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AHHOTa].ll/Iﬂ. HpI/IBGZ[eHLI Ppe3yiibTaThl HUCCICOAOBaHUA nponecca NOJTyuCHUs METOAOM
CaMOpPacpoOCTPaHAIOIICTOCS BBICOKOTCMIICPATYPHOI'0 CHUHTE3a HNOPUCTBIX BAKYYMHBIX BCTABOK HJ'IaHH.IafI6,
HCIOJb3YEMbIX IIpU  HOPOU3ZBOACTBEC IOJYINPOBOAHHUKOBBIX KPEMHHCBBIX IINIACTHMH Ha MPSANPUATUAX
QJICKTPOHHOI'O MAIIIMHOCTPOCHMUS.

Knoueswvie cuoea: MNOJYIIPOBOAHUKOBBIC KPCMHHCBBIC IJIaCTHHBI, MOpOIIKOBast MCTaJLIyprus,
CaMOpaCHpOCTpaH?[IOH.IPIﬁC?I BLICOKOTCMHepaTypHBIﬁ CHUHTC3, OKCMHUTPUJ THUTAHA.

Abstract. There are given the results of research the process of receiving by method of self-extending high-
temperature synthesis of porous vacuum inserts of the faceplates used by production of semiconductor silicon
plates at the enterprises of electronic mechanical engineering.

Keywords: semiconductor silicon plates, powder metallurgy, self-extending high-temperature synthesis,
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Application of the method of self-extending high-temperature synthesis for receiving porous vacuum
inserts of faceplates of electronic mechanical engineering equipment

M.V. Tumilovich, L.P. Pilinivich, A.M. Taraykovich, V.E. Tolstik, G.A. Sheko

BBeaenue

B HacTosmiee BpeMs HMHTEHCHBHO BeIyTCs pa0OThl MO TOBBIMEHUIO 3(()EKTHBHOCTH
WCTIOJB30BAHUS W yCOBEPIICHCTBOBAHUIO  JICHCTBYIOIIETO  OOOpY/IOBaHHS  COBPEMEHHOTO
AJIEKTPOHHOTO MAaITHHOCTPOCHHUSA, a TAKXKE IO CO3/IaHHUI0 HOBOTO OOOPYIOBAaHUS IS HOBBIX BHUJIOB
MIPOU3BOJICTB, OOJICTYEHUS M TIOBBIIICHUS MPOM3BOJUTEIBHOCTH TPyJa B YK€ OCBOCHHBIX BHJAX
mpon3BoicTB. COBpeMEHHas AJIEKTPOHHWKA PAa3BHBAETCsl B HANPABICHUM MUHHUATIOPU3AIMH W3EIIHIA,
MOBBIIICHUS UX HAJEKHOCTH, JOJITOBEYHOCTH, YTO IOCTOSIHHO IOBBIINIAET TPEOOBAHUS K TOYHOCTHU
W3TOTOBJICHUSI JieTaled M K KadecTBy 0OpabOTKHM WX TOBEPXHOCTEH. DTO CBA3aHO C TIOCTOSIHHO
BO3pACTaIONIMM PACIPOCTPAHEHUEM JJIEKTPOHHBIX KapT M YHUIOB MaMSATH Uil CMapT(OHOB,
IUTAHIIETOB M JIPYTUX MOOWJIBHBIX YCTPOMCTB, NMPUMEHSIOIIUX ITOJYNPOBOJIHUKOBBIC KPEMHHUEBBIC
IacTHHB! TommHOW B 100 MKM 1 MeHee. DTOT BRICOKHI CIIPOC, B CBOIO OYEPElb, CTABHUT 3a7a9H 10
VIIy4IICHUIO YPOBHS KadecTBa OOpa0OTKM TOHKHX KPEMHHUEBBIX IUIACTHH, HPUMEHIEMBIX IS
(hopMuUpoOBaHHUS M3AETUA MHUKPOIIEKTPOHUKH, KOTOPOTO MOXHO JOOWUTBCS 3a CUET HAJICHKHOTO
yAEeP)KUBaHUS IJIACTHH MPHU NUTH()OBAHUY Ha BAKYYMHBIX MPUCOCKAX IUIAHIIAWO MPEIMETHBIX CTOJIOB.



B Pecnyonuke benmapych BakyyMHBIE TIPHCOCKM IUIAHIIAHO TPEAMETHBIX CTOJIOB
WCIIONB3YIOTCSA Ha oOopymoBanuu, BeimyckaemMoM YII  «KBTM-CO» THIIO «Ilmanapy.
KOHCTpYKTHBHO OHM BBITIONIHEHBI M3 JIHCTOBOW CTalHM B BHAE YEPEAYIOMIMXCS BaKYyMHBIX KaHABOK
cedyeHreM 70 | MM u maroMm g0 2 MM. B 3ToMm ciydae kpucTamibl ¢ HEOOJBIIUMH pa3MepamH,
OKa3aBINMiecs HaJ KaHaBKOH, MOTYT CpPBIBaThCS TPH DPA3ACICHUH IDIACTHH HA TEXHOJIOTUYECKON
orieparyu TUCKOBOX pe3ku. lIpy yMeHbIIeHN: TONITUHBI TOTYITPOBOHUKOBEIX IIacTuH 10 100 MKkM
U MEHee BaXKHO HAJCKHO YACPKMBATh IUIACTHHY MO BCEW IUIOMANW BO BpeMs HUTU(QOBAHHSI, a C
Jpyrol CTOPOHBI, HEOOXOAUMO 00ECTIEYUTD JIETKH ChEeM 3THX IUIACTHH C TIOBEPXHOCTH BaKyyMHOM
mprcockn 0e3 moBpexaeHus. llpn Tpenn3noOHHOW TUIaHEepH3allMd TaKOW BAaKyyMHOH IPHUCOCKH
HE00X0MMO 00eCIIeunTh CTEIIeHb HEeTUTOCKOCTHOCTH B MpeAeNiaX 0 5 MKM, Yero, B CBOIO OUYEpe[b,
MOKHO JOCTHYb TpH IepoxoBarocTh moBepxHocTh Rz He xyxke 0,1 mxm. OpHako Takas
MMOBEPXHOCTh MMEET CKJIOHHOCTh K NPHINIAHWIO K KPEMHHEBBIM IUIACTHHAM TPH HX MOKPOM
nuoBaHUK, YTO HWHOTAA TPH OTPHIBE IUIACTHH POOOTOM-MAHHITYJIATOPOM OT MOBEPXHOCTH
TIaHIIANOBI TOCIIe OKOHYAaHUS NUTA(OBAHUSI TPUBOIUT K UX MOBPESIKICHHIO.

B cBsa3u ¢ sTHM paszpaboTka mpoliecca MOJyYeHHS M OCBOCHHE MPOM3BOACTBA MOPUCTHIX
BaKyyMHBIX NPHCOCOK, JINIIICHHBIX BBIIEHA3BAaHHBIX HEIOCTATKOB, SBJSETCS BAKHOW M aKTyallbHOM
3a/layei, pEIICHHE KOTOPOW TO3BOJUT YMEHBIINTH CKJIOHHOCTh KPEMHHEBBIX TIUIACTHH K
MPWINIAHUIO, O00eCreynTh WX OoJiee JeTKWH ChbeM II0CiIe OKOHYAHHUS Tpolecca HUTUPOBaHUS
poOOTOM-MaHUITYIITOPOM TPH CHIDKEHHH BEPOATHOCTH TOBPEKICHHUS IUIACTHH W YBEIHYCHUH
MPOIIEHTa BBIXO/a TOAHBIX 10 98,5-99 %.

Pa3paboTka npomecca moiy4yeHusi MOPUCTHIX BCTABOK IUIAHIIAKO MEeTOI0M
CaMOoPACIPOCTPAHAIOMIET0CS BHICOKOTEMIIEPATYPHOI0 CHHTE3a

[HopucTtsie mopomkoBeie MaTepuansl (I[11IM), n3rortaBnrBaeMblie TpaaUIIHOHHBIMUA METOIAMHU
MOPOIKOBOI METAJUTypriH, B HACTOSIIEe BpeMs U3BECTHBI U IIUPOKO MPUMEHSIOTCS JUIs OTYUYSHHUS
W3JIeNMA caMOoTro pa3nuyHOro HaszHaueHusa. OAHaKo TpaJuIMOHHBIE TeXHoJoruu mnosyueHus 111IM
HMMEIOT psii HEAOCTAaTKOB, 3HAUUTENBHO YCIOKHAIOINX TEXHOJIOTHIECKUH MPOIIECC U MOBBIMIAOIINAX
CTOMMOCTb M3/€THI (MHOTOCTaJUITHOCTD, BBICOKAs TPYAO- U dHEproeMKocTs). [IpoBeaeHHbIi ananus
HAYYHO-TEXHUYECKOW JUTEpaTyphl TOKa3aj, YTO MOPUCThIC BaKyyMHbIE BCTABKHU JOJKHBI 00JalaTh
cnenyromuMu - cBoiictBamu: mopuctocth 30-40 %; pasmep mop 30-70 MkM; KO3 GUIUCHT
nponunaemoct — (50-80)x10 m?; tBepmocts 400-1400 HV100/15. JlocTHYb yKa3aHHOTO YPOBHSI
TBEPIOCTH, UCTONB3Yysl AOCTYIHBIE IO [IEHE METAIIIMYECKHE TIOPOLIKH, HEBO3MOXKHO. BMecTe ¢ Tem,
HaunboJiee MOJTHO YKa3aHHBIM TPeOOBAHUSAM K MOPUCTHIM BcTaBKam oTBeuaroT [1[1IM, momydeHHbIE B
pexxuMme (QHUIBTPAIMOHHOTO TOPEHHsI TOpOIIKa THUTaHa METOJO0M CaMOpPaclpOCTPAHSIONIETOCs
BbIcoKoTeMmneparypHoro cuHre3a (CBC) B kuciopomocoaepskaiueil cpeae ¢ obpazoBaHueM (hasbl
OKcHHUTpHAa THTaHa. [loaToOMy MMEHHO JaHHBI MaTepuajd BBIOpaH B KauyecTBE OCHOBBI JUIA
MOJTYYEHUS! MOPUCTHIX BCTABOK BAKYYMHBIX TUIaHIIANO.

CaMopacnpoCTpaHAOIIMIICA BBICOKOTEMIIEPATYPHBI CHHTE3 SBISIETCS Pa3HOBHIHOCTBIO
npouecca (UIBTPALUOHHOTO T'OPEHHUsSI TAa30B — OTHOCHTEJBHO HOBOTO pasliesia HAyKd O TOPEHHH,
W3YyYarollei TopeHre Ta30BbIX CMecel B YCIOBUSIX (QUIbTpAMU (TEIIOBOTO M THIAPOJUHAMHYECKOTO
B3aMMOJICHCTBUSL C TBepHoi (ha3oil, B YACTHOCTH, IIOPHCTOM CpeAOH) U  OXBaThIBAIOLICH
AK30TEPMHUYECKUE MTPOLIECCHI, POXOIIIKE B MHOrO(a3HbIX CHCTeMax B ycioBusx (uibrpannu [1-3]
W OCHOBaH Ha JK30TepMHUYecKOr peakiuu Metamnueckoro [I1IM c razamu (N2, O2). [IpumenuTensHO
K MOPOIIKOBON METaITypTUH TOCTOMHCTBOM METO/A SIBJISIETCS BOBMOXKHOCTh COBMEIIECHUS OIepaIiiu
MOJY4EHHs TYyroIuIaBKoro coeanHenus U crekanus. [Ipu CBC o0buHO 3arotoBka U3 (popMOBaHHOM
CMECH TOPOIIKOB MUCXOJHBIX 3JIEMEHTOB MOIKUTAETCS C OAHOIO TOPLA MMITYJIBCOM JIEKTPHUYECKOTO
TOKa, B pe3yJbTaTe Yero WHUIIMUPYETCS XUMHYECKasl Peakivsi 1 BOSHUKAET BOJHA TOPEHUs, KOTopas
3aTeM 0e3 BHELIHEro BO3/ACHCTBHUS pacIpocTpaHseTcsl BAONb oOpasia. TemuoTa peakuuu NpH 3TOM
pacxoayercsi Ha HarpeBaHHe CMECH M criekaHue oOpasytouierocss Marepuana. CBC I1IIM Ha Bo3myxe
WIK a30T€ BKIIOYaeT B cels: TPaHCIOPT rasza MOCPEACTBOM JBYXCTOPOHHEH (WIbTpalyd B 30HY
CHHTE3a W XHMHYECKOEe B3aMMOEWCTBHE pEareHTOB, COMPOBOXAAIOIIEECS BBIICICHUEM TeIlla,
BEJIMYMHA U CKOPOCTh KOTOPOT'O BO3PACTAIOT C POCTOM M30BITOYHOIO AaBJICHHS BO3/TyXa MM a30Ta [4].

XapakTepHasi OCOOCHHOCTb IPOLIECCOB CXKUTAHUS C HCIOJIB30BAHUEM Ta3000pa3HbIX
peareHTOB — OTHOCHUTEIBHO BBICOKAas TEIJIOTa 0Opa30BaHUs COCIUHEHHUs, UYTO OOBSCHSETCS Ooee



BBICOKOM 3HEPTHEH MOCTYIATEIIBEHOTO IBUKCHHSI aTOMOB WJIM MOJIEKYJT B Ta30B0oi daze. B oTimune ot
peaknuii B TBepHod Qaze, TpeOyOMUX JUIsl CBOETO TNPOTEKAHHS «BBIPHIBAHHS» MOJEKYT W3
KPUCTAIUTMYECKON pEeIIeTKH, Ha ra3o()a3Hble peakInyd MEXMOJIEKYJSPHBIE CBS3H HE BIHAIOT, YTO
3HAUUTEIHFHO U3MEHSET BECh XapaKTep peakiuu [5].

Ha mepBoMm sTare st IpoBeACHNS ONTHMH3AINHA CTPYKTYPHBIX XapaKTEPUCTHK MOPUCTOTO
MaTepraiga BaKyyMHBIX BCTaBOK HCHOJIB30BaK Mopomrok TuraHa mapku TIIII-S co cremyrommm
pasmepom vactuir: (—0,63+0,4), (—1,0+0,63) u (—1,6+1,0) mm. [laBieHre IpeccOBaHMs COCTABIISAIO OT
20 mo 120 MIla. /lns TMOBBIMICHUS CTaTUCTHYECKOW JOCTOBEPHOCTU PE3YJIBTATOB HCCIICIOBAHUN
KOKIOBIH oOpasel] W3rOTaBIMBANIA C TPOWMHBIM 1ayOmeM. Bce 3aroToBKu IMOABEprajiuch
TepMooOpaboTKe B dJeKTporedd. Ha WM3roToBIeHHBIX oO0Opaslax TMPOBEICHBI HCCICIOBAHMS
MMOPUCTOCTH, CPEAHUX PAa3MEPOB MOP, KOAPPHUIIMECHTA TPOHUIIASMOCTH. J[J1s1 CpaBHEHUS CTPYKTYPHBIX
XapaKTEepPUCTUK MCIIONB30BaJCH mapaMeTp 3(PQeKTHBHOCTH F1, XapaKTepU3YIOIMIUH COOTHOIIEHHE
pa3MepoB MOp M MPOHUIIAEMOCTH:

E=—, 1)

rae K — kosdpuuuent nponunaeMoctu, M%; dep— cpeuuii pazmep 1op, M.
Ha puc. 1 npuBeneHbl 3aBUCHMOCTH HCCIIEAYEMbBIX TTapaMeTPOB OT JABJICHUS MMPECCOBAHUS U
pasmepa 4acTHI] MOPOIIIKa.

45 160
| : T 1
——0,4-0,63 = 140 y ——0,4-0,63
Lo 06310 | £ 120 -8 0,63-1,0
s —A—1,0-16 \ "\ —&— 1,0-1,6
=3 §* 100 N
E 2. 80 <\\ \
S g N
£ 30 2 6o NOAL N
5 2 K
= = 40 \
=
25 =
g 20
20 0
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
JaBienune npeccopanus P, MIla JaBaenue npeccopanus P, Mlla
a 6
" 600 0,070
- 3
- 500 ; = 0,065
5 \ ——0,4-0,63 3 A
3 400 N ~%-0,63-10 ] 5 0,060 ;7
63-1, = X
5 =
—&— 1,016 / /
g 300 \ N £ 0,055 oz
5 \ =y .:;4‘.71'/4/
=
g 3
£ 200 o 0,050 :
g \ \\ g ¥ | 04063
= 100 \\ ‘ g 0,045 —=063-1,0
= <
= = —+—1,0-16
2 0 | ! : 0,040 —
0 20 4 60 80 100 120 0 20 40 60 80 100 120 140

apjenue npeccosanus P, MIla
Hasaenue npeccopanus P, MIla A p ’

6 2
Puc. 1. BiiusiHue naBjieHuUs IPECCOBAHMUS HA OPUCTOCTH (a), cpeanuii pasmep mop (6),
KO3 QHUIMEHT MPOHUIIAEMOCTH () U Tapametp 3¢ exkTuBHOCTH E; (2)

Ha Bropom »3Tame ObIIM MPOBENEHBI AKCIEPUMEHTAIBHBIE WCCIEAOBAaHUS Tpolecca
nosryuenus [11IM metogom CBC. OHuM mokasanu, 9To BapbUPYs COAECpKaHUEM a30Ta B aTMocdepe U



Temmnepatypoit peakiuu CBC MOXHO peryiupoBaTh NPOLECC NOMYyUYEHHUs TBEPAOrO0 HUTPHUAA TUTAHA
(okcuHHUTpHIA TUTAHA) C TPeOYEMBIM KOMIUIEKCOM (PU3NKO-XMMHUYECKUX H MEXaHHUECKUX CBOWCTB.
YcTaHOBIEHB ONTHMANBHBIE TEeXHOJOrHUeckne pexuMmbel momydeHus [IIIM, oGecneumBarorime
cpenuuii pasmep nop IIIM 30 MkM u MakcuMalbHBIA He Oojiee 70 MKM (ITOpPOIIOK THUTaHA MapKU
TIIII-5, pasmep wactum 0,65-0,1 mm, naBnenue npeccoBanus 100-110 MIla), a Takxe pexxumbl CBC,
SIBIISTIOIUECS «HOY-Xay» pa3paboTINKOB.

Uccnenoanus cpoiictB I1IIM, momyuenHoro Meronom CBC mpu ONTUMaNbHBIX peXUMax
HoKa3add, 4To KOd(Q(QMIMEHT NPOHULAEMOCTH 10 BO3AyXy cocTaiageT (50-80)x1013m?,
MHKpOTBepAocTh 3epHa — 4,97 I'Tla. Pertrenoda3oBsiii aHamm3, MPOBEACHHBIH Ha PEHTTCHOBCKOM
mudpaktomerpe «/Ipon-3,0» B CUK,-u3nydyeHHH TOKa3al, 4YTO Ha HAPYKHOH MOBEPXHOCTH
coJiepyKaHUEe OKCUIOB U HUTPHUIOB TUTaHa coctaBisieT 100 %, B To Bpems, Kak B IIyOMHE 00pa3ioB
HMEIOTCA Takke (pas3a THTaHa u mpuMecH (puc. 2-5).

1
g
i
600 a
2004 .
i 1
: = { i A\ \Jf 3 # 7
[
: |
E: z g o
§ogdd L4 i o 6
5 3 i EH
~—J £ ¥ i
R PR o BmE R AL e = e | —
Hadyron =20, Konyran =90 War= 0.1
Simioe = 48 =16 300 400 500 0 700 800 900
Puc. 2. PenTrenorpamma noBepxXHOCTH 00pasiia Puc. 3. CpaBHEeHHE PEHTTCHOTPAMM MTOBEPXHOCTH

UccaeayeMoro obpasiia i 3TaJOHHBIX KapTOYCK:
@ — peHTreHorpaMmMa o0pasiia; 6 — FTaJOHHBIE
kaprtouku TiOz, Ti2N
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Puc. 4. PertreHorpamma B riryouHe oopasiia Puc. 5. CpaBHeHHE pEeHTI€HOTPAMM B TITyOHHE

HCCIIelyeMoro o0pasiia u STAIOHHBIX KapTOUYeK:
a — peHTreHorpamMmMa oopasia; 6 — STaJOHHbIC KapTOYKH
TiO2, Ti2N
PesynbTaThl peHTreHo(ha30BOro aHanu3a 00pasioB MOPUCTHIX BCTABOK CBEICHBI B TAOIUILY.

Pe3yHLTaTLl peHTFeHO(l)a30BOF0 aHaJIu3a 06[)2[31[0]3 NMOPHUCTBIX BCTABOK

Cropona obpasia _ _CDaSOBmﬁ cocTas, % _
®aza TiO2 ®daza TIiN dasza Ti + npumecu
Hapy»XHas 100 — —
BHYTPCHHSS 50 40 10

Buemnui BUJ ITOBCPXHOCTU MOPUCTBIX BCTABOK M3 OKCUHUTPHU A TUTAHA ITIOKAa3aH Ha PUC. 6.




Puc. 6. Baemnuii BUI MMOBEPXHOCTU MOPUCTHIX BCTABOK U3 OKCMHUTPUIA TUTAHA

OkoHoMuueckue pacueTsl nposeneHnsie Ha [HIIO «Ilnanap» mokasamnu, 4To B pe3yjbTaTe
MPUMEHEHUs  Pa3pabdOTaHHBIX  TMOPHCTHIX  BCTAaBOK  OymeT  OOEeCHeueHO  yBEeIWdeHHE
MPOU3BOJUTENBHOCTH Tpouecca uuindoBanus miactuH Ha 10 % © cHWKeHHE ceOeCTOMMOCTH
rOTOBOM Mponykuuu (mactuH) Ha 5 %. BHenpenue pa3paOOTaHHBIX MOPHUCTHIX BaKyyMHBIX BCTABOK
IJIAHTIA0 Tpu nuIMdOoBaHUU Ha OTHOM mpeaMeTHoM ctoiie 6000 mT. rmmacTuH B rox (TIpH cpeaHei
croumoctr 100 § CIIIA 3a omHy IIIaCTHHY) MMO3BOJMUT 00ECHICUUTh dKOHOMHUECKH 3¢ ekt Ha 30
MIPAMETHBIX CTONAX, Uconb3yeMbIx B HacTosmee BpeMs Ha [HIIO «[lnanap» u YII «kKBTOM—-COp,
B pazmepe 90000 $ CIIIA B rog.

3akaouyeHue

Ha ocHoBanumn IMMPOBCACHHBIX TCOPETUYCCKUX U OKCIICPUMCHTAIBbHBIX I/ICCJICI[OBaHI/II\/'I
paspaborana TexHosorus mnonayderus [I[IM Ha OCHOBE OKCHHUTpUIA TUTaHa METOJIOM
€aMOpacIpOCTPAHSIOIIEroCs BBICOKOTEMIIEPATYPHOTO CHHTE3a IJI MCIIOJIB30BAHUS B IMOPUCTBIX
BCTaBKaX BaKyyMHBIX IJIaHIIaH0 000pyJOBaHUS IEKTPOHHOTO MAIIMHOCTPOCHHUSL.

[TpoBeneHbl HCCNENOBaHUS CTPYKTYPHBIX M (UIUKO-MEXAaHHUYECKHX XapaKTEPUCTHK
MOPUCTOTO MaTeprana BaKyyMHBIX BCTABOK, BBIOpaHb! ONTHMAJIBHBIN IPaHyJIOMETPHUCCKUM COCTaB
MOPOIIKA ¥ TEXHOJIOTMYECKUE PEXKUMBI H3TOTOBIEHHS TOPUCTHIX BCTABOK M3 OKCUHUTPUAA TUTAHA,
obecrieynBaloNye ONTHUMAaIbHOE COYETAaHUE OKCIUTYyaTAIMOHHBIX XapaKTepUCTUK, YBEIWYCHUE
IPOILIEHTA BbIX0Ja roJHbIX A0 98,5-99 %, npon3BoauTEIbHOCTH IpoLecca NITM(OBaHNS IUITACTHH Ha
10 % npu cHmKeHUH ce0ECTOMMOCTH TOTOBOM MPOAYKIUH (KPEMHHUEBBIX TIIACTHH) Ha 5 %.
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