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0bOmgds  20-8060-00g ©@0sdgBH®OL s  >80030  Log®dol  djmby
Bsbmdogmagdo,  GmIgms BOHs  8080bsMgMmdl MmO Jw0-3go®o

d9MEOm.

440°C 39039653 165Dg 25P6MH©0w0 656mBsgmmegdol &®msblidolowwm
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Bob. 5. 540 °C 3983965 «caby Bob. 6. GMIdMEs©
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A295MmRsDMMH0 BsEobo s (M9a)
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Aogogdo  ICSD73-1983; 33969
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Intensity (a. u.)

(111) {

—(11
(200)

I—(220)
—(311)
(222)
l-(311)
l-(400)
f—(331)
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InP+Ga:03  3mo-go®lo  GHodol  Bobmdsgmmegdol  GHMoblbdolbovyer
994 GHO-be 80 3O MIZM30ds BseoBds 30B39b6s, D Bsbmdsgmwargdls
399hb0s0  3MHOLEHIMMO  0bEowMdol FmLGoOL Mo s SIMOFMEO
3901930l mJLoEOL FoOUBO. BbMTs30WgdOL 4 gdol osdgEco 15 63-by
930695 (656.7), Mo3 InP-030lL 3mMob gJuoGmbol Goomli®Bg 3o@stss (re=15
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InP-ol 4ol 300LEImaMs530m@ds 965¢r0Bds g30h3965, @A dols
3o9hb0s  OHMameOE  3MOMOHo Mmool Lergool, 893y 30OEOGH0L
394LsaMbosc Mo LEGHMMIGHMOS. og3BMIgm  3OOLEAEHIMGOo InP-U gmewgdol
LodGMEYgmS Mol Jobdoegdo, MHMAGdOE SOBMEYEHMEMSE F99Lods3gdMOs
0 GJOIGHMMST0 5OLYdME dMbo3gIgoL.
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G2a,0; 356bo

WZ InP core
a- Ga, 0, shell

Zine Blende , cubic packing

“ - | ARt
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D 4
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Wartzte, hexagonal packing %9

one axis

65b.7. InP+Ga {40096 gobMH0wo 42wo-gs0o GHodob (3gd) bLy@smgdo
Q5 99Lod530LO gergdGHOMHMbms OoREMSJ309d0.

B39b dg30Lfogegom ol Lsg3sMPM™  MgMIM-Jodomo  MH9od309d0
O0dwgdog  990dwgds  8000bsMgmdbgb  InP+Ga:x0s  656m3szmmemgdol
1MOI0MgooLbLL  Ga20-ol, In20-ob, ospMgmzg 30MSBobols ©s InP-b
30OME0HMH0 ©Iol F0obsdMHm©MJ@gdol dmbsfowgmdoo:

959430990, O©™Igdoig NHsz, NH2s NH {obsddmyd@EHadosb GaN-ol g3obob

0oL 0fj39396:

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

695430990, MMIgdoi Ga203-0b gsBoL 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)

Jo80m0o 695930900, ®MmIgdog InP-b s Ga203-0l gsBYdoL BL3MEE 6O
L9gAMIAOE0LS QO FEO—gsOLO FH030L BobmTsgzm ol Bsdmyswrodgdsls
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Ga:0(g) + 2In20(g) + 4PHs(g) = Ga20s + 4InP + 6Hx(g) AG=-799 kJ/mol (6)

Ga:0(g) + 2In20(g) + 2P2(g) = Ga203 + 4InP AG=-798 kJ/mol (7)
Ga:0(g) + 2In20(g) + 4P(g) = Ga203 + 4InP AG=-1626 k]J/mol (8)
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39309000  Fo@owo ©bmdol (1975°C) s ©oLME0s300L  3H939MOEIGS
399hb0s, LogHmm@ ZnO-b fyseml Jgdmnbgzgzsdo sgMHMEso Zn bsfos3zgool
doboegdo s 9999y 35000 RGN 49LOEBI© 099bgd9b FysedoL
@5 35¢0my9bgdl. 53 EOML 3OMEgboL s®LO JEAMIsMGMdL ZnO ©sb Zn-ob
39903560 39390930 5 9999 ol LdE0ds3E0sdo. BobgEsgs 0doby, MHmI
9l 8900m©O 3353938 Mgod300L  HH9d3gMOEGMIMOL 899306M9d0L LT sEgdSL
1000°C-809, ZnO ©s6 Zn-ob 259mEsw 393900l 95d3osl 35063 ©ogdomo
200L0oL 9bgeRQ0s gosBbos.

O3 Bgdmo 530b0dbgm, 30MsHBobol ©Y3MmI3MBoiEool Fggys©
5GHMIMO 5 3939 [Yoedsmeb ghmow fo6dmoddbgds NH s NH:
54BH0MO0 ©5©035wgd0. BHMMgE 59 M5E035cgdol sMOLYdIMdS MHgmdL bgwrls
Zn0O-b ©Y3M33MBOEOOL 3Hg39M5EIOHOL T9d30609db.

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

OOz (9) 695J300sb  gbgogm (Omdgwog  420°C-%bg
d0b0bstmgmds), NH  6sogzomgdol dgdggmdomn ZnO  ©sb Zn-ob
396390393900l ©)95d(3058 BoOEO YSMYMBOMO F0BLOL 9BIMA0S goshbos, o3
0dols  95B396909w0s, Gmd 420°C-Bg  B3z960  BHgdbmemyoom Logbgdom
d9L5dgd9w0s Zn-ob bsfows3gdol domqds. fyarol dmerg39wgdo, HMIGd03
(9) ©95d300L 999 2odmogmags dmbsfowgmdgb Mgod@mmol o3 Bmbsdo
MdLoIdOL ZMOHT0MYdST0, b 59OMEs©Oo IN20-9d0L Fo®dmdabsdo.

22



Bob. 8. InP+Zn Y5656
39BOOWwo
65633009900l (093)

] .‘ [
- ’ LYOsDO.
/ (LYO>NBY B>EOYON
BB B 2odmbobyenos
W Bsbm3ogommarols 339ms).

Bsb.8-Bg BoBggbgdos 420°C  3H9d39Mo@MEsDg InP+Zn-ob  {ys6rmsb

39BOOowo  656Mm3ogmegdol  (M9d) LMsmo.  LYOHINDY  2oOIONIP
BobsIDBg  98mbobmos  2oo@gboo  Bobmdsgmeols 339ms.  HMyme3
LH5000@6 BBl BobMTs3mMqdl  205Bbosm  gPIMY396M3560 ©OLBgEGO.
domo LogMdg ®59mgbodg do3MMIgEOL d9goqbL, bmwm ©osdgEHMo 20-40
63. 35@90BsGHMOOL {i3900900L 56 5MLYdMBS JomOMIGOL 035BY, HMI BOS
9030b5M1Md©s MOMJE0-34s5e0 (md) Igdobobdoo.

30L 3OOLEIMMYMOR0Meds  SBowoBds  g30B396s, ™I 090
390393l MMamOE 309030300, 1939 30O Mmool Lwaools
LEAHOMIGHMOOL InP-b. InP-bL  JmEMEEMdOMO 3MoLGHOWwo dbmwm
000l bLMExzool  39Oo  LGHOMIGHWOOLLS, dopMsd 1D InP-b
Bs6mBogmmegddo  bdoGs 23630905  309MHE30GHOL  39dLogmbo-er GO
LEAMIGHMOSE. 9oL FoBYHBo Jobwsgzm ob, MMI  BsbMmIsgz0gdlL gosBbosm
05050 BYEI30M0/AMEMEMBS-Bg  MbIRIMEOMBS, o3 BobmBsgommerdo

307M303H0L LEAHOWJEGHIOOL BsTMYSE00GIL MHYmdL bgenls.
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Bob. 9. InP+Zn {jgornq056
239HOOWO 2490-25MOBO FHo30L
Bs6m3og0mmegdols HAADF (390
b0 s (a, b, ¢, d)
9mbodbmero syowgdols
09095009396 md0L EDS 565¢00bo.

39MLOL 9939bEWEMmO 8905096 MdOL IO AIbs© godmzoygbgo EDS
o 0bgmsfomgmo B3gd@Mmbzmdomwo dgomEgdo.  bsb.9-Bg bsB3z9690005

InP+Zn3(PO4)2 gme0o-go0bo Godol bsbmdsgmwwrgdols dgoagbommdols EDS
565¢0Bol LYYMsMYdO. Jomguo sOmIMmby o6 39MHgd0m dMboTb)os ob
50030900 bs0IBs3 bgdms EDS Logbswrgdol sxgodboMgds. (a) s (d)
999Lodsdgds  go®lol  F9dsygbermdsl, bmerm  (b) s (c) @a39deg3L
063m®3s305L  BobMAsgm ol gm0l 9995 gbrmby. 905096 mdol
565¢0B0@6 Bomgro BsbL, M gmedo In-ob 3mbiEgb@®oE0s doEowgdom
39@0s 3oMLbAo  sOLYOIEmo In-ob 3MbEIBEGHMSE05DY. S3MIM3g MIMS oL
2odAHoa, ®md  In, P, ©5 Zn 656m3s3mmemgdol dmogstmo 8905 9bgwro
99d9bHgd0s.

39b6boemos ol mgMImJodondmo Mgod30900, GMIgermsi InP-ol o
Zn3(PO4)2-0b  gsBoms  LgaMgas3000g  80394ogsmm. 53539  J39009300
3obbowos InP+Zn0O {jgomrmsb 25bMH@owo bsbmdsgmmargdols sbogrobo,
Odgdsig 930P396s, MMI InP-0056 9o Zn-ol ZnO-oo Bsbs3gwgdol
d90bgg35do3 bgds 3sboms BgayMgas30s s InP+Zn3(PO4)2 amgemo-go®lo
A030L 65603530079 gdol BEO. 4oblbgeggds ol gobersgm, GM™I InP+ZnO-b
09l gdmbggzsdo 0BMmds  BobmAsgzmMegdols  AoMbol  Lolidg, o3
0954 GHMOTo 7560500L 306396EHMsE00L DO S0blbgds.

24



Bsb. 10. 83069 Hom©9gbmdolL InP-U 999339 ™dolL InP+Zn {ys6rmsb 540°C
39939605GH1M5Dg 39BOO0 656530 gdol M9d LryMsmYdO. a) VSO

39000©JO0M, b) F5WIWO 25OIOOM.

0dolbomgol MHmd  J9gagqLfogms  godLolL  FmE®IoMgdol  dgdobobdo,
09omdo Boggo 930609 Gom©gbmdol InP. 65b.10-%g 6583969005 InP+Zn-s
09560m©b  540°C  3H98396M5@ M5By  25PMH©owo  656mBsgmergdols  69d
L5900, MMIgEog 890393 930609 Mom©abmdol InP-b (InP/Zn fmbomo
0565835Mm@MOs 9500965 0,6 ). LoDy bomgro BBl dowszgdo,
OMIgwms gmOFoMmgds  LoEroEoMdol Lsggbols bgsdom®Bg dmbs. dsmo
©05393HM0  osbwmgdom 600 63-  FgopabL.  BmogOmo  Foszo
993L900s InP-b oM, Boaed gEHgLbmds Jons3900Ls Fremol 4o09dgs.
0530056 bgds gmeo—gomLo G030l bsbmdsgmwols B, bmwm  InP U
50mfmO30L 99009y Mol BOH©s  ygds. 99539 ©OML  MgodBHmEOIo
Zn3(PO4)2—0l  250boLb  gm®Iomgdol;mzol  LoFomm  {obsdOmrd@gdo
(3mbgymeo, Zn s H20) obgg 3435936, Mol d9gyoo3 3o®Lbo  Zn3(PO4)2—-ol
Bsbmoozol  Lobom  goboa®dmdl BeEsL.  Zn3(POs)2-ob  456MLboL 3390
(65b.10b) GMIgaroi ocdL sMEYs3s InP-l 3M0LEHIWWME el HomrdmoYgbls
930900 FodErmbl Zn3(PO4)2-0l 80¢053900L 4oLsbMEgws©. BHOL
gm0 GgoMEYO0  FIOMMME  odM0Ygbgds  3MOLEBHIWMOO S  SIMOTFMEO
Bobm3sboergdols dglieddbgersco.
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5336900
. InP-b Bogymdggwbg 89985390 e0s  BobmBogmmemgdols  dowgdols
&9Jbmmyos, H®MIgEos 300MsHobol (N2Hs) mGodeol 3s9mygbgdsls

993369005

. 440°C-9g InP-L {yo6m@sb Si-bU BmdgdmHgbg asbOHowos InP-l
Bobmdogomargdo.  dom  QoBbosm Mmool  Lyewgool  (ZnS)
LAHOMIGHMMS. B0MIOMWOos  BsbmIsgmEgdo  MmamemE  fymdol

©IBIIOIOOL 3398y  oby  IMOZdKIMoO, b MYYIIOYEO
69X GO00;

. InP-b §ysérnls 990mbggzo8o xmdgdemol  (3Hgd3dgcsdmeol 540°C-dg
93539000  03390d  BbMTs3mMgdol  IMOBMEIMA0S.  0BOYdS
65dm9body 90360mdgG®mol ©05393HM0L Bsbm8sgmmegdo
39¢50BsGHMMOL  39009d0m, o3 Jommomgdl oL dgdsboBdols
330 g05Hg3 MOMNJ0-894sOH0 IJNMPOEB MmONJwwo-Lombg-dgsro
3900 bY;

. InP+Ga o InP+Zn §gs6>m@sb 9o0mgdmeos  goeo—go@lo  GHodol
Bsbm3ogmmargdo, MHMIddoss o HoMmdmoygbl  3MoLEIMO
InP-U, beaeom 20600 59m6O3me Gax03 96 Zn3(POs)z;

. InP+Ga {9606 80090 gmeo—50Lol GHodob bosbmdsgmmerdo
InP-U el 990degds 209Bbgl HmameE 0vmool byeraool, obyg

3090GH3E0GOL LEAHOIGHMMS. 53 1396513690 LEHOWIEGHMOOL SOBYOMDS
dbmEm© B56mBMIol InP-do 503060y ;

. InP+Zn s InP+Ga {gs6mgddo InP-Us dgo6g 999339 m0d0obol 0530056
0DMmYds  FMEo—250LoL  BHodoL  bsbmdsgmero, bmem  InP-U
59mmO30L 8999y oMLO gobsa@dmdl Bl Zn3(PO4)2—ob 6 Ga203

Bobmdogs 3ol bLoboom;
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7. InP+Zn (o6l boggeo@ InP+ZnO  fiyodrml  a50mygbgds  0fj3g3L
InP+Zn3(PO4)2 3memo—gombo  GHodob bobmdsgomwmewdo go®lol Loligol
3OBOIL B3 M9oJBHMMTo  7obadool  3mb3gbEGHMsEgool  BMom
50blbgdo.

8. dglhogeoos InP+Zn  (ys6rmsb  656mBogomengdols Lobomgbo
1d9gdmol bbgoobbgs 3933gMo@werme M9g0990do 400°C; 450°C; o
550°C.  $933965@H«mol  9mTsBHgdom  033wgds  bsbmIsgmegdol
AmOBMWMY0s  3gOINE, Fopow  3Hgd3ghed ety  godlo  x96
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 Ga20s 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(POs)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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