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BbIbOP MUKPOIIPUBOLAA MEXAHU3MA 3AXKNUMA

N 11OAAYU ITPOBOJIOKHA

B YCTAHOBKAX TEPMO3BYKOBOW MUKPOCBAPKU

Hccneoosanvl mpu muna Mukponpueooos
MEXAHUZMA 3AXHCUMA NPOBOJLOKU Ol YCma-
HOBOK MepMO38YKOBOU MUKPOCBAPKU 6bl8O-
006 ouamempom om 12,5 00 75 mkm u danvl
peKomeHoayuu no ux evloopy 8 3a8UcCUMO-
cmu om ouamempa npogoJLoKu.

OCHOBHBIMH BUJIaMU MUKPOCBapKH IPOBOIHUKOB B
MOJTYIPOBOJHUKOBBIX MMPHOOPAX U MHTETPATHHBIX MUK-
pocxeMax SBIISIOTCS CBApKa TEPMOKOMITPECCHOHHAS, YITb-
Tpa3BYKOBasi, TEPMO3BYKOBas, CBapKa pacIICIJICHHBIM
3JIEKTPOAOM, KOCBEHHBIM UMITYJILCHBIM Harpesom. Hau-
Oosee LIMPOKOE PACIPOCTPAHEHHUE B HACTOSIIEE BPEMs
[IOJIy4HJla TEPMO3BYKOBAsi MUKPOCBapKa METOJOM «Ia-
PHK-KIHH» C UCIIOIb30BAHUEM 30JI0TOH, a B TOCIEIHEE
BpeMsI — MEAHOH MPOBOJIOKU AuaMeTpoMm 17,5—50 Mk,
Y METOJIOM «KJIMH-KJIMHY JJ151 AJIFOMUHHEBOM TPOBOJIOKU
nuametrpom 20—500 mxMm [1, 2].OcHOBHBIM TpenMy-
LIECTBOM COEIMHEHUH THUIA «KJINH-KIUHY U1 IPOBOJI-
HUKOB MaJIOT0 JIMaMeTpa SBISETCS Maliasi TUIOIab, YTO
MO3BOJIACT IPUMEHSTH 3TOT METOJI ITPU MUKPOCBAPKE H3-
JIEJIAH C PACCTOSHUEM MEX/1y KOHTAaKTHBIMH ILIOLIa/IKa-
mu meHee 40 MkMm. JI11 MaOMOIIIHEIX TPUOOPOB HaM-
0oJree 9acTo MPUMEHSIOTCSI MUKPOIIPOBOTHUKH JHAMET-
pom ot 20 10 35 MKM.

CoBpeMeHHbIe TpeOOBaHUs TOTYIPOBOAHUKOBOH TeX-
HOJIOTHH MIPEATOIAraloT OTXO0 OT METOIa MOHTaXa KpH-
CTaJIJIOB C IPUMEHEHHUEM BbICOKOTEMIIEPATyPHOM IBTEK-
tikd Au—Si (377°C) 1 MpoKoe UCTIONIL30BAHNE BMECTO
9TOr0 HU3KOTEMIIEPATYPHBIX KJIEEB, KOMIIO3UIIMOHHBIX
MaTepUaoB U MPHUIIOEB ISt MOHTaKa KPUCTAJLIIOB B KOP-
yc u3ienusi. TO BhI3bIBAET HEOOXOAUMOCTD 00eCIIeuH-
BaTh coeuHenue npu remneparype 100—150°C Bmecto
180—250°C. Bricokas CTeTIeHb NHTET PN WHTETPAITb-
HBIX MUKPOCXEM M YMEHBIIIEHUE Pa3MEePOB KOHTAKTHBIX
TUTOMIAJIOK 10 S0—75 MKM MPUBOIUT K HEOOXOAUMOCTH
MCIIOJIB30BATh MPOBOJIOKY MAJIOTO CEYEHHS — JAHaMeT-
poMm ot 17,5 o 20 MKM (30JI0TO, QJIFOMUHUI) U TNIOCKHE
MIPOBOJHUKY U3 ATFOMUHUS TOMMUHON 12,5—18 MKM,
ocobenHo B uznenusx CBU-anekrponnku. C yMeHbIIe-
HUEM JIHaMeTpa MPOBOJIOKH COOTBETCTBEHHO YMEHbIIIA-
eTCsl yCWIINE €€ pa3pbhiBa, a TPeOOBaHUS K YIPaBICHHUIO
CHUCTEMOH ToJa4y MPOBOJOKU M K (POPMHUPOBAHUIO pa-
Oouero ycuiMs CBapKH pe3ko Bo3pacTaror. Takum 00-
pa3zom, HeoOxoanMa pa3padoTka MPEIU3HOHHBIX MHKPO-
MIPUBOIOB MEXaHM3Ma OTPHIBA-TIOa4H (3a)KKMa) IPUCO-
€/IMHSIEMBIX ITPOBOJHUKOB B YCTAHOBKAX TEPMO3BYKOBOM

MHUKPOCBApKH 1 CUCTEMbI (POPMHUPOBAHUA pabOUnX yCH-
T Ha CBApOYHBIA MUKPOMHCTPYMEHT. [Iprcoennnenme
MIPOBOIHUKOB JIMaMeTpPOoM MeHbIle 20 MKM B yCTaHOB-
Kax TePMO3BYKOBOM MHKPOCBApKH CBSI3aHO C BBIMOJHE-
HHUEM psja CIeyIOIUX TEXHUYECKUX TPEOOBaHUA.

1. YcraHoBKa JIOMKHA COAEpKaTh NMPELU3UOHHBIH
MeXaHM3M J03UPOBaHHOM Oe31e(heKTHOM Mo1auy MPoBO-
JIOKU CO CTaHAAPTHBIX KaTYIICK C MPOBOJOKOH (pupM-
npou3BOAUTENEH, HanpuMep, Takux kak SPM (Marnaii-
3us), HERAEUS (I'epmanus) u AFW (CLIA), yTo uc-
KITIOYaeT ONepalyio MepeMOTKH IPOBOJIOKH Ha KaTYIIKH
COOCTBEHHOTO MPOU3BOJICTBA, COXPaHss (PUIUKO-XUMHU-
YECKUE CBOMCTBA MPOBOJIOKH.

2. [TperM3uOHHBIN NPUBOJ IO KOOPAMHATE Z TOTHKEH
UMETb OBICTPOICHCTBYIOLIHMIA JAaTYMK KaCaHUs JIJIsl OTpe-
JETICHNST MOMEHTa KOHTAKTUPOBAHUS Pabouero HHCTPY-
MEHTa C MECTOM CBAapKH, 00ECTIeYNBAIOIINNA MUHUMAITb-
HYI0 Je()OpMaLIMIO MPOBOIHUKA JI0 Hayalla CBapKH.

3. CBapodHas roJloBKa C NPOTPaMMHUPYEMbIM
YCTPOMCTBOM Harpy»XeHUs JIOJDKHA 00eCIICUYHBATh MU-
HUMAaJIbHOE YCHIIME KOHTAKTa ITPH KaCaHUU MecTa CBap-
KH JIO Hauasa nporecca npucoeauHenus (ot S 1o 10T) u
HEOOXOIUMBIN MPO(UITH CBAPOUHOTO YCHIIHA (TIOCTOSH-
HBI{, TpaneuenaaabHbI{, CTYIIeHYaThli) ¢ JUCKPETHOC-
TBIO 3a/laHus Harpy3ku He Ooinee 0,1 T B A1uana3zoHe oT
10 no 150 r B TeueHue nporecca MpUCOSTNHEHHS.

4. Jns cHKeHHUs TeMIepaTypsl cBapku 10 100—
150°C meobxonuma ynsTpa3BykoBas cucrema (Y3-reHe-
patop + Y3-npeoOpa3oBaTeiib) ¢ paCIIMPEHHBIM AHaIla-
30HOM pabouux gactoT 90—140 kI, KoTopast ToKHA
o0ecrneynBaTh ONTUMAIIBHOE COINIACOBaHUE C paboueit
YaCTOTOM CTaHIAPTHBIX MUKPOUHCTPYMEHTOB OTEYECTBEH-
HOT'O ¥ 3apy0eKHOTr0 NPOU3BOACTBA. J{UCKPETHOCTD MO/~
BOJMMOU OT Y 3-TeHepaTopa MOIIHOCTH JIOJDKHA OBITH HE
6osee 0,001 Bt B quanazone 0—2,5 Bt na Harpy3ske 15—
30 Om.

5. B nmpouecce cBapku HE0OXOAUMO KOHTPOJIUPOBATh
nedopManuio IpOBOTHUKA IO METOTy OTKJIOHESHUS IIPO-
¢ geopmanuu OT 3aJaHHBIX TAPAMETPOB C aBTOMa-
THYECKOU IIPOBEPKOH TEX CBAPHBIX COCNUHCHUM, TPO(UITH
KOTOPBIX BBIXOAUT U3 3aJJaHHBIX JIOITYCKOB.

[Ipu pa3paboTke ONTUMATBEHONW KOHCTPYKIIMH MeXa-
HU3Ma OTPbIBA-110JJa4d POBOJIOKH UCCIEAOBAINCH TPH
THUIIA MEXAHU3MOB C Pa3JINYHbIMU IPUBOIAMH: COJIEHOU-
JIOM, 2JIEKTPOMAarHuTOM C HOABMKHBIM SIKOPEM U IpU-
BOJIOM Ha OUMOP(HBIX THE303JIEMEHTaX U3TMOHOTO THIIA
(puc. 1).Ympasienne nmpuBoJaMi MEXaHU3Ma OTPHIBA-
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Puc. 1. Mexanusm 3aXKHMMa-OTpbIBa IMPOBOJIOKHU C MMPUBOAOM PA3JIMYHBIX THUIIOB!
a — COJICHOM I, 60— DJIEKTPOMArHuT € MNOABUKHBIM AKOPEM; 6 — IIPUBOJ HA 6I/IMOp(1JHI>IX TBE302JIEMEHTAX

o1y s (3aKUMa) ITPU UCCIICIOBAHUN THHAMHYECKUX Xa-
paKTepI/ICTI/IK OCY]J.[eCTBJ'IHHOCI) JJIsA HepBI)IX ,Z[ByX THUIIOB
— C TIOMOIIIBIO TPAH3UCTOPHBIX KITFOUEH, a ISl IIPUBO-
JIOB C UCIIOJIb30BAHUEM MMbE30KEPAMUKH U 3JICKTpOMar-
HUTA Harpy»KEHUS THIIA «VOoice coil» — ¢ TIOMOIIBIO MOIII-
HOT'O OTIEPAIHOHHOTO YCHITUTEIISI ¢ 00PaTHOM CBA3BIO.
HarpysxeHre cBapuBaeMBbIX 2JIEMEHTOB CO3/1aBAJIOCh
C IOMOIIIBIO AIEKTPOMATHUTA, BHITIOJIHCHHOTO 110 PHH-
UMY «voice coil» (KaTylliKa B 1MoJjie MOCTOSTHHOTO Mar-
HUTA). YCHine Harpy KeHus 331aeTCsl yCTaHOBKOM OIpe-
JICIICHHOM BEJMYMHBI TOKA KaTYIIKH, KOTOPBIA (HOopMu-
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Puc. 2. KanubpoBouHslii rpaduk npuBoa Harpy>KeHus TUIA
«voice-coil»

pyeTcsi YCUIIUTENEM C TOKOBBIM BBIXOIOM (TE€HEpaTop
TOKa, yIIPABJISIEMbIil HANPSDKEHUEM ). YCIIINTENb Peat-
30BaH Ha MOIITHOM OIIEPALIMOHHOM YCUIIUTEIIE C OTPHLIA-
TEJBHOIM 00PaTHOM CBA3BIO 110 TOKY HArpy3ku. BxomHoi
CUTHAJ yCWINTENS (POpMHUPYETCS IUPPO-aHAIOTOBBIM
npeodpazoBarenem (LIAIT), yripaBisieMbIM POrpaMMHO.
DNEeKTPOMArHuT HarpyXKEHUs IPOXOUT MPEABAPUTEIIb-
HYIO KaJTHOPOBKY, (QopMHUpyeMoe yCHITHE YIUTHIBAaeT Mac-
Cy Kayarollleics 4acTH CBAPOYHON TOJIOBKU M TOIOXKE-
HHE KaTYIIKH B TT0JIC TIOCTOSTHHOTO MarauTa. Kanmubpo-
BOYHBII Irpaduik IpUBEICH Ha PHUC. 2.

DnexTpuyeckas cxema yCUINTENs YIPaBIeHUs IpU-
BOJIOM HarpyskeHus IpuBeJieHa Ha puc. 3. B xadectse
BBIXOJJHOTO YCHUJIMTEJISI UCIIOIb30BAJICS ONEPALOHHBIH
yewarens Tuna OPAS5S44 ¢upmer Burr-Brown. Cxema
YIpaBIICHUS MTOCTPOCHA HA WCIONB30BAaHUU OOpaTHOM
CBSI3U 110 TOKY HaTrPy3KH Uepe3 IeNb Harpy3KH (KaTyml-
Ky aJIeKTpoMaruuta) RS5. [lemndupyromue nenu R7—
C2 u R8—C4 npenoTBpalnarT caMoBO30yKIEHUE Orle-
PAIFIOHHOTO YCHIIATEIS IIPH pab0Te Ha MHAYKTUBHYIO Ha-
Tpy3Ky. YIpaBisrolee BO3ACHCTBHE OCYIIECTBIIOCH
C TIOMOIIBIO YCTAHOBJICHHON B KOMITBIOTEP ILIATHI TUIIA
PCL-726, coneprxarueii mects 12-pa3psaHsix nudpoa-
HAJIOTOBBIX IpeoOpa3oBareneit. st 3a1aHusT aMILIUTY-
IBI ¥ PO CHTHAJA YIIPABICHHUS UCIIOB30BAIICH
TECTOBBIC YTHIIUTHI TPOTPAMMHOT0 00ECTICUEHHIS TIOITY-
aBTOMAaTHYEeCKOW ycTaHOBKM DOM-4320Y. UnTepdeiic
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Puc. 3. DnexTpudeckas cxema yCHIIMTENS YIPaBICHHs PHBOJOM HAarpyKeHHs THIa «voice-coily
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Puc. 4. Untepdeiic yrpaBiaeHUs AIEKTPOMarHUTHBIM Harpy-
KEHUEM

YIIpaBJICHHS 3JICKTPOMarHUTHBIM Harpy KEHUEM MTOKa3aH
Ha puc. 4.

MaxcumMansHOe 3HAYCHHE HAPSKEHHS YIIPaBIISIO-
niero I{AIT (10 B) cooTBeTCTBYeT MaKCUMaIIbHOMY 3Ha-
YEHHUIO TOKA KAaTYIIKH 3JIEKTPOMAarHUTA HATPYKCHHUS
(750 MA). Ilpu paboTe 31eKTPOMArHUTA IIPOUCXOIUT €0
pas3orpeB MpOoXOASIINM TOokoM. TemmepaTypa ImpoBoja
00MOTKH B HAnOO0JIEE KECTKUX PEXKUMAX MOKET JOCTHU-
ratb 80°C. D10 HIKE MaKCUMAIbHOU paboueil Temmnepa-
Typsl 0OMoTouHoro npoosa (130°C), ogHako pu 3TOM
pacTeT CONPOTHBIICHHE KaTYIIKH 1 P CTaOMIEHOM TOKE
YBEIIMYMBAETCS MMAJICHUE HANpsDKEHUs Ha Hel. [ co-
XpaHEeHHs IMHEHHOCTH TipeoOpa3zoBanwst HarpsbkeHus LIATT
B TOK AJICKTPOMarHuTa JOHKHO COOMIONATHCS YCIOBUE

U,sU,~(3,8+I, RS), (1)

e U, — HanpsbKeHue Ha KaTyIlke;
[, — TOK 4epe3 KaTymiKy;
ljJr — TOJIOKUTECIIbHOC HANIPAKCHUE NCTOYHUKA TUTAHUS.
3aBUCHUMOCTb TOKa KaTyLIKH OT HanpsbkeHus LIATII
(mapactanwue ot 0 1o 10 B) B tnamazone temmepaTypsl OT
20 no 80°C ¢ muckperHocThio 10°C MMeeT JIMHEHWHBIH
XapakTep B IMara3zoHe ynpasJisitorero Hanpspkenns LIATL

[IpenmMy1iecTBO MPUBOJA HATPYIKCHHSI HA OCHOBE
AJIEKTPOMArHUTa TUIIA «VOoice-coily» 1o CpaBHEHHUIO ¢ Me-
XaHUYCCKUM Harpy>XeHHEM Ha OCHOBE IPYKHH U ITPOTHU-
BOBECOB OYEBHIHO — 3TO BO3MOXXHOCTH MPOTPaMMHU-
POBaHUS YCWIIMS CBapKH, a TaK)Ke YMEHBIICHHUS JMHA-
MHYECKOT0 yapa MpH Mepexojie OT YCUIINA KacaHUs Ha
pabodee yCHIIHE CBapKH.

Br1n nccneoBan TakKe anbTEPHATHBHBIN MEXaHH3M
32)KHMa CHCTEMBI OTPBIBA-TIONAYH ITPOBOJIOKH HA OCHO-
BE MIEPCIIEKTUBHOTO TbE30ITPHUBO/Ia HA M3TUOHBIX AJIEMEH-
tax tuna PL127.251, cocTosmuii u3 ABYX CKICECHHBIX
MbE30KEPAMHUUECKUX MJIACTUH U3 MHOTOCJIOMHON Kepa-
muku pupmer PIC (I'epmanus) [3]. [IpenmymiecTBamu
AKTI0aTOPOB TAKOTO THUIIA SBIISIOTCS MaJloe BpeMs cpada-
ThIBaHUs (HE Oonee 5 MC), BBICOKAs KECTKOCTh, HEBbI-
COKOE yrpapJsitolnee HanpsbkeHue (He 6oee =30 B). He-
OoJblMe UX pa3Mephl U Majas Macca IO3BOJIAIOT CO-
371aBaTh KOMIIAKTHbBIE YCTPOICTBa, 3aMeHsI0IIMe Co00i
YCTPOMCTBA C DJIEKTPOMArHUTaAMH B ClTydae MaJIbIX Te-
PEMEIICHHH 1 TIOBBIIIICHHBIX TPEOOBaHHH K CKOPOCTH Cpa-
OateiBanus [4]. Takue MbE30MPUBOIBI 00ECTIEUNBAIOT
nepemernienue ot 250 no 1000 MxMm mpu u3rubaromem
yeumun ot 0,5 10 2,0 H. Dnekrprudeckas cxema yCHIUTeIst
MIbE30aKTI0ATOpa N3TMOHOT0 THITA IPHBEICHA Ha PHC. 5.

MakcuManbHOe 3HaYCHIE HAPsDKSHHS YIPaBIISTIOIIIE-
ro udpoananorosoro npeodpazosarens (LIAIL Ha cxe-
M€ — HCTOYHHUK /1) COOTBETCTBYET MaKCHMaJIbHOMY
3HAYCHHUIO HAITPSDKEHMSI Ha BXOJIE TTbe30oakTroaropa. [1o-
CKOJIBKY MaTepHall Tbe30aKTI0aTopa 00IaaeT rucrepe-
3MCHBIMU CBOWCTBaMH, IIPU MOAA4Y€ yIPABIAIOLIETO Ha-
MIPSDKEHUS OJHOH MOJIPHOCTH (TIepeMelIeHre B OJTHOM
HAIpaBJICHUH) U CHATHH €r0 3aTeM JI0 HyJIEBOTO 3Hade-
HUSI aKTIOATOP HE BO3BPAIIAETCS TOYHO B IEPBOHAYAIB-
HOE€ MOJIOKEHUE, a He JJOXOAUT 10 Hero Ha 10—15 mMkMm.
Yrto06s!I H30€KaTh ITOTO, Ha HETO MOJAaETCs CHAYana Ha-
IpsDKEHUE TPOTHBOIIONIOKHOM MOJISIPHOCTH, & 3aTEM HY-
neBoe. IloaToMy B cXxeMe MPUMEHEH YCHIIUTENb C IBYX-
noysipabIM uTanueM (£30 B). BxomHoe HanpsbkeHue ycu-
mrend nocrynaet ¢ LIATL
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Puc. 5. DnexkTpuueckas cxeMa YCHIIUTENS MbE30aKTI0AaTopa U3rMOHOTO THIIA

MakcumanbHOE TepeMEeHIE aKTI0ATOpa IPH H3-
rude nee3oaneMenTa npu Hanpspkernu 30 B cocraBnser
350 mxm npu yeusuu 100 1, KOTOPOTO AOCTATOYHO IS
paboTHI C MPOBOIHUKAMU AHAMETPOM OT 12,5 110 75 MKM.
[IpenmymiecTBO MpHUBOIa HA ONMOP(HHBIX ITHE303TIEMEH-
Tax 3aKII0YaeTCs B €T0 MaJoi Macce, MajJoM oTpedie-
HUU DHEPIruv U BO3MOKHOCTHU IMPOTrpaMMHPOBAHUA HE
TOJBKO YCHUIUSI 32)KUMa, HO M CKOPOCTH TEPEMEIICHIS
MOJIBUKHOHM YacTH MEXaHM3Ma 3aKnuMa, 4To obecredu-
BaeT ero 0e3ylapHyIo padoTy, HCKITIOUaIonyto aedop-
MAIIHIO TIPOBOJHUKA. MeXaHU3MBI 3a)KAMa C JIEKTPO-
MarHUTaM¥ COJICHOWIHOTO THUTA M C MOJBIDKHBIM SKO-
peM Ieaecoo0pa3Ho HCIOIB30BaTh JUIS MPOBOTHIKOB
nuameTpoM Oosiee 20 MKM, TIOCKOJIBKY B TAKOM cllydae
€CTb PUCK YJIAPHOT0 BO3ACHCTBUS HA IIPOBOJIOKY BO BPEMS
LMKJIa €€ OTPhIBA-TI01auH.

E

Takum 006pa3om, OIpeIeICHb ONTUMAJIBHBIC TApaMeT-

PBI yIIpaBJICHU KaTyIHKOﬁ MarHvuTa HarpyxeHus Jid
MOJTy4YCHUSA JINHEHHON XapPaKTCPUCTHUKU KYTIIPABIIAIOIICE

HaNpsHKeHUE — YCUJIME HArpyKEHHUs», YTO TIO3BOJISIET
MIPOrPaMMHO 33J1aBaTh HEOOXOIMMOE YCHIIHE Ha CBApOY-
HOM WHCTPYMEHTE W YCWJIHE 3a)KUMa MPOBOJIOKH, UC-
KITFOYaroniye 1eopMarifio MpoBOJHHUKA IIPH TEPMO3BY-
KOBOM MUKpocBapke. Hanbosee moaxoasimmMu MexaHu3-
MaMH OTPbIBa-110/1a41 MPOBOAHUKOB TUAMETPOM OT 12,5
JI0 75 MKM SIBJISIFOTCSI MEXaHU3MBI C IIPUBOJIAMU Ha OU-
MOP(HBIX TbE303JIEMEHTAaX.

HCIIOJIb30BAHHBIE MCTOYHUKHN

1. Harman G. Wire bonding in microelectronics: materials, pro-
cesses, reliability and yield —N. Y.: McGraw-Hill, 1997.—P. 11—32.

2. Shah A., Mayer M., Zhon Y. et al. In situ ultrasonic force
signals during low-temperature thermosonic copper wire bonding //
Microelectronic Engineering.— 2008.— Vol. 85.— P. 1851—1857.

3. Pertsch P., Richter S., Kopsch D. et al. Reliability of piezoele-
ctric multilayer actuators // Proceed. Conf. ACTUATOR.— Germany,
Bremen.— 2006.— P. 1—3.

4. A.c. 1391831 CCCP. YcranoBKa A5 YIBTPa3ByKOBOM CBapKH
/ A. 1. bensixos, U. b. Ileryxos, A. I1. PeinzeBckuii u ip.— 1988.—
brom. Ne 16.

TexHOI0rHs 1 KOHCTPYMPOBAHHE B YJIEKTPOHHOM anmaparype, 2010, Ne 3

57





