 3sdmygbadoo.

©09356@g gL gMMYEBMI0gd0sb0 58MORMWO BsbMmIslorgdo
QOO Ym0l 0dLobmMgdgb. dom 255Bbosm MbozswrmEmo mM30L909d0, Mo
1599905l 335993l 25dM30949bmm oliobo bgoolibgs bobmgergd@HMmbemen
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bogwbofiymgddo s  gobol  Lgbbm®gddo.  s0mEOGPME  dsbogrgddo TG
956300y 5GHMIMMO  LEGHOMIGHMOOL MHIuEOYMIOL oM  FgdEgdgEo
bgds 1D 656mbGHOHdEBHmgdol Bsdmyseodgds. boFomm begds B3gE0swwEOO
999960BaoL  godmygbgds, o6 BOHOL Fodsmrmgdol doigds Lbgsolbgs
&9dbozom.

306390 3530L  dmem  bsfowdo  gobbowiemos  656mBsgmengdols
gl gdoLs s 500 bgarlisfymgddo 0bEgamocmgdol Igmm©gdo.

IT osgo

dgmMg 9300  SfgM0wos o Bgdbmwmyon®o  IbsyIMgdo o
d900™m©900, OMIWgdog odmygbgdmwo oym  LoobyOEsgom 55O Mmddo
656353009 gd0l 3oLsBOOYO© Qo domo 3909500296 ™doU,
AmORMEM{o0Ls s BLEAOYIGHWOOL Tgbsbfogmo godmygbgdmwo Fgdgyo
565¢00@03796M0 3900Mm©Yd0: MBLGHMWOo s GHMIBbLIOLOMEo gugd@OHM™brwo
30360m3M305; M96EYIBMBIBMOO  9b5e0Bo;  gwgdBHEMmbms  OBMI30s;
39029600™md0L sbsewobo gargdBHOmbms Lbogom s0dMHemo dsbsliosmgdgwro
956339690 459mlboggdom. o380 s1939  SVFIOO0S ol 3F30YBHYHIO
36MHMyM539%0, MHMIo03 33939000 9dm309gbgm. 39Mdme: Lbbgoolbgs
H9939M5@HMMgdbg  bsbMAsLoengdol  MgMIMEobsdodmMmo  356589EGMm9d0L
399mBomM3wWsE 98m30949690 (3GM®sds HSC Chemistry 5.0), s@mds®rvyero
39MB930LvbsM0s6MdOL  BH9d  LYOsMgool LHGIxo mMog  SBsgroBolmgzol
(305095 Image-J.) @ BOOOEYJMSAMGOOL Bs63d0EgdoL  oEHIMoGIMHST0
SMLgdm 360LEOWMAOSBOVID 9mbs(39090056 39L5MOEO®
3330v)G9OM0 3OMYM5ds, (Crystal Maker 10.1).

III o530

dgbodg 30 mo3o3L 9Ju39MH0d96EH OOl T9EIRJOL S o oblixsl. 53
5300 3obboyemos 9OMNYEBMmIogdosbo BobmbEHOIBHO9gdoL
300M5Dobol  mMmgwols  smgdo 239BOEOL  dgmmEo,  OH®IgEoy
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39G)O90BIGHMOMO 396909 9090bs6gMAL. 31939 39bboyemos
656353009 gdols 13MOI0MIdoLMZ0L LoFoMHm Hobo3dmd@EHgool
Po68mgddbols  99doboBdo s BOOL oMY BHMJIOL  ©ITMI0WYINYGdS
656m85300990900L LEHOMJEIMIBS O BMOTRMEMY0SDY.

3.1  dagomsgzo  9dw3bgds  0bovdol  gmbxzgool  Hysermsb
6568530099900l 30EOHsBObOL MmOmJwols sOgdo 4sBM©OL dgombL. InP-ols
656035300 gdol  obo®gds  godmygbgdmwo oym MmOMJwol  BsHBOoIb
656035300 gdol  goBGEOL  h3z96L doge  J9dmTs390Iero  306OHMEOBYOHO
A9Jbmmyos. 5dolom3z0L 335ME0L MgodBMOmOoL (Bsb.2) 105 GHm® §6935009
390m@Mdd30L 99089y LolEgdsdo 399339000 3% fywol  Jgdi3gew
300M5DobL, MgodBHMEOHOL BLZ3GODY 35393L90OM 3OOLEME InP-U gl
OMIgbsg 39bMHgd0m 30GMsDBobol s®gdo (400-540°C) 39d3geod e
©0535bmbTo.  [igommsb 2 LA Fsbdobyg 35053V9dom Si-ol 6 dobol
039d9dM9Ls.

3% §ywol 9993339c00 3006M5D0bol 30MMEOBMWo ©H3M3MmboEool
3909290 (oM3m0ddbgds  MgodBHomo Msozswgdo (NHs, NH2, NH, H, H),
6Omdwgdog bgwlb Mfymdgb InP-bU obmEosgost, dgwgas Homdmoddbgds
RbRmOOL  MmOmndwo ©d 0boMdol  sjdmmoo  bdmdboo.  obobo
90995093056 (3030 LowoEodol R«dgdMg by s Fomdmddbosd  InP-U
656035300990 900.
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*  N2H4-0b 306m@mobn6Go ©sdemol
36HmEnJdgdo:
¢ * NHs
1 H.O; ° NHz,NH,
N,H, 390@d * HH, e W

* PP2,PHs

63©033d0
Si g9dgdmg

N /N /N /N
ngmaoémg;mabﬂ /
1m0 adIameo PG o o 36ra3000 breagboogdo:

Lndedbowo * InP In,0+P(P2,PHs)
InP fyo6em 4 *  InPiGa In,0+P(P2,PHs)+Ga,0
*  InP+Zn In,0+ P(P2,PH3)+Zn

335660b 205 Bowo (©393960)

\

Gbageo  350-750°C

3535b9G gm0

Bob. 2. 335630l MgogdEHMMob bdgds

060Mdoll  BmLgool  656mdsgomagdols  Lobmgbo dImbs ™G
&99396M5GH MO Mg 0dd0 440°C-bg s 540°C-Bg. ©oy0bos, MM 440°C-by
0bOmgds  20-8060-00g ©@0sdgBH®0olL s  >80030  Log®dol  djmbyg
Bsbmdogommargdo,  GmIgms BOHs  8080bsmgMmdl MmO Jw0-3gs®o

d90MEO.

440°C 3903965 165Dg 25PMHow0 656mBsgmmegdol &Gmsblidolowem
999dGHO™bM Jo3MHM3M30mEds 96o0Bds 93063965, BT ghm 3MMEgLdo
0DMHEYds MO0 Lbgoslbgs GHodol bobmdsgmmwrgdo: 1) 0BGMYds ZnS-ol
LEAHOMIGHMOOL goglo 390G LEAHOYIGHMOOL InP bsbmdsgmmegdo. 2)
d9m69 Go3oL InP-b 6sbmdsgmmegdo 99039396 LEHGMIOGHMOME ©IRIIBHIOL,
9.0 ™OgmwgdL. sbgmo  mOgMEgdo  bdocMo  Ho@mdmoddbgds  0obwomdol
1mbxodo. ol d9pq0s LodMEHY))doLysb, MHMIwgdog LoMIME s656Mg3egdl
Dom9696 o sLgmo 965693 gdoL Fo®mdmddbsl docrosh dzomg 9bghaos,
dowo  ggdBHembzmeBgdo  LFoMEads.  bsb.3-bg  bsbggbgdos  mMo
656m8o300ol (Hgd) LYYOSMO.  (5) LSO FOWIWVIINNWOS JargdGHOMbmMS

©OEO 2506930l 3MMboms s [HMH0MEo ©YBHIIGHMO0M OILEGHOI Mgg0ddo,
(9.9. High Angle Anular Dark Field Scanning Transmission Electron Microscopy)

o3 BOEOL  LEHOMIGHMOOLsdo  FYMHAEMBOIOMOL. ®)  LEsMO
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B30 906M030 3Hgd LmEomos. 3bgegm, ®md dsMiEbgbs Bsbmdsgmmerdo
5360530 MOJM0s, bmwm  JoMxgz9bsdo O3 9OHDO 96O BoJLoMYdS,
090530935, MOMI MmM03g JOHm 3MOMmEgldos LobmgboMgdywo. Bz9b
09359Rbogm, MMI ™) 9MHmo MmOgMeo 35063 gohbs Bobmdsgormerdo, dgég
BB LYY MEOGMEGdO, oG58 0119 56 oBbs, B5T0b LygMHNMmE 56 BBEYdS.

9w9d96@Gm@ds EDX 5b5¢noBds 33063965, 0md mGmogzg bobmdsgoryero
0600130l BMbBoos s oo Jgagboemdsdo dgliadhbgzo goblibgaggds o6
560b. Bob.3-%g () L3gdB®0o FggLsdsTYds MMHJMYWGd0sb bIBMTs3m ML, b
(©) 909539d¢™ InP-l 656mBsgmaml. yzgws®g 9609369wmgzsbo Mol ol
139930, O 56 bgds mdlool s bo@MoOoL BMO0MmYOS. bygsGsme 440
°C $903965GH16s 56 5MHob Bs3doMobo InN-ob BsdMlsysEr0dgdws. Mmool
Po3mgddboliongols LyFomm 96905008 MoMmEIbMdLL 59306093l fgodsol
5G™d900, OHMIg003 300MSBObOL oL g9 FoMdmogdbgdosb.

Area 1
HAADF STEM
D=100 nm D=125 nm

avarage EVELET T

Cu

koo fland JLuﬂnnm

Energy (keV)

Area 2

Cu

i Il IIIIIIIJI IIIHWIII“IIIIII*IIIIILHII‘I

Energy (keV)

Bob. 3. InP 65603530 gdol GEMsbldobormeo gwgd@®mboero
3036mb3M30990 LYYOSMYdO. (5) 1 bgadgbEo InP 65bmdsgmmeo

LEAHOYIGHOMO ©IBIJGHJO0®, MOIMdom. 2 1YAdabEHo Lyrms InP-l
Bobmdogomaro. (3,) 1 s 2 bYadgbEHgdoL 9w gdxbE Mo EDX sbocrobols

139JGH®gdo0.

50bs60dBsg05 0l Bod@o, MHMI MmMozg GHodolb bsbmdsgmmrgdo [111]
30050 gdom  0BOEYds. Bob.4(a)-Bg dmygzsbowos InP-ol Mgxgddm™
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656330090l (F9gd) LwyBomo s dolo FgLsdsdobo EORMOJ30IO LMo
Bsb.4(b), bosis (111) LodMEHYYMS FmMob dsbdowo Jgopqbl di11=0.340 63, G
LEOMWosE gIMb3g3s  WOFBHIMGHMMSTo  SOLYdIM  3dmEGo InP-ol (111)
LOdOEYJMS Mol Fsbdols. bob.4(c)-Bg, Imyzs600s MMYMEgdosbo InP-ols
6sbmBsgmarol (BHgd) Lbm@smo s dgLsdsdolo onModiomwo  bMHsmo
(65b.23 (d)), OMIol  9Bswobdsg 93063965, GMI 435436 30GEOEHOL

LEAHOMIGHMOOL  bgadgb3gdo, OMIGdoE 3OO0 MYDOOL  3MOLEIWMOO
LEAHOYIGHOOL dJmbg bgadgbEGHIOL FmOHOL 5GOS6 IMMH3LYdIYO.

Bob.4. 440°C &93396M5G M5By
239BOowo InP-ob
BobmBogmwargdols (¢9a)
bH500900 S Fo0o
d9L50530b0 ORMOJF0IWO
bOH50900. (a,b) InP-ob (¢9d)
Q5 OBMJ30vI0 BBS™GdO
M9 Megd0l 2o09dg. (c,d)
M9 900560 InP-ob (3gd)
©> QOBMEIFOYo
LM50900.

xmdgdeol  3H9d3gmoG ol 540°C-dqy 2oBOO® 033w 90S
656m353009gdol  FmOFMEMY0s,  39HdmE  0BMEIOS  BBMBs3mMEgdoL
053930, MMmIgroi M3dmgbodg dozmMmIgGHOL  F950096L.  gwdgdMol
A99396M5GHMOMoL  FmBo@gds  d1939 0393l Bobmdsgmmemgdol  bBMHoL
999960DoL (330 gdsl  MOMNJ0-94sH0  FGPMPOEIL MO o-omby-
dgo60o  39om©d, o3  bsbmIogmengdol 39609 39EHIW0BIEGMMOL
039900L 25hgbom 50blbgds (65b.5).
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Bob. 5. 540 °C 3983965 vcaby Bob. 6. GMIdMEs©

39BMowo InP-b Bobmdsgmergdols ©930OH0Mgdgo InP-b
(©93) LyBHsoo. 656mBogmmeEol (M93) beyGsmo.
(©5Bsgmgzol bemds = 2 pm) (©9b5gmg30l Bmds = 200 60)

Bm096mo  Bsbmdsgmmewdo  9godRbg3zs  9bsdMO©  2obarsygdwo
6929 gdol 2oBgbs. 96 %9 0BMHYds be®BseHo mmool byyengoob
370160 dgbgeo, bergm 9309y dobo Lo® 3o mM0gbEsE00L Igbgeo. InP-do
Lgmo  BsO3Mo MmOJMgdol HoMmdmgdbols 9bgMaos dowosh J30Mgs s

353565 09MIME BYJEH¥oE0sL MmMgol Fo®dmddbs dgmdwos. 0039 Lbgs
933093950900 b5(355 S©gOHOWo. MmMHJMgdol 0bEGHbLloMmo s 296 339MWwo
10JLOoMYPIMO  3GMOMEPIYWMdom  FoMdmddbsl  Fgmdwos  Fgddbsl  9.0.
HMIdME© ©Y3MO0MGOMo InP-l 656mTsgmegdo (bsb.6), H™IgEmss
0B JM5GHMMOL Jobg30m dobgl3gb3Eool gordx mdglgd o AodMBOZ5EO
593, LEAOYIBHOSA0 Fodmddbowo F9J56039M0 MW MBGOOL godm.

3.2 d3gmoegdo gobboemos  3mddoboMgdmemo  InP+Ga  {igoOrmqsb
656mBszmmargdol Lobmgbo. FowgdmEos FMEo-350MLo  GHodol InP+Gay0;3
Bsb6m8sg0mmengdo, LoOE 3o 3OOLEIMMO 0bEomMdol BMLnowOo.,
bom 4960 99MORMEo  39e0dol mJuoo. BsbmdsgzmEgdol AsbM©s
90900b56Mm9Mmd@s 350-425°C 3H983965@OHw 0b3G9gM35edo, 3 dmw% ywol
3993390 300MsBoboL sM9gdo, MOl Boxgho mGmgwol (5935 dgowp9bos
~10 @meU.
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©99dBH™Odo  3mFd0b0MmGOMo  FysOHml  2obm®gdolbsl  30Gmabobol
3ol 30MEMJBJOMD  MOD0gPMJdggdol  T9ggac©  bgdms
5J6OHmso  bydmdbogdol  Ho@mdmddbs InP s Ga-ob Bgs3od®dy. 9b
1bdMdlogdo  bYdE0doMgdbab Lowogomdol §xdgdmolzgh, Mmdgwos
09060056 2L8-0l TG00 8EYOSMIYMDES. FJIPIP BPIOMES BoBOMS
19RMIAOE0S S JOMYPIEDBMT0Gd0560 gME0-25ML0 BH030L 656MBsz30v)egdols
DO, 50Lb0TBZ05, OMI  FoEgdM Bsbmdogomrgddo 96 d90dh3bgm©s
393O0BsGHMOOL  3gmgdo  (bsb.7). o3 d0s60dbgdL 0dsBg, MHMI BOH
8090b5M9Md@S MmOHMJo - 8gs6o d9dsbobdom.

Bob.7.  350°C  ($9939653M65BY
domqdmo InP+Ga aueo—a50bo
Go30L  BsbmBsgmmargdols  Mgb-
A295MmRDMMH0 BsEobo s (M9a)
4 bmGoomo. (fomgwo ggboom  se-
608bmos  5M9MmOYsbmwo  3Hob-

GO0 BLAHOMIBHWOOL  MOHOY6-
Gogogoo  ICSD73-1983; 943969

Intensity (a. u.)

(111) i

—(11
(200)

(220)
I—(220)
(311)
(222)
-(311)
l-(400)
f—(331)
k(420)
(331)
1-(422)

|

o 4w s e 70 e BIOO093790360L Si-ob gdgdegl)
Diffraction angle 26 (deg)

w
S
S
~
®
S

InP+Ga:03  3meo-go®bo  GHodol  Bobmdsgmmagdol  GMobbdobovyer
9099 GH®-mber 90360 MB3M30veds 950D Ts 30h3965, MM BbMTsg309gdl
399hb0s0  3MHOLEHIMMO  0bEowMdol FmLGZoEOL Mo s SIMOFMEO
3901930l mJLoEOL FoOUBO. BbMTs30WgdOL 4 gdol osdgEGmo 15 63-by
33095 (65b.7), Goi InP-m30l dmMob gdbo@mbol Gsomlbg dsdsmss (re=15
63), gl 608bogl 0oL, MMA sbogrol M30Lgdgd0  J3sbGHMMo  Fgbwmzol
995393390000 085(009d5.

InP-ol 4ol 300LEImyM5530m@ds 965¢00Bds g30h3965, @A dols
3o9hb0s  OHMaMmOE  3MOMOHO Mmool Lyergool,  sg3g  30IMHEOGHOL
394L5aMbosc Mo LEGHMMIGHMOS. o3BMIgm  3OOLEHIMGo InP-U  gmegdol
LodGMEYgS Mol Jobdogdo, MHMAWYdOE SOBMEEHMMSE F99Lods3gdMOs
@0 GJOIGHMMST0 5OLYdM dmMbozgdgol.
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InP 3o
G2a,0; 356bo

WZ InP core
a- Ga, 0, shell

n
4k

one axis

65b.7. InP+Ga {46096 gobMH 0o 42wo-g50o GHodol (3gd) bLy@smgdo
Q5 99L5d530LO gergdGHOHMbms ORMSJ309d0.

B30b dg30Lfogegom ol LsgsMeM™  MgMIM-Jodomo  MH9og309d0
O0dwgdog  990dwgds  8000bsMgmdbgb  InP+Ga:x0s  656m3s3mmemgdol
RMOI0MgooLLL  Gaz0-ol, In20-ob, ospMgmzg 300MSHBobols ©s InP-b
306MME0H)MH0 IOl F0obsd3OHm©MJ@gdol dmbsfowgmdoo:

959430990, O®™Igdoi NHsz, NH2s NH {obsd®m)d@EHgdosb GaN-ol g3sbob

do00qdsL 0fj39396:

Ga20(g) + 2NH(g) = 2GaN + H20 (g) AG=-404 kJ/mol (3)

695430990, MMAgdoi Ga203-0b gsBob Jowgdsl 0f)39396:

Ga:0(g) + 2In20(g) = Ga20s + 4In AG=-554 kJ/mol (4)
Ga:0(g) + O2(g) = Ga203 AG=-700 kJ/mol (5)

Jo80m6m0o 695930900, ®MmIwgdoa InP-b s Ga203-0l 5Bl BL3MEE 6O
L9AMIAOEOLS QO FEO—goOLO FH030L BobMmTsg3mols Bsdmyswr0dgdsL
030396

Ga:0(g) + 2In20(g) + 4PHs(g) = Ga20s + 4InP + 6H2(g) AG=-799 kJ/mol (6)

Ga20(g) + 2In20(g) + 2P2(g) = Ga20s + 4InP AG=-798 kJ/mol (7)
Ga20(g) + 2In20(g) + 4P(g) = Ga20s + 4InP AG=-1626 k]J/mol (8)
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OMamO3 3593, (65 75 8) M95d3090L  459bb0sm  doer0osh oo
MSOMBONO 0dLOL 96963090, HOL 9093 b M99J30900 B3MBEbMEMs©
90900656 9Md96, ®ol 999393 30JOMMOM FoBIMS LYAMIASEOL
06030l BMbRoOL Ml s 2oodol mJloEOL  AoOLL.  SIMOYS®
BoBomy  sbgmo  1BGRAMIROE0S @O JNIO—godLOL  BHodol  LEGHMYIGHMOL
Bodmyoodgds  39Mdmobsdogmemo  dmdygdosbos.  Lobogbol gL
A99396M5GHMMS, 96 400 gMsmlo Bs3doM0Los  3OOLEIMMO 0bwodol
RMLROEOL 2ol BsIMLSYS0dJOS©, TogMsd 56 MOl by3dsMOLO
39wodol  mdboEol  EOLHIMOLEIWYIS® > ol YIMOFMEO
LGOI GHNOOLsS.

B90mm dmyzs60o 33193900L  F9OIRO©O ©I390P0bgm, M InP+Ga
09o0ml 259my9gbgd0m 0BMIYdS I0-356ML0 3H030L BobmBsgmvargdo, boss
30 3M0LEIMOO InP-0s, 4960 30 3MOFMEo Gax0s. sbgmo  GHodobL

656085300990l 3o9Bb0sm b0 3o Mo 0Mb-09w9d@®03
PTG I ety Tele) [N Do6Bmo9696 396L39JGHomw 9bogmsls
399mbggvlio3gdosb 0Mb-09w9dE©03-65b935M959E 60 (@ob)
A®56DoLEGHMOGOOL Tgbogddbgersc.

3.3 g3gmsgdo @obbowrmeos InP+Zn s InP+Zn0O  30m3d0bo6gdero
09509006 Mo 29600 GHodolL bsbmdsgmegdol Lobmgbo, Loss
30l Lsboo  499moymags  3M0LEGHIWOHO0  0bEomdol BmbRoo, bmem
39OLOL Boboo Mmool bEgsEHo Zn3(PO4):.

InP+Zn3(PO4)2 gm@00-25600 GHo30L 656035300990 gdols dolomgds 9o
d9dobgg3sdo InP+Zn-ob, bomem dgmegdo InP+ZnO-ob {gotrmngdl 3356030l
©95J@mMdo  3obmMgdom 650 °C $9gd3gMo@Msdy, o3 Lowogodol
2Md9dmgbg  (OMIgog  §Ysem@sb  2U8-0b  IIMMGO0m  TIYIIMIMDOS)
3359935 420°C -b. OMAMOE HBgdmm 930b0dbgm, InP asbmEmqdobsl 0dwgds,
00680436905 506050 FMBRMGO s In. gl ¢3565L369w0 MOHMOgHNJIGIOL
300M5D0obdo s®LgdM H20-b mO0Jermsb, Mol 99wgaoeg  §odmoddbgds
5J6OHMmEs©o  0bomdol  bydmdboo In:0, MmIgeog dogdsemgds  Si-ob
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5339360l 396, Loog MMHM0gMHMNJI)EIdL Zn-ol mOMJemsb. d9gao© bgds
030Domy  1YAMIROE0s @O 0BGMEYds  InP+Zn3(PO4)2  4memo-2560Lbo  GHodob
B56m8s30090gdo0.

Zn-ol gbzbol gosBbos 350 EbMdOL 3Hgd3gGmo@w®s (420°C), Mol
399m@3 0oL 530w BdE0doMgdls. dobo boxgmo mmmdwol {6935 Fowogros
305 3gd3gmo@mgdbgs  (Fop:  10%4EmE  250°C-bBg). ZnO-l 3oMHojoom
39309000  Fo@owo ©bmdol (1975°C) s ©oLME0s300L  3H939MOEHIGS
399hb0s, LogHmm© ZnO-b Hyserml Jgdcmbgzgz5d0 5gOHMEs©o Zn bsfos3zgdol
dobsegdo© s 9999y 35000 BAYIMYHY 49LOEBI© 09969396 FysedoL
@5 35¢0my9bgdl. 53 EOML 3OMEgboL s®LO JEAMIsMGMOL ZnO ©sb Zn-ob
39003560 39390990 5 9999 ol LdE0ds30sd0. B0bgEsgs 0doby, MHMI
9l 8900m©O 335393l Mgod300L  HH9d3gMoEGIMOL F99306MHgd0L LT sEgdSL
1000°C-809, ZnO ©s6 Zn-ol 259mEsw 393900l M95d3osl 35063 ©ogdomo
300LoL 969G 2o5RbBOs.

O3 Bgdmo 530b0dbgm, 30MsHBobol ©Y3MmI3MBoOoL Fggys©
5GHMING 5 IME936 94odsEmMIb gMms© Ho®dmoddbgds NH s NH:
54BH0MM0 (5035w gd0. BHMmMgE 59 M5035cgdol sMOLYOIMdS MHgmdL bgwrls
Zn0O-b ©9333MBOEOOL 3Hg39MSEIMHOL T9d30609dsb.

ZnO+NH(g)=Zn+H20(g)+N2(g) AG=-654 3x/0m 9)

Omamez  (9) Mgodoosb  gbgegm  (Gmdgwoi  420°C-%by
90b0bsmgmds), NH  6sogzogdols d9gdggmdom ZnO  ©sb Zn-ob
396390393900l ©195d(3008 BoOE0 YOMYMBOMO F0BLOL 9BIMA0S goshbos, o3
0dols  95B396909w0s, Gmd 420°C-Bg  B3z960  BHgdbmemyoom  Logbgdom
d9L5dgdqw0s Zn-ob bsfows3gdol domqds. fyarol dmerg39wgdo, HMIGd0;
(9) ©95d300L 999 2odmogmags dmbsfowgmdgb Mgod@memol 303 Bmbsdo
mdJLoEIdOL ZMOHI0MYdST0, b 5JOMEsEOo IN20-9d0L Fo®dmdabsdo.
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Bob. 8. InP+Zn Y5656
39BOOWwo
65633900l (093)

5 ] . ——
Camw LMHS00.
i 9 ' (LYBHsNDBY OO
{ BB Bg 2odmbobryenos
\ W Bobmdogommarols 339ms).
4 : ’/ \k\_

IR

Bsb.8-Bg BoBggbgdos 420°C  3H9d39Mo@csbg InP+Zn-ob  {ys6rmsb
39BOOowo  656Mm3oz3mgdol  (M9d) LMsmo.  LYOHINDY  PoOIONIP
BobsIDBg  98mbobmos  2oo@gboo  Bobmdsgmmeols 339ms.  HMyme3
L)H5000@6 BBl BobMTs3mMqdl  205Bbosm  gPIMY396M3560 ©OLBgEGO.
domo LogMdg ®59m9bodg do3MMIgEOL d9o9bL, bmwm ©osdgBHMo 20-40
63. 35@90BsGHMOOL {j3900900L 56 5MOLYdMBS JomOMOL 035BY, HMI B
8000b5(Md©s MOMJE0-34560 (md) Igdobobdoo.

30L 3OOLEIMYMO0Meds  BowoBds  g30B396s, ™I 090
390393l MOMamOE 30903030, d1939 31109O0 Mmool Lywaools
LEAHOMIGHOOL InP-b. InP-bL  JmEMEEMdOMO 3MobGHOWwo dbmwm
000l bLMEXxzool  399OHo  LAHOMIGHWOOLLS, TopMsd 1D InP-b
BsbmBogmmmgddo  bdoGs  a3b30905  309OHE30GHOL  39dLogmbo-er GO
LEAMIGHMOSE. 53ob BoBYHBo Jobsgm ob, MMI  BsbMmIsg30MgdL gosBbos
3500w0  BYI30M0/BMEMNEXMBS-Bg  MbIBRIMOMBS, o3 BobmBsgmmerdo

3070303H0L LEAHOWJEHIOOL BsTMYSE00GIL MHYmdL bgenls.
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al

Bob. 9. InP+Zn {jgorc0q056
239HOOWO 290-25OBO FHo30L
Bsb6mdogmmagdols HAADF (g0
b0 s (a, b, ¢, d)
dmbodbmero syowgdols
0995009396 md0L EDS 565¢00bo.

: : Ilhkhﬂ%tu

39MBOL 9939bEWEMmO 8905096 MdOL IO AIbs© godmzoygbgo EDS
@5 0bgmsfomgmo B3gd@Mmbzmdomwo dgomEgdo.  bsb.9-Bg bsBgz9bgd0s

InP+Zn3(PO4)2 gmo-go0bo Godob bsbmdsgmwwrgdols dgoagbomdols EDS
565¢0Bol LYOsMYdO. Jomguo FsOmIMmby o6 39MHgd00 dMboIb oS ob
50030900 Lbs0IBs3 bgdms EDS Logbswrgdol sxgodboMgds. (a) s (d)
999Lodsdgds  go®lol  F9dsygbermdsl, bmerm  (b) s (c) @a39deg3L
063m®3s305L  BobMIsgm ol gm0l 9995 gbermby. 905096 mdol
565¢0B0@b Bomeno BsbL, M gmedo In-ob 3mbEgb@®moE0s oo gdom
39@0s 3oMLbdo  s®LYOIEmo In-ob 3MBEIBEGHMSE05BY. S3MIM3g MIMS oL
2odBHoa, ®md  In, P, ©s Zn 656m3s3mmemgdol dmogstmo 8985 9bgwo
99d9bHgd0s.

3obboamos ol MmgMImdodondmo Mgod30980, GMIgemsi InP-ol o
Zn3(PO4)2-0b  gsBoms  LgaMgas30000g  90394egomm. 53539  J3909380
3obbowos InP+Zn0O {jgo®msb 25bMHowmo bsbmdsgmmargdols sbogrobo,
Odgdsig 930P396s, MMI InP-0056 9Omo Zn-ol ZnO-oo Bsbs3gwgdol
d90bgg35do3 bgds g3oboms BgayMgas3os s InP+Zn3(PO4)2 amgemo-go®lo
A030L 65603530099 gd0l BEO. oblbgeggds ol gobersgm, GMI InP+ZnO-b
Pgotml  9gdmbggzsdo 0BMmgds  BobMTsgzmMegdols  aoMLol  Lolidg, o
954 GHMOT0 75620500L 36396EHMsE00L DO S0blbgds.
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B6sb. 10. 93069 Mromgbmdol InP-b 999339¢md0l InP+Zn {jgs6mesb 540°C
39939605 M5Dg 39BOO0 656MmFs30mgdol M9d LryMsmMYdo. a) VSO

39000@JO0M, b) F5NIWO 25OIOOM.
0dolbomgol MHmd  J9gagqlfogms  godLolL  FmEGIoMgdol  dgdobobdo,

09omdo Bsggo 930609 Mom©gbmdol InP. 65b.10-%g 6583969006 InP+Zn-Us
0956m@b  540°C  3H9839605@ M5By  25PMH©owo  656mBsgmengdols  69d
L5900, MMIgEog 990393 930609 Mom©abmdol InP-b (InP/Zn fmbomo
05658350 MOs 9500965 0,6 ). LoDy bomgro RbL  Bowszgdo,
OMIgwms gmeOdoMgds  BLoEroEoMdol Lsxggbol bgsdom®Bg dmbs. dsmo
©05393HM0  asbrmgdom 600 63-  FgopabL.  BmogOmo  Fos3o
393L900s InP-b gmeEom, BoaMed gEHYLbmds Jons3900Ls ool 4509dgs.
0530056 bgds gmeo—gomLo Godol bsbmdsgmeols B, bmwm  InP U
50mfmO30L 9909y Mol BOHs  ygds. 99539 O™ MgodBHmEIo
Zn3(PO4)2—0l  20MboLb  gm®Iomgdol;mzol  LoFomm  HobsdHmord@gdo
(3mbgymo, Zn s H20) obgg 33593, Mol dggyoog  go®lbo  Zn3(PO4)2—-ol
B9bmoozol  Lobom  goboa@dmdl BesL.  Zn3(POs)2-ob  456MLboL 3390
(65b.10b) GMIgaros ocdL sMEYs3s InP-I 3MOLEHIWWE el HomBmoY bl
93090090 Fod@rmbl Zn3(PO4)2-0l 80¢053900L 4oLsbM©aws©. BHOL
SLbgmo  GgOMEYO0  FIOMMME  odM0Ygbgds  3MOLEBHIWMOO S  STIMOTFMEO
Bobmasboergdols dgloddbgersco.
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3336900
. InP-b Boggmdgzgwbg 89085390 e0s  Bobmdsgmmemgdols  dowgdols
&9Jbmmyos, ®MIgEog 300MsHobol (N2Hs) mGodeols 3s9mygbgdsls

9953369ds;

. 440°C-Bg InP-U {yo6m@sb Si-bU Bmdgdmgbg asbMHowos InP-l
Bobmdogomargdo.  dom  QoBbosm  mmool  Lyyewgool  (ZnS)
LAHOMJGHMS. FoYdMWos  BIBbMTogmmwgdo  OmamGmE  ymool

©IBIIOIOOL 9398y oby  IMOZdKIMoO, b MYYMIOYEO
6O GO00;

. InP-b §ysrml d90mbggzsdo  x3mdgdcmol  (3Hgddgcsdmeol 540°C-dg
93539000 033905  BbMIs3mMgdol  IMOBMEIMA0S.  0BOYdS
65dm9body 9036™dg@®mol ©05993HM0L Bs6m8sg3mmegdo
39G50BsGHMMOL  39009d0m, o3 Jommomgdl OOl dgdsboBdol
330 g05Hg3 MOMNJ0-894smH0o IJNMPOEILH MmOHNJwwo-Lombg-99stro
3900 bY;

. InP+Ga @5 InP+Zn §gs6>m@©sb 9o0mgdmeos  gomo—go@lo  GHodol
B9bm3ogmmagdo, MHMI0doss o HoMmdmoygbl  3MoLEIMO
InP-U, beoeom 20600 59mGO3me Gax03 96 Zn3(POs)z;

. InP+Ga {96056 80090 gm@o—50Lol GHodob bsbmdsgmmerdo
InP-U gm0l 990degds gosBbgl HmymeE 0v)mool byergool, obyg

300GH3E0EOL LAHOYIGHMMS. ST M3965L369Wo0 LBEHOWIEGHMOOL SOBYOMDS
dbmEm© B56mBMIol InP-do ©s08HBo6qds ;

. InP+Zn s InP+Ga {gs6mgddo InP-ls 3ot 999339 md0obol 0530056
0DMmYds  FMEo—250LoL  BHo3oL  bsbmdsgmero, bmem  InP-U
59mmO30L 8999y oMLO gobsa@dmdl Mol Zn3(PO4)—ob 6 Ga203

Bobmdogs 3ol bLoboom;
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7. InP+Zn §gs6Hml  boggwo InP+ZnO  {ysdml  450mygbgds  ofigg3L
InP+Zn3(PO4)2 3memo—gomLo  GHodol bobmdsgmmwdo go®lol Loligol
3OBOIL B3 M9oBHMMTo  Hobadool  3mb3gbEHMsgool  BMom
50blbgdo.

8. dgbfogeoos InP+Zn  (ys6rmsb  656mBogomengdols  Lobomgbo
1d9gdmol bbgoabbgs 3933gMo@werme Mgg0990do 400°C; 450°C; o
550°C.  $933965@Hmol  dmTsBHgdom  033wgds  bsbmIsgmengdol
AMORME@MY0s  39OdME, oMo 39gd3gMoG by  aoMlo  xge
Po68mgddbols §i390790L, 89089 30 3993b356 bofons3gdb.

Summary

The synthesis and research of one-dimensional nanomaterials

The thesis is dedicated to the development of a new technology for the
synthesis of InP based one dimensional nanostructures and analysis of their
composition, morphology and structure. Also, dependence of these properties to
technological parameters. The thesis consists of three chapters.

The first chapter describes the perspectives of using 1D nanostructures in
nanoelectronics, medicine and real devices. Basic properties of nanomaterials and
their distinction from bulk material. Size reduction related changes of parameters
(width of the band gap energy, melting temperature, dielectric penetration, lattice
parameters etc.) Also, the cause of these changes, namely quantum confinement
and dominance of surface properties caused by the large surface area.

The same chapter describes the different growth technologies of one-
dimensional nanostructures. The highest focus was put on the well-established
Vapor-Liquid-Solid (VLS) and Vapor-Solid (VS) growth methods, as these two
methods were used in this thesis for growth of InP based nanostructures and
nanomaterials.

In the last part of the first chapter, we discuss the difficulties of tailoring
the amorphous nanomaterials and methods of their fabrication. Also, alignment
and integration of nanowires in semiconductor devices.

The second chapter describes the technological tools and analytical
methods used to grow InP mnanostructures and study their composition,
morphology and structure. The chapter also describes computer programs that we
used to calculate thermodynamic parameters of nanomaterials for different
temperatures and for fast Fourier transfer (FFT) analysis of high-resolution
transmission electron microscopy (TEM) images.

The third chapter contains the results of experiments and their judgment.
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3.1 Subchapter is dedicated to the method of synthesis of Indium phosphide
nanowires (InP NWs) from a novel vapor phase deposition approach from
crystalline InP source in hydrazine atmosphere. As well the mechanism for the
production of In20 and P2,P3 precursors which lead to growth of nanowires and
dependence of the growth parameters on structure and morphology of
nanomaterials.

Indium phosphide nanowires were synthesized in two temperatures at 440
°C and 540 ° C. It was found that at 440 ° C the nanowires diameters varied from
20-80 nm and they grow by a Vapor-Solid mechanism. Crystallographic analysis
has shown that InP nanowires have a cubic zinc blende (ZB) structure. The
nanowires were obtained without structural defects, also with multiple or regular
twins as well. By increasing the substrate temperature up to 540 ° C, the diameter
of the nanowires increased to a few micrometers. The raise of base temperature
also leads to the change of nanowires growth mechanism from Vapor-Solid to
Vapor-Liquid-Solid. Which can be explained by presence of catalyst drops on the
nanowire tips.

3.2 subchapter describes the synthesis of nanowires from the combined
InP:Ga source. As a result, the core-shell type InP-Ga:03 nanowires were grown
on Si substrate at 400 °C The core was crystalline zinc blende (ZB) indium
phosphide and the shell amorphous gallium oxide. Due to the interaction of In
and Ga sources with water molecules and hydrazine decomposition products the
volatile Ga20 and In20 were formed. These molecules reached the Si substrate.
The final chemical reaction involved Ga:0s3, In203 and phosphorus precursors. As a
result of a spontaneous reaction the Ga20s3 and InP phases were produced and
segregated.

The spontaneous growth reactions were driven by the reduction of Gibbs
free energy realized by chemical reaction or phase transformation.
Crystallographic analysis of InP core has shown that it has a cubic zinc blende (ZB)
structure, as well as a hexagonal wurtzite InP structure.

3.3 subchapter is dedicated to the synthesis of nanowires from InP:Zn
and InP:ZnO combined sources. Zn3(PO4)2/InP core-shell nanowires were grown
by a one-step pyrolytic synthesis in a vapor of hydrazine containing 3mol.% H-O.
InP+Zn and InP+ZnO sources were producing volatile species that were forming
nanowires in the cold zone of a reactor. The cores were crystalline InP, while the
zinc phosphate shells had amorphous structure because the growth temperature
(500°C) was low for their crystallization. The most favorable thermochemical
reactions that may produce core and shell materials were evaluated. It was
established, that the amorphous Zn3(POa4): shell was growing by a template-based
Vapor-Solid method. It was observed, that by substituting the Zn with ZnO in
source material (InP + ZnO combined source), the thickness of the nanowire shell
has been increased, which can be explained by increases of concentration of
oxygen in the reactor.

The growing InP core and ring-shaped Zn3(POas)2 shell, formed at the
initial stage of synthesis, served as templates for the growth of shell. The
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nanotubes of zinc phosphate were produced at 540°C, when the source was
containing a low amount of InP. This happened because the template-based
growth of a core proceeded even after the growth of InP core was stopped.

At the end of the thesis the main conclusions of the performed work are

presented, which is followed with the list of references.
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