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PASPABOTKAIIPOLECCA IVIYBOKOTO IIVTASMEHHOTO
TPABJ/IEHVIA KPEMHUA IJIA TEXHOJIOTUN TPEXMEPHOU
NMHTETPAIIN KPUCTAJIJIOB

Hccenedosanvl 3agucumocmu mexnon0eudeckux Xapaxmepucmux npoueccd 2aybokozo mpagieHus Kpem-
HUSL OM €20 ONEePAYUOHHBLX NaApamempos. Pazpaboman u onmumusuposan npoyecc 21y60okozo nid3meHHozo
mpasienus Kpemnus 01k CO30anust CKGO3HbIX OMBEPCUL ¢ YNPABISIEMbIM NPODULEM.

Katouesvie caosa: npouecc eayb6okozo mpasienusi kpemnus, ckeodnvie omeepcmus 6 kpemmuu, TSV,
UCTOUHUK MPAHCHOPMATMOPHO-CEAZAHNOU NAAIMbL, MEXHOJI02US MPEXMEPHOU UHMEZPAUUU KPUCMAIILO08.

B nacrositiiee BpemMsi I8 U3TOTOBJIEHUST T1OJIY-
MPOBOJIHUKOBBIX MTPHOOPOB YPOBHSI «CUCTEMA B KOP-
myce» aKTUBHO Pa3BUBAETCS TEXHOJOTUS (HOpMU-
POBaHUSI TPEXMEPHBIX WHTETPAJHHBIX CXEM U CH-
creM unTerpanuu kpucra/aios (3D-IC), mosBossio-
11as YBEJUYUTD [LJIOTHOCTb KOMITOHOBKH 3JIEMEHTOB,
ObICTPO/IEIICTBUE U3/IEIUS, CHUUTH TIOTPEDIAEMYIO
MOIITHOCTD U 3all[UTUTh CXEMOTEXHUYECKOE PEIlleHUE
ot korupoBanudd [ 1, 2]. OxHolt 13 BayKHENIINX TeX-
HOJIOTUYECKUX ONEPAINil TAKON TEXHOJIOTUU SIBJISI-
ercs mponecc 1wrasmennoro tpasienus (IIT), uc-
MOJB3YEMbIN JIJIST CO3/TAHNST CKBO3HBIX OTBEPCTHIT B
kpemunu (through-silicon via, TSV) npu ¢popmu-
POBAHUU METAJUIMYECKUX COEJAMHEHWI MeXKy Ia-
keTupoBanubiMu cxemamu 3D-1C [3].

WN3BecTHO HECKOJBKO CIIOCOGOB TMOJIYyUYEHUS
riy60KUX BEPTUKAJIbHBIX OTBEPCTUIl B KPEMHUM.
Hawub6osee ucrnosib3yeMbIMy U3 HUX SIBJISTIOTCST T1J1A3-
MEHHBbIE METO/IbI, TaK Has3biBaeMbiil «Bosch»-mpo-
Iecc W aJbTEPHATUBHBIA €My KpHOIpolecc, pea-
JIn3yeMble B MCTOYHUKAX BBICOKOIJIOTHON TIa3-
MBI, HallpUMEpP B MCTOYHMKAX WHAYKTHBHO- U
TpaHncOpPMaTOPHO-CBSA3aHHON TJIa3Mbl. JTH Me-
TO/IbI TTO3BOJIMJIN 3aMEHUTh UCIIOJIb3yeMble 10 He-
JIABHETO BPEMEHHU METO/bl TJyGOKOro aHU30TPOII-
HOTO KHUJIKOCTHOTO TpaBJieHus. B oTyimune ot :Ku/-
KOCTHBIX aHW30TPOITHBIX ITPOIECCOB IJIa3MEHHOE
TpaBJIeHUE HE CTOJIb YYBCTBUTEJIbHO K KPUCTAJIIIO-
rpaduvecKoll OpUEHTAIUN KPEMHUS, OHO MOJKET
o6ecrieynBaTh BBICOKYIO CEJIEKTUBHOCTL K MaTepu-
aJly MacKU U SIBJISIETCS] 3HAYUTENbHO 60Jiee BOCIIPO-
U3BOAUMBIM U (GE30ITaCHBIM.

XapakTepHbIMH TPEOOBAHUSAMU K IpoIleccaMm
MJIA3MEHHOTO TPaBJIeHUS /51 (DOPMUPOBAHUS TJIy-
6OKUX OTBePCTHil B Si SIBJISIOTCS BBICOKAsI CKOPOCTh
U PaBHOMEPHOCTDb TPABJIEHUSI IIPU BBICOKOU CeJieK-
TUBHOCTU TPABJIEHUS KPEMHHUS 110 OTHONIEHUIO K
MaCKUPYIOIIeMY TIOKpbITHIO. Kpome Toro, Heo6xo-
JIIMO 06€eCTieYyuTh BO3MOYKHOCTD YIIPABJIEHUS TIPO-
¢usem dopmupyembix orBepcTuii. M3BecTHo, uTO
olHUM u3 y3KuxX MecT TSV-TexHosornm sBiseTcs

omepanus 3aMoJHEHUS OTBEPCTUH MeTaTMIecKu-
MU TPOBOJSAIUMU CJOsIMU. TexHosorus 6eciry-
CTOTHOTO 3aIlOJIHEHUS OTBEPCTUi, TaK ’Ke KaK M
IJIOTHOCTDh Pa3MelleHns] CKBO3HBIX ITPOBOHUKOB,
B CBOIO OuYepeb ompejiesisiercss MpoduaeM Tpas-
genus kpemuus [3—35]. Tak, B cayuae gocrarou-
HO TOHKOW KPEMHUEBOU IO/IJIOKKHU, HAIIpUMEp J10
30 MKM, CKBO3HBIE OTBEPCTUS C OJHOCTOWHON Me-
TaJlIu3alueil n3 BoJabgpaMa Ui Meu, Kak MpaBu-
JIO, MOKHO BBITIOJIHATH BEPTUKAJBHBIMU, a TIPU TOJI-
IHe TIacTulbl, HanpuMep, 100 MM GoJiee mpej-
MOYTUTEIEH HAKJIOHHBIN TPOMUIL OTBEPCTHI, YITPO-
HIAIOIIUN UX OECITyCTOTHOE 3arl0JIHEHHE,

O4eBUAHO, YTO TEXHOJOTUSA H3TOTOBJIECHUS
CKBO3HBIX OTBEPCTHI B KPEMHUU 3aBHUCUT OT MHO-
rux mapaMmerpoB. B Hacrosiieir pa6ore IIPOBOIM-
JIOCH MICCJIEIOBAHIE BIUSHUS ONIEPAIMOHHBIX TTapa-
METPOB TIPOTIecca TIyOOKOTo TJIa3MEHHOTO TPaBJie-
HUS HA €r0 TEXHOJIOTMYECKIE XaPAKTEPUCTUKH C Tie-
JIbI0 pa3paboOTKU M ONTUMU3AIUU TTPOIECCA TPaB-
JIEHUSI CKBO3HBIX OTBEPCTHUIl C YIPABJISIEMBIM MPO-
(punem, McroIb3yeMoro B TEXHOJOTUN TPEXMEPHOI
WHTErpaIliil KPUCTAJLIOB.

O6opyoBaHHe U METOAMKA MPOBEIECHUS
JKCIEPHUMEHTOB

[Iporecc ray6okoro mnjaazMeHHOTO TPaBJIEHUS
(TTIT) KpeMHUS BBIIOIHAICS 110 TEXHOJIOTUH, TIPE/(-
yCMaTpUBAIOIEl YepesioBaHNe CTAAMI TpPaBJICHUS
u naccuBanuu (mosumepusarun). HavanbHoii aB-
JIgeTcd CTaingd M30TPOITHOTO TPABJIEHUS KPEMHUS,
3aTeM — OCaX/EHHUE TOJUMEpPHOH TJIEeHKH, KOTO-
pas o6pasyercsi Ha BCEX IOBEPXHOCTSX peJibeda
Si-ctpykrypnl. [lasee cHOBa MOBTOpSETCS CTaUs
TpaBJIEHNUs, HA KOTOPOH MPOUCXO/UT yIaIeHUe T0-
JIMMEPHOTO CJIOSI TPENMYTIECTBEHHO C TOPU30HTAb-
HBIX TIOBEPXHOCTEN 3a cueT MX MOHHOU GoMOapu-
poBku. [Ipu sTOM Ha GOKOBBIX CTEHKAX OCTAETCS
[MACCUBUPYIOIIUI CJIOHN, MPENATCTBYIONUN GOKOBO-
MY pacTpaBJIUBAHUIO.
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Puc. 1. Cxema TCII-peakTopa:
1 — BaKyyMHasl KaMe€pa C UICTOYHUKOM I1JIa3Mbl; 2 — KOJIblle-
BbI€ ITOCTOAHHDbIC MAarHUTDI, 3 — CTOJIUK-TIOJIOKKOAECPIKATEIb;
4 — cucrtemMa BOJSHOTO OXJAX/EHUS KaMepbl; 5 — KBap-
eBO€ OKHO, 6 — KaHaJbl Ioga4ym rasa, 7 — NHAYKTOD;
8 — CMOTPOBO€ OKHO

[l ipoBenienus T'TIT kpeMHus UCTI0/Ib30BaIACh
aKcrepuMeHTaJbHasa ycraHoBka «llmatpan-100» c
PEaKTOPOM BBICOKOILJIOTHOH I1y1a3Mbl Ha ocHoBe BU-
MCTOYHMKA C TPAaHC(HOPMATOPHO-CBSI3AHHON T11a3MOMH
(TCII), cxema KOTOpOTro IIpe/icTaBjeHa Ha puc. 1.
Wcnomp3yeMblil peakTop 1M03BOJISET YAOBJIETBOPUTD
COBpeMeHHbIe TPeGOBAHUS, MIPE/IbSIBISIEMbIE K TIPO-
1leccaM TJIa3MEeHHOTO TPaBJIEHUSI, TAKIM KaK BbICO-
Kast ckopocTb (2 MKM,/MUH U GoJiee), paBHOMED-
HOCTb M aHW30TPOIUS IIpoIecca TPaBJEHUS, ero
CEJIEKTUBHOCTD K (POTOPE3NUCTY M K OKCU/Y KpeM-
HUsI, MUHUMAJIbHBIN YPOBEHb IPUBHOCUMbIX Pa/IU-
allMOHHBIX HAPYIIEHUN TTOBEPXHOCTH 06pabaThiBa-
eMO¥l CTPYKTYPBI I HE3HAUNTEJIbHOE BJINSHIE HA ee
aJIeKTpoU3NYeCKre TTapaMeTphl.

B kauectBe paGounx ra3oB ObLJIN BLIOPAHbI 3J1€-
raz (SFg), ucno/ib3yeMblii Ha CTajnu TpaBJEHUS,
u xuanou-23 (CHF3), npumensiemMbiii Ha crajuu
noymMepu3anuu. s yaydineHus TernjaooTBo/ia OT
o6pabaTbIBaeMoii O/IJIOKKHU UCII0JIb30BAJICS IeJni,
KOTOPBIN TTO/IaBAJICS B TTPOMEXKYTOK MEXKYy KpeM-
HUEBOH TJIACTUHOW W TIOJJIOKKO/IEepIKATeeM.

O6pasnamu AJsg TpaBJeHUS CIYXKUIN Si-
miactuHbl Anamerpom 100 MM co cchopMupoBanHoOi
Mackoit u3 ¢poropesucra mapkn Rohm Raas S1813
Sp15 Tosmuuoit 1,4 MKM, TIpeJcTaBJIsIoNiell co6oi
peryJIIpHbBIE CTPYKTYPbI C JUHEHHBIMU pazMepaMu
or 1,2 10 2,5 MKM.

Omnepanuonnble TTapaMeTpbl MPHU MTPOBEJEHUN
npottecca I'IIT uamMengauch B TakKUX /MANIa30HAX:
pacxop amerada Qgpg=200—400 cm3/mMun, BU-
MOIIHOCTb, ToABOAuUMad K uHaykropy npu IIT,
WTp=300—900 Br; 3nauenne BU-momHocTH, moma-

BOJIIMOI K CTOJIMKY-TIO/IJIOKKO/IEPKATENI0, ObLIO
MOCTOSTHHBIM 1 cocTtaBagiao W =10 Br.

OriepalimoHHbIe XapaKTePUCTHKN CTA/INH TTAaCCUBA-
1un He MeHsAuch: BU-mommocts W, =600 Br, pac-
xo/1 xJa7ioHa Qcp=250 cm3 /Mun, BU-MomHOCTD
cmenterust W,=0 Br.

WNamepenust ToamuHabl (HOTOPE3UCTUBHON Ma-
CKM 10 ¥ TIOCJIe TIJIA3MEHHOTO TPaBJICHUS TTPOBO/IN-
JIN Ha aBTOMATU3UPOBAHHON M3MEpPUTEJIbHON CIIeK-
Tpasbhoii cucteme MPV-SP. Tlpodunu u reome-
TPHUYECKHUE [TapaMeTpbl KPEMHHUEBBIX CTPYKTYP I10-
cJie TJIa3MEHHOIO TPaBJIEHHWSI UCCJEOBAJIU C I10-
MOIIbIO CKAHUPYIOMIETO 3JIEKTPOHHOIO MUKDPOCKO-
na SEMXL 40 ¢upwmer Philips.

PeByJIbTaTbI IKCIIEPDUMEHTOB U UX 06cy>l<z[e}me

B xopae skclnepuMeHTAJbHBIX HCCJAEOBAHUN
OBLIY TIOJIYYeHbI 3aBUCUMOCTH CKOPOCTH TPABJIEHUS
kpemuus V., oT pacxoja pabodero raza Qgpg U OT
BUY-momuoctu W, U3 npuBeseHHbix Ha puc. 2
rpauKoB BUHO, 4TO MepBad M3 3TUX 3aBUCUMO-
cteit HocuT 6oJiee CIOKHBIN XapaKTep, YeM BTOpas.

YcraHnoBJsieHO, 4TO TpW HEOGOJBIIOM PaCXO-
Jle 3jerasa CKOpPOCTb TPaBJEeHUs HE3HAYUTEJIb-
Ha, TIOCKOJIBKY B paboueM 0ObeMe COMEPIKUTCS
MaJio MOJIeKyJ paGovero ra3a M, COOTBETCTBEH-
HO, ILIOTHOCTb XMMHYECKHM aKTHBHBIX (TpaBs-

a) .

codood

Vipsy MKM / MUH
=~

6)

Vipy MKM / MUH

Wips Br

Puc. 2. 3aBUCHMMOCTH CKOPOCTH TPABJIEHUS KPEMHHUS

or pacxofa ajerasa npu W.,,=850 Br (a) u or BU-
motHocTH 1pu Qgpg=400 cm3 /Mun (6)
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IMX) YacTUI[ HeBeauKa. [Ipu yBeandeHun pac-
xoma SFg ¢ 200 mo 350 cM3 /MuUH CKOPOCTD TpaBs-
JIEHWS KPEMHHUS BO3pacTaeT B TPU pa3a — € 2 JI0
6 MM,/ MuH (cM. puc. 2, @), 4To cBsi3aHO ¢ apdex-
TUBHOI JIOCTABKOI MOJIEKYJ pabovero raza B 30HY
BU-paspsia n 1oBbIllIeHUEM KOHIIEHTPAIIUU Paiv-
kaJsoB gropa. OaHAKO IPH AaTbHEHTIIEM yBende-
HUW PacXo/ia CKOPOCTb TPaBJECHWS HAYMHAET Ta-
JIaTh, TIOCKOJBKY BPeMs HAXOX/IEHUS XNMUYECKU
AKTUBHBIX YACTHUI[ B BAKYYMHOH KaMepe CTaHOBUT-
€SI HACTOJIBKO MAJIbIM, YTO OHU yAAJSIOTCS U3 pa-
604ero o6beMa, He yCIeBasi BCTYNUTb B PEAKIIUIO
¢ o6pabaTbIiBaeMOil TIOBEPXHOCTDHIO.

[Tpu mocrosHHOM pacxoje pabovyero ra3a u m3-
mereann BY-mommaoctin ot 700 1o 900 Bt cko-
poCThb TpaBJeHNs Si JUHEHHO Bo3pacTaeT IpuMep-
HO 10 6 MM /MuH (cM. puc. 2, 6). I10 06BACHS-
€TCsl TeM, YTO TIPU yBEJUYEHUU MOIIHOCTHU, MOJIBO-
JIMMO K TIJTAa3MEHHOMY Pa3psifly, TPOUCXOIUT POCT
9HEPTUU CBOOOHBIX 3JIEKTPOHOB TLJIA3MBI, U TIPU UX
CTOJTKHOBEHUU C aTOMaMH M MOJIEKyJaMu paboue-
O Ta3a MpoIecchbl HOHNU3AINN U JUCCOINAIIN TIPO-
UCXOJAT ¢ GOJIbIIell BEPOSITHOCTBIO. B pesysbraTe
YBEJUYMBAETCS YNCJIO UOHOB U XUMHUYECKHU AKTUB-
HBIX YaCTHII, T. €. TNIOTHOCTH TPABSNINX YaCTHII, U,
COOTBETCTBEHHO, BO3PACTAET CKOPOCTDH TPABJICHHUS.

YBemuenne BU-momnHocTn Gostee 1000 Bt nipu-
BOJIUT K JIeTpajiaiiny pOTOPE3UCTUBHON MACKH, YTO
B KOHEYHOM CY€TE BJIMSIET HA U3MEHEHUE JIMHENHBIX
pasmMepoB (popMUPYEMBIX CTPYKTYp M UX KOH]U-
rypanuu. ITpumenenue ke BU-momHocTn MeHee
300 Bt nerenecoo6pas3Ho, MOCKOJIbKY, BO-TIEPBbIX,
CKOPOCTb TPaBJIEHUS KPEMHHS TIPH 3TOM He3HAUN-
TesibHa (MeHee 2 MKM /MUH) U, BO-BTOPBIX, CYIIle-
CTBYeT PUCK OCTAHOBKM IIpollecca TpaBJjeHus Si,
uto Habmopaercs yxke npu W= 300—400 Br
(cMm. puc. 3). Do cBg3aHO ¢ MpeobaajaHueM CKO-
poctu ocaskenns naccusupyiomeii mienku C,H,F,
BO BpeMs TIOJUMEPHU3AINN HAaJ[ CKOPOCTHIO ee y/ia-
JIEHUSI Ha CTaJUU TPABJEHUS, YTO BBI3BAHO HEJIO-
CTaTOYHON TIJIOTHOCTBIO SHEPreTUYECKOTO IMOTOKA,
MOTIA/IATONIETO HA HUIKHIOIO TOBEPXHOCTH BBITPAB-

Det WD Exp —— 1um
XL40 D646 MIET

ppot Magn
.0 20000x SE 42 0

Puc. 3. Mukpodororpadust npoduisi KpeMHHEBOI
CTPYKTYPbI, TOJYUYEHHOIT B TIPOIECCE MIJIa3MEHHOTO TPaB-
senus npu W,=400 Br, Qgps=400 cM3/mMun

a)

1.39 pm

NN

AccV Spot Magn Det WD Exp

I —
2560kv60 5000x SE 71 0 XL40 D646 MIET

6)

AccV Spot Magn Det WD F——
260KkV 60 1000x SE 109 XL40 D646 MIET

20 pm

Puc. 4. Mukpodotorpadim mpodus Si-cTpyKTypsI HO-
csie maasMeHHoro Tpasienust (@) W jHa BBHITPABJIEHHO-
ro orsepcrus (6)

JuBaemMoro anemenTa. [Ipu aToM ckopocTh TpaBJe-
HUS KPEMHUS 110 Mepe Yriay6JieHus BHyTpb 06pas-
1[a CHMXKAETCS 32 CYET OTKJIOHEHUS MOHOB K GOKO-
BBIM CTEHKAM OTBEPCTUH B CBSI3U C HAKOILIEHUEM
Ha HUX 3JEKTPOCTATHUYECKOTO OTPUIIATETHHOTO 3a-
psAaa. ITo MPUBOJIUT K TOMY, YTO C HEKOTOPOTO MO-
MEHTa Ha TOBEPXHOCTH KPEMHUS HAYMHAET PACTH
(ropyrieposnas mieHka, U B pe3yJibTaTe IPOIECC
TPaBJIEHUS OCTAHABJIUBAETCS.

[pu snauenuu BU-mommoctn W,,=500 Br npo-
IIeCC TPaBJEHNS KPEMHUS TPOUCXOIUT, HO Ha /THE
OTBEPCTUH TIPUCYTCTBYIOT MUKPOHEPOBHOCTH B BU/IE
urst u croa6uxos (cMm. puc. 4). Bbuio ycranosJie-
HO, YTO UX BO3HUKHOBEHUE OOYCJIOBJIEHO yBeJauye-
HUEM TOJIIUHBI (PTOPYTIEPOIHON TIJIEHKH, 06pa3y-
IolIelics Ha TIOBEPXHOCTH KPEMHMS Ha CTAJUH TI0-
qumepusanuu B adMe CHF3, u ¢ Hepocrarounoit
CKOpOCTBIO ee TpaBjeHns B miaasMme SFg. Ilpu Ta-
KUX YCJOBHSIX HA TIOBEPXHOCTU KpeMHUsST 06pasy-
I0TCS1 YTJIEPOJIHbIE OCTATKU TpaBJieHust (propyrie-
POJIHOII TIJIEHKM, KOTOPbIE HAKAIJIMUBAIOTCS HA TI0-
BEPXHOCTHU OT IIUKJIA K IUKJIY W TPEJICTABJASIOT CO-
60i MUKPOMACKHUPYIOIITIe TIOKPBITHS, SBJSIONINECS
HPUYUHON 06pa30BaHUsI MUKPOHEPOBHOCTEI.

YcranoByieno, 4to yBesuueHue pacxojga pabo-
yero rasa B guamnasone 200 —400 cm3 /MuH npuBo-
JIUT K U3MEHEHUIO YTJIa HaKJIOHa 60KOBOI TIOBEPX-
Hoctu anementa (cM. pue. 5). HaGmonaoueecs
yIIpenne KaHaBOK 0ObACHSETCs, BO-TIEPBbIX, HE/O-
CTATOYHON naccuBaiireil 60KOBbIX CTEHOK C YBeJIU-
yeHuneM TyyO6unbl. Bo-BTOpBIX, 3TO CBSI3aHO € TeM,
YTO MPU TIOCTOSHHON CKOPOCTU OTKAYKU C YBEJIU-
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a) 6)

B —
XL40 D646 MIET

t WD Exp
174 15

n Det WD Exp
SE 47 16

28.7 ym
1 10pm
XL40 D646 MIET

Puc. 5. Mukpodororpaduu npodueii Si-cTpyKTyp ¢ PasaMYHBIM YIJIOM HAKJIOHA GOKOBOI CTEHKU:

a— 8

YEeHMEM PacXo/ia TPABAIIETO Ta3a BO3PACTaEeT U pa-
Gouee JaBJieHue B Kamepe (Hanpumep, IpU pacxo-
ne 300 cM3 /MUH JaBJeHrue COCTABJSIET TPUMEPHO
35 mTopp, npu pacxoze raza 400 cm3 /Mun — oko-
j0 60 mTopp). Pocr gasienus npuBogutr K Goee
YaCTBIM CTOJKHOBEHUSIM MEXK/Y YaCTUIIAMHU TIJIa3Mbl
1, COOTBETCTBEHHO, BEPOSTHOCTD MTOTIA/IAHNS XVMU-
YeCKM aKTHBHBIX YaCTHUI] 1 MOHOB Ha OOKOBbIE CTEH-
KU BBITPABJIMBAEMbBIX 3JIEMEHTOB yBEJNYNBACTC.

Ha puc. 6 Buano, uro GOKOBasi CTEHKAa HMeeET
HIEPOXOBATYIO MOBEPXHOCTh C HEPOBHOCTHIO OKOJIO
58 HM u marom npumepHo 450 uM. Takoe coctos-
HUE TTOBEPXHOCTH KPEMHHUS CBSI3aHO CO crienudu-
Kol mpoBesienud mpoiecca I'TIT — uyepenoBanuem
cTaauii TpaBieHusa u mosuMepusanuu. [lockomabKy
JUIS TIOJTYIeHUST BBICOKOW CKOPOCTH TpaBJeHUS Si
B I1€JIOM Ha CTA/IMU TPABJIEHUS UCIOJb3YEeTCs B Ka-
yectBe pabouero raza SFg 6e3 kakux-ambo maccu-
BUDPYIOIIHMX J0OABOK, TPABJIEHIE HOCUT SIPKO BbIpa-
JKEHHDBI MU30TPOIHbBIA XapakTep.

YBemmyenne BU-mommmoctn B auamasone 700 —
900 BT npuBOAUT K CHIDKEHWIO CEJIEKTUBHOCTU TPAaB-
JIEHUSI KPEMHUSI 110 OTHOIIEHWIO K (POTOPE3UCTUBHOI
Macke Sg; /¢, (cM. puc. 7, @). BoaMoxHo, 210 CBA-
3aHO C TeM, 4TO Tpu yBesmdennn BU-mormmHocTn Ha-
6JTI0/IaeTCS POCT HE TOJIBKO TJIOTHOCTU TPABSIIIX Ya-

397 nm)|
Lt WD Exp 2 1 pum

AccV Spo& Magn
30.0kV 80 20000x SE 84 16

XL40 D646 MIET

Puc. 6. Mukpodororpadust 60KOBbIX CTEHOK 2JIEMEHTOB
Si-CcTpyKTYyp, MOMYyYEHHBIX TIOCJIE TPABICHHUSI

8:6 — 90°; 6 — 92°

CTUII, HO U UHTEHCUBHOCTH MOHHON 60MOAPINPOBKH,
KOTOpasi IPUBOJIUT K GOJIBIIIEMY YBEJTMIEHHIO CKOPO-
cTy TpaBieHus: (JOTOPE3NCTUBHON MACKH IO CpaBHe-
HUIO C KpEMHHUEM 32 CUET OTJIMUNS 3HAYEHWIH SHEPTUI
cBsasu atux MarepuanoB (E g =200 /[ /Mo,
E . =440 ]I /MOb).

N3 3aBUCMMOCTH CENEKTUBHOCTH TPaBJIEHUS
S'si/¢p OT PACX0/ia dlerasa, NPUBEIEHHOI Ha puc. 7, 6
BU/IHO, YTO yBeJWUYEHUE PACXO0/a Ta3a IPUBOIAUT K
POCTY CEJIEKTUBHOCTU. IJTO OODBSICHAETCS TEM, 4TO
¢ yBeJMYeHNeM pacxojia Tpassiiero raza SFg Bo3-
pactaer cosep:xkanue ¢Gropa B paboueMm o6beMe,

a)

(=2 [=2]
N =~

>
=

Ssi/ppr OTH. €L

o
o

——m—-
'
'
|
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Puc. 7. 3aBucuMocTb CeIeKTUBHOCTH TPABJIEHUS KPEM-

HUS TI0 OTHOIIEeHuIo K orope3ucty or BU-momtHocTn

upu Qgpe=400 cM3 /Mun (@) u oT pacxoza sjerasa 1pu
W,,=900 Br (6)
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YTO CHOCOOCTBYET YBEJUYEHUIO CKOPOCTU TpaBJie-
Hus Si, mpudeM 60JIbIEMY, YeM yBeJTWYeHUEe CKO-
pocTH TpaBJeHust poTopesnucra.

[Ipu r1y60KOM TpaBJIeHUN KPEMHHEBBIX CTPYK-
TYpP C Pa3JM4YHBIMHU JUHEHHBIMU pa3MepaMy Ha-
6JII0/1aeTCST TAaK HA3bIBAEMbIil arepTypHbIi adeKT.
I1oT 3(PPEKT CBsI3aH C MEXAHU3MOM <«3aJEPKKU»
PEAKTUBHOTO HOHHOTO TPABJIEHUS, KOTOPBIN BO3HU-
KaeT 10 TpeM NpuunHaM. Bo-TepBbIX, M3-3a MOH-
HOTO 3aTEeHEeHWsI, JIeJAIONIEro MOCTYAOIIe NOHBI
M30TPOIHBIMH B pe3yJbTaTe PACCEUBAHUS U 3apsi-
JI0BOro o6MeHa B 06JIaCTH TPOCTPAHCTBEHHOTO 3a-
psfa. YMeHbllieHne pabovyero JAaBJeHUs CHIDKAeT
BEPOSTHOCTD CTOJKHOBEHWH, TIO3BOJISIST OOJIbIIEMY
KOJIMYECTBY BXO/SNIMX MOHOB JOCTUTATD HIDKHEN
HOBEPXHOCTU CTPYKTYPbI. Clieyer OTMETHTD, YTO
paboTta B peXMMe BBICOKOIIJIOTHOI TJIa3MbI, KOTO-
PBIil OHIDKAET TOJIIMHY 06JIACTH ITPOCTPAHCTBEH-
HOTO 3aps/ia, CHUXKAET BEPOSITHOCTD CTOJKHOBEHUIH
MOHOB C HEHTPATbHBIMU YaCTUIIAMU UJIH CTOJKHOBE-
HUl ¢ 06MEHOM 3apsijia 110 CPABHEHWIO C TPA/IUIIU-
OHHBIMH JIBYX3JIEKTPOJHBIMU CUCTEMAaMH PEAKTUB-
HOTO MOHHOTO TpaBJeHus. Bo-BTopbIX, 1o mpuyu-
He «3aTeHeHUsI» HeHTpaJbHBIMU YACTHIIAME: N3-32
CTOJTKHOBEHUS YaCTHI] KaK JIPYT € IPyrOM, TaK U €
GOKOBBIMU CTEHKAMU 3JIEMEHTOB, 3aMe/JISIETCS 10-
TOK XUMHYECKH AKTUBHBIX HEUTPAJTbHBIX YACTHUIL
(marmpumep, F) BHYTpPb CTPYKTYPBI, U UX JOCTYII
K HIUJKHEH 9acTH CTPYKTYPBI, YTO HEOOXOANMO JIJIST
yiajeHus: nojuMmepa M (OPMUPOBAHUS JIETYUUX
MPOJYKTOB TPABJIEHUS, 3aTPyiHsIeTcs. B-TpeThux,
M3-32 TPAHCTIOPTUPOBKU HEHTPAJbHBIX TPOIYKTOB
TpaBJIeHUsI: OOPATHDBIN MOTOK NPOJAYKTOB XUMHUYeE-
CKOIl peakIuy CO JHA CTPYKTYPbI MOXKET CTaJKU-
BaTbhCS C BXOJSIMMU YACTUIAMU WJIN TI€PEOCAXK-
JIaTbCS HA JTHE CTPYKTYPBI, 3HAYUTEIBHO YBEJIUYH-
Bas TOJIIMHY OCAXKIAeMOTO MOJIMMEPA.

Bnusinue aneprypuoro adgdexra na mpoduib
CTPYKTYPBbI, TIOJIYYeHHBIH TTOCJIe TPaBJEHUS, TTOKa-
3aHO Ha pHc. 8

[Tocne ananm3a IMOJyYEHHBIX PE3YJIbTATOB HC-
cJel0BaHnil 1porecca ray6oKoro MJIa3MEeHHOTO

— 27pm

18.8 um

AccV Spot Magn
20.0kV 8.0 3500x

Det WD Exp

SE 94 16  XL40 D646 MIET

Puc. 8. Mukpodororpadus 37eMEeHTOB € Pa3TUIHBIMU
JIMHEHHBIMH PasMepaMu, TIOJyYeHHBIX B OHOM IpOIec-
ce TIJIA3MEHHOTO TPaBJIEHUS

TpaBJeHus Si ObLIM BLIOPAHBI CJIENYIONINE OINTH-
MaJibHbIE 3HAYEHUS ONEPAIMOHHBIX TAPAMETPOB:

— BU-momHocTth Ha cragun naccusaimn 600 Br;

— BU-momntHocTh Ha ctajuu TpasJyenus 900 Br;

— pacxon SFg 400 cm3/mun (coorsercrByer
nasaennto 60 mTopp);

— pacxon CHF3 250 cm3 /mun (cooTBercTByer
nasaennio 60 mTopp);

— OTHOIIIEHUE BPEMEHM TPaBJIEHUS K BPEMEHU
rmaccusauu 1,5;

— BU-momnoctp Ha o 10xkKoAep:karese 10 Br
(cootBercrByer Hanpsikenuio cMenternss —40 B).

ITn 3HaueHWs 00eCcreunBaoT CJIeNyoNne ma-
pametphl mporiecca ['TIT aneMeHTOB ¢ JTWHEHHBI-
MU pa3Mepamu 1o mupuHe 1,6 MKM:

— CKOpOCTb TPaBJIEHUsI KpEeMHUS 6 MKM / MUH;

— CeJIeKTUBHOCTH K poropesucty 60;

— paBHOMEPHOCTb TpaBjeHus 95%;

— mpodub Tpasaenns 90+2°;

— acriekTHOE oTHOMIeHue 18.

Paspa6orannbiii ripoiiecc riy6oOKOro mia3MeHHo-
TO TPaBJIEHUST KpeMHUs GbLT UCTIOJIb30BaH Ipu (op-
MUPOBAHWM OTBepCTUS raybuHoit 370 MKM U Jua-
MerpoM 120 MKM ¢ yrjioM HakJoHa GOKOBOW CTeH-
ki 90° (puc. 9).

98.7 pm=— = 100 jim
D646 MIET

Puc. 9. Mukponpoduib BBITPaBIEHHOTO OTBEPCTHUS
B KPDEMHUEBOW CTPYKTYpe

Boiso b1

TakuM o6pasoMm, B pe3yJbTaTe HMCCJEIOBAHUS
npoiiecca rryGoKoro Maa3MeHHOTO TPaBICHHS KPeM-
HUSI yCTAHOBJIEHBI KOPPEJISIIIUOHHBIE 3aBUCUMOCTHI
ME3K/y €r0 OCHOBHBIMU TEXHOJOTMYECKUMHU XapakK-
tepuctukamu (CKOPOCTHIO, MPOdUIEM TPaBJIEHUS,
CEJIEKTUBHOCTHIO) U OIEPAIIMOHHBIMU [TApAMeTPaMK
(BY-MOIIHOCTBIO U PacxojioM paGoyero ra3a Ha cra-
juu TpaBsenust). [losydeHHble Pe3yIbTaThl HO3BO-
JIn pa3paboTath ¥ ONTUMU3NPOBATD TIPOIECC TJIy-
GOKOTO IJIAa3MEHHOTO TPABJICHUS KPEMHUS C YIIPaB-
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JisgieMbIM nipodusieM (GOPMUPYEMBIX CKBO3HBIX OT-
BEpPCTUii, UCIOJIb3YIOMUICS B TEXHOJOTUH CO3/1a-
HUS TPEXMEPHBIX MHTErPAJbHBIX CXEM U CHUCTEM.
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DEVELOPMENT OF DEEP SILICON PLASMA ETCHING
FOR 3D INTEGRATION TECHNOLOGY

Plasma etch process for thought-silicon via (TSV ) formation is one of the most important technological opera-
tions in the field of metal connections creation between stacked circuits in 3D assemble technology. TSV for-
mation strongly depends on parameters such as Si-wafer thickness, aspect ratio, type of metallization material,
etc. The authors investigate deep silicon plasma etch process for formation of TSV with controllable profile.
The influence of process parameters on plasma etch rate, silicon etch selectivity to photoresist and the struc-
ture profile are researched in this paper. Technology with etch and passivation steps alternation was used as
a method of deep silicon plasma etching. Experimental tool «Platrane-100» with high-density plasma reactor
based on high-frequency ion source with transformer coupled plasma was used for deep silicon plasma etching.
As actuation gases for deep silicon etching were chosen the following gases: SFg was used for the etch stage
and CHF 3 was applied on the polymerization stage. As a result of research, the deep plasma etch process has
been developed with the following parameters: silicon etch rate 6 um/min, selectivity to photoresist 60 and
structure profile 90=2°. This process provides formation of TSV 370 um deep and about 120 um in diameter.

Keywords: deep silicon plasma etching, through-silicon via, transformer coupled plasma source, 3D integration
technology.
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