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B nocnegHue npecatnneTnss OCHOBHOU
doaKTop NOBbLILLEHNA CTENEHU
MHTErpaunum -macutabnpoBaHue
(YMEeHbLLEeHne pa3mepoB 3IEMEHTOB,



90-HM TexHonorusa
WU3rQTOBNMEeHUA TPaH3UCTOPOB

|_AMINEKTPUK |

MeTox Crok

" Kawan

Kpamuesan noanoxka (NAXCTHHA)

| TpaH3KCTOp B NonepeYyHom paspese

Cnoi NiSi

3arsop 13
NOSTUKPUCTANNUYECKOTO
KpeMHus

Mnerka us SiO, —
AU3NEKTPUK 3aTeopa
TONWMUHOK 1,2 HM

3aTBOp 13 NPOBOAALLENO NONMKPEMHUS OTAENEH OT KaHana TpaH3ucTopa
TOHYaWLWUM (TONLMHOW BCero 1,2 HM unn 5 aToMoB!) croem guokcuaa
KpeMHUs (MaTepuana, AeCATUNETUSAMIN UCTIONb3YEMOro B KAYecTBe
NoA3aTBOPHOIO ANINEKTPUKA).



C poctom ctenenun nHterpaunm CbUNC n cnctem Ha kpuctanne
yBENMNUYMBAETCS A0S YMMNOB, CoAepPXKaLLlnX aHanorosble 61oKu, KOTopble
obecrneynBaloT B3auMMOAENCTBUNE C OKPYKaloLLMM MUPOM, HEObXoaMmMoe Ans
KPYMHbIX 1 PYHKUNOHASTIbHO 3aKOHYEHHbIX CUCTEM.

K TpaH3ucTopam Ans aHarnoroBbiX U LUMPPOBbLIX MPUMEHEHUN
NpeabsABNSATCA NPOTUBOPEYNBbIE TPEDOBaAHKS.

Ona undposbix CBC noporosoe HanpsikKeHUe HemNb3si CHMXKaTb
HeorpaHM4YeHHO, NOCKONbLKY NP 3TOM YBENMMYMBAETCS NOAMNOPOroBbIN TOK,
KOTOpbIN onpeaensaeT notpebneHne aHeprum CbC B HeakTMBHOM
COCTOSAAHMKN. BepxHUin npegen NoporoBoro HarnpsiXeHust orpaHn4YnBaeTcs
YETBEPTbIO OT HANPS)KEHNSA NUTAHNS, KOTOPOE CTaparTCs CHU3UTb Ans
YMEHbLUEHUS noTpebnaemon molHocTU. OgHAaKo OJ19 aHanoroBbIX CXem
naeanbHbIM SIBMSIETCS HyNeBOe NoporoBoe HanpspkeHne V, = 0, 4To
yBeNMYMBaeT AUHaAMNYECKNN Onana3oH aHanoroBon CXeMsbl, ornpeaensaemMbli
PasHOCTbO Mexay HanpsKeHnem Ha 3aTBope n V..

OcobbIiMu TpeboBaHMAMM K "aHanoroBbIM" TPaH3UCTOPaM SBMSAOTCS TaKXKe
NOBbILLEHHAs HArpy304Has COCOOHOCTL (TOK CTOKa B PEXUME HaCbILLEHUS),
NVHENHOCTb N Marble HENTMHEWHbIE NCKaXXEHUA Ha ManoMm curHarne.



Effective Oxide Thickness in nm

- Effective Oxide Thickness
--a = Monolayer of SiO,
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Gate oxide trend versus technology.
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High-k vs. SiO, MpeumyliecTeo
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Tpe6OBaHI/IFI K TaKOMYy MaTepuasty BeCbMa Cepbe3Hbl: BbICOKas
XUMUYecKas n MmexaHmdeckasi (Ha atToMmapHOM yDOBHe) COBMECTUMOCTb C
KPEMHUEM, y,EI,O6CTBO npon3soacTBa B eAMHOM LUKIe TpaanuunoHHOIo
KPpEeMHMEBOIO TEXNpouecca, HO rNaBHOE - HU3KNE YTEYKN U BbICOKasA
AON3JIEKTpUHECKad NpoHNLUaEeMOCTb



Tpebyerca HOBLIM NPOMIBOACTBEHHLINU Npouecc ans
chbopmupoeaumna cnoa High-K guanekrpuka
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High-K guanekrpmk + metannMyecKkMi 3artBop =
TPAH3UCTOPLI C OTNIMYHLIMM XapaKTepucTUKaMm
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CTtonb Manasi TonuHa AuanekTpuka Heobxoauma Ons MOonyYeHust He TOornbKo MarnbixX
rabapuToB TpaH3McTOpa B LIENOM, HO 1 1A ero Bbicovalllero obicTpoaencTens (oTaenbHo
TaKOW TPaH3UCTOP CnocobeH paboTaTb Ha YacToTax B AECATKU rurarepl!). YNpoLLeHHO - Yem
Onvxe 3aTBOpP K KaHany TpaH3ucTopa (TO eCTb, YeM TOHbLUE OAUINEKTPUK), TeM «Borbluee
BNUsIHME» B NraHe ObICTPOAENCTBUSA OH OyAeT okasbiBaTb Ha ANEKTPOHLI U AbIPKM B KaHarne
TpaH3ucTopa.

OpHako obpaTHOM CTOPOHOWM 3TOro sABnsAeTcsa Oonbluas «MpPo3pavyHOCTb» TaKOro TOHKOIO
OV3NEKTpUKa Ans napasuTHbIX SMEeKTPOHOB YTeYKU M3 3aTBopa B KaHan (naeanbHbiit MOT-
TPaH3UCTOP OOMMKEH MpornyckaTb TOK OT MCTOKa K CTOKY W He npornyckaTb - OT 3aTBopa K
NCTOKY M CTOKY). I B COBPEMEHHBIX BbICOKOMHTErPUPOBAHHBLIX MUKPOCXEMAaxX C COTHSAMMU
MWUNIIMOHOB TPaH3UCTOPOB Ha OAHOM KPUCTarnmne TOKW YTEYKM 3aTBOPOB CTaHOBATCSA OOHOM
13 hatanbHbiXx Npobnem, NPensATCTBYIOLWMX AanbHEeWWeMy HapaliMBaHUIO KOnu4yecTsa
TPaH3UCTOPOB Ha KpucTanne. bonee Toro, 4eM MeHblUe MO pa3mMepaM Mbl Aernaem
TPaH3UCTOP, TEM TOHbLLE HY)XXHO AenaTb NoA3aTBOPHbIN AN3NEKTpUK. Ho npu ero TonimHax
MeHee 1 HM pe3Ko (Mo IKCMOHEHTE) Bo3pacTaloT TYHHEmNbHble TOKU YTeYKM, YTO Oenaet
MNPUHUMMMANBHO  HEBO3MOXHbIM  CO3daHWe  TPaAMLMOHHBLIX  TPaH3UCTOPOB  MeHee
onpeneneHHbIX «ropU3oHTanbHbIX» PAa3MepPOoB (€Cnv NPU 3TOM Mbl XOTUM MOMYYUTb OT HUX
XOPOLLNE CKOPOCTHbIE XapaKTEPUCTUKKM). B coBpeMeHHbIX Ynnax noyutu 40% SHEprum MoxeT
TEPATHLCS U3-3a YTEYEK.



OcHoBHbIe npobnembl MukpommnHmnaTiopusaummn MOTT

Xenaewmble xapakrepuctukm MOIT:

. cnabas 3aBUCMMOCTb NOPOroBOro HaNpPsHXXeHUs OT HaNPSHKEeHUs Ha CTOKe

. cnabas 3aBUCMMOCTb NOPOroBOro HaNpPsiXXeHUs OT AJINHbI U LUMPUHDbI KaHana
. 6onbluas nepegaToyHas NpoBOAMMOCTb

. 6onblUOE BbIXOQHOE CONPOTUBJIEHUE

. MaJible COnpoTuBJieHUa obacTten UCTOKa U CTOKa

. 6o0sbLIas HAarpy3o4yHasi CnoCcoO6HOCTb

. MMHMMaJIbHble éMKOCTM 3aTBOpa U p-n-nepexonos

Mpob6nembl, BO3HUKaKLWme npu macwtabuposanuu MOIMT:

TyHHenmpoBaHue 4Yepes 3aTBop

NHXeKumsa ropaunx HocuTenem B OKUCen

[MpoKon mexay UCTOKOM 1 CTOKOM

YTeukn B nognoporoBon obnacTu

YMEHbLLUEHUE NOABUXHOCTN HOCUTENEN B KaHare

YBenunyeHue nocriegosaTenbHOro conpotuBneHna mexxgy MCTokKkomM un
CTOKOM

e  YMeHblUeHNe 3anaca Mexay NoOPOoroBbIM HAaNPSXKEHNEM U HaNPsKEeHNEM
nUTaHUN

e Pas3bpoc napameTpoB TexnpoLecca, KOTOPbI PACTET C YMEHbLLEHNEM 10
pa3MepoB TpaH3ncTopa



MacwTtabuposaHue MOIMNT

CpaBHI/ITeJ'IbHaFI Tabnuua TexHonornm XXI Beka:

Fon BHeapeHus 1999 2001 2003 2005 2007 2009 2011
o Sio Sio Sio Sio ) ] )
MNoA3aTBOPHbIN ANANEKTPUK | 57, 2 >3 12 2 12 2 High-K High-K High-K
. . Strained Strained Strained Strained Strained
Kanan Si Si Si Si Si Si Si
MaTtepuan 3aTBOpa Si* Si* Si* Si* Me Me Me
MaTtepuan mexcoeanHeHUMn Al Al Cu Cu Cu Cu -
MuHumMaJbHBIH pa3Mep, HM 130 90 60 42 30 21 13
KonmyecTBo Tpan3ucropos, 108 276 553 1100 2200 4400 8800
MJIH/KPHCTAJLIT
Hanpsixkenue nuranus, B 1,5-1,8 1,2+1,5 0,9+1,2 0,8+1,1 0,7+1,0 0,6+0,9 0,5+0,8
Konunuecrso cnoes 6-7 7-9 10-12 11-15 12-16 13-17 13-17
MeTanam3aluum
Tok yreuxkn npu 100 °C, ; 10 16 40 80 160 i
HA/MKM
Konuuectso ®/J1 23 25 31 33 35 37 39




dusnyeckue orpaHnueHus Mmacuutabumposanumna MOMT

ITapamerp

Hpezlemﬂme 3HAYCHHUC

dusznveckoe orpaHnnveHue

Cratuctuueckue ayKkTyaumm ermpoBaHmsa

MuHuManbHasa BeIMYMHa OAHOI0 3J1IeMeHTa 0,03 HM MOAJNIOXKHW, pa3peLwieHne poTopesncTa,
KOCMUYECKHE JTYYU U pafNOaKTUBHOCTDb
TonuwmHa NnoaA3aTBOPHOIro ANAJIEKTPUKa 2,3 HM TyHHenbHbIE TOKM Yepe3 ANINTIEKTPUK
Menko3anerarwouwme cnabonermpoBaHHble 15 UM EoNbLLIOE CONDOTHBIEHNE
ob6bnactu ucrok/croka (LDD-o6bnacru) P
MoanervpoBaHue KaHana V,=0.25B Moanoporosbii TOK
MuHMManbHast NJIOTHOCTb TOKa 106 A/cm? AvickpeTHOCTD 3apsiAa aNeKTPoHa,
¢hnykTyaumm BCTPOEHHOro 3apsaa
MpenenbHoe 6biCTpOaeiicTBUE 0,03 HC CKOpoOCTb CBeTa
MuHMManbHoe Hanps)XeHue NUTaHus 0,025 B TennoBo# noteHuuan kT/q

MakcuManbHOe HanpsihkeHne NUTaHus

3aBUCUT OT 0CO6EHHOCTEN CTPYKTYPpbl

Mpo6oit NoA3aTBOPHOIrO ANINIEKTPUKA,
CMblKaHus obnacTeit UCTOKaA M CTOKA

MakcuMarsibHas NJIOTHOCTb TOKa

3aBuCHUT OT MaTepuasZia MeTal/in3aumm
N KOHTaAKTOB

3neKTp0MMrpaum|, nageHuns Hanps)eHus
Ha NApPa3nUTHbIX CONMPOTUBJIEHNAX KOHTAKTOB

MuHuManbHas MowWHOCTb npu f=1 kl'y

1012 Br/3nemMeHT

LLyMbl, TENI0Basi 3Heprus,
Av3neKTpuyeckasl NoCTosiHHas

MakcuMmanbHast MOLWHOCTb

TensnonpoBOAHOCTb NOAJIOXKKU U
KOMIMOHEHTOB CXEMbl

KonunuecrtBo aneMeHTOB Ha KpucTann

10°

COBOKYMHOCTb BCEX OrpaHNUYEHUi




NMpo6nembl Macwitabuposauua MOIMT m nyTn nx pewieHnn

1. NMoa3aTBOPHbIN Sio,
YTEUKM NpU TOJILMHE HWKE 2 HM

3ameHa SiO, Ha ANANIEKTPUK C BbICOKOW ANIIEKTPUYECKON
NPOHULIAEMOCTbIO

2. Ctok-ucrokoBble obnacrtu
KOpPOTKOKaHasbHble 3(ppeKTbl

2.1. Pa3roHka UMIMJIaHTMPOBaAHHOW NPUMECH Npwm
nocneayrowen aktusaumm (cosgaHme MeIKMxX nepexonos)

1)MpensaputenbHas amopchunsaumns

2)BbICTPbI TEPMUUYECKUNA OTIKUT

3)BbicTpas Tepmuueckan aupdgysmna us razosoun ¢gasbl, us
TBepAbIX UCTOYHUKOB; Jla3epHoe sierMpoBaHMe, MOHHO-NJIa3MeHHasn
MMnaaHTauusa

2.2. CMbiKaHMe obnacreil 06egHEeHUs UCTOKA U CTOKa 3a cYeT
06paTHO CMeLleHHOro nepexoaa CTOK-UCTOK

1)YBenunueHune creneHun NermpoBaHnNA NOQJIOKKHU
2) KHU-CTpYKTYpbl C UCNOSIb30BAaHUEM MNOJIHOCTbIO
ob6eHAEMbIX OTCEYEHHbIX C/10€eB

2.3. YTeuku Mexpay 3aTBOPOM U CTOKOM Ha CTOKOBOM
nepexoae nNpy BbICOKOW HaNpsHKEHHOCTU 3/IEKTPUYECKOro
nons B 06,1aCTu NnepekpbITUS CTOKOM 3aTBOpa

BBegeHue AONOJIHUTENbHbIX CN1abo iermpoBaHHbIX o6nacreu
CTOKa/UCTOKa

2.4, YBesinueHme conpoTuB/IEHNUs CTOK-UCTOKOBbIX obnacreit

Co3aaHMe «NpPUNOQHATbIX>» CTOK-UCTOKOBbIX o6nacrei

2.5. YTeukuM, yBesnimueHMe eMKOCTU CTOK-NOAJI0MKKA, POCT
NOpPOroBOro HanNpsHXeHUs Npu BbICOKOW CTENEHU NIerMpoBaHus
MOAJNIOXKKH

Co3paHue BOKpYr CTOK-MCTOKOBbIX C/I0eB ob6s1actei ¢
NPOTUBOMNOJIOXKHbLIM TUMOM NMPOBOANMOCTHU

3. 3aTBOp

3.1. YMeHblueHue nutorpacuyeckon AJsIMHBbI 3aTBOPA

SneKTpoHHaa nutorpadums, peHTreHoBCKas imTorpadpus B obnacrum
aKcTpeManbHoro ynbtpacdmonera (A = 13 um), UN

3.2. O6eaHeHMe NOJIMKPEMHUEBOro 3aTBopa

Ucnonb3oBaHue MeTaJ/IMMECKUX 3aTBOPOB




MeToab! ynydweHus Xxapakrepuctuk MOMT

I. CozpgaHune menkosanerawwmnx cnabonernpoBaHHbIX obnacren ctoka/McToka
(Lightly Doped Drain, LDD-o6nactn)

KoHueHTpauus npumecu B LDD-obnacTtax coctaBnseT 4-10'8+ 8-10'8 cm3, B To Bpems kak B o6nacTsx
CTOKa/ucToKa oHa aocturaet 5-:1019+1-10%° cm. YmMeHblLueHue rmybuHbl 3aneraHns LDD-obnacTein oo
10 HM NPUBOAUT K YBEMMYEHUIO CONPOTUBMNEHUS CNOEB UCTOKa M cToKa Ao 10 kOm/kBaaparT, YTo
orpaHMYMBaET Harpy3o4Hyto CcrioCoBHOCTb TpaH3aucTopa. LDD-06nacTu AoMKHbI NepekpbiBaTbCs
3aTBOPOM, YTOObI NPeAoTBPaTUTb CHUXKEHME Harpy3o4HOM CNOCOGHOCTU TpaH3ncTopa.

CosnaHune LDD-obnacTten obecrnevynBaerT:
o CHWXEHNE HaNpsKeHHOCTU 3NEKTPUYECKOro Nosisi B KaHane Ha rpaHuLe Co CTOKOM, YTO

YMEHbLLAET SHEePruto ropsumx HoCUTENEN, KOTOPbIE BbI3bIBAOT A0NTOBPEMEHHYIO
[erpagauuio napameTpoB TPaH3MCTopa

UeTok ¢Cnencep LLD-o6nacTte
Crok

v

3artBop

. NOBbILLIEHNE HanpsXeHUs npokona

. MNOBbILIEHMNE HaNPsKEeHUS MHXXEKLUMOHHOIO NaBUHHOMO MPOBOS Noasarsophsii PeTporp:qum KapmaH\
AMINEKTPMK & o6nacT Kanana lano(opeon)

. yMeHbLleHne DIBL-adodpekTa (drain induced barrier lowering NOHMXeHMe NOTEHUMASTBHOTO

bapbepa, 0bycrioBneHHOe CTOKOM)

b CHMXeHune SCb(beKTa Moaynaunn OrinHbl KaHana
14



MeToab! ynydiwieHus xapaktepmctuk MOIT
Il. CozpaHue opeona (halo) Bokpyr LDD-o6nacrten ncroka/crtoka

[MpoHMKHOBEHME obnacTn obeHEHNS CTOKa B KaHas ABSIETCA OCHOBHOW NPUYMHON NOABNEHNSA
KOpOTKOKaHarnbHbIX addekToB. Hanbonee pacnpocTpaHEHHbIM pELLEHUEM 3TOM NPOBEMbI ABNSETCA
peanusauns Tak HasbiBaeMoro obpaTtHoro agpekTa KOPOTKOro KaHara, Korga ¢ yMeHbLUEHNEM ONHbI
KaHana noporosoe HanpsXeHne Bo3pacTaer.

PelueHrem gaHHOM 3agaydm sBNAeTCS co3gaHne BAOSb KaHana, BOKpyr LDD-obnacTen ncToka u CToKa,
opeona (halo) ¢ nomoLubio MoHHOM umnnanTaumn (M) B kapmalukum (pockets). MpuHUMN 4encTBUA Opeorna
OCHOBaH Ha ToM, YTO rnoporoBoe HanpsxeHne MOI-TpaH3ncTopa 3aBUCUT OT cpeaHeN KOHUEHTpaLnmn
npuMecK noj 3aTBOPOM, a He OT €€ ropuU3oHTarIbHOro pacrnpegerneHus. Noatomy BBeieHMe opeosa
yBeiM4mBaeT NoporoBoe HanpshXeHne, o4HaKo NpakTUYeCKn He BINSET Ha CPeHIO NOABMXKHOCTL
HOCUTESIEN B KaHarne.

5 107

Opeon co3gaétca M npumecu Toro xe Tuna :.; LDD-obtaactn
MPOBOAMMOCTH, YTO K KapmaH. MW valle Bcero BbinonHAeTca 2 - . ?'\ x
noA yrnom 20°-30° 4o 90° NO OTHOLLEHWIO K MIOHHOMY MYYKY. z i r@ Opeod
Opeorn fenatoT 06bIYHO Ha 3Tane co3gaHus LDD-obnacten. | = ' Mige, 1
SHepruo nMnnaHTauum BbIGMpaoT 4OCTaTOYHO GOnbLLYIO, Z 10" b ‘»,‘h
4YTOObLI YBENNYNTL rMYyBUHY 3aneraHns opeona. Bo Bpems 1 : i
oTXKura obracTem UCTOKa 1 CTOKa, MpUMech AMMYHANPYET | = juit "
3a LDD-obnactun, obecrneymBasi NoKkasaHHbIA HA PUCYHKe = O 005 1 01s 02 02;3

npodusnb pacnpeneneHns NpUMecHu. PACCIOANIE O HHOBCPNHOC 1L MKM
15
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npodusnb pacnpeneneHns NpUMecHu. PACCIOANIE O HHOBCPNHOC 1L MKM
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MeToab! ynydiwieHua xapaktepuctmk MOIT

KoHitenTpaius npumMec, cm™

Ill. KpyToe peTporpagHoe pacnpegeneHue npmmecu B kKapmaHe (Super Steep

Retrograde Well, SSRW)

KpyToe peTporpagHoe pacnpegerneHune npumecu (Super Steep Retrograde Well, SSRW)
CO3JaeTca NyTeEM MegneHHoN Anddy3nn MblilbaKka UM CypbMbl ANSA p-KaHalbHbIX
NpubopoB 1 MHAUS AN n-KaHanbHbIX.
nu xe cosgaeTca MoHHOW nmMmnnaHTaumnen nog yrrom 20°- 30°.

[locTonHcTBa NpUMeHEHUs1 SSRW:

° BO3MOXHOCTb HE3aBMCUMOW PEryriMpOBKM NOPOrOoBOro HaNpsXeHUs un
KOHLEHTpaLmn NpuMecu B NOASIOXKKe

° YMEHbLLAETCH BIIUAHNE KOPOTKOKaHasbHbIX 9hdeKToB

° yBenuyeHne NoBePXHOCTHOW NOABUMXHOCTN HOCUTENEN

HepocTtatkn npumeHeHust SSRW:
o yBenuyeHne noanoporoBoro Toka

LLD-o6nactb

SSRW-kapman

VicTok ¢Cnev‘icep

CTtok

v

OnHOpOHBIH
KapMaH

Mofa3aTBOpPHbIN

Paccrosinue or INOBCPXHOCTH. MKM

PeTporpaaHbIv KapmaH

0 ll ()‘7 (f).'3 0.4
~ ~ - N3NEeKTPUK
2 P B 06nacTu kaHana [ano(opeon)



IV. Ucnonb3oBaHue «HanpsiXKeHHOro
KPpeMHUsI»

CyTb TEXHOMNOMNN NEXMUT B U3BMEHEHUN PACCTOSIHUSA MeXay — — T
aToMaMu KpeMHus. [1na aToro ncnonb3yoT Matepuarn, y KoToporo — 8 —
paccTosiHue Mexay atoMamu 6orblue/MeHbLLE, YEM Y KPEMHUS, U e S R il i T KT 1 TR &6
“coeanHANT” KpucTannmyeckue peeTku. MNpn ceegeHnn aTux & Hh:

MaTepuanos Ha paccToAHNS, He MPEeBbILLAIOLLAX MEXaTOMHbIE, b & ¢ & IC 9
MeXay HUMU BO3HUKAET B3aMMoaencTBme. AT MeXaTOMHbIE CUIbl - G650 G656
BbI3bIBAKOT UCKaXXEHNE CTPOEHUS KPUCTANINYECKON peLLEeTKM, Le & ', L e 4 4 & b

paccTosiHMe Mexay aToMaMm Ha MPUKOHTaKTHOM yyacTke L d o ofts ol dthe SR P I /“

nameHsietcs, yto obneryaet NMNPOTEKAHUE TOKaA.

B nMOIT noBepx TpaH3ncTOpa B HanpasneHum
OBVKEHUSA 3rIEeKTPUYECKOro Toka HaHOCUTCS Cron HUTpUAa 3 )
KpemHua (Si3N4), B pe3ynbrarte Yero kKpemHueBas s Gon
Kpuctannudeckas peluetka un "pactarmaerca”. B pMOIT
"pacTaxeHue" gocturaeTcd 3a cHeT HaHeceHUs cnos SiGe B
30He 0bpa3oBaHWs HOCUTENen TOKa - 34eCh peLleTka
"cxxnmaeTca" B HanpasneHny OBMKEHUS SNeKTPUYeCcKoro

cnyydaax npoxoxaeHme Toka 3Ha4YnTeslibHO obneryaetcs: B

I'IonynpoaonHuKouaa p nonynpOBOAHMKOBaﬂ
nepBoOM criyvae - Ha 10%, BO BTOPOM - Ha 25%. CoyeTaHune noanoxka noancxka

Xe 0benx TexHonormm gaet 20-30-NPoLEHTHOE YBENMYEHNE

GeictponencTams KMOT AC. KaHan u3 «Hanpsi)KeHHOro KpeMHWS »
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MaclutabmnpoBaHne Noa3aTBOPHOIro ANANEKTPUKa

Mo nporHody SIA MacwTabupoBaHuUe TOMLUUHbI Si0, AOMmKHO ObINo 3akoHYMTbCA B 2002-2005 rr OO
npefenbHON BEerWYMHBI ~2 HM, [OCrie 4Yero, HayMHaa C TexHonorum 0,13-MUKPOHHOM TEeXHOSormm
npegnonaranocb MUCMob3oBaTh NOA3ATBOPHbLIE ANANEKTPUKM Ha OCHOBE HOBbLIX MaTepuanoB. OgHako, aToT
NPOrHO3 He cbblincs. [JokasaTtenbCTBOM 3TOro ABNAETCA TEXHOMOrMM 90 HM 1 65 HM OT Intel, rae ncnonb3yercs
SiO, TONLWMHOM 1,2 HM. Tak KaK BCINeACTBME KBaHTO-MEXaHU4eCcKkoro achekTa n obeHeHUs NONMKPEMHUEBOTO
3aTBOpa, 3apsaa B KaHarne 1 B UHBEPCHOM CJ10€ FIoKann3npoBaH Ha HEKOTOPOM PaCCTOAHUK OT rpaHuLbl Si/SiO n
OT rpaHuLbl Si/Si°, cymmapHoe yBenuyeHvne adpeKTUBHOW TonumuHbl okcnaa B MOMT B pexume nMHBEPCUU
CoCTaBnsieT OKosno 0,7 HM, YTO AaeT BO3MOXHOCTb MUCnomnb3osaTk SiO, npu AanbHenwemM macltabupoBaHum
MOIIT, BNNOTb 40 TEXHONOIMN 45 HM.

[por+os macLuTabrposaHns KBaHTO-MexaHn4eckunii achekT
TOJNLWWMHbI N043aTBOPHOro SiO. s
6 ) o... 20
2x1020
] 8 H Knaccuyeckas Vs=2.5B
2 = | ¥ HORRTE Na=7x10"cm
4 E‘ i Tox = 4HM
[ -
1020 |
& E L N
xR \\ KBaHTOMeXaHHW4YecCKanA
2 | % e / moaens
1 HOBLIE NIaTepI'IﬂJIH & 0,0 _’/; I |\|\_T B Tl i ¥ -.L:I:.-L'J:-_L-_‘I_ I
1 I3 aTEOPHEIX THYIeKTPHKOE % 0.0 1.0 2.0 3.0 4.0
0 | 1997 1999 01 03 06 09 2012 =
| | | | | | I o
a FnybuHa, HM

25 48 .45 13 10 OF 05
YPOBEHD TEXHOJIOI'HIT (L 1pe ,MKM)



cnonb3oBaHue High-K maTepunanoB B Ka4ecTBe No3aTBOPHOro ANANeKTpuKa

Hidh-K MaTtepuarsbl MNoO3BONAKOT UCIMOJ1b30BaTb bonee ToncTble ON3NEKTPHUYeCKmne Crnon ana nonyvyeHns
aHal10r'M4HbIX NapameTpoB MHBEPCUNOHHOIO CJ104. OKBMBanNeHTHas TOJWMHa AN3NTEKTPUKA BbIHNUCITAETCA NO

dopmyne: c
__ “high—k
T;ﬂgh—k o ) Tvox
ox

OMMMPUYECKOE COOTHOLLIEHNE MeXAY TOMNWMHOM okcmaa 1 3ppekTMBHOM ANNHON KaHana L =45 * T . CnepoBaTternbHo,
ncnonb3oBaHue High-K B kauecTBe NoA3aTBOPHOIrO AM3NEKTpUKa AaeT BO3MOXHOCTb AanbHENLEr0 MacuTabupoBanus
MOIT.
[OoCTonHCTBA: Marnble TOKMN YTEeYKU, CHXKAETCH Ae(PEeKTHOCTb CTPYKTYpPbl NOA3aTBOPHOIO AN3NEKTPUKa
Hepoctatku: high-K-ANanekTpuKkn Niioxo COYETaKTCS C NOMUKPUCTaNIMYECKUM KpEMHMEM, ocnabnaeTcsa ynpaensaoLlas
CnocobHOCTb 3aTBOpA, CBA3aHHAas C ABYMEPHbIM pacnpeneneHuns HanpsiKeHHOCTM SNEKTPUYECKOrO Moss

Si;N, k~7. He6bonblioe npeMMyLLEeCTBO MO CpaBHeHMIO C Si0,
Ta,o, Heo6xoaum npomMmexxyTouHbin(6ycdhepHbiin) cnon Si0,. HeBO3MOXXHOCTb UCMOJIb30BAHUSA Si* 3aTBOpa
TiO, Heo6xoanm npomexyTouHblii(6ydepHbiit) cnoi SiO,. HeBO3MOXHOCTb MCNO/Ib30BAHUS Si* saTBopa.
HfSiON k~15. HeBO3MOXXHOCTb MCNoONb3oBaHus Si* 3aTBopa. MAayT uccnepoBaHusi. BbicokMe noporosble
HanpsKeHus.
HfO, k~25. HeBO3MOXHOCTb MCNO/Ib30BaHUA Si* 3aTBOpa. Yke npn ~500°C HauMHaEeT KPUCTaN/IM30BaTbCS.
BbiCOKME NOpOroBble HaNpsHKeHUs.
HfZrOx k~10. BbiCOKME NOpOroBbie HaNpPsHXKEeHUS.
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[Mpobrnembl Npy MMHMATIOPU3aLIUN MEXCOEANHEHUIA

Ponb 3agepXKkn B NUHUAX Pa3BOAKM HEYKIOHHO PacTeT:
1) 0o 90-X IT. AOMUHUPOBANN 3a4ePXXKN B CaMOM TpaH3UCTope
2) B HacTosLee Bpems (60...90 HM) BpeMeHa 3a4epXXkn B Npnbopax coctasnsaoT ~ 1nc; 1 Mm
NMVUHUKN ~ 6 NC
3) B 2015 (22 HM) oxmnaarTca 3HadeHmsa 0,1 nc B npubope 1 ~ 30 nc Ha 1 MM IMHUN MEXCOoeaNHEHNS

MartepHan THITeKTpHKa K

Keapueroe crexno, oboramennoe dropon | 3.4-
LAYERS B

(FSG) 41
ey Texmmeckmst amvas (black diamond) 2:7
Ha ocrose kpevzns (S1LK) 26
LAYER3 . ¢
, pp— CumakaTHOe CTeKI0. NOTyd4eHHoe H3 | 3.2-
= TUNGSTEN CONNECTO A
RN R ] 9 = S ~
AR 1 N 4 T N N RS TeTpastiroprocumHkara (TEOS) 41
¥
vaven 1 KU IMopucteni SiILK 20
1 MICRON TRANSISTORS SILICON SUBSTRATE 5103 41

Cnocobom yMmeHbLUeHMsT RC 3aepXKKN B NIMHUSIX MEXCOEANHEHUI ABNAETCA MCMNOfNb30BaHME U30SSTOPOB C
HU3KUM 3HaAYEHWEM OMINEKTPUYECKOM NpoHMUaeMocTh (low-K insulators) M30NMPYHOLLMX CII0EB, HA KOTOPYIO
NONoXeHa JIMHUS, YTO NO3BOMSET YyBENUUNTL I(PPEKTUBHYIO CKOPOCTb PacnpoCTpaHEHUsT cUrHana no JIMHUN.
XKenatenbHo, 4Tobbl NPOHMLAEMOCTb Npubnmxkanack K eguHuue. B HacTosiwee BpeMsi U3onupyrowme criou
MHOrOypOBHEBOW Pa3BOAKN MMEKT NMPOHMLAEeMOCTb OT 3,5 40 2,6. B gecaTuneTHen nepcrnektmae oXxXuaaeTca
CHXKEHME 3TON BENTMYUHLI 40 YPOBHS < 2. [1NA 3TOro MCNosib3yTCA pasfinyHble NonmMmepbl (opraHndeckue u
HeopraHn4yeckue) 1 MoandULNPOBaHHbIE OKUCTIbI. 21




NepcneKkTuBHbIE pa3paboTku ans AasibHerLWero
MacwTtabuposaHua MOMNT

|. TpaH3UCTOpP C ABOWHbLIM 3aTBOPM

MCTOKOM U CTOKOM M CYLLLECTBEHHO 0CNabuTb 60MbLUIMHCTBO KOPOTKOKaHaNbHbIX
9d(peKTOB B TPAH3UCTOPaX C NPOEKTHLIMM HOPMaMN MEHEeE 50 HM.

ll. KHA-CTpYKTYpBbI
KHW-cTpyKTYypbl OTNNYaOTCA BbICOKOM pagmaLMOHHON CTOMKOCTLIO U
NOBbILLEHHOM HAAEXHOCTbLIO NPU BbICOKNX TeMnepaTypax. KopoTkokaHanbHble

Tlookka

apdekTbl B KH-npnbopax moryT 6bITb NogaBneHbl NPOCTbIM YMEHbLUEHMEM TiSi, Kanai
TONWMHbI KDEMHUEBOIO CIO0S.. Crieiicep & Kapwatiex
HepoTtaTtkn: 605nbLLon Noanoporosbi TOK, BCNEACTBUN MaribiX EMKOCTEN Keseeesies:

3ajepiKKa B BEHTUITAX MeHbLUEe 3adeP>KKN B MEXCOEANHEHUNAX.

p-kapman

nt nt

N\

RSN \ \\
\3al‘.'|_\vu;|cnﬁbm OKHCe
N\

I lon10Ka

[ll. CTPYKTYpPbI C Nepnoamnyeckn MEHAWENCH KOHLIeHTpaumnemn
OkasblBaeTcs, B NOYNPOBOAHUKE C Nepnogmyeckn MEHSLWENCA KOHUEHTpaunen npumecen arneKTpoHbl
CNoCcoOBHbI ABUraTbCA 3Ha4YNTENBHO ObICTpee. HoBasi TEXHONOrMS HeAOPOra, SIerko BCTpamBaeTcsl B 0ObIYHbIN

npoLecc NonynpoBOAHNKOBOIO NPON3BOACTBA.
IV. MOINT c AMHaMUYECKN U3MEHSIOLLMMCH NOPOroBbIM HANPSXKEHUEM

[Mpn yMEHbLLEHUN HANPSKEHUS Ha 3aTBOPE (TO €CTb KOrda TPaH3UCTOP NePEXOANT B NACCUBHbIN peXnuM paboTbl)
y Taknx TPaH3MCTOPOB YBENNYMBAETCS MOPOroBOE HaNpsiXeHne n, cnegoBaTernbHO, YMeHbLIAEeTCH
nognoporoBbin TOK. [Mpu yBeNnuYeHn HanpsXKeHNsa Ha 3aTBOPE NOPOroBOE HanpshkKeHe nagaeT, YTo NpUBoauT K
POCTY TOKa CTOKa U YBEMNYEHUIO HArpy304HON cnocoBHOCTM TpaH3aucTtopa. KOHCTPYKTMBHO DTMOS-TpaH3nCcTopbl
npeactasnatoT cobor 0bblvHbIN KHA MOI-TpaH3ncTop, y KOTOpOro 3aTBOp COEAMHEH C MOASTOXKKOMN. 29




M3onupyowmm Cnou sarsopa
COCTaBNAET CerogHA BCero nuiub
HECKONbKO aTOMapPHbIX CIIOEB
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Haunbonee pacnpoctpaHHHOW KoHCTpyKunen MOI- TpaH3ncTopa
asnsetcs LDD (Lightly Doped Drain) cTpykTypa. KOHCTPYKTUBHOM
0COBEHHOCTLIO SIBNSIETCS HANM4ne MenkmMx crabonerMpoBaHHbIX
obnacTen, KoTopble YOMHAKT 00nacTu UCTOKa N CTOKa B CTOPOHY KaHana.
KoHUueHTpauuo nernpyroLen npumMmecu B aTux obnactax (dpocdop n 6op) u
PEXNM Pa3roHKn BbIOMpatoT Takum 00pasomM, YTOObI NOSTy4YUTb MiaBHbIN
p-n-nepexof. OObIYHO KOHLIEHTPaLMs NPUMecK cocTaBnseT ot 4*10% oo
8*10'8 cM™, B TO Bpems Kak B n+ obrnacTtax oHa gocturaet 5*10%° - 1*10%°
cM. MNony4YyeHHOE TakMM CNOCOOOM CHUXKEHUE HanpPsKEHHOCTH
ANEKTPUYECKOro Nond B KaHarne Ha rpaHuue co CTOKOM yMeHbLUaeT
QHEPIrUt0 ropsumnX 3MNeKTPOHOB, KOTOPbIE BbI3bIBAKOT A0SITOBPEMEHHYHO
aerpagaumio napamMmeTpoB TpaH3aucTopa. CnabonernpoBaHHbie LDD-
obnacTtu Takke noBbIWAKT HANPs>KeHMe NpPoKona, UHXEKLMOHHOIO 1
naBUHHOro nNpobos TpaHaucTopa, ymeHbLuatoT DIBL (drain induced barier
lowering —NOHMXEHME NoTeHUMarnbHoro bapbepa, obycrioBrieHHOe
CTOKOM))-adppeKT 1 apdekT Moaynsaunm onvHel KaHana.



MonynpoBoAHNUKORAS y MonynpoBoAHNKOBaS
noanoxka NoAnoxKa

Kanan u3 «Hanps)XeHHOro KpeMHUS »




TpaH3ucmop Tri-Gate, 22-HM
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reduction
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Constant Performance

65nm 45nm 32nm 22nm
Planar Planar Planar Tri-Gate

Pe3ynbTtatomMm Takoro KOHCTPYKTOPCKOMO peLleHns ABNSETCA CHUXEHME
COMPOTUBNEHUA TPAH3UCTOPA B OTKPbITOM COCTOSAHUN, YBENTUYEHNE
COMPOTUBIEHMNS B 3aKPbITOM M Bonee bbICTpoe NepeKtoveHne Mexay 3TMMm
COCTOSIHUAAMU. BMmecTe ¢ 3TMM cTano BO3MOXHbIM CHUXeHMe pabo4dero
Hanps»XeHUA N YyMeHbLUeHMe TOKOB yTeykn. Kak cneactene — HOBbIV YPOBEHb
3HeproadoPEeKTMBHOCTU N CONNAHBLIN MPUPOCT NPON3BOAUTENBLHOCTU B

SMNMADLIAOLIIAIA DS ™\ //111DCTD\A\/INILITNTIARRAIA OALIANNAAIMAANALA



TeHOEeHUMN B UISMEHEHUN pa3peLuatoLlein cnocobHocTU nuTorpadpuieckoro

npoLecca
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nonyLiar — 3T0 MMHUMarnbHbIV pa3Mep nuTorpacdryecknx napaMeTpoB Ha KpUcTanne.



CMOS technologies - key features

Technology 0.18 um 0.25 um 0.35 um 0.50 um
Supply Voltage (V) 1.8 2.5 3.3 3.3%
Available Interface (V) 1.8/2.5/3.3 2.5/3.3 3.3/5.0 3.3/5.0
Available Poly/Metal Layers 2P6M™ 2P5M 2P4AM  2P4M
Substrate P-sub  P-sub  P-sub  P-sub
Mixed-
Signal
Options ™ Triple-well Yes Yes Yes No
Diffusion Resistor Yes Yes Yes Yes
Capacitor Poly-Poly
&
Bulk-Poly Poly-Poly Poly-Poly
&
Bulk-Poly Bulk-Poly
Mass Production Availability Now Now Now Now
*1: "2P6M" means Poly 2 Layers + Metal 6 Layers.
*2: Please contact us, before using the 0.50um technology at 5 V.

*3: No limitation in the combination of Mixed-Signal Option.
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CxemaTudeckoe npeacraBneHme KpucTannmyeckon
PELLETKN KPEMHS

+aTOMbI KpeMHWA c TeTpasagpu-
YeCKOW opueHTaUMeln KOBaANEHT-
HblX CBA3en;

4¢* npmmMmecb 3aMelleHnd



CxemaTunyeckoe npencraBneHne ninockocTen ¢ pasnuyHbIMmn nigekcamm Munnepa s
Kybudeckom peLueTtke

Kpuctannorpa-
Guyeckas NNoCKoCTh




HMnesd mMerona mnoaydyeHHs  KPUCTAUIOB IO
Hoxpanbsckomy 3aKJII0YacTCs B pocTe
MOHOKpHCTAJIJJa 3a CYET IIepexojia aTOMOB M3
KMAKOM WM Tra3000pa3HOM (pa3pl BEIIESCTBA B
TBEPAYO (azy Ha WX TpaHUIEC pasjaena
[ [pUMEHUTENBHO K KPEMHHUIO ATOT ONPOLECC MOKET
OBITh OXapaKTEPU30BAH KakK OJHOKOMITIOHEHTHas
POCTOBasA CUCTEMA KHUJIKOCTh - TBEPAOE TEJIO.



TexHomorus apoIiecca
3aTpaBOYHBIU MOHO KPUCTAJLI BBICOKOTO KadecTBa
OIlyCKaeTrcss B paclulaB KpeMHUsI U OJHOBPEMEHHO
Bpamaercs. lloiydeHue pacluiaBI€eHHOIO TOJIUKPEMHUS
OpOUCXOAUT B TUIJIE B UHEpTHOUW armocdepe 1pu
TeMIeparype, HE3HAUYUTEIbHO IIPEBOCXOIINEN TOUYKY

riaBiIeHus1 kpemMHusas 1 = 1415

O

HalpaBJICHUU ITPOTUBOTIOIOKHOM BpaIeHUIO
(1o APHIAGHSYT BeymecTriienuss nepeMermnmuBaHUs

paciyiaBa MW CBEJEHUIO K MHUHUMYM HEOJJHOPOJHOCTU
pacupejieJIeHus TeMIeparypsl. B Hagaie mporiecca pocrta
MOHOKpHUCTAJJIa YacTh 3aTpPaBOYHOIO MOHOKpUCTAJLIA
pacluiaBisieTcsT JUIsI yCTpPaHEHUsT B HEM VY4YacTKOB C
HOBBIINIEHHOUW IUIOTHOCTBIO MEXaHUYECKUX HAUPSI)KEHUU u
nedeKTaMu. 3aTeM HPOUCXOJUT IOCTEIIEHHO €
BBITSITUBaAHUE MOHOKpUcTasia ns3 paciJiasa.
JlermpoBaHue ocymecTBISIETCS BBEAEHUEM OIIPE AEJICHHOTO
KOJInYeCcTBa upumMecei B paciuiaB



Mpouecc Yoxpanbckoro Ans BblpallnBaHUs KPUCTANNoB KPEMHUS

Kpucrtann @
3aTpaBka .

i Kpuctann

KpeMHusi
/
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KpucTanna

KeapueBbliit
Turenb

PacnnaBneHHbIN
KpeMHui
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30HHagda NnaBka aBnaeTcst ogHUM n3 Hanbonee aPPEeKTUBHbBIX
METOA0B rnybokon o4ncTku nonynposoaHukos. Uoea metona
CBsi3aHa C pas3fnM4yHOn pacTBOPUMOCTbLIO NPUMECEN B TBEPAOU U

Xnakow dpasax

1 - depxartesnb

2 - ObmMoTKa HarpeBaTens

3 - MoOHOKpucTannmuyeckmm
KpeMHUU

4 - 3aTpaBOYHbIN MOHOKpUCTAIT
5 - [lepxartenb

6 - PacnnaeneHHas 30Ha

7 - CTep>XeHb 13
NONNKPUCTaNINYECKOro
KpeEMHMUS

HanpaBfeHHe
BpaLLEHHS

7

HanpasaeHHe ¢
NBHXEHHS M



200-mm (8 in.) and 400-mm (16 in.) polished silicon wafers in cassettes.



{111} p-type

Secondary e
flat
|<—>| Secondary
flat
{100} n-type {100} p-type

Identifying flats on a semiconductor wafer.



1. Mexanuveckast o0padoTka CINTKA:
-OT/ICJICHAE  3aTPaBOYHOW U  XBOCTOBOM  4YacTH  CJIMTKA,
-o0aupka OOKOBOW TIOBEPXHOCTH JO HYXXHOH  TOJIIUHBI,
- nuiMdoBKa OJHOTO WM HECKOIbKUX Oa30BBIX CpPe30B (JJId
oOnerueHuss JaJIbHEHUITICH OpHUEHTAIMM B TEXHOIOTMYECKUX
yCTaHOBKaX MW ISl ONpEJesieHus Kpuctaiaorpapuueckoi
OPUEHTAIUN ),

- pe3Ka alIMa3HbIMHU MUJIaMU clIUTKa Ha miacTuHbl: (100) - TouHo
1o 11ockocTu (111) - ¢ pazopueHTalMel Ha HECKOJILKO IpajlyCoB.
2. TpaBiaenne. Ha aGpazupHom wmatepuaiie SiC wim Al203
yJAaSIIOTCS TMOBPEX/eHUs BhicoTol Oonee 10 MkM. 3aTeM B cMecu
[IJITABUKOBOM, a30THOW U VKCYCHOM KHUCIIOT, MPUTOTOBIICHHOWU B
nponopiuu 1:4:3, unu pactBopa IIEIOUYEH HATPUS TIPOU3BOJUTCS
TpaBJICHUE IIOBEPXHOCTHU Si.
3. IlompoBaHue - ONYYEHUE 3€PKAJILHO TT1aJIKON MOBEPXHOCTH.
Hcnons3yioT cMech TMOMUPYIOIIEH CYCIEH3UU (KOJUTOUHBIN
pactBOp vactull S102 pazmepom 10 HM) ¢ BOJIOH.

B okoHuaTenbsHOM BHjE KPEMHHH TIPEACTABISAET U3 ceOs TUIACTUHY
auametpoM 15 - 40 cm, tommuuou 0.5 - 0.65 MM ¢ ojHO#M
3epKaJibHOMN MOBEPXHOCTHIO.



Specifications for Polished Monocrystalline Silicon Wafers

Parameter 125 mm 150 mm 200 mm 300 mm
Diameter (mm) 125 %1 1501 200 £ 1 300+ 1
Thickness (mm) 0.6-0.65 0.65-0.7 0.715-0.735 0.755-0.775
Bow (um) 70 60 30 < 30
Total thickness variation (um) 65 50 10 < 10
Surface orientation (100) = 1° Same Same Same

6 i 3 ) ol e Same Same Same




Cnuncok ncnonb3oBaHHbIX U peKoMeHaAyemMbiX NICTOYHUKOB
TexHonorns, KOHCTPYKLMU U MeToAbl MOAENUPOBaHNA KPEMHUEBbLIX

NHTerpanbHbiX MuKkpocxeM: B 2 4. / Kopones M.A., KpynkuHa T.HO., PeBenesa
M.A., nog obwen pea. HanneirmHa FO.A. — M.: BMUHOM. JlabopaTtopusi 3HaHU. —
[12007. Y. 1: TexHonorn4eckue npouecchbl U3roToBNeHns KpeMHUEBbIX
MHTEerpanbHbIX CXeM U ux mogenmposaHue. —[1 397 C.

TexHonoruns, KOHCTPYKUNU U METOAbl MOAENTMPOBAHUSA KPEMHUEBbIX
NHTerpanbHbiXx Mukpocxem: B 2 4. / Kopones M.A., KpynkuHa T.HO., [ytpa M.I".,
LessikoB B.W., nog obwwen pen. uneHa-kopp. PAH npodeccopa Hannobirnna HO.
A.—-M.: BUUHOM. JTabopartopus 3HaHn. —[] 2009. Y. 2: dnemMeHTbl U MapLUpyTbl
narotoeneHnsa kpemHmesbix NIC n Mmetogbl X MarteMaTU4ECKOro
MogenupoBaHua. —[1 422 c.

Konepos J1.A. TexHOnormsa n KOHCTPYKUMN MUKPOCXEM, MUKPOMPOPLLECCOPOB U
MUKpOCOopokK: YyebHuk anga sy3os / M.: Paguo n ceasb, 1989. — 400 c.
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