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Komnanusa LPKF B TexHOnormm narortoBneHus

nevdaTHbIX NnaT
1 BBepgeHue

Hemeukasa komnanmna LPKF Laser Electronics ObicTpo caenana
cebe nmsa bnarogapsi UCNofb30BaHUIO HETPAAULMOHHOW TEXHOMNOMNM
nsrotoeneHuss nedatHolx nnart (M1). ®pesepHble CTaHKM B
COYETAHMN C CUCTEMAMMN aBTOMATUYECKOIro NPOEKTUPOBAHUA 3aHANN
CBOE MECTO Ha PpblHKe, OyayyYnm  3KOMOMMYECKN  YUCTOU
ansTepHaTUBHOW TEXHONOIMMN TpaBrieHUA.

Komnanunen LPKF paspaboTtaHbl nasepHble CUCTEMBbI ONd
nsrotoernieHns [, 4YTO CywWeCcTBEHHO paclWUpPUNO  CrMekKTp
npeanaraemMon oMpmoun NpoayKunu.

B HacTosawee Bpemsa LPKF BxoguT B 4niCro BegyLmnx MUPOBbIX

nponssoguTenen obopyagosaHusa ansa nponssoactea npototmnos (111
N nasepHon obpaboTKu. -
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BypHoe pasBuTUE 3MEKTPOHHOM TEXHUKW B nocrnegHue roabl
NPUBENO K 3HAYUTENTbHOMY COKPALLEHMIO BPEMEHN aKTUBHOW XKU3HU
MHOIMMX COBPEMEHHbIX 3fEKTPOHHbIX YCTPOMCTB. HaBepHoe,
3aMeTHee BCEero 3TOT MNpoLecc MOXHO Habniogate B obnactu
npon3BoAcTBA  MOOUMbHBLIX  TenedoHOB, [Oe  acCOPTUMEHT
BbiMyCKaeMon NpoayKuum norHoCcTbio obHoBnseTcs 3a 1...2 roga. B
TaKNX YCNOBUSIX XKU3HEHHO BaXXHOW CTaHOBUTCS Npobnema ObICTPOoro
MaKeTUpoBaHMA BHOBb paspabaTtbiBaeMbix NpuMOOpPOB U BbIMycka
nepBbIX HEOOMNbLUMX NAPTUA FOTOBOIrO U3AEenus.
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OpgHo 13 Begywmx MecT B 06r1actv Npon3BoacTBa MakeTHbIX BapuUaHTOB
N HeBOMbLUMX NAPTUM NeYaTHLIX NaT 3aHMMaeT pa3paboTaHHbIN CTAHOK A4
dopesepoBKK neyvatHbIx nnart komnaHnen LPKF. bnarogapsa metoay npsmoun
dope3epoBKN  U3OSIMPYIOLLMX OOPOXKEK Ha MOBEPXHOCTU (PONbrMpoBaHHOIO
CTEeKnoTeKkcTonuTa unun groponnacrta n OTCYyTCTBMIO XUMUYECKUX MPOLIECCOB
obpaboTkn cTano ObICTpoe u3rotToBreHne paboyero Maketa nevyaTHou
nnarbl.

2 LPKF ProtoMat - ctaHok Ana ppe3epoBKU NevyaTHbIX nnaT




[aBante HemMHOro npegcraBum cebe KOHCTPYKUMIO cTaHka. [ns
BbICOKOTOYHOM 006paboTKM nedaTtHoM nnaTbl MCNOMb3YKTCA cheumarnbHble
MUKpodopesbl. Pabounn gnametrp craHgapTHOW dopesbl COCTaBnseT BCEro
200 mkm. dunameTtp cneumnanbHOn MuUKpodpesbl N TOro MmeHblue - scero 100
MKM.

CneumanbHble MUKpodpesbl



1. YHueepcanbHbIe bpe3bi
npefHasHa4veHbl Ans gopesepoBKN N3ONUPYIOLLIMX NPOMEXYTKOB B
MeOHOM MOKPbITUM TONLWKUHON 5...70 MKM NpY MUHUMaASTbHOW LUNPUHE
nsonupytowien gopoxkm 0.2 mm.

200 urn




2. ®pe3sbl 01151 8bLICOKOYAaCMOMHbIX njam
dope3sbl ¢ HOMUHanNbHbIM gnameTtpom 0.25 mm unn 0.4 mm ans
00paboTKM BbICOKOYACTOTHbLIX MeYvyaTHbIX nnaT (MCNonb3yTCcA B
CTaHKax C perynmpyemom CKOpOCTbIO BpaLLEHNS)

23 pm
R




3. CnupanbHbie ceepra
ans ceepneHua orsepctun anametpom 0.3...3 MM B neyaTHbIX nnarax

min. max.

Q3mme2 3 mmo




4. Mukpodgppesbl
ansa dppeseposkn gopoxek wupuHom 0.1 Mm B MegHOM MOKPLITUMK
TonwmHom 5...17 MKM

Copperayer
/ max. 17 pm




5. KoHmypHbIe ¢pbpesbl
ansa ppesepoBKnN CKBO3HbLIX KOHTYpOB (anameTp 1...3 Mm)

1-3 mm
Contour rout ing
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6. Topueenie ppe3bi
ONK rpaBUPOBKM antoMUHUEBLIX NepeaHnX naHenen n dpesepoBKku
LLINPOKUX U30SNTUPYIOLLIMX MPOMEXYTKOB

0.8 -2 mm2 0.8 -3 mm &
ire ulations engravings

aluminium,
anodized
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[na dopesepoBKM MaTtepmnana npuv noMoLLn Takoro MHCTPYMeHTa TpebyeTcs
OrpomMHasi CKoOpocCTb BpaLlleHusa. CKopoCTb BpalleHna pabovero MHCTPYMEHTa
B HEKOTOPbIX Mogensix cemencTtsa ProtoMat pocturaetr 100 000 obopoToB B
MUHYTY.

A Tenepb npeacrtaBbTe cebe, YTO ITOT y3es Heobxoaumo nepemMellaTb Nno
BCEMY pabovyemy Mo CTaHKa C TOYHOCTLH OKoro 5 MkM! U Bbl nomnmerte,
KakOW TOYHOCTbIO W >XECTKOCTbIO OOIMKeH obnagatb ero npusog. Benpb,
Hanpumep, ToNbKO ANdA Toro, 4Tobbl obecnevynT HEODXOAUMYHO KECTKOCTb, B
ctaHke ProtoMat ncnonb3yetrca Hecywmn pabovnin CTOs, WU3rOTOBMNEHHbLIN U3
NMATOW antoMUHNEBOW MIUTbI TOMWWUHON 75 MM.
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Ha cneayrowiem pucyHke npueeneH obpasel, ne4atHOW nnaTbl, M3roTOBIIEHHOM Ha
ctaHke cemenctea ProtoMat. YTobbl HeMHOro npeacTaBUTb MPOU3BOAUTENBHOCTb
ctaHka ProtoMat oTmeTum, 4TO cymmMapHoe Bpemsi 06paboTkn Takon nevyaTtHoW nnathbl
cocTaBnsieT 48 MUHYT.

Ho aTO noka ToNbKO OOHOCTOPOHHSAS nnaTa, a pa3BecTn HeobxoaMMyHo CXeMy BaMm
yaanocb TOSIbKO Ha [ABYX CTOpOHax. Kak e W3rotoBUTb [OBYCTOPOHHIOKW nnarty?
HdoctatoyHo npocto obpabotatb OAOHYy CTOPOHY MNnaThl, MNEPEBEPHYTb €€ Ha
HanpaenswwWnxX WTnudTax, cHoBa nogobpaTtb MNpaBunbHYO MyGuHY o06paboTkn U
COBMECTUTb PUCYHOK C YX€ [POCBEPSIEHHLIMX OTBEPCTUAMU MO CneunanbHbIM
penepHbIM To4YKaMm. Tenepb MOXHO HaYMHaTL (Pppe3epOoOBKY N BTOPON CTOPOHbI.

N BOT neyaTHasi nnaTa Bpoae Obl roToBa, XO0Ta ABYCTOPOHHAA nevyatHada nnata 6e3
MeTannmsauum OTBepCTUM - Belb BeCbMa YCMNOBHO NpuUrogHas ans MUCMonb30BaHUA.
OTY 3ab0Ty TOXe B34nM Ha ceba nHxeHepbl komnaHmn LPKEF.

|
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3 O6opynoBaHue Ana MmeTannusaumm oTBepPCTUNA U U3rOTOBIIEHUSA
MHOrOCNOWHbIX NeYaTHbIX nnar

3.1 ObopynoBaHue ansa metannmsaumm oTBepCcTun
[na nonHoro 3aBeplleHMsa UuKIa MNpon3BoACcTBa ABYCTOPOHHUX
nevyaTHbIX nnaT 6bINKM NpeanoXeHbl HECKOMNbKO pasnuyHbiX criocobos. OT
Hanbonee NpPocToro N AeLeBoro Py4YHOro MHCTPYMEHTa Ansa 3anpeccoBKky B
OTBEPCTUS  MEeTalnfM4yeckux TMNUCTOHOB A0 MNPaKTUYECKN MOSHOCTLIO
aBTOMaTU3NPOBAHHOIO KOMMIEKca AN rarbBaHUYECKOM MeTannmsaymm
OTBEPCTUMN.

KomnaHua LPKF npepnaraet ceonm 3akasvymkam YHUKanbHbIM KOMMNEKT
obopyaooBaHus Onsi MetannmM3aumm OTBepCTUM nedaTtHblx nnat - LPKF
AutoContac (cm. cnang Huxe). HaHeceHne arekTponpoBoadALLErO NOKPLITUS
Ha CTEHKM OTBEPCTUM OCYLLUECTBMSAETCA nocrie dpe3epoBkM nnatbl C
NOMOLWbIKD TOro e camoro cTtaHka ProtoMat w©n cneumanbHO
pa3paboTtaHHoM npoBoasawen nactbl. ObopyooBaHue obecrneymBaet
NPaKTUYECKM MONHOCTL aBTOMAaTU3MPOBAHHLIA MPOLECC MPoM3BOACTBA
OBYCTOPOHHMX MeYyaTtHbIX nnaTt cpegHen crnioxHoctu (oo 400 orBepctunt) ms
Pasnn4YHbIX POonNbrMpoBaHHbIX MaTepuanos.
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O6opynoBaHusa ansa metannuaauum oteepctui nevatHoix nnat - LPKF AutoContac
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Pesynetat pabotel crtaHka LPKF AutoContac
cregyroLwmx Tpeéx cnangax.

NPOMNNIOCTPUPOBaH

Bug Ha oTBepcTUE C BEPXHEN CTOPOHbI NeYaTHOW nnaTthbl

Ha
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N CTOPOHbI NMe4vyaTHOU nJiaThbl
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Bug Ha oTBEpCTUE C HMXKHE
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U nrathbl C NpuUnadaHHoOn aetarnbio

~

MeTaJ'IJ'II/I3I/IpOBaHHOG oTBEpPCTNE NevyaTHo
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3.2 ObopyaoBaHue ANs N3rotoBrieHNSI MHOFOCNMONHbIX

ne4vyaTHbIX nnaT

[10 HegaBHero BpeMeHn Npouecc MakeTupoBaHUA MHOMOCIIOMHOW
ne4yaTtHoM nnatbl B JlaboOpaTOpPHbIX YCMOBUAX Obll  COMPSXEH C
OrpoMHbIMM  npobnemamn. C  OOHOWM  CTOPOHLI  NpuobpeTeHne
obopynoBaHMsa Anst CEPUUHOIO NPOMN3BOACTBa MHOIMOCIOMHLIX NnaT ObIno
HeonpaBA4aHHO [OOPOrMM YyOOBOSMILCTBMEM, Aa W CaMO MPOM3BOACTBO
coBceM ObIfI0 COBCEM He aganTUPOBaAHO ANS U3rOTOBNEHUSA OOHOMo UK
HECKOSTbKMX MaKEeTOB.

[MosaTomy komnaHuen LPKF Obina npegnoxeHa cneuymanbHas
MEeToOMKa  NPOM3BOACTBA  MHOMOCIMIOMHbLIX  MeYaTHbIX nnat B
nabopaTtopHbIX ycroBuax. [paBupoBKa OTAENbHLIX COEB MnaTbl
OCYLLECTBNAETCS Npu NOMOLLUM CTaHOApPTHOro craHka cemeunctea LPKF
ProtoMat, obbegnHeHue oTaenbHbLIX MNPOBOASALLNX CINOEB B €OUHYIO
MHOIFOCITOMHYIO MnaTy OCYLUECTBSAETCA C MNOMOLLbI crneunarnbHOoro
npecca LPKF MultiPress Il (cM. cnang HuXe) ¢ MUKPONPOLLECCOPHbBIM
ynpasrneHnemM, a Heobxogumas MeTannnsaunst OTBEPCTUN MOXET ObITb
BbInosiHeHa npu nomown obopynosaHusa LPKF Contac |lI/ MiniContac |l.
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CneumanbHbiii npecc LPKF MultiPress 1l ¢ MukponpoueccopHbiM yrnpasneHnem 20



[Tpouecc nponsBoacTBa MHOTOCIOMHOM MevyaTHOM NnnaTtbl MOXHO PacCMOTPETL Ha

npumMepe 4-x CronHOM nnartbl
1. Ha nepBoM aTane ocyulecTBnseTcs ppesepoBka ABYX
1 _ BHYTPEHHUX CrOEeB neyaTtHoOM nnaTtbl MpU  MOMOLLUMN
cTaHgapTHoro ctaHka cemeuncrtsa ProtoMat. Ha atom aTtane
npouecc o06paboTkM nnartbl HUYEM HE OTNM4yaeTcs oT
N3roTOBIIEHUSI MAaKeTa ABYCTOPOHHEN NeYyaTHOW nnaTbl.

2. 3aTreM nnata namMWHUPYEeTCA C WCMNOSIb30BaHNEM
LPKF MultiPress I wn cneymansHon donbrMpoBaHHOW
nreHkn. locne 4Yero nonyyeHHad 4-X CnomMHad 3arotoBka
OCTaBNSIETCS B MNOKOE MO KpanHEW Mepe Ha 2 4aca. ITOo
HeobXoOMMO [OnA  CHATUS BHYTPEHHUX HarnpsKeHun B
marepwane.

3. lNocne HeobxoanMon BblAEPXKKM B NeYaTHOW nnarte rnpu
nomoLm ctaHka ProtoMat ceepnsaTtcs otsepcTus.

4. C nomowsbto obopynoBaHuss LPKF Contac I/
MiniContac |l ocyuwectBnserca metannmsauusi OTBEPCTUN.
310 obecneynBaeT Heobxoaumble aneKkTpuyeckune
COEeNHEHNA MeXOy Hapy>XHbIMWU U BHYTPEHHUMU CNOSAMM
nevyaTHOW nnaThbl.

5. U, HakoHel, cTaHOK ProtoMat cHoBa mcnonb3yeTcs
Ons ppes3epoBKM TOKOMPOBOAALLUNX OOPOXKEK HA HapPYXXHbIX
NOBEPXHOCTSAX NNaThl. 21




4 OGopynoBaHue ONA nNasepHoM oopadboTKM nevyaTHbIX nnaT

[To mepe MnHMaTIOpU3aLNKU COBPEMEHHLIX 3NTEKTPOHHbLIX NPNOOpPOB
N NOBCEMECTHOIO nepexoda Ha NoBePXHOCTHLIN MOHTaX 3HAYNTENbLHO
BO3POC/IN U TPeboBaHUS K TOYHOCTU WU3rOTOBIIEHMA Me4vaTHbIX nnar.
[axe npenenbHO [OOCTMXKMMOE [ANid  MexaHUYeCKnx qopesepHbIX
CTaHKOB 3Ha4YyeHMe MUHUMASIbHOW LUNPUHBI U30NUPYIOLWNX OOPOXKEK B
100 MKM yXe nepecTano YOOBMETBOPATb pa3paboTymMKoB nevaTHbIX
nnar.

Nos HaBcTpedy TpeboBaHusIM 3akasdukoB, coTpyaHukn LPKF
NpeanoXunu aOna Hadyana npoMEXYTOYHbIA BapuaHT peLleHuns
npobnembl. [Ana ogHOW M3 cTapwmx mogenen pesepHbIX CTaHKOB
6bin ocBoeH BbINyck cneuunansHou npuctaBku LPKF ProtolLaser ans
nasepHomn rpaBMpOBKK NeYaTHbIX nnar.

YoaneHue npoBogsLero MegHoro nokpbiTus CPOKYyCUMpPOBaAHHbLIM
nasepHbIM U3fy4YeHneMm nOo3BONUIIO MNpPaKTUYECKU BABOE YBENMUYUTb
TOYHOCTb W3rOTOBMIEHUA nMnaTtbl, OO0BeAd MWHUMAnbHYH LUUPUHY
npoBogHWKOB 00 60 MKM W LWMPUHY uU3onupyrowmx gopoxek oo 40
MKM.
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Pabouas ronoska LPKF ProtolLaser 3akpennsierca HenocpeaCcTBEHHO Ha
ctaHke LPKF ProtoMat 95s 1 nosBonser ocywectBuTb KOMOUHUPOBAHHYHO
0bpaboTKky neyaTtHoOM nnaTbl Kak Mpu MOMOLUM MEXAHUYECKUX, TaK U MNpu
nomMoLn nasepHblx metogoB. CeeprieHne, dpe3epoBka U obpeska nevaTHoum

nratbl OCywecCcTBJ/IAETCA B €40UHOM TEXHOJIOTMYECKOM LUUKIe npm nomMmoLiun
O1HOIO U TOIO K€ CTaHKa.

CtaHok LPKF ProtoMat 95s
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B nanbHenwem OCHOBHOWM YKIOH pa3paboTtymnkoB komnaHum LPKF Oblin
cAenaH Ha pasBuTue nasepHbIX MeToaoB 00paboTKM matepuarnoB. OTO
No3BonnIIo obecneynTb NPEeLN3NOoHHYD 00paboTKy neYaTHbIX NfaT U Apyrux
9NIEMEHTOB KOHCTPYKLMKN NPpudopos.

4.1 LPKF ProtoLaser

[lepBOHa4anbHbIM (MPOMEXYTOYHbIM) BapuMaHT CTaHKa ON1d fa3epHOoU
obpaboTku nevatHbix nnat — LPKF ProtoLaser (cMm. cnegytowmn cnang). 9To
YCTPOWUCTBO MO3BOMMMO HE TOMbKO MOYTM BOBOE MOBbLICUTb TOYHOCTb
N3roToBneHus (NpoBoagHUKM WnpnHon 60 MKM C 3a3opomM mexay Humm 40
MKM), HO U COXpPaHUTb CBOeObpa3sHyt0 NPeeMCTBEHHOCTb MokoneHun. Beab
ProtoLaser npegcraenser cobon  OOMOMHUTESNbHYKD  MPUCTaBKY K
CTaHOapTHOMY CBepnunbHo-ppesepHoMy cTaHKy ProtoMat.

JlazepHaa ronoska ProtoLaser 3akpenneHa HenocpeacTBEHHO Ha
pabouyen ronoske crtaHka ProtoMat. Takaga KoMOUHMPOBaHHAs KOHCTPYKLUS
COBMeCTUNa B cebe nyywine 4epTbl 006enx TEXHOMOMMN — MEXaHUYECKON U
nasepHomn.
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CtaHok LPKF ProtoLaser
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4.2 LPKF MicroLine Drill
[MpuBeageHHasi Bblle KoOHUenuusi 6bina peanusoBaHa komnaHuen LPKF B
npudope, nonyymeliem HasaHue MicroLine Drill. B kayecTBe MCTOYHMKA U3NyYEeHUS
B cTtaHke MicroLine Drill ncnonbsyetrca nasep, pabotalowmm Ha 3-U rapMOHUKE.
N3nyyeHne nasepa C [ONUMHOM BOMHbI 355 HM XOPOLWO MOrMowaeTca Kak
NofMMEPHbIMN MaTepuanamMmn NoASI0XKeEK NeYyaTHbIX niaT, Tak U Medbio Un gpyrumu
MeTannamMmu, ncnonb3yeMbiMm ansd GopMrUpoBaHUA NPOBOASALLEINO NOKPbITUA.

MicroLine Drill - ncnonbsyetca Nd:YAG nasep 26



OnTnyeckas KOHCTPYKUMSA CTaHKa COCTOUT M3 UCTOYHMKA NasepHoro
N3Ny4YeHUda, 3epKanbHOM OTKIIOHSAWEN CcUCTEMbI, paboTatolen noa
yrnpasneHmem KoMmnboTepa, U cneumanbHON POKYyCUpYoLLEN CUCTEMDI.

OTknoHawwWwas cuctema obecnevunBaeT BEKTOPHOE YynpaBneHue
CKaHMpPOBaHMEM Jlyya Mo yyacTKy paboyen noBepxHOCTU nnowanblo 55x55
MM?. 3atem obpabaTbiBaeMblii Matepuan nepemellaeTcs non nasepHom
rOfIOBKOM nNpu MNOMOLWM KOOpPAMHATHOrO CTofa, WM  OCYLWECTBNAETCS
obpaboTka apyrmx y4acTtkoB nnaTbl.

dokycupylowasl cuctema Bcerga obecnedmBaeT Heobxogumoe
HanpaBrneHne nasepHoro nyda nog npsiMbiIM YrIOM K MNOBEPXHOCTU
obpabaTbiBaeMOro marepmana.




NazepHoe usnyyeHue NazepHoe usnyyeHue

OONbWON MOWHOCTH Mano MOWHOCTH
sz |
=l Ve
Cu T eu ] 5 o
[InaneKTpUdeckan NoANoxKKa l A ] ‘ ]
e Y — '
}:llfenelcrpmecxan HOAHO}KK? l l ‘ I
CHATHE MeAHOTo CBepneHue oTBepCTUA MeTanusayus
NOKPbITUA B NOANOXKe oTBEpCTUA

MocnepaoBaTenbHOCTb NazepHor 0OpaboTKU NepexoaHblX OTBEpPCTUA B nnarte

O6paboTka npeun3noHHbIX nepexoAHbIX OTBepCTUN B
MHOIFOCMNOMHbIX MaTepuanax ocyLeCTBNSETCA B TPU 3Tana:

1. C HeobXogMmoro ydyacTtka MNOBEpPXHOCTM nnaTbl CHMMaETCH
npoBoasdiwlee nokpblTne. Korga Ha noOBEPXHOCTU NnaTbl OCTaeTcd
OOCTaTOMHO TOHKWW CrOW MeTanna, U3nydeHuve rnasepa HavynHaeT
YaCTUYHO MNPOHMKAaTb CKBO3b HEro, AocTurasi matepuana noanoXKu.
[ToaTOMY OKOHYaTenbHOe yaaneHue npoBOAALEro  MNOKPbITUA
OCYLLECTBNSAETCH 3a CYET UCNapeHnd camMoro Metaria W 3a cyet
B3pbIBOOOPA3HOro paspyLieHns matepmnana noasoxku.
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NazepHoe usny4yeHue NaszepHoe U3ny4yeHue
00NbWON MOLWHOCTH Manou MOWHOCTHU
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CHATHE MeAHOro CBepneHue oTBepCTUA MeTtanu3zauua
NOKPbITUA B NOANOXKe OTBepCTUA

MocneaoBaTenbHOCTL NaszepHon 06paboTKU NnepexoaHblX 0TBEPCTUNA B nnarte

2. [NNOTHOCTbL MOLLUHOCTU NnasepHOro n3nydeHms CHMxaetcs A0
YPOBHA, ONTMMarnbHOro ansg obpaboTkn nonmmMmepHoro matepuana
NO4NOXKU, U OCYLLeCTBNAETCA farbHenwaa obpaboTka OTBEPCTUS.
[TOCKOSIbKY MOLLHOCTU U3IyYeHUsT yXXe He xBaTaeT ans ucrnapeHus
MeTasnna, TO Korga OTBEPCTUE OOCTUraeT crieayroLlero crosa gonbru,
ero paspyweHnst He [Mpoucxoaut — TMNOBEPXHOCTb  (orbru
NOKPbIBAETCA MMKPOCKOMNYECKMMU pakoBMHaAMKU, obecneymsaroLimmMmm
HeobXOAMMYIO LLEepPOXOBATOCTb MOBEPXHOCTM.
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NasepHoe Usny4vyeHue
0OoNbWONA MOUWHOCTH

o W

X - ]

OuanekTpudecKan NOANOXKKA
i = LA
——- 1

ﬂTSﬂeﬂpMHeCKaﬂ HOA.HO)KK?

CHATUE MeAHOro
NOKpPbITUA

JNazepHoe usny4yeHue
Manon MOLWHOCTH

]

CBepneHue oTBepCcTUs
B NOANOXKe

——

MeTanuzauus
OTBepCcTUA

MocneaoBaTenbHOCTb NazepHo 06paGoTKU NepexoHblXx OTBEpPCTUA B nnare

3. Ha TpeTbem 9aTane ocyuwectBndercsa MeTtannusauus
NepexogHoro oTBepcTust MbbiM  OOCTYMHBLIM cnocobom. [pumep
OaHHOro MeToga Metannmsauny NpUBeaeH HXKE.

MeTannusaumnsa nepexogHoro oTBepCcTus
30



NazepHoe usny4yeHue
COoNbWoN MOWHOCTH

EE™ =l L

OunanekTpuyeckan
noanoXka

MocneaoBaTenbHOCTb Na3epHoOU 00patoTKU U3ONMUPYHILLUX NOANOXKEeK

OOGpaboTka [OpPOXKEeK Ha NOBEPXHOCTU NNaTbl

Ob6paboTka NU3oNUPyrLLNX JOPOXKEK B MPOBOASLLEM MOKPbITUM NevYaTHOM nnarbl
OCYLLECTBAETCA TakkKe noartanHo. [leno B TOM, YTO NMpuv mManomn TonwmHe gonsru
MOLLIHOE M3Ny4YeHue ynbTpadgunoneToBoro nasepa HadnMHaeT NPOHUKATb CKBO3b
CNnon MeTanna n paspylaeTr martepuan noanoXxkn nog obpabdaTtbiBaeMbiM
Yy4aCTKOM.
1. 3ny4yeHune ynbTpadumoneToBoro nasepa 60nbwon MOWHOCTU UCMOSb3YeTCs
O UCrapeHna MeTaninyeckoro nokpbiTUS Ha noBepxHocTu nnatbl. Korga
OCTaTOYHas TOMLWMHA MOKPbITUS COCTaBNHAET BCEro eAuMHULbl MUKPOH, nasepHas
obpaboTka npekpatlaeTcs, YToObl n3bexaTb paspyLLUeHUs maTtepuana noasIoXKu.
2. [JanbHenwee yganeHne NpoOBOAALLEro  MOKPbITUA  OCYLLECTBAETCA
CTaHOapTHbIM XUMUYECKMUM CNOCOOOM.

doTorpadma NOBEPXHOCTU MeYaTHOM MnaTbl Mocrne nas3epHom O6pa6OTK:H
npeacTaBrieHa Ha criegyouem crnanae.



doTorpadunsi NOBEPXHOCTN rnevyaTHomn
nnaTbl Nocne nasepHon obpaboTku
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4.3 LPKF ProtoMat D 104 — HoBbIM nnoTtTep ¢ YO naszepom

Hoeas yctaHoBka ProtoMat D 104 pacwunpsiet BO3MOXHOCTM NMNOTTEPOB
ProtoMats B cdepe o0bpaboTkm ocobeHHO TOYHbIX MaTepuanoB. bnarogaps
NHTErpnpoBaHHoMy Y@ nasepHoOMy WHCTPYMeHTYy , nnottep D 104 nossonser
BbINOMHATL CBEPXTOUYHbLIE 3NTIEMEHTbI PUCYHKA NPOBOLAHUKOB.

B 3aBucumocCTuM OT TMNa matepuana, BepTukarnbHO-Ppe3epHbIN NNOTTEP MOXET
BbINONHATL anemeHTbl ¢ warom 200 mkm (100 MKM MUHMMarnbHasi LIMPUHA
anemeHta, 100 MKM MMWHMMAnbHBLIA 3a30p MexXQy JreMeHTamun); C
NCMNOMNb30BAHMEM  Jla3epHOr0  MHCTPYMEHTa wWar Mexagy  arnemMeHTamum
yMmeHbluaetcss 4o 80 MkMm (50 MKM MUHUMarnbHas wupuHa anemeHta n 30 MKm
MWUHMMaIbHbIN 3a30p MeXQy areMeHTamm).
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JNTazepHoe wnanyyeHne nosBonder obpaboTaTb Aaxe KepamMmuyeckue
mMartepuansl. [lomMnmmo Bcero npo4yero, ncnosib3osaHne ycraHosku ProtoMat D 104
pekomeHayeTca ana cosgaHus nportotunosB [l u3-3a 4YpesBblHaMHO BbICOKOW
TOYHOCTHU 0bpaboTKu, HU3KOro BpEMEHN MaLUNHHON 0bpaboTKu,
BbICOKOCKOPOCTHOM (ppe3epHon/ceepnunbHon obpabotkn (100 000 obopoToB B
MUHYTY), 15 BO3MOXHbIX WHCTPYMEHTOB ANA aBTOMaTU3MPOBAHHOW 3aMeHbl,
Hann4ynus MHCTPYMeHTa ¢ Y@ NCTOYHMKOM NasepHOro nany4vyeHusi, 6eCKoOHTakTHOro
NHCTPYMEHTAa PEerysimpoBKn Mo BbiCOTe paboyero MHCTPYMEHTA U OrpaHUYeHnst No
obpabaTbiBaeMon rmybunHe, BUOEOCUCTEMbI C UBMEPUTENBHON KaMepPOon, a Takxke
yAOOHbIM KOPMyCcoM A1 TEXHUYECKOro 0bCnyXnBaHus.

YctaHoBka ProtoMat D104 Obina paspaboTaHa anst CNonb3oBaHUA B BbICOKO
TpeboBaTesibHbIX NTabopaTOPHLIX U NHXEHEPHbIX pa3paboTKax.
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A elwe oOHO MHTEpPEeCcHOEe HanpaBneHue BO3HUKIIO B paboTte
komnaHum LPKF B nocnegHue rogsl. OHO cBA3aHO ¢ pa3paboTkamu B
obnactn npon3BoacTBa CBOeOOpa3sHbIX 3-MepHbIX nedvatHbix nnat. C
TaKUMN KOHCTPYKUMAMM Mbl OYEHb YacTO CTanM CTalnkmBaTbCA B
Hallen NoBCeAHEBHOMN XXU3HMN.

[TpOCTbIM MPUMEPOM TAKOro U3genus MOXeET CNYXUTb, Hanpumep,
KOpnyC COBPEMEHHOro MobunbHoro TenedgoHa. [loBceaHeBHas
bopbba npousBoanTenen 3a paspaboTky Haumbonee 3ProHOMWUYHOrO
OusanHa TeneoHHOro annapara npueena npakTU4ecKkn K rnosiHoMy
OTKa3y OT UCMOJSIb30BaHNSA BHELLUHEN aHTEeHHbI. BO MHOrMx crny4asx oHa
ctana BbINONHATLCA NMOGO B BuMOE OTAENbHOrO MOAYNS BHYTPU
yCTpOMUCTBa, MO0 HENOCPEACTBEHHO B Buae onpeaeneHHon dopMebl
MeTannnsaunm HenocpeacTBEHHO BHYTPEHHEN NMOBEPXHOCTM Kopnyca
TenedgoHa.

B npoTMBOMONOXHOCTL MHOMOCTYNeH4YaTon CcTaHO4apTHOW
TEXHOSOrMM Npomn3sBoacTea NogobHOro poga mU3nenun, CocTosiLLEN U3
npenBapuTenbHON MOArOTOBKM MOBEPXHOCTU, MeTannusauum BCeW
NOBEPXHOCTN U3Oenusi, HaHeceHust oTowabnoHa U XUMUYECKOTO
TpaBneHnsa crosi MetTannusauum, dbina npeagnoXxeHa peBontoLMOHHAs
TEXHOMNorns NpssMon MeTannusauum nosIMMEpPHbIX N3genun.
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B pesynerate nsbupatenbHon nasepHon obpaboTkn NOBEPXHOCTU
nonuMmepa  BO3HMKAlOT  CBOeOOpasHble saapa  MeTannusaumu,
ncnonb3yemble B danbHenwem ansg  npaMmon  umsbuparensHow
MeTannmsauum  noBepxHocTn. HeobxogMmbll  PUCYHOK  NPOCTO
pucyeTca nasepoM Ha MOBEPXHOCTU crneunanbHoOro nonumepa, Wu
OanbHeWWee HaHEeCEHUE MPOBOASILLErO MOKPbLITUS OCYyLLECTBNAETCH
TONbKO Ha BO3HUKLLIMX LEHTpax MeTtannmsauun. Takmm obpasowm,
TPYOOEMKOCTb BCEro npouecca cokpawaeTcda Bcero [no Tpex
ornepauuin: rnoaroToBkM MNOBEPXHOCTU, HAHECEHUIO Na3epoM PUCYHKa
byaywmx  nNpoBOAHMKOB M u3bupaTenbHOW  MeTannmsauumu
NOBEPXHOCTM.

[To cpaBHEHMIO C¢ OBbIYHBIMM MeTodamMu nasepHas obpaboTka
MaTtepunanoB MO3BOMSAET HE TONbKO 3HAYUTENLHO MOBbLICUTbL TOYHOCTb
N3roTOBSIEHUA NEeYaTHbIX nfaT, HO U BbIBOAUT NpoLEecc Npou3BoaCcTBa
Ha HOBbIE TEXHUYECKNE YPOBHU — (POopMUpOBaAHNE COEONHUTESbHBIX
nfaT BbICOKOW MMNOTHOCTU UMW CO3daHWe NPOBOASILLEN CTPYKTYPbl Ha
TpPexmMepHon NoBEPXHOCTN U3oenun.
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4.4 LPKF cuctema 3D Laser
Ona obpaboTkn NOBEPXHOCTU TPEXMEPHLIX W3OENUA UCMNOSb3yeTcH
cneuunanbHo paspabotaHHasa komnaHuen LPKF nasepHas cuctema 3D Laser.

LPKF nasepHas cucrema 3D Laser
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B kauyecTBe MCTOYHUKA U3NYYEHUA B 3TOM CUCTEME UCMOMb3YeTCcsa nasep,
paboTalowmmn Ha 3-U rapMOHUKE C ANMHOWM BOrMHbl 355 HM. Manas anuvHa
BOJSTHbI TAa3€PHOro U3ny4eHna no3BosigeT CPOKYCUpPoBaThb Jyd B NATHO Manoro
anameTpa, 4yto obecrneuymBaeT Heobxoaumyro Ona obpaboTku maTepuana
NAOTHOCTb  MOLLUHOCTW, U no3BonsieT obpabaTbiBaTtb NPELUN3NOHHbIE
npoBoAsiLLne AOPOXKKN WnpuHou nopsiaka 20 MKM.

OnTtnyeckasa cxema cuctemnbl 3D Laser
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4.5 LDS npototunupoBaHue ot komnaHuu LPKF

YcTtaHoBka LPKF ProtoLaser

TexHonornss 3D MID (Molded Interconnect Devices) - TpEXMEPHbLIX JIUTbIX
HOCUTENen MOHTaXHbIX CXEM MporpeccupoBarna He no AHSM, a No Yyacam B TeYEHUE
NocreaHnX HeCKOosbKUX JeT, U npuBena K cos3gaHuio LDS (npsaimoro nasepHoro
CTPYKTYpUpPOBaHUA).

bonee nonoBWHbI BCcex cMapT@gOHOB Tenepb ocHauwleHbl LDS aHTeHHamu.
TexHonorna LDS Takke 3akpenunacb B aBTOMOOWUIIBHOM MPOMBILISIEHHOCTU, B
NPOM3BOACTBE MEANLMHCKON TEXHUKE U NOTPEOUTENLCKNX TOBAPOB.

Cytb LDS npouecca cnegyrowas: cHavana nasepHoi nydy aktmsmpyet LDS
fobaBKy Ha noanoXke, a 3aTeM Ha aKTUBMPOBAHHbLIX Y4acTKax MOBEPXHQETH
00pasyoTCs CTPYKTYPbl U3 Mean NYTEM XUMUYECKOIO OCaXKaeHNs MmeTanna.



Komnanna LPKF paspaboTtana HOBbIN NPOAYKT, KOTOPbIA MOXET
ncnonb3oBatbCcsd AnNst  ObICTPOrO UM 3KOHOMWYECKOrO  CO34aHUS
OOBbEMHbLIX MPOTOTUNOB C MOMOLLBIO TEXHOMOMMN NPSIMOro fla3epHoro
CTpykTypupoBaHma. C  MOMOLLbD  CBOUX  TMPOAYKTOB  cepuun
npotoTunmnpoBaHus, komnanuma LPKF 3akpbiBaeT 00sbLUy0 NPOYHOCTb
MeXay TEOPEeTUYECKUM MPOEKTOM N ero MacCcoBbiM MNPOU3BOACTBOM —
co3gaBasl MoYTU roToBbIM NPOTOTUN BbLICTPEee M npolwe, YeMm Koraa-
nnbo npexae.
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[MpoTOTMNMPOBaAHNE HA4YMHAETCS C co3daHMA OOBLEMHON 3aroTOBKM Ha OCHOBE
OaHHbIX MOLENIN — CBOMMW CUITaMU UNU CTOPOHHUMMK OpraHusaumsimu. 3aroToBka
nokpbiBaetcsa Kpackoun LPKF PlotoPaint LDS, kotopas cogepxut LDS gobasky.
Kpacka LPKF PlotoPaint LDS nocTtaBnsietca B cneunanbHOM OanmnoH4ynke wu
aKTUBMPYETCHA HENOCPEACTBEHHO Nepen nepBbIM UCMOSTb30BaHUEM.

[Ons co3paHns OBBLEMHLIX 3aroTOBOK METO4OM MNPSIMOro flasepHoro
CTpykTypupoBaHus, komnaHma LPKF wncnonb3yetr yctaHoBky ProtolLaser 3D,
KOTopasi MNO3BOMSAET perynupoBatb MO BbicOTe pabodyo nnatdopmy AONs
CTPYKTYpPUPOBaHNA geTanen pasnnyHbiX pasmepoB. Paboyast obnactb coctaBnsieT
300x300x50 mm, B TO Bpems Kak nosie ckaHnpoBaHua — 100x1000x25 mm.

C nomoLLbl0 HarpasBSfIEHHOrO0 Na3epHOro U3NyyYeHUss U TEXHUYECKM CITIOXKHOM
BUOEOCUCTEMbl MOXHO MNOMy4YnTb OECLOBHOE CTPYKTYPUPOBAHUE pPas3fNYHbIX
9JIEMEHTOB 3aroTOBKU.

Cuctema LPKF ProtoPlate LDS wucnonb3yetca ana 6GecTtokoBou
MeTannmM3aumm CTpykTypupoBaHHbiX LDS komnoHeHTOB. OHa cocTtouT U3
3alUMTHOrO OCHOBaHWA AN ynpaBfieHNA TEXHOSIOMMYECKUM MPOLIECCOM U
OTOBbIMM K WCMOSIb30BAaHMIO BaHHaAMM XUMWYECKUMU peareHTamu. [lpouecc
ocaxaeHua meTtanna He TpebyeT cneuuarnbHbIX 3HaHMM B obnactu XUMUU U
NO3BOSISET co3aaThb cron meamn TonwmHon ot 3 MKM Ao 10 MKMm.
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NMowaroBbiK npouecc LDS npoTtoTunnpoBaHus:

1 HauwanbHou Toukon npouecca LDS
NPOTOTUNMPOBAHUSA CNYXUT 0O bEMHAs
3aroToBKa.

2 PaBHOMepHoOe nokpbiTne kpackou LPKF
PlotoPaint LDS
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3 OkpalleHHas 3aroToBka Nocre BbiCbIXaHUS

4 CTpyKTypupOBaHME NpPOTOoTUMA HA HOBOW

yctaHoBKe LPKF ProtoLaser 3D.

5 XuMmnyeckoe ocaxkaeHue meTtanna c
nomowlbio cuctembl LPKF ProtoPlate LDS
NO3BONSAET MNONYYNTb OOBLEMHYO MOHTaXHYO

nnary.
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[Mpmep M3roToBNEeHUst U3Aenns MeETOA0M NPSMOro fla3epHoro
CTPYKTYpPMPOBaHUS.
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[MpuMep M3roTOBNEHUS Kopryca uamepuTenbHoro npubopa MeTogom
NPSIMOro Na3epHoOro CTPYKTYpMpoBaHus. Bce aetanu nameputenbHON Cxembl
CMOHTMPOBaHbI HENOCPEACTBEHHO Ha BHYTPEHHEN NOBEPXHOCTU Kopnyca.
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Komnanusa LPKF B TexHOnormm narotoBneHus
neyaTHbIX NnaT
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