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Lensto paGorsr sBnsercs mM3yueHHe IOMPOKOrO Kpyra BEWIECTE M MaTepHATICB Ha
ABYXKDHCTATBHOM AA(DPAKTOMETPE BBICOKOTO pA3PEUICHHS OTPAKEHHH B AR PaKITHOHHBIX
KapTeEaX. Beicoxas MoHoxpomarmzaums (AMA  =4e10¢ A =1,5405A) napgaromero u
AM(PArupOBAHHOIO H3IYYCHHI MO3BOMANA PETHCTPHPOBATH AM(PAKIHOHHBIE KapTHHBI BEILECTB,
HOXBEPXKEHHBIX TPENBAPUTE/IBHOMY KOHKDETHOMY BO3HEHCTBHIO, M, WHTEHCHBHOCTh KAPTHH
KOTOPBIX OT/THYaJach Ha YPOBHE MPOLIEHTA. :

Hayuaemsie BemecTsa ABIAMECE B OCHOBHOM HOBEIMH MaTEpHAIAMH 3NMEKTPOHHOH TEXHHKH,
HOTY4eHHEIMHE HOBEHIIHMH TEXHONOTHAME. AMOP(HBIE TOHKHE MIeHKH (aM-ZnAs,) HCIOB3YIOTCA
KaKk onTHYeckme orpesaromue ¢punbTpsl B MK obnacta crextpos B mETepBane ATHH BOAH 1,4-16
MM, [LieBKH OBUTH DOTyHeHBl BaKyyMHO-TEDMHYECKAM HCITADEHHEM MOHOKDHCTATHIECKOr0
ZnAs;, BBIDAIIEHHOrO MO METOAYy DBpHIKMEHa, Ha MOMIOKKH KAk H3 camdpmpa, Tak H
GopocramkaTsoro crexna mpw Temmeparype 25°C. ITnemxu NpEeABAPHTENBHO OTKHTATHCh OpPH
pasnueEBIX TemmnepaTypax (B maTtepsane 100-175°C) B Teuemme 24 wacos B arMocepe aprosa.
Torxate cron SisNs i SiC Ha pasTHYHBIX MOATOXKKAX HCTIOMBIYIOTCS KAK TEPMHUYECKHA- H XAMHYECKH
CTOHKHE MaTepHANbl B KAYECTBE KOMIIOHEHTOB KOMIO3HTOB, B MHKpOdekTporuke. Crom B-SiC -
K3K DOKPHITHA CTHOK ATOMHEIX peaktopoB. Tomxme cnou Si;N; m SiC GhnmE momyueHs:
NIA3MOXHMHYECKAM PA3IOKEHHEM 3JIEMEHTOOPTaHAYECKHX COCOMHEHHH ¥ HAHOCHIHCH HA
PAATHYHBIC MOANOKKH MPH PAasNAYHBIX TEMIEPAaTypaX MOAmoxkek. M3ydgammch Taioke OKHCIBI
TAKEIOro METa/Ia Nocae TEPMHICCKOTO BO3ACHCTBHA HAa HX ABOHHYyw0 coms. Coemumenns ZrO, ¢
OkHCTaMp P3M ucmons3yioTcs MpH CO3JaHHH MPOYHBIX KEPAMHK. Kepamuxa ZrQ,; -Yb,0; Geina
nony4eHa Ha ocHose ZrQ;, CHHTE3MDOBAHHOMH 30/1b-r€Nb TEXHOMOIHEH NPH PA3MHYHBIX YCIOBHAX.
Hanonopounu Zr0, u Zr0;-5%Y,0; co cpeamaM pasmepom wactan 50 HM 6 aKTHBHPOBAHEI
YATPasBYKOBBIM BO3ACHCTBHEM MowHOCTsiO 1, 2, 3 kBr. Hakomen, msygancs marepman Crbar -
AYEHCTRIA GeToH (amanor matepuana [ITONG).

Tlpu u3yyenun CTPYKTYpsl yIOMAHYTEIX BEINECTB W MATEPHATOB PErHCTPHPOBATHCH KapTHHEI
AHPPAXIMH HA MOHOXPOMATH3HPOBAHHOM CHHXPOTPOHHOM uanyyesan (CH) c¢ paspemesunem
otpakennii a0 0.02a (a -napameTp KPHCTALIHYECKOH pEINETKH). Mopcdonorus m3ywanacs Ha
CKAHHPYIOWEM IJMEKTPOHHOM MAKpockone JSM-T20. CrpykTypa BewecTs ompexensnack Ha
OCHOBAHHMH CPABHEHMS SKCICPHMEHTANBHBIX H TEOPETHYECKH PACCUHTAHHBIX AH(PPAKIHOHHBIX
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KApTHH MO NpPEeANaraéMbiM TFHIOTETHYECKHM MPOCTPAHCTBEHHBIM MOJENAM CTPOEHHS HA OCHOBE
HM3BECTHBIX MOAH(HKAILHA H3YYaEMbIX BEILIECTE.

B cnyuae am-ZnAs; MIEHOK H3YYCHO H3MEHEHHE AM(DPAKIMOHHBIX KAPTHH aM-ZnAs, B
3aBHCHMOCTH OT TEMIEPATYpPhl OTKHra. COrlacHO COBNANEHMIO ITONOKEHMA Pa3MBITBIX OTPAKEHHMIT
OT MNeHOK aM-ZnAs; ¥ TPy JUCKPETHBIX OTPa’KCHHH HCKAKEHHOM CTPYKTYphl THNa muputa FeS,
caenaH BHIBOA O CXOACTBE CTPYKTYp OmwkHero mopsaka am-ZnAs; M NMHPHTA. 3TO CXOACTBO
NOATBEPXK/AEHO COBIAJCHHEM TIONOKEHHH OTPaKeHHH OKCIEPHAMEHTANBHOH H TEOPETHYECKH
paccuMTaHHOH KapTHH aM-ZnAs;. [lokaszamo, uro audpaxmonmas kaprTuEa OTONOKeHHOH (T
=175°C) nnenkm am-ZnAs; COOTBETCTBOBANA TEOPETHYECKH PACCYATAHHON KAPTHHE HA OCHOBE
crpykrypsl Gmmxmero mopaaka NaCl, B xoropoit Cl 3amenen ramremsio Cl-Cl. O6pasopamme
FaHTeNbHEIX CBA3€H AHHOH-AHHOH B KPHCTANIAYECKOM crpykrype ZnAs, tama NaCl, kak
anbTEPHATHBHOM CTPYKTYpE THIIA NUPHTA, OOBACHAST AaHH3OTPONHIO CBOHCTB HOTYIPOBOAHHKOBOTO
‘coepHERNA ZnAs,.

B cnysae Tomkux cnoes SisNs u SiC ycranHoBneRa mx momuKpHcTamEdeckas mia SisNi u
MoHOKpHCTamTHaeckas A SiC cTpykTypa ¥ Mopdonoruyeckue H3MEHEHHS B CIOSX B 3aBHCHMOCTH
OT TEMOEPaTyphl HX OCAXICHHA HA MOHOKDHCTaubHble momnoxk: (Si, GaAs, keapueBoe CTEKIo).
Ormedeno, 9TO yCTaHOB/IEHHBIE MAPAMETPhI KPHCTATHYECKAX PEIIETOK BEINECTB B TOHKHX CIO0SX
OT/IHYATHCh OYCBHAHO, H3-32 AeOpPMALMH CTPYKTYPHI TOHKOIO C/OS OT AHATOIHYHBIX APaMETPOB
H3BECTHBIX JUIA NOJMKPHCTALIM4YCCKHX Bemects. Ha momnoxkax Si 6bte  momyueHs
TekcTypuposannsie cnou (h00) a-SisN4/(400)Si, Ha moxnoxkkax GaAs — kaKk TEKCTYPHPOBAHHbIE, TAK
H NOMHKPHCTAJTHYCCKAE, Ha MOIOKKAX MJIABIEHOTO KBapma — MONHMKpHCTawmH4eckme. Mayueno
BITMAHAC JKCIIO3HUHOHHOH A0361 06ny4ernus CH (265 MA muH) Ha cTpYKTYpY M MOPdONOrHIO ClI0eB
H TNOK23aHa BO3MOXKHOCTh HCIIAPEHHA (CM. PHCYHOK: Cl€Ba - MHKPOKPHCTAMIB 10 OOIyueHMA,
Crpasa — cneabl C (POpPMOM HCHAPHBUIAXCA MHKPOKDHCTANIOB) MHKPOKPHCTANNOB a-SisN,,
COrnacyrowmasics C NPOYHOCTBIO KOBAJIEHTHOH XHMHYECKOH CBA3H B CTPYKTYPHBIX (parmeHTax
[SiN4] © cnaboctsro ceaselt Mexay dparmentamu B cTpykType a-SisN,. Ha pacynke npeacrasiesst
PasTHYHEIC YHACTKH CNOA M0 H mocne obnyueHMs, T.K. NPHMEHAEMAst METOAMKA 3MEKTPOHHOM
MHKPOCKONHH HE NO3BOMAET MCIOMB30BATh OJHH M TO ke obpazel ABaKAL M3-33 HAHECEHHS
TOHHYAMIOErO C/I0S 30/10Ta JUIS PErHCTPALllH KAPTHH.

B cayvae okucna TskeNnoro Meranna srepsbie NOKA3aHO CYIIECTBOBAHHE CTPYKTYPhI 3aKalKH,
T.C. CyIECTBOBAHAE B MHKPOKDHCTA/UIE ABYX aHATOTAYHAIX KPHCTATHYECKHX PELIETOK C Pa3HALCH
0.02a, uTo mDoATBEpXKIANOCH B 3NEKTPOHHOH MHKPOCKOMHH NpH H3y4eHHH Mopdonoruu
MHKPOKDPHCTA/LIOB.

Peructpauus ananoruuHo# pasHANE Ha OCHOBE AM(PAKIHOHHEIX KAPTHH HCIIONb30BaHA IpH
H3YCHHH IPYTHX OKHC/IOB TAXeToro meranna. Ha ocHopanum MA(PAKIHOHHBIX KAPTHH KEPAMHK
(ZrOg)xa (Yb;0s)x pasmmamoro cocrasa (x or 2 mo 8) YCTaHOBJIEHO, 49TO B 3aBHCHMOCTH OT
coaepxanni Yb;0; obpasosiBanocs coenunenne ZryYbsOy;. Coemunerne 6110 nonydeHo npu
KOHKPCTHBIX YCIOBHAX CHHTE3a B rasocrare, H cofepxaHum 2%Yb,0;, uro obecrneumsano
OPOYHOCTh KEPAMHKH.

B cnyyae nanonopomkos ZrO, u ZrO, - 5%Y;0; (YSZ) a0 aktusupoBaus YIBTPa3BYKOM
ycTaHOBI€HO pasaencane otpaxkeHua (002) wa gBa, orcrosmmx Ha Bemmammay 0.025° s
AAGPAKIHOHHEIX KapTHHAX. DTO YKa3hIBANO, YTO A0 AKTHBANMH CyLIECTBOBATH MHKDOHCKKEHHS
KyOH4ecKoH CTpykTypsl YSZ. MUKDOHCKaeHHS CTPYKTYPH HAHOKPHCTA/LTHTOB BO3pacTaiy ¢
YRCIHMCHHEM MOIMIHOCTH AaKTHBHPOBaHHA. [loxasaHo B aKTHBHPOBAHHEIX HAHOKPHCTALTHTAX
NPHCYTCTBHE HECKOBKHX MeTacTabunbHLIX (a3 (momumopdHEX m-, t-MomHGbHKANHMH) ¢ GIAZKEMH
NapaMeTpamMy KpHCTANIAYECKAX PELIETOK ONHOH CHHETOHHH, YTO COINTACOBRIBANIOCH C PE3Y/IBTATAMH
aneKkTpoHorpahuu.

Penrrenogasossrii anamus astoknassoro (12 kI Jem?, 150°C) swencroro SeroHa mo3Bommia

YCTAHOBHTB pAL BELIECTB B NOMHKpUCTamindeckoM (JPDS Ned43-6035, 606; 45-848; 19-52, 29-287;
21-816; 19-287, COL ICSD Coll.Code 79527) u amMOpHOM COCTOSHHH, BKMIOYas Kak
KaITH/UIAPHYIO, TakK )
H OKHIKYIO BOXY, KONHYECTBO OOEHX H3MEHANOCH MO MEpEe BBICHIXAHHA IpEABAPHTENbHO
OBOJHEHHOro GeToHa. BhlgBNEHA BO3MOXHOCTB OMpEAENEHHS AMIOMOCHAHKATOB KATBIHMA IO
Ax(PAKUHOHHBIM OTPAKEHHAM NPH PETMCTPaUMH KapTHH ¢ waroM A26 =0.01° ¢ ncrmons3osaHuenm
BbICOKO MOHOXPOMATH3HPOBAHHOIO H3TYHEHHA.
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Puc.1. TlpeacraBnens pasnuuHbie y4acTKH CHOS: CI€BA - MHKDOKPHCTAMIH 0-Si;N, 10
00my4eH s, cnpasa — cieasl ¢ OPMOi HCIAPHBLIMXCA MAKPOKPHCTAIIOB Oi-SisN,.
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ADDITION IN CHAPTER 4
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The aim of this work is to study of wide variety of substances and materials using three crystal
diffractometer of high resolution in diffraction reflections. High-monochromatized (AMA =4 «10-4, A
=1.5405A) incident and diffracted radiations allowed to register a minor change (at a level of about
1%) in intensity of diffraction pattern from substances previously exposed to SR and temperature.

Substances studied were largely novel materials for electronic technics which were obtained
by the latest technology. Amorphous thin films of am-ZnAs2 are used as optical cut-off filters in IR
range 1.4 to 16 mkm. The films were obtained by thermal vacuum evaropation of single crystal of
ZnAs2 by Bridgman method on the substrates of both supphire and borosilicate glasses at 250C. The
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films were previously annealed at different temperatures (in interval from 1000 to 1750C ) for 24
hours in an argon atmosphere. Thin layers of Si3N4 and SiC on different substrates are used as
thermo- and chemically resistant materials for microelectronics and for composite components. B-
SiC films are used as protective coating for nuclear reactor walls. Thin layers of Si3N4 and SiC were
obtained by plasmochemical decomposition of elemento-organic compounds on various substrates
and at different temperatures. Heavy metal oxides after thermal effect on their double salts were also
studied. Compounds of ZnO2 with REM oxides are used for creation of strength ceramics. ZrO2-
Yb203 ceramics were obtained on the base of ZrO2 synthesized by zol-gel technology under
different conditions. Nanopowders of ZrO2 and ZrO2 -5%Y203 were particles of average size of 50
nm, they were activated with ultrasound (US) of 1, 2, 3 Kwt power. At last, cellular concrete SIBIT
(analog of material ITONG) was examined.

During structural study of the above compounds and materials the SR diffraction patterns were
recorded with resolution in reflections up to 0.02a (a -parameter of crystal cell). Morphology was
studied by scanning electron microscope JSM-T20. The structure of substances was determined by
comparison of experimental and theoretically calculated diffraction patterns from hypotetical spatial
structures, using known modifications of the substances under study.

For am-ZnAs2 films modification of the diffraction pattemns depending on the anneal
temperature was revealed. The structural similarity of short-range order in am-ZnAs2 and pyrite
positions of diffuse reflections from am-ZnAs2 am-ZnAs2 films and gruop of discrete reflections
from a distorted structure of FS2 pirite. This similarity was also supported by agreement between
reflection positions in experimental and calculated patterns from am-ZnAs2. It is shown that
diffraction pattern from annealed (T =1750C) am-ZnAs2 film corresponded to theoretically
calculated one using structure of the short-range order of NaCl in which Cl was replaced by dumb-
bell of CI-Cl. Formation of anion-anion dumb-bell bonds in crystal ZnAs2 structure of NaCl type
being alternative to pyrite type structure provides an explanation for anysotropic properties of
semiconductor ZnAs2 compound.

In case of thin layers of Si3N4 and SiC there were revealed polycrystalline Si3N4 and single
crystal SiC structures and morphological changes in layers with the temperatures of their deposition
on single crystal substrates (Si, GaAs, quartz glass). Crystal lattice parameters of substances in thin
layers were found to differ from those known for bulk polycrystalline samples duc to deformation of
thon layer structure. Textured (h00) layers of «-Si3N4/(400)Si were obtained on Si substrates; both
textured and polycrystalline layers- on GaAs; polycrystalline layers- on fused quartz. The changes in
the structure and morphology of layers were studied depending on SR exposition (265 mA min)
dose and it was shown a possibility of evaropation of &-Si3N4 microcrystals which agrees with
covalent bond strength in structural fragments of [SiN4] and weak coupling between fragments in
the structure of o-Si3N4. Fig. displays the different parts of the layer before (left) and after
irradiation (right -traces with shapes of evaropated microcrystals), because experimental procedure
of obtaining electron microscopy micrographs specific excluded the study of the same parts in this
case due to specific treatment of samples before each registration.

For heavy metal oxides an existence of hardening structure was first found, that is, in
microcrystal there were two similar crystal lattices with above difference of 0.02a in the parameter,
supported by clectron microscopy data. Like difference obtained from diffraction patterns was used
for the study of another oxides of heavy metal. On the base of diffraction patterns from (ZrO2)x -1
(Yb203)x ceramics of variable composition (x from 2 to 8) it was established that compound of
Zr4Yb4012 was formed at definite conditions of synthesis in gasostate and at 2% content of Yb203
which provided ceramics strength.

On the base of separation of (220) reflection into two parts spaced at 0.0250 in diffraction
patterns distortions in cubic structure of ZrO2 and Zr02*5%Y203 (YSZ) were revelaled before US
activation. In case of nanopowders of ZrO2 and YSZ these structural distortions increased with
activation power and in US treated nanocrystallites few metastabile phases (polymorphic m-, t-
modifications) with close lattice parameters of the same syngony were establisned. This observation
agreed with the results of electronography.

X-ray phase analysis of autoclave (12 kG/cm2, 1500C) cellular concrete allowed us to
determine a set of substances in polycrystalline (JPDS Ned3-605, 606, 45-848; 19-52; 21-816, 29-
287; 19-287; COL ICSD Coll.Code 79527) and amorphous states, including both capillar and liquid
water. The quantity of both substances changed when previously waterfilled concrete drying.
Simultaneous occuring in concrete the phases of aluminiferous silicates of calcium was evident from
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the diffraction patterns recorded with a spatial resolution of A26 =0.010 ( A =1.5405A) using high-
monochromatized radiation.

Fig.1. The different parts of the layer: left - a-Si3N4 microcrystals before irradiation, right -
traces revealing the shape of evarcpated microcrystals o-Si3N4

Gennady Yurjev yurjev@inp.nsk.su
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