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anIMeHeHVIe YNbTPAa3BYKOBOIo pacrbiJiIEHNA B rnpouecce
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IHonyuena 20.10.2005, onyoaruxosana 02.11.2005

B crarbe uccrnenyroTcss TpUYUHBL, CHUXKAIOMHE 3(PQGEKTUBHOCTH OJHOTO U3
OCHOBHBIX TPOILIECCOB TMpPHU MPOU3BOJCTBE MOIYNPOBOAHUKOB — XHUMHUKO-
Mexanunyeckoro mnonupoBanus (CMP). Ha ocHoBe mpoBeAeHHOro aHain3a M
MPAKTUYECKUX OSKCIEPUMEHTOB IMpeajaraeTcsi BO3MOXHBIM MyTh pELICHUS
MpoOJIeMbl, OCHOBAaHHBI Ha WCIOJIB30BAaHUHM YJIBTPA3BYKOBOTO PACHBLICHHS
nonupymomen Kuakoctu. IIpuBoaSTCS TeXHUYECKUE pELIeHUs, IO3BOJHUBLINE
pa3zpaboTaTh YIBTPa3BYKOBOM ammapar ¢ BO3MOXKHOCTHIO BCTpaWBaHHS B
cymecTByroiee ooopyaosanue mis CMP nporecca.

BBEJIEHUE

MUKpO3JIeKTPOHUKA Ha CETOAHSIIHUN JEeHb SBISIETCA OAHOM M3 CaMbIX MEPEIOBBIX U
OBICTPO pa3BUBAIOLIUXCS OOJIacTell HAyKM M MPOMBIIUIEHHOCTH. DTO CBS3aHO B IEPBYIO
ouepellb C BBICOKOH MOTPEOHOCTHIO pBHIHKA B MOJYNPOBOJHUKOBBIX YCTPOHCTBaxX U
OTHOCHUTENIbHO HHU3KOW Ce0ECTOMMOCTBIO E€AMHUIIBI TOTOBOM MPOAYKIMH, OOYCIIOBICHHOMN
MacCOBOCTBIO Tpou3BoJACTBA. [loNynmpoBOAHMKOBOE MPOU3BOJCTBO MpPEACTaBIsAET cO0O0M
MHOTO3TaIHbIH MPOIECC, OCHOBHBIMU CTAIUSIMU, KOTOPOTO SIBJSIOTCS: JTUTOTrpadusi, XUMHUKO-
Mexanudyeckoe mnonupoBanue (CMP — chemical mechanical polishing) u Hapeska
MOJYPOBOIHUKOBBIX TUIACTHUH HA YUl (KPUCTAILIBI).

TexHomorust XuMuKo-mMexannueckoro nojauposanus (CMP) ucnomns3yercs 11 yaydieHus
KauecTBa (OPMUPYEMOH CTPYKTypbl TpM HAHECEHWH HECKOJIbKUX CII0EB MeTaija
(coemuHUTENEH AaKTUBHBIX JJEMEHTOB KpHUCTA/NIa) HAa KPEMHHEBYIO TOMIOXKKY [1].
[TonupoBka MOBEPXHOCTH TOJUIOKKU TIE€pe] HAHECEHHEM OYEPETHOro CJos MeTasula
OCYIIECTBIISIETCS C MOMOIIBIO CIIEIATTBHBIX KUAKOCTEH, COIEPKAIIUX YaCTUIBI aOpa3uBHOTO
Marcpuraja u IECJI0YHbIC XUMHWYCCKHUEC BCIICCTBA. TunmaaeI PEKUM ITOJIMPOBKHU 3aKIIHOYACTCSA
B TOM, 4YTO a6pa3I/IBHI>I€ JacTuibl HC BCTYNAIOT B HpﬂMOfI KOHTAKT C HCPOBHOCTIMU
oOpabarpiBaeMoro Matepuana. Ilpm oSToM HeoOpatuMbele W3MEHEHUS Tomorpaduu
MMOBCPXHOCTU MPOUCXOOAT B PE3YyJIbTATC q)HYKTyaIIPIfI JaBJICHHS, BO3HHUKAOIIUX B TOHKOM
CJI0€ JKUIKOCTH, pa3feisiolieM aOpa3uBHbIE YACTHUIBI U IMOJUPYEMYIO MOBEPXHOCTb. IJTO
MO3BOJIIET CYILECTBEHHO YMEHBIINTh XapaKTEpHBIH pa3Mep ILIEpOXOBATOCTEH, W JeslaeT
BO3MOKHBIM MPOU3BO/ICTBO MUKPOCXEM C CEMBIO-BOCEMBIO CIIOSIMU METAJIIIU3ALUH.

*e-mail: vnh@bti.secna.ru
** http://Www.u-sonic.ru
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1. TIPOBJIEMbI CYIIECTBYIOIIEN TEXHOJIOI MU

K coxanenuto, texnonorusi CMP, sBnstomasicss Ha CErofHSIIHUN JIeHb 0a30BOW MPHU
NPOM3BOJICTBE MHKPOCXEM, 00JalaeT psIoM HEIOCTaTKOB, KOTOpble O0OYyCIaBIHMBAIOT
CHIDKEHHE KauecTBa, IMOSBJICHHWE Opaka M, KaK CIEACTBUE, BO3SHUKHOBEHHE Y KOMIAHHMN
NPOM3BOJIUTENCH MHKpPOSJICKTPOHUKH 3HAYUTEIbHBIX (UHAHCOBBIX MOTeph. CHIKEHHE
Ka4yecTBa KOHEYHOT'O MPOIYKTA U YBEIMYCHHE €r0 CTOMMOCTH 00YCIIOBJICHO:

1. BO3HMKHOBEHHMEM HEOJHOPOAHOCTEH Ha TOJIMPYEMOW IIOBEPXHOCTH, BBI3BAHHBIM
HEPAaBHOMEPHBIM  PACHpPEIEICHUEM  IMOJUPYIOIIEH  KUAKOCTH IO  IOJIUPYyEeMOH
MIOBEPXHOCTH;

2. BbICOKMM pacxoa0M J0porux abpa3uBHBIX MAaTEPUAJIOB U yJIbTPAauuCTON BOBI [1].

Ananuz ocobeHHocTel nmpakTuyeckoi peanuzanuu CMP npouecca no3BoiIMa yCTaHOBUTD,
YTO BBISBJICHHBIE HEJOCTaTKM OOYCIOBJICHBI HEPABHOMEPHOW MoOAayde moiMpyrouei
KHUJIKOCTH Ha pabouyi0 IIOBEPXHOCTh MOJUPOBOYHOrO Kpyra. IIpuumHON sBnsieTcs
UCTIOJIb3YeMbIi CcIoco0 MOJjauu MOIUPYIOLIEH KUAKOCTH — HUCTEUEHHE U3 KaTuOpPOBAHHOTO
OTBEPCTHS, PACIIOJIOKEHHOTO IEpe TOJIMPOBOYHBIM KPYTOM.

OueBuaHo, uyTo mnoBbImeHHEe 3¢dexkTuBHOCTH CMP mpomecca BO3MOXKHO 3a cYer
peanu3alMMd HOBOTO crocoba Mojayd MOJUPYIOIIEH JKUAKOCTH, 00eCHeunBaroIiero
PaBHOMEPHOE pacCIpelelCHUE MOIUPYIOUIEH >KUIKOCTH IO TOBEPXHOCTH IOJUPOBOYHOIO

Kpyra.

2. BbBIbOP ITYTU PEILIEHMA ITPOBJIEMBI

B pesynbraTte TEOpEeTHUECKUX MCCIIEIOBAaHHMN, MPOBEACHHBIX Ha OCHOBAaHUH TPEOOBAaHUH K
CMP mpoueccy, ObIJIO yCTAaHOBJIEHO, YTO OAHMM W3 BO3MOXHBIX IyTEH perieHus mpooieMbl
SIBIISICTCS MOACPHHU3AIMS CUCTEMBI MOJIA4X JKUAKOCTH Ha TOJIHMPYIONINA KPyT, OCHOBaHHAsI Ha
UCTIOJI30BaHUM MEJIKOJMCIIEPCHOTO PACTBbUICHHUS XHUIKOCTH. [IpudeM Qaxen pacnbUIeHUS
MOYKET UMETh KaK KPYTIYIO, TaK U UM THYECKYIO (POPMBI. DTO MO3BOJIHT:

1. OO6ecneynTh paBHOMEPHOE pacHpeereHUEe MOJUPYIOMICH >XKUIKOCTH MO MOBEPXHOCTH
KPEMHHEBO TUTACTHHBI, CO3/1aBasi TEM CaMbIM KaK paBHOMEpPHBIC 3HA4YeHUs (DIyKTyarnui
JaBIICHUs, KOTOpbIEe BO3ACHUCTBYIOT HAa HEPOBHOCTH IUIACTHHBI, TaK M PaBHOMEPHOE
pacrpeneneHne XUMHUECKUX PEareHTOB 10 MMOBEPXHOCTH MOJIUPOBAHHUS.

2. CHHBHTH pacxo]] JOPOTOCTOSIIUX MOJUPYIOMINX MAaTEPHAIOB OJlarogaps HAHECCHHIO Ha
MOJIUPYEMYI0 KPEMHHUEBYIO IUIACTUHY PaBHOMEPHOTO CJIOS TMOJUPYIOMEH >KUIKOCTH
CTPOTO ONPEAECIECHHON TOJIINHBI.

HccnenoBanne TEXHUYECKHX BO3MOXKHOCTEH CYIIECTBYIOIIUX METOJOB PACIBUICHHUS
KHUJIKOCTEH TMO3BOJMIIO YCTAaHOBUTH HEMPUTOJHOCTh METOJIOB, HCIOJB3YIOMUX  JUIS
pacmbUIeHUs] )KUIKOCTH BO3IYyX WIJIM Ta3 1OJ AaBieHHeM. [IpudymHa 3TOro 3aKirodaeTcs B
JKeCcTKuX TpeOoBaHusx K uucrore CMP mporecca, coriiacHO KOTOPBIM MPOIECC JOJIKEH
OCYIIECTBIATECS. B CBEPXUHCTOH Cpesie ¢ COIAEp/KAHMEM YacTHIl He Goree mecsatka B 1 M.
Hcnonb3oBanne 0OIBIIMX 00BEMOB CBEPXUYMCTOTO ra3a SKOHOMHUYECKH HE IeJIeCO00pa3HO U
TEXHUYECKH HE peannsyemo. [losToMy mpu peanm3anuyl NOJaud IMOJUPYIOMIEH XKUIKOCTH
pacmbuleHHeM HEOOXOAMMO TMPHMEHSTH CIIOCO0, HE HMCIMOJB3YIOMUN TMOTOKOB BO3yXa MU
KaKHX JIM00 IPYTUX 3arps3HAIOLUX (PaKTOPOB.
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Takum  cmocoOOM  SIBISIETCS  YJIBTPA3BYKOBOE  pacmblieHHE  KuAKocTedl. [lpwm
yJIBTPa3ByKOBOM CIOCO0€ pacHblUICHUS KHUAKOCTEH, 001a1al0lUX CPAaBHUTEIHHO HEOOIBIION
Bs3KoCcThl0 (He Oomee 3...5clI3 (cantmmyas)), oOpa3oBaHHWe Kameiab  a’pO30JIsd
OCYUIECTBIISIETCS ITyTEM OTPhIBA KAMEJIEeK KUJIKOCTH OT TpeOHEN CTOSYMX KaMWUISIPHBIX BOJH
KOHEYHON aMIUIUTYAbl, O00pa3yIoIIMXcsi Ha MOBEPXHOCTH >KUIKOCTH, KOJEOIoIeics moj
JIEHCTBUEM YJIbTPa3BYKOBBIX KOJI€OaHW BHICOKOW WHTEHCUBHOCTH [2].

OCHOBHBIMHU JTOCTOMHCTBaMHU Y3 crioco0a pachbUICHHUS SIBISIOTCS: Majas YHEPrOEMKOCTh
mporecca, OTCYTCTBUE JOIMOJHUTENBHBIX PACXOAHBIX MaTepHalioB (ra3, pacTBOPHUTEIH
U T. JI.), BO3MOXHOCTh TOJy4YeHHUs (pakesa pacmbUICHUS MPOU3BOJIBHONU (DOpMBI (Hampumep,
HOPSIMOYTOJIBHOM WJIM TPEYyrojbHOW), BBICOKOE KAauye€CTBO M PAaBHOMEPHOCTh MOIYYaeMbIX
MTOKPBITHH.

Jns co3manus Y3 konebGaHMH MOTYT MCIIOJIB30BAThCS KaK IbE303JIEKTPUYECKHE, TaK U
MarHUTOCTPUKIMOHHBIE  TpeoOpazoBatenu.  [Ibe3onnmexTpudeckne  mpeoOpa3oBaTenn
00TaafoT PSIOM HEOCIIOPUMBIX IPEUMYIIECTB (MEHbIINEe rabapuTHBIE pa3Mepbl, Ooiee
Bbicokuil KIIJ[, HE TpeOyoT npuMeHEHHs IPUHYIUTEIBHOTO OXJIAXKIACHHSI) [0 CPAaBHEHUIO C
MarHUTOCTPUKLIMOHHBIMU. [lo3TOMY 1711 yIBTPa3BYKOBOI'O PACIbUICHUS, IPUMEHUTEIBHO K
CMP nporeccy, Obl1a peIoKEeHa U pa3padoTaHa yIbTPa3ByKOBas Kojie0aTenbHas cUCTeMa
HAa OCHOBE  TIbE30IJIEKTPUYECKOTO  TmpeoOpaszoBarens [3]. B ocHOBy  monoxeHa
KOHCTPYKTUBHAsl CXeMa II0JyBOJHOBOW YJIbTPAa3BYKOBOH KOJ€0aTENbHOM CUCTEMBI CO
CTYINEHYAaTO-3KCIIOHEHIIMAIbHBIM IepexooM [4]. JlocTomHCTBaMu Takoil KoseOaTeslbHON
CHUCTEMBI  SIBIISIOTCSL ~ Oojiee  BBICOKHE  KOO(PPHUIMEHTHI  DIEKTPOMEXaHHYECKOTO
npeoOpa3oBaHus W YCUJIEHUS MEXaHWYECKUX KOJeOaHWH MpH MEHbIIUX TrabapUTHBIX
pa3Mepax IO CpPaBHEHHMIO C KJIACCHMYECKHMHU JBYXIIOJYBOJIHOBBIMHM KOJI€OaTE€IbHBIMU
cucteMamu. Pe3oHaHCHast yacToTa KojeOaTelnbHONM CHCTEMbI ONPENENIeT CPEIHUM quameTp
Karesnb (POpMUPYEMOTO a3P030Jisi, KOTOPBIN PaBEH:

D=al,, (1)

rae a — Kod((GUIHUEHT MPOMOPIHOHATHHOCTH (JACTUYHO 3aBHCHUT OT BS3KOCTHU YKHIKOCTH),

Ay — JIMHA KalWULIPHBIX BOJIH, 00pa3yIOIUXCsl Ha HOBEPXHOCTH CIIOS XKUAKOCTH, KOTOpast

paBHa
8o
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pf

ri¢ o — KOB(i)(l)I/IHI/ICHT HOBCpXHOCTHOFO HaTAXKCHUA XKUIKOCTH, p — IINIOTHOCTH

KHUIKOCTH, f — dacrora Y3 KoneOaHuii.

Takum 00pa3om, BEIOOP PE30HAHCHOM YaCTOTHI YJIBTPa3BYKOBOM KOJIEOATEIbHON CHUCTEMBI
00ycCIOBJIEH TpeOyeMbIM CPEIHHM JHaMETPOM Kareidb (OPMHUPYEMOTO al’po30js TP
YCIIOBHH OOECTIeYCHUsT HEOOXOIUMOM MPOU3BOAUTEIBHOCTH paclbuieHUs. BoiOoOp cpemaHero
JaMeTpa Kareidb a’po30Jsl OCYIIECTBIISUICS OIBITHBIM IyTEM C YYETOM JBYX YCIIOBHH.
[lepBoe ycnoBue 3aKiIOYaeTcs B TOM, YTO CPEAHHUN ITuameTp (GOpMUPYEMBIX Kalelb TOJHKESH
OBbITh MUHUMAJIbHBIM, HO JIOCTaTOYHBIM IS TOTO, 4ToObl 99% QopmMupyembix Kameiab
JOCTUTAIH TIOJIMPYEMON TMOBEPXHOCTH, 0e3 00pa30BaHUS TyMaHa W OCEJaHHMS Ha CTEHKaX
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obopyznoBanus. BropeiM  ycrnoBuem  sBhsieTcss  oOecredeHHe — MPOU3BOIUTEIBHOCTH
pacnbutenus B npeaenax ot 0,2 mu/c go 1,2 mit/c (MOBBIMICHHE TUCTIEPCHOCTH 00yCIaBIUBaET
CHIDKCHHE MPOU3BOJUTENIbHOCTH paCHbUICHHs), YTO OOYCIIOBICHO TpeOOBaHUSIMH 10
JIOCTaTOYHOCTH KOJIMYECTBA MOJUPOBOYHON kuakocTu M peanunsanuun CMP npouecca [1].
DKcrepuMeHTaNIbHbIE HCCIIEIOBaHUS nporecca pacnbUIeHUS c pa3Iu4HOI
MPOU3BOJUTENLHOCTBIO W JUCHEPCHOCTHIO  adp030Jisl MO3BOJIMIM  yCTaHOBUTh, 4YTO
BBIMIOJIHEHUE TIEPEUYHCICHHBIX YCIOBUH MOXET OBbITh pPEaqTu30BaHO NpU (OPMHUPOBAHUU
a’po30J1s CO CPEAHUM JUAMETPOM Karelb 80 MKM.

CrnemoBarenbHO, COTJIACHO TIPUBEACHHBIM BhIIIE (OpMysIaM, pE30HAHCHAs 4YacToTa
KoJIeOaTenbHOM cHucTeMbl AobKHa ObiTh paBHa 40 k['m. B aToM ciydae oOecmeumBaercst
HGO6XOI[I/IMa$I MMPOU3BOAUTCIIBHOCTL IIPWU MHUHUMAJIBHO BO3MOKXHOM CpPEAHEM JHAMECTPC

Karejib adp0o30JIA.

3. TIPAKTUYECKAS PEAJIM3ALINA

Ha ocHOBaHUM NaHHBIX, NOJYYEHHBIX B pe3yJIbTaTe MPOBEACHHBIX 3KCIIEPHUMEHTOB, OblIa
pa3paboTaHa yJIbTpa3ByKoBas KojeOaTelbHasi CUCTEMa, IPeHa3HaYeHHas JJIsl BCTpauBaHUs B
cymectBytomee obopynoanue ani CMP mpouecca. Ha puc. 1 mnpeacraBieH 3cku3
pa3paboTaHHO KonebaTeIbHON CUCTEMBI.

S 4 3 C 1
| Puc. 1. KonebarenpHas cucrema
W (BapuanT 1)
(@) W}( i
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KonebatenbHas cucremMa COCTOUT U3 CMEHHOTO pabouero MHCTpYMEHTa 1, KOHIIeHTpaTopa
V3 konebanuii 2, MbE30KEPAMHUECKUX JJIEMEHTOB 3, YaCTOTHOIOHWIKAIOIICH HaKIaAKu 4,
371eKTpoa0oB 5. Heo6X0AMMOCTh BBIMOJIHEHHS pab0yero HHCTPyMEHTa CMEHHBIM 00YyCIIOBJIEHA
TE€M, UYTO KOH(UTrypamusi ero MOBEPXHOCTH SABJISETCS OINpeAeNsioneil 1 obecreueHus
3amaHHon ¢Gopmbl ¢akena pacnbuieHUs. CraeaoBaTebHO, M3MEHEHHEM (POpMBI pabouero
WHCTpYMEeHTa (IIpM 3aMEHE HWHCTPYMEHTA) MOXHO J00uThCcs Tpedyemoro (akena
pacublICHUS.

B pe3ynbrare sKcriepuMeHTaIbHBIX UCCIIEIOBAHUN TIPOIIecca paclbUICHUS pa3paboTaHHON
KOJIeOaTeIbHOH CHUCTeMOM ¢ paboYuM MHCTPYMEHTOM TPUOOBUAHOW (OPMBI C OJHHUM
LHEHTPaJIbHBIM OTBEPCTHEM, OBLJIO YCTAaHOBJIEHO, YTO OHA OOECNeYMBAECT pACIbUICHUE C
JTUaMETPOM MOKPBITHS MTOBEPXHOCTH 10 30 MM Ipu pa3MelIeHnH KojebaTeabHOU CHUCTEMBI Ha
pacctossHuu 40 MM OT MOJIMPYEMOH IUIACTHUHBI (MpU TPEOOBAHUU K JAMAMETPY MOKPBITHS HE

menee 50 mm). Kak nokasan aHamu3 pe3ysbTaToB, INPUYMHOM HEAOCTATOYHOIO JHAMETpPA
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MOKPBITUSL SBJSETCSl Majas Iulomiaab pabodero HHCTpyMeHTa. OJHAKO MpennpUHSTHIE
MOMBITKM YBEJIWYEHHs IUIOMAA pabodyero MHCTPYMEHTAa HE MPUHECIH MOJIOKHUTEIbHBIX
pe3ynbratoB. BusyanbHble HaOMIOIEHUS MPOIIECCa PACTIBUICHUS TTO3BOJIMIN YCTAHOBUTD, YTO
IPU HMCTEUYECHHHM JKUIKOCTH M3 LEHTPAIbHOIO KaHala, JXKUIAKOCTb pPACHpPEeiseTcs o
MOBEPXHOCTU U3IY4YEHUS B HANPABIEHUU OT LIEHTPAJIBHOIO KaHala K KpasMm pabouero
MHCTPYMEHTAa TMOJA JCWCTBUEM pa3psuKEHUs, BBI3BAHHOTO KOJIEOAaHUSMU TOBEPXHOCTH
M3JIy4YEHHS] C YJIbTpa3ByKoBOM wyactoTod [S5]. Ilpu yBeaumdyeHuUH IUIOMIAM TOBEPXHOCTH
paboyero MHCTpYMEHTa, TNIyOMHBI CO3/1aBa€MOI0 Pa3psLKEHUs OKa3bIBAeTCS HEAOCTAaTOYHO,
JUISL TIOJHOTO MOKPBITUS JKUJIKOCTBIO BCEW IMOBEPXHOCTH, W OHA PACHBUISETCS, HE YCIEB
3aMOJIHUTH BCIO TOBEPXHOCTH U3Ny4YEeHHSI (IIOBEPXHOCTh pabouero MHCTPYMEHTA).

AHanu3 Hay4YHO-TEXHUYECKOW M MAaTEHTHOW JIMTEpaTypbl MOKa3al, YTO CYLIECTBYIOLIAs
npobiieMa HEJAOCTAaTOYHOW IUIOMIAJM  PACMbUICHUS  pElIaeTcss IMyTeM MPUMEHEHUS
JIOTIOJTHUTENBHBIX BO3IYIIHBIX TOTOKOB, YBEJIUYMBAIOIINUX pa3Mepsl (pakena pacnbluieHus [6].
OpHako MaHHBIA TOIXOX HE MOXKET OBITh NMPUMEHEH B CHIIy ONHCAHHBIX OCOOCHHOCTEH
peanuzauuu CMP niporiecca.

B cBs3u ¢ 3TUM yBeIMYEHME IJIOLIAAM PACHBUICHUS ObUIO PEIIEHO JOCTHYh 3a CUeT
BbIOOpa OMTHUMANBHOW (OPMBI paboOYero MHCTPYMEHTA M MCIIOJIB30BAHUS JOMOJHUTEIBHBIX
KaHaJOB MOJAauu paclbUIsIEeMON KHUIKOCTH. /[l ompexneneHuss HeoOXoAMMON (HOpMBbI
paboyero MHCTPyMEHTa W MeCTa BBIXOJA JIOMOJIHUTEIbHBIX KaHAJIOB Ha H3JIyYarollylo
MOBEPXHOCTh OBLJIO M3rOTOBJIIEHO M HCCIEJOBAHO HECKOJIBKO BapuUaHTOB pPabOuMX
MHCTPYMEHTOB, CXEMaTHUYHO IpPEACTaBICHHbIX Ha puc.2 u 3. OnHa YacTh MHCTPYMEHTOB
uMena Kpyriylo (GopMy H3Iydalomield IMOBEpXHOCTH, JApyras — QopMmy ONHM3Kyl0 K
samanTaaeckoit. Kputepuem otbopa Hawmmydmiero oOpasia WHCTPYMEHTa CIYKWIT (hakT
MOJTYYCHUST MAaKCUMAJIbHOTO IMaMETpa PaCcTIbUICHUS TIPU COXPAHEHWH PaBHOMEPHOCTH (hakena
pacublICHUS.

NA

Puc. 2. PaGourie ”HCTpYMEHTHI C KpYyTII0i (GOpMOii H3ITydaromei MTOBEpXHOCTH
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Puc. 3. PaGourie HHCTpYMEHTHI C JITUITHYECKO (PopMOil H3nmyyaromeil MoBEpXHOCTH
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[IpoBeneHHbIE SKCIEPUMEHTHI MOKA3AJIM, YTO paboune UHCTPYMEHTHI, UMEIOIIUE KPYTIYIO0
¢dbopMy MOBEPXHOCTH paCMbUICHUS, HE JalOT CYIIECTBEHHOTO yBEIMUYEHUS IJIomaan Qakena
pacmbUICHHS] TIPU MaJIbIX pacxojax pachbuisieMor >kuakoctd (omm3kux k0,2 mi/c), T. K.
KUJKOCTH OKa3bIBa€TCS HENOCTaTOYHO [UIsl paclpeiesieHuss IO BCe MOBEPXHOCTU
pacobiieHus. [ ycTpaHeHHsl 3TO HeAocTaTka, (opMa MOBEPXHOCTH paclbUIeHHs Oblia
M3MEHEHa, KaK [M0Ka3aHo Ha puc. 3.

Haunyumve pe3ynpTaThl paclbUIeHUsT TOJMYYEHBl TMPU  HCIOJNb30BAaHUM pabodero
uHcTpymeHTa Ne4. B pesymnbTaTe ynbTpa3ByKoBasi KojieOaTebHas cUcTeMa mpuobpena Buf,
noKa3aHHbIA Ha puc. 4. O003HaYEHUS HA PUCYHKE COOTBETCTBYIOT puC. 1.
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Puc. 4. Pa3paboTannas xonebatenpHas cuctema (BapuaHt 2)

JanbHele ucciaeoBaHUS IMpoLecca paclbUIeHUs TOKa3alid, 4YTO NpPUMEHEHHE
JTOTIOJTHUTEIBHBIX KaHAJIOB MO3BOJIMIIO PEaIM30BaTh YIbTPAa3BYKOBOE paclblICHHE C (PaKeIoM
AJUTMNITHYECKOW  (OopMBI, OoJbIIasi OCh KOTOPOro TmpeBbimaer 65 mm. M3mepeHus
MPOBOJIMIIUCH, TPU HOMHHAJIBHOM pPAacXoje MOJUPYIOMIeH >Kuakoctd, paBHoM 0.5 mut/c
(cm. puc. 5).

Puc. 5. ®opmupyembie (hakenbl pacbUICHHS
a) Buj cuepenu (6osplast ock), 0) BUI cOOKy (Maast och)
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Jns mutaHus KoseOaTeabHOM CHCTEMBI OBLT pa3paboTaH TEHEpPaTOp AIEKTPHUUECCKUX
CUTHAJIOB Y3 4acCTOThI, CTPYKTYpHAasi CXeMa KOTOPOTO MpeICTaBIeHa Ha puc. 6.

OnekTpuyeckas YneTpaseykoBan
IHeprua JHepruva
1 |-> | 3 ] =

O ~N— O — N
(@))
L

Puc. 6. CtpykTypHas cxema yJIbTpa3ByKOBOI'O F'eHepaTopa

PaboTaeT renepaTop 3MEKTPUUYECKUX CUTHAIOB Y3 4acTOTHI CAeAY oMM oOpa3om. biok 1,
IPEJICTaBISIIOIIMNI CO00M peryInpyeMblii HCTOYHUK MOCTOSIHHOT'O HANpsKEHUs!, TpeodpasyeT
HampsbkeHue mnpombinuieHHoM cetn (220 B, 50-60I'm) B  Tpebyemoe MOCTOSTHHOE
HaINpsHKEHUE, KOTOPOE MOCTYTAeT Ha TPaH3UCTOPHBINA HHBEpTOp 2. YacToTa npeobpa3zoBaHus
WHBEPTOpPA 337aCTCs YNPABIISIEMBIM F'€HEPATOPOM YJIBTPa3ByKOBOM 4acToThl 5. Ha BeIXOAE
uHBepTOpa 2 (GOpPMHPYETCS HANpsHKEHUE MPSIMOYTOJIbHON (OPMBI C aMIUIMTYIOHW, paBHOU
aMIUIMTYy/I€ HaIlpsDKEHUs Ha BbIXoje McTouHMKa 2. Ha cormacyromei nenu 3 mpoMCXOIUT
BBIJICJICHUE TIEPBOM TApMOHUKHA COPMHPOBAHHOTO CHTHAJIA MPSMOYTOIBHONW (OPMBI U €ro
ycuiieHue. C BbIXOJA LIETIH COTJIACOBAHUS DJIEKTPUUECKUN CHUTHAJ MOCTYHAET Ha 3JIEKTPOIbI
MbE303JIEMEHTOB KOJIeOaTeIbHOM cucTeMBl 4. DiaeMeHTHl OoK-cxeMmbl 6, 8, 10 BBIIEISIOT
aMIUIUTY/IHbIE 3HAYEHMsI HANpsOKEHHs Ha IbE303JEMEHTAaX, TOKa MEXaHWYECKOW BETBU U
curHaina, (a3odacToTHas XapaKTEPUCTHKA KOTOPOTO COOTBETCTBYET (Ha3049acTOTHOU
XapaKTepUCTHKE TOKAa MEXAHWYECKOW BETBU YJIBTPa3ByKOBOHl KoseOaTenbHOM cucrteMbl. B
KayecTBE Yy3/a 7 HCIONB3yeTCs MHUKPOKOHTPOJUIEp, paldoTalommii 10  CIenUaTbHON
nporpaMMe W KOOPIUHHPYIONIMI paboTy BCEX OCTAIBHBIX Y3JIOB YIBTPa3BYKOBOTO
reHepatopa. OH peanu3zyeT aNropuTMbl YIpPaBICHUS U CTaOWIM3AlMM  aMIUIUTYIbI
MEXaHMYECKUX KOJeOaHWi yIbTPa3BYKOBOH KoOJIeOAaTENbHOW CHUCTEMBI, OCYIIECTBISICT
KOHTPOJIb PE30HAHCHOM YacTOThl yJIbTPa3ByKOBOM KOjeOaTENIbHON CHCTEMBI U B Cllydae ee
U3MEHEHHUsl peanu3yeT aJropUTM MOACTPOMKM YacTOThl 3aJal0IIEro TIeHepaTtopa MoJ
M3MEHSAIOIEECs] 3HaYeHHE PE30OHAHCHOM YacTOThI YJIbTPa3ByKOBOM K0JIeOaTeIbHONW CUCTEMBI.
V3en 9 ocyumecTBisieT CBSi3b Y3 TeHeparopa C BHELIHUM YIPAaBISIOLIUM YCTPONCTBOM,
KOTOpO€ OCYIIECTBIIsIET oOIee yrpaBieHue paboroit VY3 anmapara (BKJIIOYCHHE U
BBIKJIIOYEHHUE YJIBTPa3ByKa, 3aJlaHUE MOIIHOCTH, IPOrpaMMHUpPOBAHUE TaiiMepa), a TakKKe
OCYUIECTBIIIETCS KOHTPOJIb HaJ OCHOBHBIMHU IapaMeTpamH YJIbTPa3BYKOBOI'O TI€HEpaTopa.
CBsi3b  OCYIIECTBIISIETCA IO ToclenoBaTenbHOMY uHTepdeiicy RS-232. Ortor y3en
o0ecrneurBaeT BO3MOXHOCTh (DYHKLIIMOHUPOBAHUS Y3 reHepaTopa B COCTABE CYIIECTBYIOILIETO
obopynosanus st CMP nporecca.
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PE3VJIbTATBI

B pesynbrate mpoBeneHHBIX HCCIENOBaHUNH M pa3paboTok Obl1 co3maH Y3 ammapar,
IpeIHa3HAaYeHHBbIN Ul OCYIIECTBIEHUS paclbUICHUs MOJIMpYIOIIEl x)uakoctu B xone CMP
nporiecca. BHemmHuid Buj pa3paOOTaHHOTO ammapara mpeicTtaBieH Ha puc. 7. Ha pwuc. 8
NoKa3aHa KoJjiebaTesbHasi CUCTeMa, YCTaHOBIIEHHass Ha obopynoBanuu st CMP mpouecca.
Huxe (Tabnuna 1) npuBeneHbl TEXHUYECKUE XapaKTEPUCTHKH pa3pabOTaHHOTO armapara.

POWER

Puc. 8. IIlpumenenune Y3 annapara ass paclbUIeHUs
B cocTaBe obopynoBanus st CMP nporecca
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Tabmuua 1. Texuudyeckne XxapakTepUCTUKH

[IutaHue OT CeTH NEPEMEHHOr0 TOKA HaNpsKeHueMm, B 220422
Yacrora HanpskeHus nuTarolen cetu, [ 50/60
MaxkcumanpHast moTpedisieMas MOITHOCTh, BA 50
UYacroTa Bo30yk/1aeMbIX MEXaHUYECKUX Konebanui, K[ i 40+3
Jlnana3oH peryi1upoBaHMsl BBIXOJHOW MOIIHOCTH, %o 20...100
BsizkocTh pacnbuisieMoil )KUIKOCTH, CAHTHUITYya3, HE OoJiee 4
Cpennuii quameTp Kameinb, MKM, He 0oJiee 80
HomunansHas mpou3BOAUTEIIBHOCT, MJI/C, (7151 BOZBI) 0,5
MaxkcumanpHast IPOU3BOAUTEIBHOCTD, MJI/C, (AJ1s1 BOJbI) 1,2
["aGaputHble pa3Mepshl ANEKTPOHHOTO OJIOKA, MM 80x180x100
I"aGaputHbie pazmepsl Y3 KonebaTeabHOH CUCTEMBI, MM 67x56x56

BbIBO/IbI
B pe3ynbrate BHIIOIHEHUS paOOThI OBUIN TOTYYEHBI CIEAYIONINE Pe3yIbTAThI:

1. VYcranoBneHno, 4Yto mnpuuMHONW cHWKeHUs d>PdexruBHocTy CMP mpomecca npu
MIPOU3BOJICTBE  TOJYNPOBOJHUKOB  SIBJISIETCS ~ HEPAaBHOMEPHOE  pacmpesesieHHe
MOJIUPYIOIIEH KUAKOCTH 110 TIOBEPXHOCTH MOTUPOBAILHOTO KPyTa.

2. TlokazanHo, uto HaumbOonee 3PGPEKTUBHBIM CIMOCOOOM OOECIeueHUsT PaBHOMEPHOTO
pacnipenienenust nonupyromei xkuakoctu B CMP npouecce siBisieTcss ylbTpa3ByKOBOE
pacrbuIeHHe.

3. Ha ocHOBe mpPOBEAEHHBIX TEOPETUYECKUX U OSKCIEPUMEHTAJIBHBIX HCCIeI0BaHUN
npeulokeHa M paspaboraHa Y3 kosebaTenbHas CUCTEMa € pabOYMM HHCTPYMEHTOM
AIUNTHYECKON (OpPMBI ¢ TpeMsl KaHaJaMHU IMOJIaYM paclbUIIeMON XKUAKOCTH, U Ul ee
MUTAHUS CO3/laH TeHepaTop AIEKTPUUECKUX KoJleOaHuil Y3 yacToThI.

4. PaszpabortanHbii VY3 anmapar NO3BOJIMI  OCYLIECTBUTh (opmupoBaHue (hakena
pacnbUIeHHs IIMNTHYECKOH (opMbl ¢ GosblIeil 0Cchblo, pa3MepoM He MeHee 65 MM, IIpu
HOMHUHAJIBHOM PacxoJie KUAKOCTH paBHOM 0,5 mit/c, 4To 006ecnednio BO3MOXKHOCTb €ro

IIPUMEHEHUS B COCTaBe CyIlecTByolero obopynosanus 1 CMP npouecca.
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