TEXHOJIOI'MYECKHE IMPOLHECCHI U OBOPYJOBAHUE

H. 1. IUTUC, 0. m. n. B. I. BEPBHLIKHH, k. m. n. B. JT. )KOPA,
B. H. BOJITHUCTOB, B. IT. TPYHSIHCKASA, H. H. CEPTEEBA

Poccus, . MockBa, OAO “Anrcrpem”;

Vkpauna, 1. Knes, HUN mukponpudopos HTK “UMK” HAHY

E-mail: vdzhora@ukrpost.net

Jlata mocTyIjIeHus B PEIaKIHIO
14.06 2010 r.

OrmmoneHT 0. m. 1. B. B. FAPAHOB
(BI'YUP, . MuHcK)

TEXHOJIOI'MA CBOPKHN MUKPOCXEM HA 'MBKOM

[HOJIMMMUJIHOM HOCUTEJIE

Paccmompena mexnonoeusi coopxu Muxpo-
cxem Ha 2UOKOM NOTUUMUOHOM HOCUMeENe
U ee npeumywecmed no CPAsHeHUIo ¢ mpa-
OUYUOHHBIMU Memooamu cOOpKU, a mak-
Jce obracmu NPpUMeHeHUst MUKPOITeKn -
POHHOU annapamypsl, 8 KOMopou UCNOb-
3YI0MCsE MaxKue MUKpOCXembl.

B 80-¢ rogsr npomwioro Bexka B CCCP navanuce pa-
0OTBI 10 BHEJIPEHUIO HOBOTO, HE UMEBIIIETO HA TOT MO-
MEHT 3apyOeKHBIX aHaJIoroB Metoa coopku b1C na ruod-
koM nonuumugHoM Hocutene, (CITH) [1], Tak Ha3bIBae-
Mot Mot ukaruu 2 (puc. 1).

MukpocxeMbl MOH(HUKAIINY 2 TIepBOHAYAIBLHO pa3-
pabaThIBAIUCh JUIS CO3IaHUS AJIEMEHTHOM 0a3bl CIell-
npumeHenus [2]. [Ipu ocBoeHNHN Takux U3zienuii Gonee
yeM Ha 20 npeAnpUATUsLX dJ1EKTPOHHON IPOMBIIIIEHHO-
CTH OBbLTH BHEIPEHBI KOMIIEKTHI aBTOMAaTU3UPOBAHHOTO
000pyIOBaHMS KaK JUTS H3TOTOBICHHS THOKAX HOCHTE-
neit (maus “Jlamora”), Tak u s cOopku Oeckopryc-
HbIX MukpocxeM Ha ['TIH (ymaus “TlommHoM”). Bbuia Tak-
JKe co37aHa BCsl He0OXouMas HHPACTPYKTypa I UX
MIPOU3BOJICTBA — HAJIAXEH BBIMYCK (POJIBIUPOBAHHBIX
JURJIEKTPUKOB U APYTHX MaTepHalloB, Tapbl-CIIyTHHKA,
KOHTAKTHBIX YCTPOICTB, BBITYIIECHBI COOTBETCTBYIOIIUEC
OTpacieBbIe CTAHAAPTHI U T. 1. J{JIsI MOHTaKa DIIEMEHTOB
13 0a3bl CIeNIIPUMEHEHHS, B CBOIO OUepe/ib, ObLIH pa3-
paboTaHbl aBTOMAaTU3UPOBAHHbIE TUHHUH, TIO3BOJISIONINE
OCYIIECTBIISATH Pa3BapKy aJIOMHUHHUEBBIX BBIBOJOB MHK-
pocxeM MoubuKaIyu 2 (HapuMep, Ha KepaMHUecKre
MTOJUTOKKH — YIBTPa3ByKOBOM MUKPOCBAPKOH ).

Puc. 1. Mukpocxembl pa3jiu4yHbIX THUIIOB Ha THOKOM IOJH-
UMHJIHOM HOCHUTEJe

OO65acTh MPUMEHEHHUS] HOBOTO METO1a COOPKH MUK-
POCXEM CYIIECTBEHHO paclIUpuiIach Mociie BHEAPEHUs
pa3pabotanHoro aBropamu [3] ciocoba 00pabOTKH BbI-
BonoB I'TIH mox maiiky, 4To MO3BOJIHMIIO MCTONb30BATh
MHUKPOCXEMBI MOAM(UKAIINN 2 [T U3ICTHHA ITHPOKOTO
MIPUMEHEHHUS (TTPOrPaMMUPYEMBIX MUKPOKAIbKYISATOPOB,
4acoB, KACCOBBIX alaparoB U T. 11.). [Tpu 3ToM MOHTax
MukpocxeM Ha I'TIH Ha craHgapTHbIE IeYaTHBIE I11AThI
OCYLLECTBIISAJICA METOJOM NalKHU C HUCIOIb30BaHUEM
HMITYJIbCHBIX MUKPOMasJIbHUKOB.

Kpuzuc npombIieHHOT 0 MPOU3BOACTBA HA TOCTCO-
BETCKOM HPOCTPAHCTBE B 90-¢ roJpl IPUBET K PE3KOMY
[IaJICHUIO BBIIYCKA U3IEIUI 2JIEKTPOHHON TEXHMKH, B
TIEPBYIO OYEpEab TOBAPOB MACCOBOTO IMTOTPEOIICHHSI, OCO-
OEHHO MocJie OSBICHUS Ha PhIHKE JACLIEBBIX TOBAPOB U3
Kutas u crpan FOro-BocTtounoit A3uu.

B nocnegnue roapl y M3roTOBUTENEH COBPEMEHHOM
ammapaTypsl BO3POIIIICS HHTEpEC K 0ECKOPITYCHOM dlte-
MeHTHOU 0aze Ha ['TIH. Beas kpoMe MUHUMAJIBHBIX Ta-
0apHuTOB M MAaCChl MUKpPOCXeMBbI MoaHprKaryu 2 Oaro-
Japs YHHUKaJIbHOMY COYETaHUIO CBOMCTB KOMITO3HIIHU-
OHHBIX MaTepUaJIOB — AJIOMUHMA U NOJIMUMUAA —
UMEIOT DSl APYTHX LEHHBIX IpeumyliecT [2—4].

HarsiiapiM CBUAETENBCTBOM MTPEUMYIIECTB TEXHO-
Joruu cOOPKH M3JENIUH MUKPOAIEKTPOHUKH, KOTOpPbIE
cOOpaHBbI C HCTIOB30BAaHNEM MATEPHATIOB «AJTFOMUHIHA—
TIOJIMUMUIY, SIBJISIETCA ee ipruMeHeHne EBporeiickum neH-
TpoM sfepHbIx uccinenoBanuid (LIEPH, r. XKenesa) mpu
W3TOTOBIICHHH KOMIIOHEHTOB JICTEKTOPHBIX MOYJICH JTsT
cuctemsl «ALICE» [5].

KoHKypeHTOCTIOCOOHOCTE TaKoi TEXHOIOTHH 00ecTie-
YUJI0 IPUMEHEHHE MUKpOKabese, cogepKaliiux COTHH
BBIBOJIOB; MaJlblid mIar BeIBOJIOB (10 80 MKM); BBICOKAS
MeXaHHUeCcKask IPOYHOCTh TOHKOH (10—12 MKM) mmosu-
HUMU/IHOM IJIEHKH, a TAKXKe CTOMKOCTb K BEICOKUM paJiu-
aIMOHHBIM Harpy3kam. B pamkax nporpammsl « ALICE»
OBUTO M3TOTOBICHO OKOJIO 40 THIC. CIOKHBIX MHOTOBBI-
BOJTHBIX MUKpPOKaOeeH THITa «aTIOMIHAHA—TIOTHAMUID)
[6]. ITpu 5TOM TOYHOCTH M3TOTOBJIECHHUS BHIBOJIOB MHUK-
pokabesell B MecTaX CBapKH JOCTHTana 3644 MKM.

YHUKaJIBHOCTh CBOMCTB IOJUMEPHBIX IUIEHOK, IIPU-
MEHSEMBIX B KaU€CTBE HOCUTEINIEH BBIBOJIOB, OIIPEAEIs-
eTCsl XUMUYECKUM CTPOEHHEM IOJIMUMHJIOB — LIEJIOT0
KJlacca MOJMMEPOB, UMEIONINX OOMIYIO CTPYKTYPHYIO
bopmymy [7], onpeaensIonyto X BEICOKYIO IPOYHOCTb,
TEPMHUUECKYIO CTAOMIIBHOCTD, a TAKXKE PAJAUAIIOHHYIO
CTOWKOCTB.

TexHONOTHs 1 KOHCTPYHPOBAHHUE B 2JIEKTPOHHOIT anmapatype, 2010, Ne 5-6

43



TEXHOJIOI'HMYECKHE IMTPOLHECCHI U OBOPYIOBAHUE

CBOI0 1aCTUYHOCTb NOJMUMUHbBIE TUIEHKU COXpa-
HSIIOT JAaXKe IPU KPHOTEHHBIX TeMmeparypax. Tax, B [8]
OTMEYAaeTCsl, YTO OHU MOTYT HCIIOJIb30BATHCS B UHTEPBA-
ne Temmeparypsl 3—673 K, T. e. paboTarh gaxe npu TeM-
neparype *uakoro reaus. [lomuumuaHble ieHKy coxpa-
Hs10T pabotocrnocobHocTh ipu 473 K (200°C) B TeueHue
HecKoNbkUX JieT, 1pu 573 K — 1000 vacos, npu 673 K
— 110 6 yacos.

Crnenyer OTMETHUTD, YTO TIOJMUMU/IHBIE FIEHKH UMe-
10T XOPOIlIKE, 110 CPABHEHHUIO C APYTUMH IIOJIUMEPaMH,
JURJIEKTPUYECKHE CBOMCTBA U BBICOKYIO TEILIIONPOBOI-
HOCTh (150—180 B1/(M'K)). TemneparypHsbiii koa¢hu-
1ueHT iHelHoro paciupenus (TKJIP) momuimvua 61um-
30k k TKJIP mMeTaisioB, mpuMeHseMbIX AJIsl U3TrOTOBIIE-
Hust BeIBo10B [ TIH (amomunus u Mmean). B To ke Bpewms,
MOJIMHUMHUJIHBIE IUIEHKH MOYKHO TPABUTh B CUJIbHOLIEII0Y-
HBIX PaCcTBOpax, 4TO MO3BOJISACT MOIYYaTh B HUX MPH He-
00XOAMMOCTH CKBO3HBIE OTBEPCTHSI.

IleHHbII1 KOMIUIEKC CBOWCTB OJUUMUIHBIX MaTepU-
aJIOB IPEJONpeAenI UX IHUPOKOE MCIOIb30BaHUE B
MHKPONIEKTPOHUKE HE TOJIBKO B KAU€CTBE [IOJIMMEPHOIO
ocuoBanus B ['TIH u ruOkux mmarax, HO ¥ B Ka4eCTBE
JIMBIIEKTPUUECKOTO CII05 TPU U3TOTOBIEHUH MHOTOYPOB-
HeBoW MeTayun3aunu Ha kpuctaiuiax CBUC.

beckopmrycnas BUC monudukanmm 2 npencrapiser
c000# KpHCTAILT ¢ aJIOMUHHUECBBIMH BBHIBOJAMHU Ha TI0-
JUUMUTHOM OCHOBAaHUU. TEXHOJIIOTMUECKUH MpoIecc
cOOpKHM TaKMX MHKPOCXEM BKIIIOYAET B C€0S U3rOTOB-
JieHre THOKUX HOCUTENeH TUTIA «TFOMUHUHA—IIOJIUUMUI
METOIOM JBYCTOpOHHEH (poTomTorpaduu, mprucoeanHe-
HHUE UX K CTaHJIapPTHBIM IOJIyIIPOBOAHUKOBBIM KPUCTAJI-
JIaM € aJTFOMUHHAEBON METaJUTU3AIMEH C TOMOIIBIO YIBTpa-
3BYKOBOI CBapKH, TEPMETH3AINIO MTOJTUMEPHBIMU MaTe-
pHualiaMu ¥ IPOBEIEHUE TEXHOIOTUYECKUX OTOPaKOBOY-
HBIX HCIBITAHWM, B TOM YHCJIE U IJIEKTPOTEPMO-
TPEHUPOBOK — IPH HeoOXoauMocTH. KoHeTpyKIus ruo-

KX HOCHTENEH 3a1aeTcsi (POTOIMIaOIOHAMHU CIIOEB AITIO-
MUHMUS U TIOJIMUMU 1A, KOTOPbIE IPEIBAPUTEIILHO COBME-
LIAI0TCA U COEIUHSIOTCS B I1aKET.

KoHCTpyKTHBHO THOKMI HOCUTENH (PHC. 2) BBINON-
HEH B BUJIC HECKOJIBKUX B3aUMOCBSI3aHHBIX 30H — II€-
pudepritHOM, KOHTAKTHPOBAHUS, MOHTAKHOW U BHYTPEH-
HEH, KOTOPBIE COCTOAT U3 YHU(DUITMPOBAHHBIX HJICMEH-
TOB, U3MEHAIOLUX CBOE [10JIO)KEHUE B 3aBUCUMOCTH OT
PacIoyIOKEHU KOHTAKTHBIX 1011 10K KpucTasuia. [le-
pudepuitnas 30Ha GyHKIIMOHAIBHO MpeIHa3HaYeHAa 1J1s
(huKcanuu HOCUTEINS K MUKPOCXEMEI B IIEJIOM B ITPOIIec-
cax WX U3TOTOBJICHHUS M MOHTaxa. OHa coep kuT 6a3o-
BbIC (PHKCHPYIOIIHE OTBEPCTHSI, TIO3BOJIMIOIINE COXpa-
HATh HEOOXOAMMYIO TOYHOCTh (PUKCAIIMU TIPH TPOBEIE-
HUHM HEOOXOUMBIX U3MEPEHHUN MapaMeTpoOB U UCIIbITA-
HUH, a TaloKe IPU MOHTaXKE B MUKPORJIEKTPOHHYIO ariia-
patypy (MDA).

B 30HE KOHTaKTHPOBaHUS PACIIOIOKEHBI IUIOLIAIKN
CTPOTO OIPEIEIEHHBIX pa3MepoB ¢ waroM 1,25 MM 114
MOJIK/TIOUEHHUS] 30H/I0B KOHTAKTUPYIOLIUX YCTPOMCTB B
npoLecce U3MEPEHHUs ANEeKTpHIecKuX napamerpos MC u
IIPOBE/ICHUS UX NCIIBITAHWUI. B 3aBHCHMOCTH OT Kor4ec-
TBA BBIBOJIOB KOHTAKTHBIE TIONIAIKNA MOTYT OBITH PacIio-
JIOKEHBI TI0 00€ CTOPOHBI MK € YeThIpex cTopoH oT N C.

B MoHTakHO 30HE UMeeTCsl yHU(UIIUPOBAHHbIH KOH-
TYp BBIPYOKH, ITO KOTOPOMY OT MHKPOCXEMBI C JBYX-
CTOPOHHUM WJIM YETBIPEXCTOPOHHUM DPACIIOJI0KEHHUEM
BBIBOJIOB OT/EIISTIOT 30HBI TEpU(EPUIHYIO I KOHTAKTH-
poBaHus epex MoHTakoM OeckopmycHoil BIC B MDA.
BHyTpeHHss 0051aCTh CITY>KUT 1L IPUCOSAUHEHHS MO~
JYTIPOBOJHUKOBOTO KPUCTAJlIa K BHYTPEHHUM OKOHYa-
HUSM BBIBOJIOB HOCHUTEIIS, TIOBTOPSIOLIUM PACIIOJIOKE-
HHUE KOHTAKTHBIX IUIOIIAZ0K 9TOro Kpucrtasia. BuyTpen-
Hsisl 00J1aCTh BBITIOJTHEHA HAa OCHOBE psAna yHHUDUIIUPO-
BaHHBIX JIEMEHTOB, KOTOPBIE PA3paOOTAHBI C yUETOM aB-
TOMAaTH3aLUH IPOLIECCOB CBAPKU U 00ECHICUeHUs ee Ha-
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Puc. 2. T'ubkue MOTUUMUIHBIA HOCUTENb IS COOPKH MHUKPOCXEM (BHJ CO CTOPOHBI aTFOMHHUS)
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JSKHOCTH, COXPaHEHHSI TUIOCKOCTHOCTH M HEOOXOANMOH
ee )KECTKOCTH, a TaKXKe CTabMIN3aIiy ee reoMeTpudec-
KHX Pa3MepoB, HaIIpUMep, ITyTeM BBeJeHUs 3KpaHa [9].

J1u1s 3anTh G CKOPITYCHBIX MUKPOCXEM JIEHCTBYIO-
LIIMMU CTaHAapTaMH PEKOMEHJIOBAaH psjl MOJIMMEPHBIX
MarepHraioB. BEIOOp KOHKPETHOTO MaTepraa ONpeIesis-
ercs ycanoBusaMu dkciutyatauuu bUC, uyBcTBUTENBHO-
CTBIO KpPUCTAJIa K TOBEPXHOCTHBIM 3arPI3HEHHSM, A TaK-
K€ COBMECTHMOCTBIO 3aIIUTHOIO MaTe€pUaa ¢ IpyrumMu
KOHCTPYKIMOHHBIMU MaTepuagaMi MUKpocXeMbl 1 MDA
B IIEJIOM.

I'mOkue HOCcHTENHM (MHKPOKAOEIH) MOKHO MU3rOTaB-
JIMBATh Pa3IMYHBIMU METOJJaMU, KaK MToka3aHo B [4, 10].

ITpu ucnonszosanuu I'TIH Tuna «antoMuHuii—ionu-
HMMU» aJIFOMUHHUEBbIEC BHIBOJIBI TPUBAPUBAIOTCS YIIBTpa-
3BYKOBOI CBapKOil HENOCPEICTBEHHO K KOHTAKTHBIM I1JI0-
TIa7KaM MTOJTYIPOBOTHIKOBOTO KpucTaia. O0pasyeTcs
MOHOMETAJUINYECKOE COEITMHEHHUE C BBICOKOM IPOYHOC-
THIO Ha pa3pbIB — Mopsijka 7—14 rc npu TOJNIMHE BbI-
Bos10B 30 MKM (puc. 3).

OO0pa3syeMblil cBapHOH LIOB UMEET MEJIKOAUCIIEpC-
HYIO CTPYKTYpY, HAJIMUME OKCUIOB aJOMHHHUSA HAa KOH-
TAaKTUPYIOILUX TIOBEPXHOCTAX HE IIPENATCTBYET BOSHUK-
HOBEHHUIO MeTaumyeckux cpszeit [11]. dus dpopmupo-
BaHMs HAJICKHOTO CBAPHOTO COETUHEHUS] TOYHO J03U-
PYIOT SHEPIHIO YIBTPA3BYKOBBIX KOJIeOaHHH U, CIIe/IOBa-
TENFHO, BEINYMHY Ae(OpPMAIUHU BHIBOJOB B MECTaX ITPHU-
COEIMHEHHUS. DTO MO3BOJISIET IIOBBICUTH BOCIIPOM3BOIHU-
MOCTh Ka4eCTBa CBAPKH, T. K. Upe3MepHast aedopmManus
BBIBOJIA IPUBOAUT K CHIKEHHIO IPOYHOCTH CBAPHBIX CO-
equnaenuti [ 11]. Kpome Toro, Ha UX KaueCcTBO 3HAUYUTEb-
HO BJIMSIET )KECTKOCTh 3aKPEIIEHUS KPUCTAIIIOB U BBIBO-
JIOB THOKOTO HOCHTEJIS, & TAK)KE YHCTOTA TIOBEPXHOCTH
CBApHUBAEMBIX coenuHeHnH. HeobxomumMyto ancToTy rud-
KHX HOCHUTEJICH Ha 3aKIIIOUUTEIBHOM 3Tale UX H3TOTOB-
JIeHHs 00eTIeYBalOT TaK Ha3bIBaeMOM (PMHHIITHOM O4HCT-
KO, PX KOTOPOU TTOBEPXHOCTh MOAJIOKEK C HOCUTES-
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Puc. 3. Pacmpenenenne mpoYHOCTH CBAapHBIX COEIWHEHHM

KOHTAKTHBIX TUIOMIAI0K KprCcTaLIoB ¢ BeiBogamu [ TIH, nme-

IOIMMH Pa3sHYIO IIMPUHY S B MECTaX CBAPKH, NIPU PA3HBIX
JMaMeTpax CBapOYHOTO MHCTpyMeHTa D :

a— S, =120 mxM, D, =130 MxM;
60— S =150

MKM, D, =150 Mxm

MH 00pabaThIBAIOT B CITA00IIEIOYHBIX PACTBOPAX, 3aTeM
TIIATEIFHO OTMBIBAIOT B ICHOHI30BAHHOM BOJIC 1 CYIIIAT.

CBapka MEKpPOCXEM Ha TOJIMFMHUTHOM HOCHTEJIE MO-
JKET OBITh peai30BaHa Ha pa3IMyHOM cOOPOYHOM 000-
PYZIOBaHUH, KOTOPOE OTIMYAETCS KaK [10 CTOUMOCTH, TaK
U TI0 TIPOU3BOIUTENEHOCTH. [1py OobIIinx 00beMax BEI-
MyCKa MUKPOCXEM MPEHUMYIIECTBO ITOMYYaroT BHICOKO-
MIPOU3BOIUTEIBHBIC ABTOMATU3UPOBAHHBIC YCTAHOBKH,
Hanpumep OM-4062.

B ycnoBusxX MHOTOHOMEHKJIATYPHOT'O MEJIKOCEpUid-
Horo rnpousBojactsa TexHoorus coopku MC na I'TIH no
CPaBHEHHUIO C METOIaMHU COOPKH B KOPITyca TaKXKe FMe-
eT CBOM IpeumyInecTa. Ee peanmsanus TpeOyeT Bcero
JIMIIb U3TOTOBIICHUSI PA3IMYHBIX TNIEHOYHBIX (DOTOIIA0-
JIOHOB TMPH CTaHIAPTHOM IpolLiecce M HE CONpsKEeHa C
HEOOXOAUMOCTBIO MPHOOPETEHUS (a TToI9ac 1 pa3pador-
KH) Pa3IMIHBIX KOPITYCOB M 000PYIOBAHHS TSI CBAPKH
Y TepPMETHU3ALIUHL.

*kk

Taxum 00pazom, MoKa3aHo, YTO MUKPOCXEMbI Ha I'HO-
KOM MOJIMMMU/THOM HOCHUTEJNE OTIMYAIOTCS BEICOKOH Ha-
JISKHOCTBIO M UMEIOT NIPEUMYIIIECTBA 110 CPABHEHUIO C
JIpyrumu koHCTpykuusimMu MC B ciaydasx MCIONb30Ba-
HUSI UX B COCTaBE TePMETHYHBIX MHUKPOCOOPOK B ama-
parype, paboTaromiei mpu OOJIBIINX YCKOPSHHSX, yIap-
HBIX M paIHallMOHHBIX Harpy3kax. B 6prroBoit MDA Ta-
KM€ MUKPOCXEMbI MOYKHO ITPUMEHSATH I10CJIE FepMeTH3a-
LU UX TIOJIMMEPHBIMU MaTepHUaiaMu U 3aIUThl IOBEPX-
HocTH mat. B cnyuasx ucnons3oBanus bVIC u CBUC,
HUMEIOIINX COTHHU BBIBOJIOB, METOIBI COOPKH MUKPOCXEM
Ha I'TTH npaxrudecku He UMEIOT aJIbTEPHATUBBI.
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