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C.I1. HoBocsimuii

AepoioHi3amisi JaMiHAPHUX NMOTOKIB YMCTUX NMPUMIllIEeHb
CyOMIiKPOHHOI TE€XHOJIOTII BEJIUKHX IHTEIPAJIbHUX CXEeM

Tpuxapnamcoruii ynisepcumem imeni Bacuns Cmeganuxa, @izuunuii paxysvmem,
eyn.. I'anuyvka, 201, m. leano-@panxiscok, 76000, Yrpaina

B nawiii ctatrTi MpoBeICHO KOMIUIEKC AOCIIKEHD M0 3HIKCHHIO 3alIJICHOCTI JAMIHAPHUX MOBITPSHUX MOTOKIB
B YHCTUX TEXHOJOTIYHMX 30HAaX 1 Ha LI OCHOBI PO3pOOJEHI KOHCTPYKLIl aepoioHi3aTOpiB, sIKi HE TLIBKU
MIBUIIYIOTH Ha HOPSIOK KJIaC YUCTOTH, aJie i HeUTPasi3yIoTh eIeKTPOCTATHYHUIT 3apsi/ Ta cTabiTi3yI0Th BOJIOTICTS 1
TEMIIepaTypy B YUCTHX TEXHOJIOTTYHHUX 30HAX (pOpMyBaHHA CyOMikpoHHUX cTpykTyp BIC.

KurouoBi ciioBa: aepoioHizaTOpH, €IEKTPOCTaTHYHHN 3apsif, CyOMikpoHHI cTpykTypu BIC.

Cmamms nocmynuna oo pedakyii 07.03.2002; npuiinama 0o opyky 23.05.2002.

Buxing npunataux crpykryp BIC, chopmoBanux Ha
KPEMHIEBUX IUIACTUHAX BH3HAYAEThCA JE(HEKTHICTIO
¢yHkioHansHuX 1mapiB. Ha ocranHIO Oe3nocepeqHbo
BIUIMBA€ SIK YHCTOTa Ta30BOTO MOTOKY B peakTopi
OC/DKCHHS, TaK 1 YMCTOTA JIAMIHAPHUX MOTOKIB YHCTHX
MPUMIIIEeHb TexXHoNoTiyHoro Moayns [1,2]. Iigpumennas
temnepatrypu Ha 10C B umcTiii 30HI TPOEKWiHHOL
mirorpadii BHUKIMKAE JiHiIMHE 30UIbIICHHS pPO3MIpY
KpeMHieBUX IutacTuH miamerpoM 100 mm Ha 0,24 MKM,
0 3HIWKYE PO3IUIBHY 3JaTHICTh JITOrpadiuHOro
mporieccy. Tomy ams  peamizamii  CyOMIKpOHHHX
TOIOJIOTIYHUX po3MipiB  crpykTyp BIC HeoOximHO
3a0e3meynT  HEe  TUIBKM  HU3BKY  Je(EeKTHICTh
dyHKmionansHux mapiB (< 0,05 cM™), ame i BHCOKY
pO3IUIBHY 34aTHICTH 1 aHI30TPOMII0  MPOEKIiHHOT
nitorpadii (B Mexax 0,18-0,25 mxm). 1T moxna nocartu
JUIIE  acpoioHi3alli€l0  JAMIHAPHOTO  TOBITPSHOTO
MOTOKY, AKa 3a0e3Me4nTh CTabiIBHICTH TEeMIIepaTypHO-
BOJIOTICHOTO  PEXUMY YUCTUX 30H  MPOEKLiHHOT
nitorpagii knacey 0,1 o Temneparypi B Mmexax + 0,10 C
Ta 110 BOJIOTOCTI B MeXkax + 3 %, 00 iHIII METOAW MalOTh
JIy’K€ BUCOKY 1HEpLiHHICTb.

Haii6inpmr  OaratouncenbHi AeeKTH, BHKIMKaHI
NPWINIAHHSIM YacTUHOK JI0 [OBEPXHI KPEMHIEBHX
IUIACTHH 3 Tonouoriero cTpykrypu BIC, yTBOpIotoThCs B
npoueci Jitorpadii, B TOMy 4Hcii i mpoekuiiinoi. Bonu €
NPUYNHOI0 Je(eKTiB Ipu (OPMYBaHHI CTPYKTYPHHX
mapiB i IX IDIa3MOXiMiYHOTO TpaBieHHA. Komm
MikpodacTuHKH niametrpoM 0,1-0,5 MKM IpHIHIIAIOTE 110
MOBEPXHI KPEMHIEBOT IJIACTHHU B mpoleci (opMyBaHHS
(YHKI[IOHAIBHUX IIAPIB, y TOMY YHCHI eMiTaKCiiHUX, TO
[[€ TPUBOIUTH 1O JOKAIBHUX JE(EeKTIB B CTPYKTypax
BIC, mio 3HIKye HE TIIbKH BUXIJN MPUIATHHX, ajie i 1X
HaiiHicTh. TOMY BUBYEHHS BIUIMBY Pi3HHX Ie(eKTiB Ha
BUXII OPHUIATHUX 1  HAMIWHICTH  3IHCHIOETHCS
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KOMIT’ FOTEPHUM MO/JICTIFOBaHHIM HpOIIeCiB 3
BUKOPHCTaHHSIM  OaraTOYyMHHOi  IimboBOI  (hyHKUIT
nedexrHocTi D yepes BinNoBiAHI po3moniny nedeKTiB B
TECTOBHX CTPYKTypax TexHonoriunoro CAIIPy [3]:
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— YHACTOTOI0 JIAMIHAPHOTO TIOBITPSHOTO TIOTOKY B
JIOKaJIbHUX YUCTUX 30HAX;

— ne(heKTHICTIO
(bYHKIIOHATILHUX [IAPIB;

— YHUCTOTOIO MaTepialiB, ra3is, JICI0HI30BaHOI BOJIH;

— YUCTOTOI CHELOJTy IPALIOI0YOro MepcoHaly B
YHCTHX 30HaX.

Buxonsun 3 BHIIE HaBEICHOTO, TOJOBHUMH
YUHHUKAaMHU JeekTHocTi cTpykTyp BIC € 3ammneHicts
JaMiHAapHUX  MOBITPSHMX  IOTOKIB  YHCTHX  30H
TEXHOJIOTIYHOrO MoOIynd. BracHe, 3ynuHUMOCH Ha
mpobnemi grcrotu kimaci 10,1/0,1 TexHONOTIYHUX 30H.
Jns oTpuMaHHS TakKoro KJacy 4YHCTOTH KpaTHICTh
MOBITPSTHOTO OOMiHY IOBMHHA CKiITafgatu He MeHme 600-
900 rox”. TIpore mnpobremy umcrotd Kiacy 0,1 Ta
3HW)KEHHSI eJIeKTpOoCcTaTHYHOro mnoteHuniany 3 10-15 xB
no pieas wmenme 100B  wmeromamm  dinbrpamii i
KpaTHICTIO OOMiHY peasizyBaTH He MokHa. Kpim 1poro,
iCHye TICHMHM 3B’S30K MDK TNPHWIMIAHHSAM IWIMHOK 1
BEIMYMHOIO  €JEKTPOCTATUYHOTO  3apsiay, MNpHIOMY
3HW)KEHHS BOJIOTOCTI IMOBITPSHOTO IIOTOKY 3HHUXKYE
KOeQiIieHT NPIINTIAHHS YaCTHHOK. 3HIDKEHHS BOJIOTOCTI
10 30 % crabinizye koeilieHT NMpUIMHaHHS Ha PiBHI

MPOIIECiB (dbopmyBaHHs

0,22-0,25, a 3 BHUKOPHCTaHHSIM  aepoioHi3amii
JaMiHapHOTO TOBITpsHOTO TOTOKY — nxo 0,12-0,15
(puc. 1.).

BUHHMKHEHHS €eKTPOCTAaTUYHUX 3apsiiiB B IMpoIeci
¢dopmyBanHs cTpyktyp BIC € BaxuBuM Qakropom
HOFipLLIeHHﬂ CTaHy YUCTOT'0 CE€peaoBHUIla, IO MPUBOAUTH
JI0 3HWKEHHs1 Buxony npuaatHux crpykryp BIC. PoGota
o JIOCITIPKEHHIO TIPUYNH BUHUKHEHHS
CJIEKTPOCTATUYHHUX 3apsJiB B HAIIBIPOBIIHUKOBOMY
BHPOOHHITBI 1 PO3poOKa METOAIB 3amoOiraHHs HOTo
YTBOPEHHSI Ta IKBIimAmil cTaT3apsmiB IMOCHIMIOCH Y
3B’S3Ky 3 TCHICHIIEID 10 IIIABUINCHHA CTEMCeHi
IHTeTpaIii BeIUKuX iHTerpadbHuX cxeM. Hamu 1 3amaga
BUpIIIEHA aepoioHi3ali€l0 JIaMiHAPHOTO TOBITPSHOTO
MMOTOKY B YHCTiH 30HI, SIKa JO3BONMIA BHMTH Ha KJac
yucrotn 0,1 B TexHoyOriYHOMY MoOxyJi (opMyBaHHS
cyOMikpoHHUX cTpykTyp BIC Tomosoriunux po3smipi

K

%

npr.d

0,25-1,0 MKM.

B maniii cTarTi 3anporoOHOBaHa MOJAE/b ITiABUIICHHS
KJIacy YHCTOTH B JIOKAJIBHIN 30HI OOpOOKHM KpPEeMHi€BHX
IJIACTUH ~ aepOiOHI3aIli€r0  JIAMIHAPHUX  TOBITPSHUX
MOTOKIB, OCHOBaHOI Ha OPOYHIBCHKOMY pyci Ta MexaHili

CToKCa, €eNeKTPOCTaTUYHMX CHIaX 1 II0Ka3aHo, IO
YAaCTMHKHM, $IKi 3a0pyIHIOIOTh IIOBEPXHIO  XIMIYHO
o0pobneHnx  Si-IIACTHH €  3apsyDKeHUMH 1

CJIEKTPOCTATUYHUHN MOTEHINa Moxe gocsrata 10-15 kB.
Ile cyTTeBO NOHIKYE €NEKTPUYHY CTaOUIBHICT Ta
HamidHICTH cTpyKTYyp BIC.

EnexktpocTatnunHnii 3apsn, 3B’S3aHUN 3 TEPTAM
YaCTUHOK, TEHEPYEThCS 3aBXKIOW, KOMM JBa 00 €KTH
KOHTAKTYIOTh OJMH 3 OJHHUM, a TOTIM pPO3’€IHYIOTHCS.
BennunHa TeHEpOBaHOTO 3apsily 3alCKUTh SAK BiX
¢Gi3MYHMX 1 ENeKTPUYHMX  BJIACTHBOCTEH  caMHX
MmarepiaiiB, Tak 1 I[IBUIKOCTI 11X pPO3’€IHAHHS.
EnexTpuuHna eHeprisi, 3B’si3aHa 3 3apsoM Ha IOBEpPXHi
Si-rutacTvH, 1O BIAHOWIEHHIO A0 3€MJIi  ONHUCYETHCS
KBaJIpaTUYHOIO 3AJIEKHICTIO BiJ EJIEKTPOCTATHYHOIO
MOTEHITIATY:

w-Q .U

2C 2
ne Q — enexkTpUYHUEK 3apsia Ha moBepxHi Si-tutactul; C,
U — emuictp moBepxHi Si-IIacTMH 1 Hampyra Ha ix
MOBEPXHI 0 BiTHOIIECHHIO 10 3€MJII.

Taku YHHOM, HaKOIHMYeHa
CJIEKTPOCTAaTUYHOTO  MOTEHLially  3MEHIIY€
npugataux cTpykTryp BIC 3aBasku:

1) mpuTATaHHIO YaCTWHOK IO MOBEPXHI Si-macTuH
3aBISKU €JEKTPOCTATHYHUM CHJIAM MiXK YaCTHHKaMH i 1X
HOBEPXHEIO, 1o HPUCKOPIOE reHepauiio
nedexkrtoyTBopeHHsT (YHKIIOHAJBHUX WLIAPIB CTPYKTYP
BIC;

2) ImBHIKE PO3CIAHHSA HAKONMUYEHOI  eHeprii
MPUBOAUTh HE TIABKH 1O 30UIBIICHHS JePEKTHOCTI
(yHKIIOHAMBPHUX — IMapiB, ajge 1 J0 jJerpaaarii
€JIEKTPUYHUX napamMeTpiB i3-3a I IBUIICHHS
HecTaOlIBHOCTI 3aps0BOro craHy MixdasHoi mexi Si-
Si02 rta Haxiiinocti crpykTyp BIC.
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Puc.1. 3anexHicTh koe(illieHTa TPUIANIAHHS U1 YaCTHHOK niametpoM 0,5 Mxm (kpuBi 1, 2, 3, 4, 5) 10,1 MM

(kpuBa 6) Bi BITHOCHOI BOJIOTOCTI JJAMIHAPHOT'O MOBITPSHOTO MOTOKY: 1-94 %; 2-84 %; 3-60 %; 4-40 %; 5,6-30 %

3 aepoioHI3aIi€ro.
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AepoioHizallis JaMiHApHHUX MOTOKIB YUCTHUX MPUMILICHB...

Y mpoBenmeHili maHiii poOOTI TOKazaHO, MIO
Je(eKTHICT, Ta  HECTaOLIBHICTD  XapaKTEPHUCTHK
ctpyktyp BIC 3MeHmyeTbcs Ha OAWH-ZIBA MOPSAIKH 32
paxyHOK aepoioHi3allil JaMiHapHHUX TOBITPSIHUX MOTOKIB,
o (GOpMYIOTh YHUCTI JIOKAJIbHI 30HH B TEXHOJOTIYHUX
MOAyJsiX. KOHCTPYKTUBHO 1€ JIOCSATAETHCS 32 PaxyHOK
BUKOPHCTaHHS 10HI3aTOPIB K OIMOJSPHOI TOYKOBOI, TaK
i citrkoBoi koHirypauiii [3,4]. B mxepeni ioHiB 3
OIMONSIPHOIO ~ TOYKOBOIO  CTPYKTYporO B podi
MPOTHIISKHOTO EJIEKTPOJIa BUKOPUCTOBYETHCS 3a3eMiIeHa
moBepxXHs (Qanbln-mimiorn. B ioHI3aTOpi 3 CITKOBOIO
CTPYKTYpPOIO TIOJ€ 3B’S3YETBCSA UYepe3  IMOCTIHHHMA
(hikcoBaHMI MPOTHIICKHUN €IIEKTPO/I, 10 3HAXOIUTHCS B
obe3nmIeHii KoMipIli YUCTOi 30HU.

O6unsi CHUCTEMH  JKHUBIATHCA IMITYJIbCHOIO
BHCOKOBOJITHOIO Hampyrotro 9-12 kB wacrororo 1,5-
2,5 ' 1 mmapygarictio 0,03 (12/400 ms) mist CITKOBOTO
Jokepena ta yacrororo 0,8-1,2 I'p i mmapysarictio 0,35
(200/600 ms) mns OIMONAPHOTO TONYATOTO JDKEpena.
TpuBanicte immynsciB 3miHioBanace Big 0,01 mo 1c.
BumiproBaHHs BEJINYMHU €JIEKTPOCTATUYHOTO
MOTEHITially MPOBOIWIOCH 3 BUKOPHUCTAHHSAM MOHITOpa
(ikcarmii enexrpocratryHoro 3apsany (SORBIOS monens
EME-1000), TounicTs sxkoro cknanana £1 B.

[IpoBeneni mocmimkeHHS O0a3yBalHCh HA TaKHX
eKCIIePUMEHTAIBHUX TeCTaX, L0 JajH 3MOTY:

onTUMIi3yBatd (GOpMYy 1 aMIUIITYAy HAmpyrd s
IBOX CHCTEM aepoioHi3amii 10HIB BIZHOCHO dacy
HeWTpaizalii, InapyBaTocTi 1 YaCTOTH IMITYJIbCIB;

BCTAHOBUTH 3aJICKHICTh MIDK YacoM HeWTpasisariil
€JIEKTPOCTaTUYHHX 3apsiliB, KOe]illieHTOM NPHIMIAHHS
YaCTMHOK Ta IIBUJAKICTIO 1 BOJIOTICTIO JIaMiHAPHUX
MOBITPSHUX MOTOKIB B Mexkax 0,05-0,5 m/c;

JOCIIIIUTH 4acOBY HEWTpalizallifo B PI3HUX TOYKaX
Ha po0Oodil MOBEpXHi CTONA, HA SIKOMY OOpPOOISAIOTHCA
Si-mmactuHmy, siKka He epeBumryBana 17-19 c;

mocmimuTa  eQeKTuBHICTh  (iHImHOI  QimpTparii
YHCTHX 30H (pHUC. 2) B 3aJIeXKHOCTI Bij TUmy (iIbTpiB B
obe3mmieHnX ~ KOMipkax 1  jJiaMerpa  YacTHHOK
JIAMIHAPHOTO MOTOKY;

BCTAHOBUTH ONTHUMAJbHUA Yac HeHTpamizamii st
3MEHILECHHS! BEIWYMHHU TOTEHIaTy EeJNEeKTPOCTATUYHOIO
3apsaay a0 pieas <100 B, mo e Baxmuo mis K-MOH
ctpyktyp BIC. Cepenniii uac He#Tpamizaiii Mo3UTUBHUX
3apsliB He mepeBulyBaB 15 ¢, a Big’emHux - <19 ¢ npu
ONTHUMAJILHOMY 4aci Herrpamizanii 5-10 c;

JaMiHapHOTO TOTOKY 3 BHUKOPHUCTAHHSM DIBHSHB PYXY
ra3y Har’e-Ctokca:

@m @JFV m+W m=*1*@+v Vu

ot ox oy 0z p ox
J€ U, V, W — KOMIIOHEHTH IIBHIKOCTi I'a30BOTO NOTOKY
[0 OCSIM KOOPIWHAT; P — CTATHYHUM THCK; p — IYCTHHA
MOBITPSTHOTO TTOTOKY; V — AMHAMIYHA B’ SI3KICTh;

NPOBECTH MOJIENIIOBaHHs  TU(y3iiiHOrO PpIBHIHHS

Dika:
oc . oC, oC,  oC
ot 0x oy 0z
ne C, D — xonnentpanis i koedimieHT audy3ii 4acTHHOK
B JJAMiHAPHOMY MOBITPSHOMY ITOTOIL;

BU3HAYUTH PO3MOJUI YaCTHHOK B JIOKAJIBHOMY
YICTOMY 10HI30BaHOMY 00’ €Mi;

BCTAHOBUTH, 10 €JICKTPO3APSIKCHICTh JJAMiHAPHOTO
MOBITPSTHOTO MTOTOKY € TAKUM K€ BaXIIMBUM IIapaMeTPOM
MIKPOKJIIMATy TEXHOJIOTIYHOTO MOJYJIS K TeMIIeparypa,
BOJIOTICTh, THCK, INBHAKICTH TIOTOKY, 3allMJICHICTb,
KpaTHICTb  OOMiHy, BelIMYMHA EJIEKTPOCTATUYHOTO
noreHuiany 1 craHoButh (mo miumisHUKy ACI-1) B
MeKax 2,5-103-6,5-103 cm™ 3 KOeiIieHTOM
yHinonapHocti Ky =n(+)/n(-) =2+0,5 Tta no3Bonse
3[EMIEBUTH BapTICTh YUCTUX NPHUMIIIEHb SK MIHIMyM Ha
HOPSIOK;

po3pobutn  acmipamiiiHmii  migmmpHEK  ACl i
METOIMKY Ui BUMIpIOBaHHS KOHIIEHTpAIlill aepoioHIB B
JaMiHApPHOMY  TOBITPSHOMY  TIOTOL[  YHUCTUX  30H
TEXHOJIOTTYHOT'O MOJYJIS;

MIIBUIIMTA HA MOPSIOK BoOJOTicTHY (+3 %) 1
Temneparypny crabinpHicth (£ 0,10 C) B uucTii
JOKaNbHi# 30Hi kinacy 1/0,1 npoekuiitHoi iitorpadii;

HiBUIIUTH €PEKTUBHICTb (PIIBTPIB TOHKOI OUMCTKH
Ha J[BA MOPSIKY i CTAOLTBHICTh MIBUAKOCTI JIAMIHAPHOTO
MoBITpsHOTO MOTOKY a0 =+ 0,05 M/c Tmpw 3HIKCHHI
KpaTHOCTI 00MiHy 10 250-320 roo.

Takum YHHOM, BUKOPUCTAHHS npouecy
aepoioHizamii  JaMIHAPHOTO  TOBITPSHOTO  TOTOKY
JI03BOJISIE MIABUINNTH KJIac YUCTOTH Ha 1-2 MOpsAAKH B
JaMiHApHHUX JIOKAJBHUX YUCTUX 30HAX I1HIWBIAyaJIbHOL
00poOkM Si-TIacTWH, TOYHICTH CYMIIEHHS ONTHYHOI
npoekuiiiHoi mitorpadii mo +0,1 MkM Ta 3abe3neuye
piBeHb KOHTpOJO 4yacTUHOK 0,1 MkM 3amicth 0,5 MKM,
temneparypu 0,10 C Ta Bomorocti +3 % mpu
(opmyBaHHI CTPyKTYp cyOMmikpoHHUX po3mipiB (0,25-
1,0 mxm) BIC. [ocmigHa ekciutyaTaiiss TaKHX YHCTUX

DVC.

TpoBeLTH MOACITIOBAHIA ACPOIOHISOBAHOTO 30H ONTHYHOI mpoekuiifHoi mitorpadii Ha BAT ,,Pomon”
%
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Puc.2. 3anexHicTs epeKTHBHOCTI (inbTpamii ynsTpaToHKUX QinbTpiB Hepa 3 pizHO0O QimbTpyroUuoto
komipkorto (1-0,3 mxm; 2-0,1 mrMm; 3-0,1 MKM 3 aepoioHI3aTOpPOM) Bif TiaMeTpa MIKpOYacTHHOK JaMiHAPHOTO

MOTOKY.
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MmoKa3ala  IyKe  BHCOKy  edektuBHicTh.  Take
(dbopMyBaHHS TMapaMeTpiB MIKPOKIIMATy 3 JOMOMOIOIO
aepoioHi3allii JaMiHApHUX TOBITPSHUX MOTOKIB 3
yCcmixoM MoOXxe OyTH 3acTocoBaHe B OiOMeIWUHIH,
(bapManeBTHYHIM TEXHII[I B TEXHOJOIil BHUTOTOBJICHHS

TIperapaTiB Ta B ONEPALifHIX ,,9UCTHX KIMHATaX .
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S.P. Novosyadlyy

Aeroionization of Laminar Flows of Pure Locations of Sub-Micron Technology
of Large Integrated Circuits

‘Vasyl Stefanyk’ Prekarpathion University, Ivano-Frankivsk, Ukraine

In this paper the offered model of raising the purity class in a local workpiece range of silicon
laminas aeroionization of laminar airflows, founded on Brown driving and mechanics of the Stokes,
electrostatic forces also is rotined, that parts, which one pollute a surface of the chemically treated Si-
laminas are charged and the electrostatic potential can reach 10-15 kV. It essentially reduces electrical

stability and reliability of structures VLSI.
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