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MHKPO3JJIEKTPOHHBIX YCTPOHCTB, N NPOBOJHTh HX NOJHBIA aHAAH3 JM06bIM MeTO-
.10M 30HIOBO# U JyyeBoi Muxpockonmu. Kpome Toro, cucrema moxker Gmrs He-
10.1b30BaHA 1A MHOTOYPOBHCBOI'O KOHTPOJIA Kav9€CTBa.

B cocraB HaHO(haOpHKH BXOAAT:

Moayan 06paGoTku

Mopay:au ananusa

MoaeKyasipHo-1y4eBasi SNHTAKCHS —
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NMpeancnosue

B Hacrosiliee BpeMsi MUKPOIJICKTPOHHKA SIBISIETCH KAaTaNU3aTOPOM Hayu-
HO-TCXHUYECKOro Mporpecca jUisl BCCX BaXHEHIIUX OTpacjcit HapOAHOro
XO351MCTBa, a YPOBCHbL Pa3BUTHSI U OOBEMbI NMPOU3BOACTBA C€ OCHOBHBbIX
U3ACANI — MHTErpaTbHbIX MUKpocxeM (MM C) Bo MHOroM onpeaensieT KyJib-
TYPHbBIH, 9KOHOMUUCCKHUIA U 00OPOHHBIKN MOTCHUMWAMALI ¢TpaHbl. Hemapom
COBpPCMEGHHAsI sipKasi M Harsuiiask KjJacCuUKauusi Hayuo U TCXHUYECKH
Pa3BUTON CTpPaHbl OMPCACISICT CC KaK CTPaHy, CHOCOOHYIO MacCOBO MPOU3-
BOAUTb MOILHbIE MEPCOHANLHLIC KOMIBIOTCPbI M KOMIBIOTCPHbBIC CUCTEMbI
(cTaHUKM) Ha COOCTBEHHBIX (M3IOTOBACHHBIX B cTpaHe) UMC.

Hanbonee MmaccoBbIMM BUIAMM  MUKPOCXEM, TPOM3BOJAMMBIX 10
kpemuuesoii KMOIT Texnosiorun, T.e. Ha ocHoe noaesbix MOII
(MeTaJ1—oKUucea—noaynpoBoaiuk) uan M (MeTann—ansncKTpuk—
NMoJyNnpoOBOAHUK) TPAH3UCTOPORB, SIBJSIIOTCS:

— 3anoMuHatowue ycrpoietsa (3Y) (memory integrated circuits (1C))
M OCOOEHHO MHAMUUCCKUC OMCPATUBHbBIE 3aITOMUHAIOUIMC YCTPOHCTBA
(AO3Y) (DRAM — dynamic random access memory).

— jaoruueckue Mukpocxembl (logic IC) u 0coOCHHO MHKPOMPOLLEC-
copbl (MI1) ((MPU) (.- Proc) microprocessor unit);

B HacTosiiiee BpeMsi MUHUMabHbIC pa3Mephbl MJICMCHTOB MaccoBO
npousBoaumbix J1O3Y u MII1 onpeacnsiioT yposctib TexHoaoruu (YT)
MHUKPOIJACKTPOHUKHU, TOCTUTHYTbIM CTPAHOU (CM. Tall. A).

OnHako, HECMOTPsI Ha 3To oueBUAHOE noaoxcetine, Poccust npakTu-
YCCKW HE BbIACASICT FOCYAAPCTBEHHBIX CPEACTR JUISI PA3BUTHUSI COOCTBCH-
HOW MHUKPOIJIEKTPOHUKH, COCTOsIHUE KOTOpPOM octactest Ha YT, locTur-
HytoM CCCP k 1990 r. v onpeaensieMOM MUITHMMILILIM  Pa3MCPOM
371eMEHTOB MaccoBO Npoun3BoMMbix UMC pasiibim 800 11m.



Hurerpa — 3T0 HOBOE TOKOJICHHE BHICOKOTEXHOAOIHYHbIX MPHGOPOR, BO3HHUKIIEE
KK pe3yJbTaT 3BONIOLMH aTOMHO-CWIOBOTO MMKPOCKOLA, IIpEeBPaTHBIUEI €ro B
MHOrO(YHKHHOHATBHbBIH AHATIMTHYECKHIT U3MEPHUTEHLHEINH KOMILIEKC ¢ OTPOMHbIM
HOTCHIHAJIOM IIPHMEHEHHS B CAMBIX PA3HBIX OTPACIHSIX HAYKH M TEXHHKH.
OO0beAHHAB BO3MOYKHOCTH COBPEMCHHOTO CKAHMPYIOIIEr0 30HAOBOrO
MHKPOCKON2, ONTHYECKHX METOJI0OB MCCIEOBAHMA M TOHKOI0 CHEKTPANBHOrO
ananu3a, HHTerpa CTaHOBMTCA YHHKAJbHOH OCHOBOH JiIst BBICOKO-
#ipOPMATHBHBIX IKCHEPUMEHTOB B OHONOrHM, XHMHM [OAMMEPOB,
UCCJICIOBAHHM MACHHTHBIX M INOJYNPOBOJAHHKOBLIX MATEPHANOB, a TaKXKe
HC3aMEHMMBIM MHCTPYMEHTOM JJIS CO3[IaHHuA, aHAM3Aa H ABTOMATH3HPOBAHHOIO
0100pa NPOMBINLICHHLIX 00PA3U0B ¢ 3apaHee 3aJAHHBIMU CBOUCTBAMM:

Snpo 3HI Hnrerpa cocraaser CKAHUPYIOmMMH 30HAOBbIH MHKPOCKON €
YHHKANBHLIMM TEXHMYECKUMI XaPAKTEPHCTUKAMHE

B 3HJI Hurerpa npeayCMOTPEHBM HIHPOKHE BO3MOXHOCTH /i1
NMPOBEJeHHA HCCAEOBAHUH B KOHTPOJUPYEMBIX YCJIOBHAX BHENIHEN Cpeabl

Cosmemenne Bo3moxuoctefi C3M ¢ onTHIeCKHMH METOaMM BbICOKOIO

paapcmemm SHAYHTEJABHO pas/iBUracT npcaenbl BO3MOXHbBIX
HMCCACHOBaHMIA

Cnex‘rpanbmﬂe HCCeA0BaAlKRA 24107 ml(bopmaumo 0 XHMHUYECKOM
cocrase o0bexra

C3M tomorpadus B 6uonorux - peassnas anprepuarnsa TOM
JpyxecrBemnbit ausalin m <yMHOE» MHOTOYPOBHEBOE NPOrpaMMHOE
ofecneyenve 3HAMMTENLHO YNPOMAIOT B3AUMOAEHCTBHE CHCTCMb{ €
noap30BaTENEM

HT-MIT,
’oceis, 124460, Mocksa,3enenrorpan, k. 167 \ Nl I '_ M D' I v
I: (-7 095) 535-0303, dpaxc: (+7 095) 535-6410

b iail: spm@ntmdt.ru, http://www.ntmdi.com Motecuiar Deiaeccand Trote o NowTechamis
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Tabimnua A
Tennenunu pazsutus JO3Y u MI1 (na ocHoBe MOII cTpykTYp)

[onbl
1988 1992 1994 1997 1999 2001 2004 2007 2010
Xapakre- \

PHUCTHKA

2013

VYposeits
TCXHOJIOTHH
(MHHI@LTBHAS 300 500 350 250 180 130 90 65 45
TONOMOIHUCCKast
HOPMA), HM

MutHHMQIbH B
Pa3Mep CMCH-
T M3IC/HSL, HM:
NO3Y (passep
JMHBIL L-10
YPOBHSI pat3-
BOAKH) 800 500 350) 250 180 130 90 () 45

MIT (Guina
34TBOPORB) 1.0-10° 650 400) 200 140 90 53 35

o
g

DyHKLHOHATL-
HBIC BO3MOX-
HOCTH H3/1EAHSI
Ha KpHCTWLL
JO3Y (1ndop-
MALLMOHHASE CM-
KOCTb, MONT)

CTA/LHst BbIXO/1A
Ha PbIHOK 4 16 64

[A)
(94
[op)

CTAIMS HAYMLI
MACCOBOIO
IPOH3BOCTIL | 4 16 04 256

4}
o

1-10° J- 1) S10°
MIT (konnuce-
TBO TPAH3NCTO-
poB, MJH. UIT.)

DOMIT cranmsi
BbIXOA Ha

DDIMIT cTaams
| POCTa MACCOBOTO
} HPOH3BO.CTBA 0,5 1.4 23 5.8 11,9 97 193 86 773

|

i BCMIT crams
POCTA MACCOBOIO
NPOH3BO,ICTHA 4,7 13 21 2.8 108 276

4
H 4]
)
[
1o

R

[-10° 2:10° 4-10° [6:10° | 32-10°

pbIHOK 1.0 27 4.6 12 238 193 86 773 [.5-10°

210° | 4410 |

128-10°

32:10°

30107

5100




IIpeducnosue ID

Taosmua A (NpoaoaXeHUE)

Tonwl
: 1988 1992 1994 1997 1999 2001 2004 2007 2010 2013
\apakie-

PHCTHKA

VpPOBCHDb

CICNHOIOTHH
SO bHast 800 500 350, 230 180 130 90 65 45 32
L ionozoriec-

Ll HOPMA), HM

1 buicrpoaciic-

i 1BHC H3ACTNS:
L LOBY (Bpeast
| BLIDOPKH, HC.) 50 45 40

'
"
‘o
>
o
()
[
<
N
=
(o

a1l (padouas
! wacrora, M)
9N 60 100 166 300 600 800 1.2-10° | 1.7-10° | 2.4-10" | 3.0-10°
|

CROMI 100 166 300 600 2:100 ) 1.7-100 ) 3,0-10° | 3.5-107 | 4.0-10° | 4,5-10°

"Hanpsikene

=5.0125-35 | L8235 1518 1.2-15109-1.2| 0.7-09 | 0.6-0.7 | 0.5-0.6

o
2

INTITRRIEE 5.0

Lirsens, B

A\ LarcHvabHast
ACCCHBAC ML
AOHIHOCTH KOP-

" HINCHPOBAHHOTO

s, Br

AN
Cerenast Hac-
1O ILHASE Afla-
PATVPA € paIHa-

" 1opoy 32 46 56 70 90 130 160) 190 218 250
© barapeiinas
Cpyanast anapa-
npa 0.6 0.8 0.9 1.2 1.4 24 3.2 35 3.0 3,0
O3y 0.08 0.2 0.3 0.5 0.8 1.4 2.0 25 3.0 3.5
Notyecrso
1LIBOIOBKOPNY-
G BTCTHSL, LT, ;
03y
AMaKCHMAIBHOE 64 80 96 112 128 144 160 182 200 224
NMinaibHoc 24 28 32 36 44 48 32 56 60 64
YIMI
\LIRCHMATLHOE 2335 358 440 600 74() 1200 1600 2140 2782 3616

MnnnsabHoe 112 170 | 208 256 350 480 500 600 780 1014




@2 [Tpeducrosue

Ta0auua A (11poao/iKeHHC)

[o:16!
Xapakie-
PHCTHRG

1988

1992

Yposctib

FexNO 100N
(VI TBHAS)
TOIHOMOTHUCC-
Kst HOPMQ), HM

300

Mot
KPHCT@LLR
H3ACIMSL, CM7
A03Y

Crazutst BLINO L
Hil PbIHOK
Crams Haui
AACCOBOTO
HPOI3BO, ICTBA

Cra/ust pocra
MACCOBOTO
HPOH3BOKCTBA

M

DIMIT cracus
BLINO:L Ha
PHIHOK

IDOMI

CT S POCTA
MACCOBOLO
HPON3BOICTRL

BCMI1
CTLLS POCTa
MACCOBOIO
1IP0I 3BOICTHA

0.80

0.27

0.15

0.6

[.39

1.20

0.40

0.75

2.00

Cpeitee Koam-
HECTBO JIMTO-
tpadtii

B MAPLIPYTC
H3MOTORICHIS
H3ACIMS, UIT,
103y

M

1994

2.00

0.63

0.36

2.00

1.00

I8

R
[

] |
[
1997 1999 2001 2004 2007 2010 = 2013
!
|
250 180 | 130 90 63 45 3
|
|
|
280 4.00 3.90 287 5.08 3.63 3.73
0.95 1.32 2.20 1.63 3.23 3.20 3.20
|
|
[
.33 0.74 }.27 0.93 I.83 [ N1 2.39
!
i
|
.00 340 3.56 1.08 1.08 3.30 2108
1.30 1.70 1.40 b0 1,40 1.40 1.40
i
3.98 4.30 30 30 300 310 ! 30
. l i
19 20 2] L8| pA 26 26
23 25 23 27 27 29




[Ipeducnosue IQ

Ta0/mua A (Npo1oKEHHE)

foiw 1988 1992 1994 1997 1999 2001 2004 2007 2010 2013
\upaKre-
PHCTHRA
MpoBseb
CICNHOIIONH
nnnnnibias o 800 500 350 250 180 130 9 65 435 K,

TOHOIOTHYCC-
Kitsd HOPMA). HM

" Cpeinee Koo
" ectio onepa-
L B MapHipy-
1CASTOTORICHI 81
SIS LT,

R (0527 280 350 350 | 380 410 440 530 530 390 590
T 260 350 440 470 300 560 560 620 020 6380

 Kolnecso
" CO0OCR
CNMCLLL TR 3ALL
P PasBOIKIY)

13 IC IS, NIT.

103y 2 2-3 3
I

3-4 4 4 43 5 5-6
6 67 | 7-8 | 89 9 |90 | 10

[

-2
SN
N

|
(e}

Passiep

IVORTCIBHOLO

" (kpimimieekoro) | 270 220 150 12:
ie(peKTa i3e-
s HM

33 23 16

I
v
N

90 03 4

. Kprrteckas
0N 31e-
st HOpaKa-

- eMas nvon-

" ICTLHBINI

U edherrast, %
{ O1 (101N
CRpHCTALIA
O3Y craust

| POCTA MACCOBO-
i topoisoicTsa | 100 100 100 100 100 45 44 43 42 42

NMTeraans poc-

"1 MACCOBOTO
HPOIBOICTBA 100 100 100 100

100 1001100 100 100 100
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Tabdusmna A (nponojxeHue)

o/t
Xapakie-
PHCTHK

1988

1992

YpoBeHbL 1CXHOIO-
I (MHHUMUIL-
Hast TOHONOTHYUCC-
Kast HOPMA), HM

800

500

1994

.
Honycruaas

MAIOTHOCTD YACK-
TPHUCCKH 3HAUN-
MbIX ACheKTOB
Ha KPHCTALIC HA
MApIIPYT L1
obccricucHIs
JULAHHOLO T1PO-
1ICHTA BLIXOj1A
FOJIHBIX KPHCTA'1-
JIOB H3ICIHS ¢
11ACTHHDBI (YW” .,
JeheRT/ M-
NO3Y cranns
POCTA MACCOBOTO
[IPOI3BOICTBA
npnY "'=83%
P
Y, (@) = 100%
npuY "=_83%
N
i YW”"(S) =95%
MIT crauns
POCTA MACCOBOTO
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Tabanua A (npononxeHue)

lo1bl
- 1988 1992 1994 1997 1999 | 2001 2004 | 2007 | 2010 | 2013
+ \apakTe-

L PUCTHRA

. Vposenn Texnono-
PHE (MBHEMAL-

| 800 500 350 250 180 130 90 63 45 32
161 TOTI0I0THYeC-

| R HOPMA), HM

- I%aiep Kpacsoit ]
pepadociionsl | 6 6 6 3 3 3 | | | 3

HEY TLTACTHHC, MM

€ pe;Lsist CroH-
AOC T THPOH3BOAC-
KL IESICANSE € Me-
CIIBIM 3ANYCKOM
25000 n1aacTHH,
AL IOCLTAPOB

300 600 1000 1500 2000 3000 5000 7000 | 10000 | 15000

. lonverisvas cro-
HNOCTDL TOTOBOTO

Ll Ha ¢vH-
RLHIO;

| -1O3Y. vikpo-
L nenr/onr

Cruns BeIXO1A

" 1ELPBIHOK 19107 1 480 240 80 42 21 74 26 0.93 0.33 !
U | | :
" IENELI MACCOBOTO ’ ;

; HPOH3BOICTBA 686 170 86 28 15 7 77 27 0.96 0.34 0.12

AMIL sikpouett/

LiparsucTop

LM cramms

¢ BLINO[@ HA PBIHOK | 62-10° | 16-10° - 8.4-10° | 3-10° | 1.7-10° | 176 62
OIMIT cravms

| POCTA MACCOBOO |

| nposrssoacTsa 42-10° | 110" 1 5.7-10° | 2.0-100 | 1.1-10° 107 38 13.3 4,71 1.66
BCMIT ctaans

| POCTA MACCOBOTO

t HPO3BOICTRA 9.7-10° { 25-10° | 1.3-10° | 470 245 97 4 12 431 1.52

i

| CIOMMOCTL  Kopny-

| CHPOBAHNS H371C-

. 113k, 1IICHT/BbIBOA

103y

- MakcHsaibHas 3.98 3.94 3,20 2.34 1,90 1.54 1,14 0.84 0.54 0,39
MitHnsaibHask 0.69 0,56 0.51 0.44 .40 0.36 0.30 0.27 0,22 0.19

COMMIN

SN LIKCHMLIBHAS 4.78 3.89 3,51 2.1 1.90 1.60 1,17 1.00 0.98 0.93
M uibHast 1.62 1.33 1.21 1.04 0.90 0.80 0,66 0.64 0.49 0.42

~J
~

1.7 275
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Tadanua A (OKoHUaHMKE)

[oibl
‘ 1988 1992 1994 1997 1999 l 2001 2004 | 2007 2010 7 2013
Xapakre-
pHCTIKA

|
Vposetin ‘
TCXHOIO I
(MEHENMAIBHAS 800 300 350 250 180 ‘ 130 9 65 45
TOHOIONHICCKASE

'
'oa
[

CTonmocTh recre-
pa fList TeCTipo-
Babiist M3¢8,
THIC. 10 UpOoB

HOPMit). HM

/BLIBOL
Makcrsupas 10 10 10 10 8.0 4.0 3.0 3.0 4.0 4.0
MitnssuinHast 3 3 3 3 24 1.0 1.0 1.0 2.0 20

L l_ L L J— —

Ha Ttotr ncpuoa npousBoacteo Mukpocxem B CCCP orcraBasio or
NMPOU3BOACTBA NMepeaoBbix cTpaH mMupa Ha onvu YT (3 CLUA u SlnoHuu
npoussoauiancek UMC ¢ YT 500 HM) uau no BpeMCHHBLIM CPOKaM Ha
TPU — UYETbIPE rofa.

3a 15 net, npolwealumx ¢ Tex nop, BEAYLWIMEC CTPaHbl MUPa, NEpexo-
A5l NOCaea0BaTebHO OT 0AHOTO YT MUKpPOCXCM K ApYromy, JOCTUIJIU B
2004 . YT 90 1M (cM. Tada. A).

Takum obpaszoMm, orctaBaHue Poccun B 06J1aCTH MUKPONEKTPOHUKH
OT MUPOBbIX JIMAEPOB YBEJIMUMIOCH A0 20 JIeT, a ¢ YHUCTOM CYLIECTBYIOLIMX
TEMMOB PA3BUTUS U KATUTATOEMKOCTH NMpou3sojictia MM C MoXHO yTBEp-
XAaThb, UTO 3TO OTCTaBaliMe HABCCT/A.

B nocaeaHee necsitwicTve MO YPOBHIO PasBUTHS  11POU3BOACTBA
mukpocxeM Poccuto obouin He TosbKo crpaiini 3anajuioil Esponbl
u KOro-BoctouHoit Azuun, Ho U Kutait 1 UHauKs, B KOTOPLIX Irocy1apcTBO
OKa3blBa€T MOLUHYIO (DUHAHCOBYIO MOMAEPKKY CO3ANMIO COOCTBEHHOM
MHUKPOTEKTPOHHOU Da3bl.

KoHeuHo, HECMOTPSt Ha OFPaHUUCHHUS, BO3MOXI1d ITOKVITKA COBPEMEH -
HOW abpuku Mwisi nporu3BoacTBa MUKpocxem ¢ YT 90 um 1 MCCIUYHbIM
BbIMYCKOM B 25 TbICSIY TPEXCOTMWITMMETPOBbIX MJIACTHIL 34 5 MUJLTUAPIOB
noanapos (cm. Taba. A). Ho ata (pabpuka Oyaet octalicia Tobko 3apyoex-
HbIM CMEUNAABIBIM TEXHOJOTMUECKUM U KOHTPOJIbHO-U3MCPUTEbHbBIM
000pynOBaHUEM MISI TTOMIEPXKAHUS MApPaMeTPOB HH(IPACTYKTYpbl, OYAET
paboTaTh TOAbLKO Ha 3apyOCKHbIX MaTepuatax W pcarcHrax, norpednsitb
MUMIOPTHbIE KOMIUIEKTYIOILKUC W OOCIYXXMBATBCS [0 MaBHLIM MpodiaeMam
3apyOeXXHbIMU CICLMATUCTAMM.
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Benab ¢akTHyecku Bce 0a30Bble NMPEANPUSITUS U HAyYHO-HCCIEI0Ba-
ICIbCKHE WHCTUTYTHI TIO OCHAIEHUI0 POCCHICKOM MHKPOIJIEKTPOHUKU
00OpYyAOBAHMEM, MaTepUaliaMy, peareHTaMM W KOMIUIEKTYIOLIMMU pa3Ba-
neHibl, a BemyllMe CHEeLUaNUCThl yeXald B 3apybexxHble cTpaHbl. Boccra-
HOBJICHWE pa3pylleHHON ©0a3bl OTEYECTBEHHOW MHMKPOIIEKTPOHUKH U
JIIOCTIKEHNE MHPOBOTO YPOBHS MOTPeOYyeT COTHH MWLUIMAPIOB JIOJIaApOB
KAMTUTATOBIOXEHU A,

3a nocienHue 15 nmeT B MMpOBOM MUKPO3JMEKTPOHUKE Ha OCHOBE MpO-
BCACHHBIX Hay4HO-MCC/Ie0BaTENBCKUX padoT M MOArOTOBKU COOTBETCTBY-
IOWUX CHEUMATUCTOB CMEHUIOCh HECKOJIBKO IOKOJIEHUH CHeuragibHOro
TCXHOJOTUYECKOTO 0060pYyNOBaHUS 115 MPOBEAEHHS ONepaLii TPOU3BOIC-
13a UMC, HecKoJbKO pa3 NOBLILATUCE TPEOOBAHUS K YUCTOTE MCIOJb-
yeMBIX Ha 3THX OIlepallMsiX MaTepUajioB U peareHToB, ObUIO pa3paboTaHO
MHOTO HOBBIX TEXHOJOTMYECKHUX Orepaluii ¥ BBEACHO MHOTO HOBBIX MaTe-
PUAIOB B KOHCTPYKLIMIO MUKPOCXEM.

He o6otes MupoBoii Tiporpece ¥ npoiecchl XMMHUYECKOTO OCaXAEHUS
13 ra3oBoii (mapoBoit) dasel (XOI'® — chemical vapor deposition — CVD),
KOTOpBIE BBIXOAAT Ha BeAYIME TMO3ULMU MPU (HOPMHPOBAHUM (DYHKIIV-
OHAIBHBIX CJIOEB MUKPOCXEM TI0 MEPE YMEHBIICHHS pa3MepOB HUX dJIEMEH-
TOB W TIOBbILIEHUSA cTeneHu ux uHterpaumu (YT). EctecTBeHHO, 4TO CO-
BepuieHCTBOBaHKE TpoiieccoB XOI'D Hepa3pbIBHO CBSI3aHO C Pa3BUTHEM
1IPOMBILIUIEHHOTO 000pYA0BaHUs LIS UX peaTU3allui.

OnHaKo 3aKpbITHE WM pa3Bajl OTeYeCTBEHHBIX TPEANPUSATHIM H3-33 OT-
CYTCTBUSI (PUHAHCHPOBAHMS, MPEKPALICHUE HAyYHO-HCCIEA0BATENbCKHX
paboT, OTbe3N M3 CTpaHbl BEAYHIMX YYEHBIX U CMELMANNCTOB M HU3KHUE
3apIUIaThl nipernojasarteseii poCCHICKUX BY30B NMPHUBEIN K OTCYTCTBHUIO
OTCJ/IEXHBAHUS NOCTHXKEHWIT MHPOBOTO Mporpecca B 06acTy 000pyaoBa-
Hud u rpoueccoB XOI'D.,

ABTOpBI ITOCTAaBHJIM Tiepe cO00I Lie b YACTUYHO IMKBUIUPOBATH 3TOT
npo6eJ1 ¥ Ha OCHOBaHWU €MHOM METOIMKY aHATM3a U U3JIOKEHUs cobpaTh,
CHUCTEMaTU3UpPOBaTh, MPOBEPUTb U 0DOOIIUTL UHGOPMALMIO MO IPUME-
HeHMIO obopydoBaHua 1 npoueccoB XOI'D B TexHONOrMM ITPOU3BOACTBA
NUMC, vanoxeHHble B HenepeBeleHHbIX B Poccuu mMoHorpadusix, Mare-
pHanax KoHpepeHIMiA U CTaThsAX B HayYHO-TEXHUYECKHX XYypHajiax, U3-
JAHHBIX 3a MocaexHye roabl. Kpome TOro, aBTopbl UMEIOT MPAaKTUYECKHUIA
OIBIT padOTHI HA COBPEMEHHOM 3apy0eXXHOM 000pYNOBaHUMU LIS [POBEe-
Hus npoueccoB XOTI'D.

Ha ocHoBe npennoxeHHbIX KiaccuduKaLMil mpoueccoB U 060pyno-
BaHust XOI'®D, oxsaTbiBaIOIIMX BCe U3BECTHHIE B HACTOsLIEE BpeMs orie-
pauMy M YCTAHOBKHM XMMMWYECKOTO OCaXIeHUs (YHKUMOHANBHBIX CIOEB

2. 3aka3 Ne 1870.
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MUMC, aBTopbl pa3paboTaiu pocTyio, yI0OHYIO U HaIISAHYIO (pOpMY UX
0003HaYeHMs, YTO MO3BOJIWIO 3HAYUTENHHO COKPATUTh OOBEM KHHWIH 3a
CYET UCKJIIOYEHHUS CJIOBECHbIX OMUCAHU NPOLIECCOB U 0GOPYIOBAHMUSI.

B cBs131 ¢ 3TUM OoJblliee BHUMaHKE YAEACHO 3aBUCUMOCTSIM TEXHO-
JIOTHYECKHX XapakTepucTuk npoueccoB XOI'® u anekTpodUsnyeckux
XapaKTEPUCTUK OCa)X/JaeMblX (DYHKUMOHAIBHBIX CH06B MHUKPOCXEM OT
OMepaLiMOHHBIX (PEeXMMHBIX, MPOUECCHBIX) MapaMeTpoB 0bOOpynOBa-
Hud. ITpoBeneH aHaanM3 MeXaHM3MOB, KaK TPAIULIMOHHOTO TEPMOAKTH-
BMPOBAHHOTO OCAXIEHWUS, TaK ¥ HOBOM DAa3HOBMIHOCTY TPOLIECCOB
XOI'p — aromHo-cnoeBoro ocaxaeHust (ACO — atomic layer depositi-
on — ALD).

Paccmotpenbnt npoueccbl XOI'P Bcex (DYHKUMOHATbHBIX CIIOEB,
ucnosb3yeMbix B npoussoactse UMC Bmote no YT 90 HM, noka3saHbl
CrocoObl UX MHTETpalMM ¢ APYrMMU OMepalUsiMU MapLIPYTOB U3rOTOB-
JIEHUS] MUKPOCXEM U MpOaHaM3UPOBAaHbI UX NIPEHMYLLIECTBA U HEAOCTATKU
O CPABHEHHIO C APYTMMH MPOLIECCAMK OCaXIECHHS.

[MpocnexeHbl TeHAEHUMM pPA3BUTHUS TIPOLECCOB W OOOpPYAOBaHMS
XOI'® hyHKUMOHANBHBIX C/IOEB MPU MOBBILIEHUU CTEHIEHU MHTErpauvm
MMKPOCXEM, M3roTaBinBaeMbix Kak mo cranmaptHoit KMOIT TexHoso-
TMU, TaK W MO TEXHOJOTUU C TPEXMEPHOUN MHTErpauueid U BepTHKaJIbHbI-
MU IMOJIEBBIMU TPAH3UCTOPAMM.

ABTOpBI BbIpaxaloT OsiaronapHocth pykosojctsy HUUM cucremubix
uccnegoBaHuil Poccuitckodl akageMWM HaykK 3a CO3JaHWE YCIOBMIN s
MJI0A0TBOPHOM pabOTbl M MOCTOSHHYIO MOALEPXKKY 1B MPOLIECCE HATTUCAHUSA
KHUTH W TIPU3HATENbHOCTb KOJIJeraM 3a IJIOAOTBOPHblE 00CYXIEHHUS ee
pasnenos.



Cnucok ncnonb3yembix COKpaLLeHUn

ALD — atomic layer CVD unu atomic layer deposition, 3KxBUBaJIeHTHO
AC XOI'® uau ACO — aTOMHO C/TOEBOE XUMHYECKOE OCaXKAEHHUE U3 ra3o-
150 $a3bl;

ALDR - atomic layer deposition reactor, 3KBUBaJ€HTHO pPeaKTOp
ITOMHO-CJ10eBOro ocaxiaeHus (ACO);

AP — atmospheric pressure (aTMocgepHOe JaBJIECHHUE);

AR — aspect ratio (acneKTHOE OTHOILICHUE);

BEOL — back-end of line (4acTh TEXHOJIOTMYECKOro Mapuipyra u3-
roropieHus UMC, cBsg3aHHas ¢ (POpPMUPOBAHMEM CUCTEMbI METALIU-
$HIMK Y MEXCJIOMHOM M30SILMHN);

BJR — bell jar type reactor, 3KkBUBAJIEHTHO PEaKTOpP KOJIMAaKOBOIro TMNA;

BPSG — borophosphorosilicate glass, axkBuBaieHTHO BDPCC — 6opo-
(hochopOCUTMKATHOE CTEKIIO;

BSG — borosilicate glass, sxkBuBaieHTHO BCC — 6opocunukatHoe
CICKIO,

BW — batch wafer system, 3kBUBaJICHTHO CUCTE€Ma C IpPyIMnoBoil 06-
1100TKOM MJIAaCTUH,

CE CVD - catalyst-enhanced CVD, 3kBuBasieHTHO KA XOI'D — Ka-
1:UI3aTOPHOAKTHBUPYeMbIe npotecchl XOI'D;

CLR — cluster system, 3KBUBaJIeHTHO KJIaCTEpHasi CUCTEMa

CMOS technology — complimentary metal-oxide-semiconductor
(echnology, akBuBaneHTtHo KMOIIT texHonorus;

CMP — chemical mechanical planarization, s3kBuBaeHTHO XMII —
\HAMKOMEXaHMUYeCcKast IlaHapu3auust;

CNT - continuous treatment system, 3KBUBAJIEHTHO CUCTEMA C
1epepbiBHOM 00pabOTKOM MJIACTHUH;

CR — conveyer type reactor, 3KBUBAJIEHTHO PEaKTOP KOHBEUEPHOTO
AN

CVD — chemical vapor deposition, 3kBuBaJieHTHO XOI'D — xumu-
ICCKOC OCaXIAEHUE U3 ra30Boit (asbl

CW — cold wall system, 5KBUBaJIeHTHO CUCTEMA C XOJIOAHOM CTEHKOM;

DC bias — direct current bias, 3KkBUBaJT€HTHO MOCTOSIHHOE HalpsIXKe-
e ABTOCMELLICHMS

Digital CVD, skBuBaneHTHO npoueccht XOI'D ¢ auckpetHoi noaa-
‘111 PCAr€HTOB;

DRAM — dynamic random access memory, 3kBuBaJicHTHO JO3Y —
EMUYECKOe ofiepaTHBHOE 3alIOMUHAIOLLIEE YCTPONCTBO;
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DRI — direct reagent injection, 3kBUBajieHTHO Mpolecchl XOI'D ¢
NpSIMON (HenocpeACTBEHHO) rnojavyei peareHToB;

DSC — discrete treatment system, 3KBMBaJeHTHO CUCTEMA C IUCKPET-
Hoit 00paboOTKOI NJACTHH;

DUV PhE CVD - deep ultra-violet PhE CVD, skBuBasieHTHO YD
DA XOI'd — akTtuBMpyeMmble H3NydyeHHEM IJIyOOKOro yasTpaduoseTa
npoteccol XOT'P;

ECR — electron cyclotron resonance, 3kBuBajicHTHO DLIP — anekT-
POHHOLIMKJIOTPOHHBIN PE30HAaHC;

FEOL — front-end of line (4acTb TeXHOJIOTMYECKOTO MapLUPyTa U3ro-
toBaeHuss UMC, cBsizaHHas ¢ (popMUPOBAHUEM TPAH3UCTOPOB);

FL - functional layer, skBuBaneHTHO PC — PYHKLUMOHAIBHBIMH
CJIOH;

FSG — fluorine doped silicate glass, axBuBaieHTHO PJICC — ¢Topo-
JIETUPOBAHHOE CUJIMKATHOE CTEKJIO;

HDP CVD - high density plasma CVD, sksuBanentHo [1BI1 XOI'®
— npouecchl XOTI'D, akruBupyeMmble TLIa3MOM BbICOKOM TUTOTHOCTH
(TTBIT);

HDPR — high density plasma enhanced reagent system, sKBUBaJieHT-
HO CUCTEMa C aKTHBalMel peareHTOB MJIa3MOi BbICOKOMH MJIOTHOCTH;

HDPR — high density plasma reactor, 3KBUBaJ€HTHO PEaKTOPp C MJia3-
Moit Bbicokoi riotHocTH (TT1BIT);

High k dielectric — nauanexTpuk €O 3HaAYeHMEM AUIIEKTPUUYECKOM
noctosiHHoi (III1) & BbIIe, 4yeM y TepMUYECKOil NBYOKHUCH KpPEMHHUS
(k(Si0,) = 3,9),, oxBusanentho BAII tnanextpuk;

HM — hard mask — TBepaasi HeopraHuyeckasi Macka;

HT - high temperature processes (BBICOKOTEMMEPATYPHbIA MPOLIECC
ocaxaeHus ¢ TemnepaTypoii Beite 500°C);

HTR - horizontal tube type reactor, 3kBUBaJI€HTHO FOPHU3OHTAJIbHbI
TpyOuaThiil peakTop;

HW — hot wall system, 3kBUBaJICHTHO CHCTEMa C ropsiueii CTEHKOI;

IC — integral circuit, akBuBaienTHo UMC — uHTerpansHass MUKpPO-
cxeMa;

IMD - inter metal dielectric unu ILD — interlevel dielectric, 3xBuBa-
JIEHTHO MEXCJIOHHBIN ANAIEKTPUK (MEXCIOHAs U30JALHUS);

InC HDP — inductive coupled HDP, skBUBaneHTHO MHAYKLIMOHHO
cBsizaHHas T1BIT;

IND — induction heat system, 3KBUBaJICHTHO CUCTEMA C UHAYKLUOH-
HbIM HarpeBoMm;
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IR PhE CVD - infrared PhE CVD, s3kBuBanentHo UK MDA XOI'dD —
AKTHUBUMpYeMble MHGpaKpacHBIM U3nydeHHeM npouecchl XOI'dD;

LE CVD — laser enhanced CVD, 3kBHBaJIeHTHO aKTUBUPYEMbIE Jia-
s PHBIM KOTePEHTHBIM U3JiydeHueM rpoteccbl XOTD;

LF — low frequency, 3kBuBanedTHOo HU — Hu3Kas yacToTa;

LOCOS isolation — local oxidation silicon isolation, 3KkBUBaIeHTHO
1130JISIUMS € TIOMOLUBIO JIOKAJILHOTO OKUC/IeHUs KpeMHUsa Mmexay MOITI
ipatizucropamMu B UMC,

Low-k dielectric — aM3AeKTPMK CO 3HAUECHUEM AMBIEKTPpUUECKOM
noctostHHoit (AI1) £ Huxe, yeM y TepMMUECKON ABYOKUCU KDPEMHMUSI
(k(Si0,) = 3,9), sxsuBanentHo HAI1 ananexTpuk;

LP — low pressure (HM3KO€ IaBjicHHKE);

LT — low temperature process (HU3KOTEMIIEPATYPHBII MPOLIECC OCAXK-
1e1ivs ¢ TeMnepatypoin Huxe 500°C);

LTO — low temperature oxide, 3kBuBasieHTHO HTO — Hu3KoTemme-
PATYPHBIIA OKMCET;

MCH — multiple chamber system, 3KBMBaJ€HTHO MHOrOKaMepHasl
(AMIlOTOpEaKTOpHasi) CUCTEMa;

MEMS — micro-electromechanical system, sxBuBaieHTHO MOMC —
AMKPO3JIEKTPOMEXaHUYECKHME CUCTECMBbI

MO CVD — metalorganic CVD, sksuBajientHo MO XOI'®d — npo-
neecebl XOI'D U3 MeTa1IopraHUyecKUX COEANHEHHIA;

MOSFET — metal-insulator-semiconductor field-effect transistor,
wiuBasieHTHO MOITI TpaH3ucTop;

MW — microwave, sksuBaieHTHO CBY — cBepxBbicOKas 4yacToTa;

OzE CVD - ozone enhanced CVD, 5kBUBAJIEHTHO aKTUBUPYEMbIE
030HOM nipotiecchl XOI'd;

PDL — pulsed deposition layer unu pulsed layer CVD, 3kBUBaIEHTHO
1C XOI'® uau UOC ~ nMmnyibCHOE XMMUUYECKOE OCaXIEHUE CIOEB U3
130BOH (pasbl;

PDLR — pulsed deposition layer reactor, 3KBUBaJIEeHTHO PEAKTOD UM-
nvitbcHoro ocaxaeHus cioes (MOC);

PE CVD - plasma enhanced CVD, skBuBanentHo [TA XOI'®d — ruias-
MOAKTHBUPYeMble npolecchl XOI'D;

PER — plasma enhanced reagent system, 3KBMBAJIEHTHO CHUCTEMA C
1123MEHHOM aKTUBALMEN pEareHToB;

PhE CVD — photon enhanced CVD, skBuBaieHTHO PA XOI'dD —
(hOTOHHOAKTUBUPYEeMBIe Npoliecchl XOT'D;

PhER — photon enhanced reagent system, 3KBUB&JEHTHO CHUCTEMA C
AK'HBALMEN peareHToB UdnyyeHueM ((POTOHAMU),



@2 Cnucox ucnonv3yembix coxpawerui

PMD - premetal dielectric, 5KBUBaJICHTHO AUDJEKTPUK MEXIY IMCK-
TpoJaMU TPAH3UCTOPOB Y MEPBbLIM YPOBHEM METALIM3aLWY (ITPOBOASLLEH
pa3BOIKH);

PPSR — planar parallelsided type reactor, 5KBUBaJIEeHTHO TUlaHap-
Hbli peakTop WM peakTop MIOCKONapauie/IbHOrO TUNA;

PSG — phosphorosilicate glass, sxkBuBaneHTHO PCC — dhocdopocu-
JINKaTHOE CTEKJO;

PVD — physical vapor deposition, sxkBuBaieHTHO POTD — pusm-
4ecKoe OcaxaeHUe U3 ra3oBoii ¢asbl;

R — radicals, axBuBaneHTHO XAY — XMMUYECKU aKTUBHbBIC YACTULLbI,
K KOTOPbIM OTHOCSITCSI CBOOOAHBIE aTOMBI U paIuKaJIbI;

RAD - radiant heat system, 3KBUBJIEHTHO CUCTEMa C paaualMOH-
HbIM HarpeBoM;

RAP — rapid heating system, 3KBUBaJIEHTHO CUCTeMa C ObICTPbIM He-
paBHOBECHBIM HarpeBoM;

RE CVD - radical enhanced CVD, sksuBasieHtHo PA XOI'b —
paIgnKajibHO-aKTHBUpPYeMbie nmpolecchl XOI'D;

RES — resistance heat system, 9KBUBAIEHTHO CUCTEMA C PE3UCTUB-
HBIM HarpeBoM;

RF — radio frequency = HF — high frequency, akBuBasientTHo BU —
BbICOKAsl 4YaCTOTa;

RP — reduced pressure (MOHWXXEHHOE JaBJICHUE)

RTP — rapid thermal processes, 3kBuBasieHTHO BTIl — 6bicTphle
TEPMUYECKHE NPOLIECCHI;

S/D series resistance — nocneaoBaTeIbHOE COMPOTUBIEHUE obnacTeit
ncrok/croka MOIT TpaH3ucTopa;

SA — subatmospheric pressure (cybaTMocgepHoOe 1aBleHHKE);

SCE - short channel effects (kopoTkokananbHbie a¢dekTt MOTI
TPaH3UCTOPA);

SCH - single chamber system, 3KBMBaJIeHTHO OJIHOKaMepHas (0HO-
peakTopHasi) cucrema;

SDE-S/D extension — 061aCTh CTOKOBOI'O pacUIMpeHUsI 1O 3aTBOP;

SHW — super hot wall system, 3KBUBaN€HTHO CUCTEMA C CYMNEPro-
psayet CTEHKOM;

SMIF - standard mechanical interface facility, 3KkBHBaJIeHTHO
CMUD — ctaHpapTHBIA MeXaHUYECKUI uHTEepdeEiic;

SOI - silicon on insulator, akBuBajeHTHo KHU — kxpemMuHuit Ha
U30JISITODE;

SRAM - static random access memory, 3kBuBajieHTHOo CO3Y —
CTaTUYECKOE ONEPATHBHOE 3aNIOMMHAIOLLIEE YCTPOICTBO;
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STI — shallow trench isolation, 3KBUBaJIeHTHO MENKOLIEAeBas WM
npocto uenesas usoasuus mexay MOITI tpansuctopamu B UMC;

SW — single wafer system, 5KBMBaJEHTHO CHCTEMA C IMOLUTYYHOM
(HHAMBUAYaJIbHOW) 06pabOTKOM 11aCTHH;

TC HDP — transformer coupled HDP, akBuBaneHTHO TpaHchopma-
ropHo cBsizaHHas T1BIT;

TN — technology node, s3kBuBaJieHTHO YT — ypoBeHb TEXHOJIOTUH

UCG — reagent supply using carrier gas, 3KBUBAJIEHTHO TPOLIECChI
XOI'® ¢ nogayeit peareHTOB C MOMOULBIO ra3a-HOCUTEJI;

UHY — ultra high vacuum (yasTpaBbICOKHIt BaKyyM);

Ultra low k dielectric — nau3nekTpUK ¢ YNbTPAHU3KMM 3HAYEHHUEM
asiekTpuieckoit mocrostHHoi (JTT) (£ Huxe vyeM 2,0), SKBUBAIEHTHO
YHIIT ausnexTpuk;

USG — undoped silicate glass, 3KBUBaJICHTHO HEJIETUPOBAHHBIE CH-
A1IKATHBIE CTEKJIa;

UY PhE CVD — ultra-violet PhE CVD, skBuBaieHTHO YO DA
XOI'd — akTuBupyeMbie YJabTpadUONEeTOBbIM M3AYYEHUEM TMPOLIECCH
XOTI'®;

VL PhE CVD - visible light PhE CVD, skBupaneHtHo BC DA
XOTI'® — akTuBHMpyeMbie U3TYYeHHEM BUAMMOTO cBeTa npoiecchi XOI'd;

VTR — vertical tube type reactor, 5KBUBaJIEHTHO BEPTUKaIbHbIN TPyO-
‘LITBIA PEaKTop;

WW — warm wall system, 5KBUBaJIEHTHO CUCTEMaA C TENJIOI CTEHKO;

b — byproduct, skBuBaneHTHO [1I1 — KOHeUHBIN ra30006pa3Hbiit No-
OOUHBIA NPOAYKT;

ir — initial reagent, asxBuBaneHTHO UP — UCXOmHBIN peareHT;



BeepeHue

OcaxneHue U3 ra3oBoil (asel (vapor deposition) MOXHO ONpeneaUTh KakK
KOHJIEHCAIIUIO ra3000pa3HbIX (ITapoodpa3HbIX) 3JIEMEHTOB MJIM COeaUHE-
HUK ¢ obpa3oBaHMeM TBepAbIX ocagkoB. [a3oBas ¢da3za MoOXeT UMETh TOT
K€ COCTaB, YTO M 0CaA0K. DTO OOBIYHBIN Cllyyail PU3NYECKOro OCaXIEHHS
13 ra3oBoii ¢pasbl (POI'P unu PVD — physical vapor deposition), npu Ko-
TOPOM MOKPBITUS TIOJYHAIOTCS TOJIbKO 3a CUET KOHAEHCALIMK BElleCTBa.
K ®OI'd otHOCATCS MpoLiecChl TePMUYECKOTO BAKYYMHOTO UCTTApEHUS U
WOHHOTO pacnblieHUs Matepuaios [1].

Ilpn xuMmuyeckoM ocaxiaeHUU U3 razoBoil dasel (XOI'D wunm
CVD - chemical vapor deposition) cocTaB ra3oBblii (pa3bl U COCTaB OCaIKa
CyLUECTBEHHO pasjinyalorcs. JIeTyyee coeAMHEHME OCAXKAAEMOTO 3/1EMEH -
Ta MOAAETCS K MOMIOXKKE, I1€ MOABEPracTCsl TEPMUYECKOMY Pa3/IOKEHUIO
(MUpoOAN3y) WY BCTYNAET B BOCCTAHOBUTEIbHBIE XMMUUECKHUE PEAKLIMHA C
JPYTMMU ra3aMu (UM rapamMu); TIpY 3TOM HeJIETy4YMe POAYKThI peakLiuii
OCaXJaITCs Ha MOBEPXHOCTb MOMTOXKHU. Ocaaky obpa3yroTcs B pe3yib-
Tare 60JLLIOro KONNYECTBA XHMHUUYECKHUX peakLMii, MpOTEKAIOLINUX B ra3o-
BoO# (pase BOJMU3M OT MOBEPXHOCTHU MOMJIOXKU U HA CAMOW MOBEPXHOCTH
MOMJIOXKKH, YTO B 3HAYUTEIbHON MEpE YCIOXKHICT MPOLECC OCAXKACHHUS,
HO [eJiaeT ero ropasgo Gojiee yHMBEpcaldbHbiM M rubkum. [lpoleccsol
XOI'® uHoraa Ha3bIBAIOT peaKTUBHBIM OCaXXAeHUEM M3 ra30Bo¥i (rapora-
30BO# WM napoBoit) a3kl (reactive deposition).

XOTI'®D — yHUBepCcaATbHbI M S3HEPTETUYECKU SIKOHOMHUUHBIH (OTHOCU -
TesapHo POT'D) MeToa aTOMHO-MOAEKYISIPHOTO (DOPMUPOBAHUS MTOKPbI-
THI NyTEM KOHTPOJIMPYEMOro OCaXIAeHUs BEILLECTBA B BUIE OTAEbHBIX
aTOMOB WJIM MOJIEKYJ B LEJIAX MOJIyUeHUS MJIEHOK C TpeObyeMbIMU CBOMC-
TBaMHU (3a0aHHOM TUIOTHOCTH, TOJILLUMHBI, OpMEHTALMUU, COCTaBa U T.1.).
[Mpyn XOI'®d matepuan ocaxnaaeTcsl B BUAE MOPOLLKA, €CAU XMMUYecKas
peakilisl oOpa3oBaHUsl €r0 4acTull B TBEPAOM COCTOSAHMM TPOTEKAET
TOJBKO B ra3oBoii (ha3ze, U B BUAE MJIEHOYHOIO NOKPLITUS, €CJIM PeaKLUs
oOpa3oBaHus TBEpAbIX YacTHL MaTepvajla MPOUCXOAMT Ha MOBEPXHOC-
TU NOMNOXKH. OYyeBUAHO, YTO AJiS NOJydYeHUS (PYHKUIMOHAJIBHBIX CJIOEB
MUMC npuroaHa TojibKO BTOpasi Tpyrnna npoueccoB XMMHUUYECKOTO OCaX-
JEHUs U3 ra3oBoit (asbl.
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KJIACCU®UKALINUA NMPOLUECCOB
XOro oyHKUNOHAJIbHbIX
CNOEB MMC

B nactosiee BpeMs K XOI'D marepuajioB OTHOCSIT MHOTOYMCIEHHbBIE
I'pyRnbl GU3NKO-XMMHUYECKUX FETEPOre HHbIX MHOTOMAPLIPYTHBIX U MHOTO-
CTaAMHHBIX TIPOLIECCOB, MPOTEKAIOWMX Ha rpaHulle pasjgena AByX ¢a3s:
TREpAOH (ITOBEPXHOCTHU MOMJIOXKKHK) W ra3o00pa3Hoii (rasa, napa Wiu ra-
30BOM HU3KOTEMIIEpaTypHOIl HEpaBHOBECHOM Ma3Mbl) C ydacTUEM 00Jb-
110/ COBOKYMHOCTH UHEPTHBIX U XMMUUECKU aKTUBHBIX HEUTpPaNibHbIX U
JAPSIKEHHBIX Ta30BbIX YACTULL, 3JEKTPOHOB U (POTOHOB B LIMPOKOM (OT
0,025 no 500 3B) nuanazone aHepruit. Knaccuduxkaumu oTaenbHuIx rpynn
1poueccoB XOI'D, ucnonb3yembix B npoussoactse UMC, no pasnuyHbiM
IIPU3HAKaM NpeanpUHUMAaTUCh BO MHOTUX OTEYECTBEHHBIX U 3apYOEXKHbBIX
pabdorax [2-8].

Ha coBpeMeHHOM 3Tane pa3BUTUs 3TU KaaccUdUKAUUU MOTYT ObIThb
o0beIMHEHBI B BUAE ciaeayloliei cxeMbl (puc. 1), BKIloYawlLieit yeTbipe
Oonbluve rpynnsl npoueccoB XOI'd: armocdepHoro maBaeHust (atmo-
spheric pressure — AP CVD) (760 Topp), cybaTMochepHOro naBjieHUS
(subatmospheric pressure — SA CVD) (20—700 Topp), HU3KOro JaBAeHUS
(low pressure — LP CVD) (10-2—10 Topp) U cBepXHW3KOro masienus (ultra
high vacuum — UHV CVD) (10-*-10-¢ Topp).
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[ Mpouecccesl ocaw1cHis Gynkumonanskbix cioes UMC n3 rasosoii dase!

Atmocdeprioro Cy6armocdepuoro Hu3koro aapaciis CrepxHH3KOro
JaBACHHKA ZaBNCHHS JIaBJICHHR
I I [ |
| |
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Puc. 1. Kinaccupukauus npoueccos XOI'd

Kaxnas u3 rpynmn, B CBOIO O4epeab, NOoApasaeasieTcss Ha bosee Mei-
KUE MOATPYNITbI MO BUAY aKTUBALMHU, CIIOCOOY Nojauu peareHTOB, BUAY
rpYIMbl MaTEPUAIOB, K KOTOPOH OTHOCUTCS OCaXAacMblil CNOM, U MO XU-
MHYECKOMY COCTaBY ra3oBoi ¢a3bl

[Mpoueccet XOI'D TONBKO ¢ TEPMUYECKOM aKTHBaLMel roapasmie-
JISIOTCSL Ha HM3KoTemIiepatypHble npouecchl (LT — low temperature
processes) 10 500°C, koTopble BblIEpXMBAET aNlOMUHWEBas METALIN3a-
uus U BbicoKoTeMmnepatypHbie npouecchl (HT — high temperature pro-
cesses) cbillie 500°C, KOTOpbie MOTYT OBITh UCMOJb30BaHbI TOJILKO Ha
TpaH3UCTOpHOM yacTu usrorosieHusi UMC (front-end of line — FEOL).
Kpome Toro, obe rpymrbl nporeccoB XOI'D moryTt pa3nenasaTbes Mo cKo-
POCTH Harpesa NMOJUIOXKKH (MJIaCTUHbI):

~ Ha OObIYHbIE PABHOBECHbIE TEPMUYECKHE MPOLIECCHI, B KOTOPbIX
MojUI0XKa HarpeBaeTcs o paboyeil TeMeparypbl B TCHEHUE MUHYT, PU-
XOJs1 B TEIUIOBOE PAaBHOBECHE C HATPETHIM MOUTOXKOAEPXKATeAEM HIU Ha-
rpeToi peaKLIMOHHOM 30HOM;

— Ha ObicTpbie Tepmuyeckue npouecchl (BTI1) (rapid thermal
processes — RTP), B koTopbix noanoxka AOCTUraeT cTalMOHapHO pabo-
yeil TeMIiepatyphbl (He NPUX0as B TEPMHUYECKOE paBHOBECHE C MOAIOXKO-
JiepXXaTesieM WK peakUMOHHOM 30HOI) ¢ MOMOLIbIO IaMIOBOr0 Harpesa
co ckopocTamu 25—150°C/cex [9].

Clieayer OTMETUTD, YTO CYLLECTBYIOT YMCTO M1a3MOXHUMHUYecKHe (plas-
ma chemical) 1 unucro poroHHoxuMHueckue (photon chemical) npotec-
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¢l XOI'D, B KOTOPBIX HET CMELMATBHOIO aKTUBUPYIOLIEFO BO3ACHCTBUSA
rCMITEpATYphl Ha IUIACTHHBI (MOIOXKOAepXaTeau). Takue npoueccs B
nacrosiieit paboTe He pacCMaTPUBAIOTCS.

Ipoueccyl XOM®P ¢ nonoaHUTEeNbHON aKTHBAaLMENW (IONOJTHUTENb-
110 K TEPMUYECKOI aKTUBALMM) MOAPA3IEHSIOTCA M0 BUIY aKTUBALUYL;

— Ha Iuia3MoakTuBupyembie mpouecchl — [TA XOI®d (plasma
cnhanced CVD or plasma assisted CVD — PE CVD or PA CVD);

— Ha ¢GoToOHHOAKTUBUPYeMble rTpoLiecchiM — DA XOT'D (npouecch
XOT'd, akruBupyeMble uanyyeHreM (photon enhanced CVD — PhE CVD);

— Ha paiMKaJbHOaKTUBMpYyeMble npoueccsl — PA XOI'® (npouec-
¢l XOI'D, akTUBHpYeMble XMMUUECKH aKTUBHBIMY YacTULIAMHU (paauKa-
namn)) (radical enhanced CVD — RE CVD);

—  Ha KaTaJIM3aTOpHOAKTHBHpyeMble npoueccel — KA XOI'D (npo-
necebt XOI'D, akTuBrpyembie ancopOMpoOBaHHBIMU Ha MOBEPXHOCTH Ta-
30BBIMH YaCTULIAMU, UTPAIOLIMMHU POJib KaTaau3aTopa peaklny ocaxie-
nist) (catalyst enhanced CVD — CE CVD).

[MnazmoakTuBupyemsie npouecchl XOI'D MOTyT pa3neasiTbes Mo BULY
11/143Mbl, HCTIOJIb3YEMOM [UTS aKTHBAlIMK Ha IIPOLIECCHI, aKTUBUPYEMBbIC:

— uMIyIbcHOW miazMort (umnynbcHbie TTA XOI'®) (pulsed PE
C'VD);

— nnasmoii Beicokoit miotHoctu (FIBIT) (TIBIT XOI®d) (high
density plasma CVD — HDP CVD);

— [Jla3Moit pa3HoO# 4acToTbl: HW3kowacTtoTHON (HY), Menbiue 1
MT11 (low frequency plasma), BbicokouactoTHo#i (BY), o6biyHo 13,56 MTi1
n 27,12 MI (high frequency plasma), 1 cBepxBbicokouactoTHO#M (CBY),
0oObIgHO 2,45 TTit (microwave plasma);

— JIBYXYacTOTHOI ruta3Moii (dual frequency plasma).

[lpouecchl, akTUBUpPYEMbIe M1a3Moil Bbicokou mnotHoctH (T1BI]),
MOTYT KA2CCH(ULIMPOBATHCS TI0 BUAY pa3psia, CO3JaloIUEro Mia3My Bbi-
COKOM MJIOTHOCTM:

— Ha CBY BUP (3/5eKTpOHHO-UMKAOTPOHHBIN pe3oHaHc) [MBII
(clectron cyclotron resonance high density plasma — ECR HDP — ECR
HDP CVD);

— Ha BY pe3oHaHCHYI0 HHAYKLHOHHO cBsizaHHylo [IBIT (inductive
coupled RF (radio frequency) HDP — InC HDP CVD);

— 1 Ha BY tpaHcdopmaropHo cea3annyio IIBIT (transformer coup-
led RF HDP — TC HDP CVD).

doToHHOaKTHUBUPYeMble npouecchl XOI'D o Buay U cneKTpabHO-
Ay JIMana3oHy UCTIOJb3yEMOTO U3JTYUEHUST MOTYT KilaCCUM(HHHPOBATLCA Ha
1POUECChl, AKTHBUPYEMBbIE:
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— Jla3epHbIM KOrepeHTHbIM u3nyyeHueM (laser enhanced CVD — LE
CVD);

— wuHppakpacHbiM usnyyeHueM (infrared) (MK ®A XOI'® — IR
PhE CVD);

— wusgyyeHueM BuauMoro ceeta (visible light) (BC ®A XOI'®d — VL
PhE CVD);

— yaerpacduoneToBbiM ulnydeHuem (ultra-violet) (YP OA XOI'D -
UV PhE CVD);

— TI1y0OKMM yabTpacduoneToBbIM u3nydyeHUeM (deep ultra-violet)
(AYD OA XOI'd — DUV PhE CVD).

PanukanbHoakTuBHpYyeMble npouecchl XOI'® MoryT knaccugpumpo-
BaThCsl [0 BUAY MCMOAb3YEMbIX XMMMUYECKN aKTHUBHBIX YacTHL (paauka-
JIOB) Ha IPOLIECCHI C MCMOIb30BAHUEM:

—~ 030Ha (ozone enhanced CVD — OzE CVD);

— aromapHoro aszota (atomic nitrogen CVD);

— aromapHoro Bogopoaa (atomic hydrogen CVD).

KaranuszatopHoaktusupyemble mpouecchl XOI® Moryr knaccu-
uLMpoBaThCs 110 BULY rasa (Miy rnapa), YaCTulbl KOTOPOro, aacopoupo-
BaHHbIE HA MTOBEPXHOCTU MOLJIOXKKH, UTPAIOT POJIb KaTANM3aTOpa.

[To cnoco6y nonauu peareHToB npoteccbl XOI'D noapasnensitorcs
Ha MpOLECCHI:

— ¢ HenpepbIBHOM nopayveit Bcex peareHToB, yYaCTBYIOLUMX B peak-
MU OcaxaeHUs PYHKLIMOHANBHOIO CI1051;

— C IMCKPETHOI pa3HeceHHON BO BpeMeHMW Nojayeil Kaxaoro U3 pe-
areHTOB, yYaCTBYIOLIUX B peaKLIMHU OCAXKIEHUS (HYHKUMOHANBHOTO CJ1051.

IMpoueccet XOI'D ¢ HenpepbIBHOM Moaayeit pcarcHTOB KJ1acCHULIN-
PYIOTCS Ha MPOLIECChL:

— Cnojaycit peareHTOB C IOMOLLBIO ra3a-1ocurenst (reagent supply
using carrier gas-UCG);

— C npsiMoi (HerocpeACTBEHHOM) nogaucih peareHToB (direct
reagent injection — DRI).

B ciyyae ucnosib3oBaHUS XKMAKUX pearcHTOB ra3-HOCHUTENb Mpo-
O6Yy/IbKMBAETCS1 CKBO3b HUX WJIM MTPOXOAUT Hall UX NOBEPXHOCTHIO, 3aXBa-
TbIBasi HEKOTOPOE KOJMYECTBO KUIKUX PEareHTOB M MO/AaBasi UX B peak-
Top. CKOpOCTb MoAauM XHUAKOTO peareHTa B peakTop MMeeT HeJIMHEIHYIO
3aBUCUMOCTb OT CKOPOCTM MOAauYM (MOTOKA, pacxona) raza-Hocures,
YTO OmpenesaeT TPYAHOCTH KOJMUYECTBEHHOU KanMOpoBKY NMoaauu Xui-
Koro peareHTa. Kpome Toro, crnoco6 mogauu Xvakoro peareHta ¢ romo-
IbIO ra3a-HOCKTEJSl YYBCTBUTEJIEH K paboueMy AaBjeHUIO, JUIMHE IUHUU
nofayu peareHta, ypoBHIO XMUAKOTO peareHra B €MKOCTH, OCOOEHHO B
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KOHLE MCIOJb30BaHUS, U TEMIIEPATYPE EMKOCTH C XUIKHM PEareHTOM.
OTHOCHTENBHO MaJible KOJMYeCTBa XUAKOTO peare¢HTa MOryT ObITh Ioga-
11bl B pEaKTOP TAKUM CIIOCOOOM.

Crioco6 npsiMoii MoJayy XUAKOrO peareHTa B peakTop BKJIOYAET ero
HarpeB B eMKOCTH, TIpeBpaLICHHUE B M1ap M [101a4y rapa ro HarpeToi JHHUU
B peaKTOp. DTOT CNOCOO UCKIIOYACT OOJIBILMHCTBO IIpobJieM crocoba ¢ uc-
{10JIb30BaHUEM ra3a-HOCUTEISI, JIETKO KOJIMYECTBEHHO KaubpyeTcs moja-
Ya )XMIOKOTO pearcHTa, Ho CKOPOCTh UCITapeHH st KUAKOTO peareHTa 3aBH-
CHT OT KOHCTPYKLIMM ¥ MaTeprasia eMKOCTH U UCTIapUTEIsl (HarpeBaTesis).
YeM BbiLLIE TEMIIEPATYPA UCTIAPUTEIS, TEM OOJIbLLIEE KOJIMYECTBO XKXHIKOTO
peareHTa MOXET TI0/1aBaThCsl B PEaKTOP, HO TeMIEpaTypa UCTIapUTENS Or-
PaHUYMBAETCA TEPMHYECKON CTaOMIBHOCTHIO XKHAKOTO peareHTa.

IMpouecchl XOI'D ¢ auckpetHoi nongayveii peareHros (digital CVD)
K1acCHpULIMPYIOTCS:

— Ha NpOLECChl, B KOTOPbIX B MPOMEXYTKE MEXIY MOAayYeld Kax-
JIOF0 U3 PeareHTOB, YYaCTBYIOLUMX B peakKUMU ocaxaecHust (PyHKUHOHAIb-
1HOro CJIOS, MPOMCXOAUT OTKA4YKa CUCTEMBI WIM €€ NMPOAYyBKa MHEPTHBIM
ra3oM IpU TOM K€ JaBJI€HWH, UTO U MPHU ITofaye peareHTOB, TaK 4TO pe-
ATEHTBl HE BCTPEYyaloTCs B ra30Boil (hase Yy MOBEPXHOCTH MOMIOXKKM, a
1IPOMCXOAUT MEepUOANYECKast CaMOOCTaHABIUBAIOILASACS peakLMsl OMHOTO
110JaBaEMOro peareHTa ¢ agcopOupyeMbiM Ha MOBEPXHOCTH TMOMIOXKH
C10eM ApYroro peareHta. Takue npotiecchl nocaoitHoro XOI'd, konrpo-
JINPYEMBIE TIOBEPXHOCTHOM XWUMMEH, Ha3bIBAIOTCS IpOLIECCAMU ATOMHO
CJI0EBOTO XMMUYECKOTO OCaXaeHHs 13 razoBoit ¢assl (AC XOI'® unu co-
kpateHHo ACO) (atomic layer CVD — AL CVD wiu coxpailleHHO atomic
layer deposition — ALD) [10];

— Ha IPOLIECCHI, B KOTOPbIX B MPOMEXYTKE MEXIY Mogayei Kax-
/lOTO U3 PEareHTOB, YYaCTBYIOLUMX B PEaKLIMH OCAXAECHHUs (PYHKLIMO-
HAJILHOTO CJIOSI, IPOMCXOAMUT OYEHb ObICTpasi MPOJyBKAa CUCTEMbl MHEPT-
i1bIM Fa30M IMpH TTOBBILIEHHOM AaBieHrr. OUeBHIHO, YTO B 3TOM CJiydyae
pecareHTbl MMEIOT BO3MOXHOCTL 6osiee MJIHUTENbHOIO B3aMMOICHCTBUSA
tia TOBEPXHOCTHU MOMIOXKKH, TaK KaK CKOPOCTH OCaXIEHHUs CJIOEB B
1ICCKOJIBKO pa3 Bblllie, YEM MpPH aTOMHO-CJI0€BOM ocaxaeHuM. Takue
1poieccsl XOI'P Ha3bIBAOTCA MPOLIECCAMU MMITYJILCHOTO XMMHUYECKO-
10 ocaXmeHHs cjioeB U3 raszosoi ¢aspl (MC XOI'® unm cokpalleHHO
MOCQC) (pulsed layer CVD — PL CVD uau cokpauieHHo pulsed deposition
layer — PDL) [10].

EcTecTBeHHO, UTO TepMoakTHBUpyeMbie npoueccht XOI'D ¢ auck-
[PCTHOM Mojfayeil peareHTOB TaKXe MOLYT ObITbh JOTOJHUTENBHO aKTUBH-
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poBanbl mnasmoii (ITA ACO — PE ALD), ¢oronamu (PA MOC — PhE
PDL) u panukanamu (PA ACO — RE ALD).

Tlo rpynne matepuanoB, K KOTOPOil OTHOCUTCS OCaXAaeMblil CIIOH,
npouecchl XOI'D nonpasnensoTcs Ha NpoLeCcChl 0CaXKIEHUS MOJYTTPOBO -
HMKOB, IN3JICKTPUKOB, METALNIOB, CUJIULIMIOB U HUTPUIOB META/UIOB.

K mosynpoBogH1KaM OTHOCSITCS:

—  3MNUTaKCHaAIbHbIE MOHOKPUCTA/UIMYECKHUE MICHKH KpeMHUs (Si),
repmanus (Ge) v reTepocTpyKTYpbl KpeMHMit — repmanuit (Si; Ge );

— TUIEHKHW MOJUKpeMHUs1 (Si*) HeNerupoBaHHOrO M JIerMpoBaH-
Horo, aMop¢pHoOro KpeMHus (Si'), aMOp(HOro ruApOreHU3UpPOBaHHOTO
(comepxaliiero Bogopoa) KpeMuust (Si*t) u mosukpeMHus ¢ noaychepu-
yeckMMHU 3epHamu (hemispherical grains) (SifS%).

K nuanexTprkam OTHOCSITCS:

— amopHbIe MIEHKH ABYOKUCH KpeMHHA (Si0,);

— aMopdHble T[UIEHKM CWIMKATHBIX CTEKOJ HeJlerMpoBaHHbIX
(undoped silicate glass — USG), aerupoBaHHbix dochopom (pochopo-
cunukatHoe ctekiio — ®CC) (phosphorosilicate glass — PSG), nerupo-
BaHHbIX O6opoM (6opocunukatrHoe cteksio — BCC) (borosilicate glass —
BSG), nernpoBaHHbIX 6opoMm U docdhopoMm (6opodochopocunkatHoe
crexki1o — bBAOCC) (borophosphorosilicate glass — BPSG);

—  CTEXMOMETPUYECKHE MJIEHKH HUTpUAA KpemHua (Si;N,), Hecre-
XUOMETPUYECKHE TIEHKH HUTPUAA KPEMHUS (SixNy), TMIPOTEHU3UPO-
BAHHOI'O0 HUTpUOA KpPEeMHMSI, (SixNsz), MJIEHKWU OKCUHHUTpHUAA KPEMHHUS
(SLO,N.);

—  IUIEHKH IU3JIEKTPUKOB C HU3KOM ANINEKTPUUECKON MOCTOSHHOM
(low k dielectrics), HanpuMep nieHKa ¢pTOPOJErMPOBAHHOTO CUJIUKATHOTO
crekna (PJICC) (fluorine doped silicate glass — FSG);

— MJIEHKH AU3NEKTPUKOB C BbICOKOI HU3JACKTPUUECKON MOCTOSIH-
Hol (high k dielectrics), Hanpumep mieHKa okucu TanTana (Ta,0,).

K MeTaniaM oTHOCSTCS TieHKHM BoJibppama (W), turana (Ti), tan-
tana (Ta), amomunus (Al) u meaun (Cu).

K cuamumnaaM ¥ HUTPUAAM METAJUIOB OTHOCSITCS MJIEHKH CUAUMLIKIA
(WSi,) n nutpuna (WN) sonbpama, cunnumaa (TiSi,) u uutpuna (TiN)
TUTaHa, HUTpUuaa taHtana (TaN).

B cnyyae eciv Ha MOBEpXHOCTU MOUIOKKHU pacnoiaraloTcs CioM pas-
HBIX MaTepuaioB, TO npoueccht XOI'D MoryT nmoapasneiaTbCs Ha CeNek-
TUBHBIE (selective) u HecenekTHBHBIE (nonselective) npoueccel.

IMpu cenektuBHbix npoueccax XOI'®D mnneHka ocaxgaercsl TOJMb-
KO Ha y4yaCTKM TMOMJIOXKKH, rOe HaxXOMMTCA OIpeneacHHbli Marepuan.
Hanpumep, ocaxiaeHue MaeHKH BobhpaMa WM SMUTaKCHaNbHOI (epitaxial)
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ineHky Si; Ge, Ha MOBEPXHOCTD NOMIOXKH CO C/I0EM [IBYOKMCH KPEMHMS, B
KOTOPOM BCKPbITbl Y4aCTKM K MOHOKPEMHMIO, TPOUCXOAMT TOJIbKO Ha ydyac-
TKax MOHOKpeMHus [11].

B HecenexkTuBHbIX Tpoueccax XOI'D ocaxaeHne MI€HOK MPOKCXO-
JIUT Ha BCIO MOBEPXHOCTDb MOMJIOKKHU HE3ABUCHMO OT BUAA MaTepHaloOB Ha
ce MOBEPXHOCTU. MOXET TOJbLKO HAGAI0AaThCs U3MEHEHHUE B CTPYKType
MJIEHOK, HarnpuMep, feHKu Si, Ge OoIHOBPEMEHHO PacTyT Ha y4yacTKax
MOHOKPEMHMS KaK 3MUTAKCHalbHbIE, 4 HA MOBEPXHOCTH IBYOKUCH KPEM-
11151 KaK ITOJTUKPUCTA/UTMUECKHE.

U Hakoneu, npoueccol XOI'D nneHoK MatepranoB MOTYT Kiaccugpu-
[IUPOBAThCS 110 XMMUYECKOMY COCTaBy razoBoii ¢asbl, T.e. Mo BUAY Ipym-
lIbl XUMHWYECKMX PEareHTOB MM KOHKPETHBIX XMMHYECKUX PpeareHTOB,
MCTI0JIb3YEMBIX ISl OCaXAeHUSs MaeHKu Mateprana. Hanpumep, i XOI'd
IVICHOK HeJerHpoBaHHOro cunaukatHoro crexia (USG) moryr ObiTh McC-
110/1b30BaHb! CJIEOYIOLIME TPYIIbI peareHTOB (ra30BbIX CHCTEM):

— cunaw u kucropon (SiH,/0,),

— cwiaH M 3akucs asora (SiH,/N,0);

— tertpastokcucuian Si(OC,H,), (TOOC) (TEOS — tetraetylorto-
silicate);

— TO0C u kucaopon (TEOS/0O,);

— TB30C u o30H (TEOS/O,).

A Tipollecchl XMMHYECKOrO OCAXAEHMS TUIEHOK MAaTepuUanoB W3
vctautopranuyeckux (metalorganic — MO) coenHeHHt OObIYHO Ha3bi-
satioT MO XOT'® nau MO CVD npoueccamu.

AJroput™M obo3HaueHust npoueccos XOI'®P, cornacHo npennoxeH-
Hoi Knaccugukauuu, nprseneH B Taba. 1. O603HaUeHUs U XUMHUYECKHUe
(popMybl MaTepUaioB (YHKLIMOHANBLHBIX CJIOEB U PEAreHTOB, UCIIONb3Y-
iouiuxes B rpoueccax XOI'D npu npoussoactse UMC, npeacraBieHbl
COOTBETCTBEHHO B Tabs. 2 u 3 [2—8].
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Taoanua 1
Autroput™ 0603HayeHus npoueccos XOI'D cornacHo knaccudukaumu

(1) O6oszHauaeTca obnacTb pabGoyero naejieHusi npouecca XOI'D:
AP — armocdepHoe nasneHue; SA — cybarMocgepHoe nasieHue; LP — HuU3-
koe napineHue; UHV — cBepxHu3Koe AaBicHUeE.

(2) PaBHOBecHasi WM crauMoHapHas akTuBauus npouecca XOI® ne
yKa3bIBaeTCs, B MPOTHBHOM Cllyyae 0003HauyaeTcs cnocod akTvBauuu: R —
6bIcTphIit; pulsed — nynbcupylowuit; modulated — MOAYTUPOBAHHBLHA.

(3) Ecau gononHutenbHo# akTuBaiuy npouecca XOI'D Her, To anst Tep-
MHYECKOI1 aKTMBaLIMM 0003HaYaeTcs iuana3oH temneparyp: LT — Hu3korem-
nepartypHblii; HT — BbicOKoTeMmnepaTypHblii. boicTpas TepMmuueckast ak-
THBaLUs obo3HavyaeTca Kak RT. Ecau gononHurtenpbHas akTuBauus €CTb, TO
npouecc XOI'®D cuurtaercs HU3KOTEMIEPATYPHBIM, 1 0003HAUYaETCsA BUA J0O-
NOJAHUTENbHOM akTUBaUUu: PE — nna3MeHHas aktuBauvs; HDP — akTtuga-
UM TJa3mMoi BeIcOKo# maoTHocTH; RE — paaukansHas aktuBauus; PhE —
¢oToHHas akTuBauusa; CE — akTuBaLUs KAaTaM3aTOPOM.

(4) B cnyuae HemnpepblBHOM MomayM Bcex peareHTOB mpouecc XOI'd
o6o3HavaeTcs kak CVD, B ciyyae IMCKpETHOMW MOAAayYM peareHTOB MpoLecc
XOI'® ob6osHauaercst kak ALD (unu PDL). Ins npoueccoB ceNleKTUBHOTO
XOTI'® nepen o603HaueHeM npoliiecca ykasbiaetcsa: SEL — cenekTUBHbIIA.

(5) VYxasbiBaeTca 0003HAUEHUE MM XMMHUecKas dopmyna martepua-
na ocaxnaemoit B npouecce XOI'P nnexku. s Matepnanos, JerUpyeMbIX
B NPOLIECCE OCAXAEHUS, B KBAAPATHBIX CKOOKAX YKA3bIBAETCS XMMHUYECKAsI
¢opmMyna gerupytoieit npuMecu: P — docdop; B — 60p; As — MBILIBSAK;
Sb — cypsbma; Si — kpemuuii; Cu — Meb.

(6) B kpyrabix cKoBKax yepe3 KOCYIO YEPTY YKa3biBalOTC 0003HaYEHHS
WIH XMMUUYECKHE (HOpPMY/bl KOMMOHEHTOB ra3oBOil CHCTEMbl (CMECH), UC-
noabn3yeMoii B npouecce XOI'D naeHku. B ciyuae, ecim peareHT nogaeTcs B
PEaKkTop C MOMOLBIO ra3a-HocuTes, ¢hopMyna ra3a-HOCUTENS YKa3biBaeTCs
pSIIOM C peareHTOM uepe3 Aecuc. B ciyyae IMCKpeTHOM nonayu peareHToB
B pUrypHoix ckobkax 0603Ha4yaeTcsi MpOAyBOYHbIH ra3 UM CUMBOJ OTKAYKH
peakTopa {pl}. B ciyyae npoayBku peakTopa ra3om np rosbllIEHHOM OTHO-
CHUTEJIbHO MPOLIECCHOTO AaBJICHUM PAIOM ¢ 0003HauYeHHEM ra3a YKa3biBaeTCs
CUMBOJI MIOBBILLIEHUS AaBJeHUs B peakTope {pT}.

ITpumepsr:

(1 (2) 3) C)) ) ()

LP pulse PE CVD USG (TEOS-He/0,)
LP RE ALD ALO, (TMA-Ar{Ar} H,0-Ar)
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Tabsmua 2
O6Go3HaueHUs ¥ XMMUUecKue HOPMYJTbI MAaTEPUAJIOB
dbyHkunoHanbHbIX cnoeB UMC, ocaxnaemsix B npoueccax XOI'd

Ne HaumenoBanune marepuaia O603Ha- Xumuyeckas
(DYHKIHOHAILHOTO CJI05 YeHHe dbopmyna
1 | DnutakcHanbHbI MOHOKPUCTANTMYECKUH Si Si

KpeMHU# (epitaxial monocrystal silicon)

2 | DnuTakCHANTbHBIA MOHOKPUCTA/UTMYECKH I Ge Ge
repMaHHuii (epitaxial monocrystal
germanium)

3 | DnuTakcuanbHas reTepoCcTpyKTypa Si, Ge, Si, _Ge,

KpeMHHUIt — repMaHuii (epitaxial
heterostructure silicon — germanium)

4 | HenernpoBaHHbIM NMOJIMKPEMHHUIH Si Si
(undoped polysilicon)

5 | HenerpoBaHHbIi NOTUKPEMHHUF SiHsG Si
¢ nonychepruyecKUuMH 3epHaMU
(hemispherical grains)

6 |JlerupoBaHHbIH 3neMeHTOM X Si'[X] Si
nonukpeMHmit (X doped polysilicort)

7 | AMOp®hHEBIM KpeMHUM Sie Si
(a-Si)
8 | AMOp®hHBII THAPOreHU3UPOBAHHbIN SieH Si
(hydrogenated) (comepxaLiui BOAOpOa) (aH-Si)
KPEMHHIA
9 | CrexuoMeTpuyeckasi IByOKMCb KDEMHUSA SiO, SiO,

(silicon dioxide) ¢ TeTpasmpanbHOi
CTPYKTYPOI OJIMXHETO nopsiaka

10 | AMopdHOE HelernpoBaHHOE CUMKaTHOe UsSG SiQ,
crekio (undoped silicate glass)

11 | AMopdHoe nerupoaHHoe hochopom PSG P,0,/Si0,
CUJIMKATHOE CTEKJIO
(phosphorosilicate glass)

3axa3 Ne 1870.
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Tadnuna 2 (poAoc/IXEHHUE)

Ne HaumenoBanue matepuana O0o3Ha- Xumuyeckas
(hYHKUMOHAIBHOTO CJI0S 4YeHHue dopmyna

12 | AMop¢Hoe nerupoBaHHOE GOpOM BSG B,0,/SiO,
cunnkartHoe cTekio (borosilicate glass)

13 | AMopdHOoe iernpoBaHHOE 60poM U BPSG B,0,/P,0SiO,
ochopom cunmnkaTHoe CTek1o
(borophosphorosilicate glass)

14 | CTexMOMETPHYECKUIT HUTPUA KPEMHUS Si,N, Si,N,
(silicon nitride)

15 | AMopdHBIT HECTEXMOMETPHUYECKHU A SiXN;‘ SixNy
HUTPUJL KpeMHUs (amorphous (a—SixNy)
nonstochiometric silicon nitride)

16 | AMOpdHBIit TMAPOreHU3UPOBAHHbIA Si N Si_‘NyHL
HUTPUA KpeMHuUs (amorphous (aH-Si N))
hydrogenated silicon nitride)

17 | OxcuHuTpua kpemuusi (silicon oxynitride) SON SiOxNy

SiON

18 | MdroponerMpoBaHHOE CUAMKATHOE CTEKJIO FSG (8i0,) (Si,0,F), ,
(fluorine doped silicate glass)

19 | BogopoaHsblit cUICECKBUOKCAH HSQ Kpemnuitopranu-
(hydrogen silsesquioxane) YECKUi1 MaTepuan

20 | MeTtun CUICECKBUOKCAH MSQ KpeMHuitopranu-
(methyl silsesquioxane) YeCKUH MaTepuan

21 | AMopdHblit yrnepoa C: C
(amorphous carbon) (a-C)

22 | AMopdHbiit hpTopoyriepon FC* ®ropyrnepoaHsblit
(amorphous fluorocarbon) (a-FQC) MaTepuan

23 | AnmasononobHblii yriaepoa DLC C
(diamond-like carbon)

24 | AiiMa3ononoOHbIi (hTopoyriepoa FDLC | ®ropyriaeponHblii
{diamond-like fluorocarbon) Marepuan
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Tabnuua 2 (okoHuaHue)

Ne HanmenoBanne matepnana O6o3na- Xumnueckas
(yHKIMOHANBHOTO C0A yeHue dopmyna

25 | [ToauMepbl Ha OCHOBE I1apuieHa PRL OpraHuyeckue
(parylene-based polymers) MaTepHaibl

26 | Okuch TaHTaa (tantalum oxide) Ta,0, Ta,0,

27 | Okucb radpuus (hafnium dioxide) HfO, HfO,

28 | Hurpua radpuus (hafnium nitride) HfN HfN

29 | OKuCb TIOMUHHUA ALQ, ALO,
(aluminium oxide — alumina)

30 | Okucb uMpKoHwsi (zirconium dioxide) ZrO, ZrO,

31 | bapuit cTpOHUMI TUTAHAT BST (Ba Sr, )TiO,
(barium strontium titanate)

32 | Boabdpam (tungsten) w w

33 TuraH (titanium) Ti Ti

34 | TanTan (tantalum) Ta Ta

35 | AmtoMuHMit (aluminium) Al Al

36 | Menb (copper) Cu Cu

37 | Cunuuua Bonbdpama (tungsten silicide) WSi, WSi,

38 | Cunmuuma tirana (titanium silicide) Tisi, TiSi,

39 | Hutpua Boabdpama (tungsten nitride) WN WN

40 | Hutpua tvTaHa (titanium nitride) TiN TiN

41 | Hutpun tanTana (tantalum nitride) TaN TaN
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Tabamua 3

O6o3HaueHust 1 XUMUYecKkue (GopMyIIbl peareHTOB, UCTIOb3YeMbIX
B ipouieccax XOI'® npu ocaxaeHnM GyHKUMOHANBHBIX ctoeB UMC

(trimethylborate)

X
Ne HanmeHoBaHue peareHTa O6o03uauenue ieckan
¢dopmyna
1 | CunaH (silane) SiH, SiH,
2 | Auxiopcunan SiH,Cl, SiH,Cl,
(dichlorosilane)
3 | YeTbIpexxJIOpUCTBINA KpeM- SiCl, SiCl,
Huit (silicon tetrachloride)
4 | [epman (germane) GeH, GeH,
5 | Aubopan (dibonrane) B,H, B,H,
6 | Pocohdun (phosphine) PH, PH,
7 | ApcuH (arsine) AsH, AsH,
8 | AmMuak (ammonia) NH, NH,
9 | 3akuch a3ora (nitrous oxide) N,0 N,0
10 | AzoT(nitrogen) N, N,
11 i Bonopon (hydrogen) H, H,
12 | Tennii (helium) He He
13 | TerpasTOKCHCHNAH — TEOS Si(OC,H)),
TETPA3TUIOPTOCHMIUKAT
(tetraethoxysilane —
tetracthylorthosilicate)
14 | Tpumetundocdar TMPO PO(OCH,),
(trimethylphosphate)
15 | Tpustungdocdar TEPO PO(OC,H,)),
(triethylphosphate)
16 | Tpumetundochur TMP P(OCH,),
(trimethylphosphite)
17 | Toustundocdur TEP P(OC,H,),
(triethylphosphite)
18 | TpumeTundopat TMB B(OCH,),
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Tabauna 3 (mpoaomxkeHue)

Ne HaumeHoBaHue pearenta O06o3HaueHune Xumirieckas

dopmyaa

19 | Tpustun6opar (triethylbo- TEB B(OC,Hy),
rate)

20 | Kucnopon (oxygen) o, 0,

21 | Oson (ozone) O, 0,

22 | YeThIpexxXJIOPUCThI TUTAH TiCl, TiCl,
(titanium tetrachloride)

23 | TerpakucaMMeETHIAMUHO- TDMAT Metanno-opraHu-
TUTaH (tetrakisdimethyl- 4EeCKOe COEIUHEHHE
aminotitanium) (MOC)

24 | TeTpakucauMITHIAMUHO- TDEAT MOC
TuTaH (tetrakisdiethylamino-
titanium)

25 | Iekcapropun BonbdpaMa WF, WF,
(tungsten hexafluoride)

26 | IexcakapboHua Boabdhpama W(CO), W(CO),
(tungsten hexacarbonyl)

27 | buc(TepT-0yTUAMMHUAO)OHUC TBIDMW MOC
(auMeTHRamMuIo) Bonsdpam
(bis(tert-butylimido)bis(dime
thylamido) tungsten)

28 | [I9TUXNIOPUCTBIN TaHTaN TaCl, TaCl,
(tantalum pentachloride)

29 | Drokcua TaHTana (tantalum TAETO MOC
ethoxide)

30 | TerpasTOoKCHAMMETHIAMHH TATDMAE MOC
03TOKCH/ TaHTaxa (tantalum
tetraethoxy dimethylami-
noethoxide)

31 | TepT-6yTUIMMUOOTPU TBTDET MOC

CAUSTUIAMUIOTAHTA
tert-buthylimido trisdiethyl-
amidotantalum

(Et,N),Ta = N'Bu
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Tabaunua 3 (npoaojxeHue)

Ne HaumeHoBaHue pearenra O6o3Hauenune Xuwnseckas

dopmyaa

32 | TpexxJIOpUCTbIH ATIOMUHUHA AICI, AlICI,
(aluminium trichloride)

33 | TpuMeTHAATIOMUHUA TMA Al(CH,),
(trimethylaluminium)

34 | AuMeTHAaTIOMUHUI THIpuIL DMAH Al(CH)),H
(dimethyl aluminium hydride)

35 | TpuM306yTHAATIOMUHMIA TIBA Al(C,H),
(triisobutyl aluminium)

36 | (Uuxnonentapuenun)(tpu- | (CPD)Cu(I)(PEt,) MOC
atundochuH) Meab (cyclo- WIiu
pentadienyl) (triethylphos- CpCuTEP
phine) copper

37 | (Tekcadropauerunaueronar) | (hfac)Cu(1)(VTMS) MOC
(BUHUNTPUMETHIICHNAH) MEb
(hexafluoroacetylacetonate)

(vinyltrimethylsilane) copper)

38 | buc(rekcadropaueTnaauer Cu(Il)(hfac), MOC
oHat) Mensb (bis(hexaftuoro-
acetylacetonate) copper)

39 | YeThIpexxTOPUCThIit LIMPKO- ZrCl, ZrCj,
HUi (zirconium tetrachloride)

40 | Tetpa (TpeT-OyTHIAOKCH) TTBZ MOC
uMpKoHuUit (tetra(tert-bytiloxy)
zirconium)

41 | YeTbIpexxnopucThlii rapHuit HfCI, HICI,
(hafnium tetrachloride)

42 | TeTrpakuc aTUAMETURAMUN, TEMAH HfIN(CH,)(C,H))1,
racdumii (tetrakis ethylmethyl- MOC
amide hafnium)

43 | Terpakuc quaTuiamuaoracg- TDEAH HfINO(C,H,),],
HU (tetrakis diethylamido- MOC
hafnium)
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Tabauua 3 (NpoAoXKeHue)

Ne HaumenoBaHue pearenra OGo3nauenue Xumitieckas
dbopmyna
44 | Tpet-6ytunokcu racdHuii TBOH Hf(0-t-C,H,)
(tert-bytiloxy hafnium) MOC
45 | [Mapsi Bombl (water vapor) H,0 H,0
46 | byran (butane) CH, CH,
47 | buc(aunuBanoisiMeTaHaTo) Ba(DPM), MOC

Gapuit (bis(dipivaloylmetha-
nato) barium)

48 | buc(aMnuBajoiJMeTaHATO) Sr(DPM), MOC
crpoHuuii (bis(dipivaloylme-
thanato) strontium)

49 | (Merunnenranauon)-éuc(am- | Ti(MPD)(DPM), MOC
| NUBAJIOHIMETAHATO) TUTAH
(methylpentanediol)-(bis
(dipivaloylmethanato)
titanium)

50 | buc[(MeToKCHITOKCH) Ba(meea), MOC
3TOKCH] auertar Oapuit
bis[(methoxyethoxy)ethoxy]
| acetate barium)

51 | Buc[(MeTOKCHUITOKCH) Sr(meea), MOC
3TOKCH |alleTaT CTPOHLIMIH
bisf(methoxyethoxy)ethoxy]|
acetate strontium)

52 | buc(usonpokcu)-6uc Ti(O'Pr) (meac), MOC
: (METOKCHITOKCH )aueTar Uian
‘ THUTaH bis(isoproxy)-bis Ti(i-PrO),(meac),
(methoxyethoxy)acetate
titanium)
I 53 | Buc(TeTpaMeTHIreNTaHaN- Ba(THD), MOC

oHar) 6apwuii (bis (tetramethyl-
heptanedionate) barium)
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Tabauna 3 (oOKOHYaHue)

JIMOHAT)-O0UC(M30MPOIOKCH)
tUTaH (bis(isoproxy)-bis
(tetramethylheptanedionate)
titanium)

Ne Xumuueckast
HaumeHoBanue pearenra O06o3Hayenune
n/n dopmyna
54 | buc(reTpaMeTuarentanam- St(THD), MOC
OHar) crpoHuuii (bis (tet-
ramethylheptanedionate)
strontium)
55 | buc(rerpameTuarenTtaH- Ti(THD),(i-PrO), MOC




MMABA 2

XAPAKTEPUCTUKWU CTPYKTYPbI
A0 N NOCJE ONEPALINN XOIr®
®YHKUMNOHAJIbHOIO CJ104

Ha omepanuio XOI'® ¢pyHKUMOHANBHOTO CJIOS B OOLIEM Cliydae MocTymna-
€T CTPYKTYpa co chOpMUPOBAHHBIM B MOACIOE UM MOAIOXKE TOMOJIOTH -
YECKUM PUCYHKOM (IJIalKHUe MOACAON UM MOMNOXKA SIBJISIIOTCS YaCTHBI-
MU CJIy4dasiMM), KOTOpasli KMeeT Cielyiolle UCXOAHbIe XapaKTePUCTUKU
(puc. 2, a).

1. Marepuan nowIoXKy WIH MOACAOS WIK MaTepUaIbl MOJACIOER.

2. Tnowaau MaTepUaioB MOACIOEB Ha MJIACTUHE.

3. Tlapametpsl penbeda noacnos (MOAIOXKKU), BKIOYAIOLINE:

e HAUMEHBIUUI MEPUOM DPEryJsipHBIX CTPYKTYD: CTYTIEHEK, KaHa-
BOK, OTBEPCTHUI (ITapaMeTp «C» Ha puc. 2, a);
® WWHPHUHY (IMAMETP) U BbICOTY (ITTYyOHUHY) 3JIEMEHTOB PETY/ISPHBIX
CTPYKTYp (CTYTIEHEK, KAHABOK, OTBEPCTHIT) C HAUMEHBIIVM NEPH-
01I0M (T1apaMeTphl «@», «b», «h » Ha puc. 2, a);
o IIMPUHY (AMAMETP) Y BBICOTY (IyOHHY) HanboJee y3KHX 1 Hanbo-
Jiee BHICOKUX (ITyOOKHX) ONMHOYHO PacIoNOXEHHBIX CTYTICHEK,
KaHaBOK, OTBEPCTUH,
OTHolleHHe TyOMHBI KaHAaBKM K €€ LLUMPUHE, TAYOMHbI OTBEPCTUSI K €ro
JIHaMETPY M BBICOTBI CTYTICHbKH K €€ IIMPUHE Ha3bIBAETCSI aCTIEKTHBIM OTHO-
1eHueM (aspect ratio — AR) ¥ CJYXKUT BaXXHOU XapaKTepUCTHKOM penbeda ¢
TOYKM 3PEHUS €TO NTOKPBITHS WU I1aHAPU3ALMH 0CAXKIaEMbIMHU ILICHKAMHU,

C onepaunu XOI'D MOTYT BLIXOAUTb CTPYKTYPbI TPEX BUIIOB.

1. Crpyktypbl ¢ TOHKUMHU (1,0—100 uM) u ToncteiMu (500—1500 HM)
IJIEHKAMH, OCaXIEHHBIMM Ha TJIaJIKyl0 MOBEPXHOCTb MTOMUIOXKKH, UCIOJIb-
;yeMble B KauyecTBe NPUOOPHBIX, aAre3MOHHBIX, CTOMOPHBIX, 3ALIUTHBIX,
MACKHMPYIOILMX U aHTUOTpaXalolunxX hyHKIHOHATBHBIX c10eB (DC).

2. CTpyKTyphl C TOHKMMM TUIEHKAMU, OCaXIEHHBIMU Ha pesibed-
1YI0 MTOBEPXHOCTb MOUTOXKKH, UCMOJIb3yeMbI€ B KAYECTBE 3apOABILLIC00-
pasytourux (seed, nucleation), cMaymBaoIux (wetting), aaresMOHHBIX
(adhesive) u 6apbepHbIX (barrier) ®C.
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3. CTpyKTypbl C TOJICTBIMU TUIEHKAMH, OCaXICHHBIMU Ha pesibePHYI0
MOBEPXHOCTb MOMMOXKH, UCTIOJIb3YEMbIE€ B KAYECTBE 3arOIHSIIOMX U TUIa-
Hapu3yoIUX pesibed PC U30a9UNY U MEXCIOUHON METAUTU3ALINHA.

perynsapxas OMHOYHAS
CTpYKTypa CTyneHbKa

d > 10c
- -y,
u/

Puc. 2. Buu cTrpykTypbl 10 a v nocie 6, ¢ onepaunu XOI'®D pyHkunoHaIbHOrO
Cnosi: 6 — TOHKOTO aAre3MOHHOro, 6apbepHOIO WM 3apOAbILIEBOrO Cl0s; 6 —
TOJICTOTO [IaHAPU3UPYIOLLIETO C1os: | — MOAIOXKa; 2 — rUlaHapHbINA TOACION;
3 — penbedHblil moacaoi; 4 — nycrota (void); ¢ — nepros Mexay CTyrneHbKamu
(XxaHaBKaMH) B PETYJISIDHOM CTPYKTYpe; @, b — LLIMPUHA COOTBETCTBEHHO CTYNEHEK
M KaHAaBOK B DETyNSIDHON CTPYKTYpE; h, — HauyajbHasi BbICOTa CTYNEHEK MM
r1y6uHa KaHaBOK; A — KOHEYHas BbICOTAa CTYMEHEK WiW I1y0MHa KaHaBOK Ha
r106anbHOM pesibede; /1, — KOHeuHas BbICOTa CTYNEHEK WK rybMHa KaHaBOK Ha
JIOKaJIbHOM pebede
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CTpyKTyphbl NepBoOro BUiaa, Buixoasiuue ¢ onepauun XOIP, umeior
CIIEAYIOILINE XapaKTEPUCTHUKH.
1.1. Cpennsas TonwnHa OC HA MOMTOXKKE:

dye = [dg(max) +d (min)]/2, Q.1

rie dy(max) n dg (min) — COOTBETCTBEHHO MAaKCUMaJIbHask © MUHUMAJIb-
Hasi TonwrHel @C Ha no/utoxKe (M1acTuHe).
1.2. HepaBHomepHocTb ToniuHbl PC Ha nomnoxke, %.

r(d [dgc(max) — d,(min)]/[d,.(max) + d .(min)]100 2.2)

o) =

1.3. CoctraB DPC, xapakTepu3yeMblii OTHOLIEHUEM KOMIIOHEHTOB
B XUMMYECKOI (hopMyie MaTepuaa, Hanpumep s cios Si;N, oTHolue-
Hue Si: N=13:4.

1.4. Crpykrypa marepuana MC, xapakTepusyemasi TUIIOM peIlIET-
KM IJISI MOHOKPHUCTA/UTMUYECKUX TUIEHOK, pa3MepoM U OpHeHTauMeil 3e-
peH (KpUCTAUIUTOB) AJIS NMOMUKPUCTALNTUYECKUX TJIEHOK U OTCYTCTBUEM
yMOpsiiOYHOCTH A1 aMOPGHBIX MIEHOK.

1.5. ITnotHocTh MaTepuania PC g, r/cM®. CocTaBs, CTPYKTYpa U IIOT-
t1octh DC 4acTO OLIEHUBAIOTCS MO0 CKOPOCTH XUIKOCTHOIO XUMUUECKOTO
rpaBieHus Matepuaina @C V , HM/MHH, B CTAHAAPTHBIX TPABUTENAX U TIPU
CTaHApTHBIX yc1oBuaAX p, = 101325 IMa u T, = 298,16 K 1 no ycanouHoii
Jlechopmau ¥ TONLMHBI MIeHKHU (shrinkage) 8hx, %, IPH BLICOKOTEMIIEpA-
TYPHOM OTXHTIE ¢ 3aJaHHOi1 TeMnepatypoii (o6biuHo 1000°C) 3a onpene-
JICHHOE BpeMS.

1.6. Koadpduumnenr npenomnerHus marepuana ®C n, 6/p.

1.7. OrpaxateibHas criocodHocTh MaTeprajia @ C (06bIYHO OTHO-
CHTEJIbHO MOHOKPEMHH S Ha IIJIMHE BOJTHBI CBETA IKCIIOHUPYIOLUEH CUC-
reMbl potoautorpadbum) R, %.

1.8. dusnexrpuyeckas IMocTosiHHasg €, 6/p, U AMIIEKTpUYecKas
npovHocts E, B/cMm, mwis aunanekrpuiyeckux OC.

1.9. TloBepxHOCTHOE cONpoTUBIEHHE p , OM/KB, U OGBEMHOE YaEIIb-
110¢ conpoTuBieHue p, OM-cM, s nposoasiuux PC.

1.10. Mexanuyeckue HanpsKeHUst CKUMarolue (compressive) U pac-
rsruBatouiue (tensile) B @C S 1 S, COOTBETCTBEHHO, IUH/CM?.

1.11. KoapduumeHTt repmuueckoro paciumpenus Marepuaina ®Ck ,,
K"
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1.12. Anreaua marepuana ®PC (thin-film adhesion) k Matepuany
NOUIOXKKH (K MaTepuajiaM MoOACJI0ER), XapaKTepusyeMas CUION aare3m-
OHHOTO CLEMNJIEHHs] HA eAMHHULY fiowanu F , nnH/cm?.

CTpyKTypBl BTOPOTO BHOa, KPOME YKa3aHHbBIX XapaKTEPUCTUK, WU
MX YaCTH XapaKTEPU3YIOTCS TaKXe CTEINEeHbIO MOKPbITUs penbeda, K KO-
TOPOW OTHOCATCH:

2.1. CreneHb KOHGOOPMHOCTH MOKPBLITUSL CTYNEHBKM (TOMOJIOTU-
geckoro pesbeda) (conformality step coverage) o, %:

o, =(s/2):100, 2.3)

TA€ § U 7 — COOTBETCTBEHHO TOJILIMHA Haubojiee TOHKOro u HauboJiee
TOJICTOTO YYaCTKOB OCaXAaeMO# IIEHKHU Ha 60KOBOI CTOPOHE CTYMEHbKU
(puc. 2, 6).

2.2, CreneHb MOKpHITUS GOKOBOI CTEHKHU CTyNmeHbKHU (side wall
step coverage) o , %:

o, = (5/%)-100, 24)

rae X — TOJIIMHA OCAXIaeMOU TJIEHKU Ha TOPH30HTAIbHOM NOBEPXHOCTH
TTOMAJIOXKKMU (pHc. 2, 6).
2.3. CreneHb NOKPLITHsI IHA CTYMEHbKM (bottom step coverage) o, %:

a, = (3/%)'100, (2.5)

rae y — TOJILIMHA OCaXKJaeMOoil IUIEHKHU Ha AHE CTyneHbKH (puc. 2, 6).

CTpyKTyphl TPETbETO BUAA, KPOME YKa3aHHbIX XapaKTEPUCTUK ISl
CTPYKTYp [EPBOro BUAA, UJIM UX YACTH XapaKTePHU3YIOTCs TAKXKe MoKasa-
TEJISIMU 3alOJTHEHUS Y MJlaHapu3alyy (CriaxxuBaHus) pesibeda, K KOTo-
PBIM OTHOCSITCSI:

3.1. CnjourtHoCcTh 3anoOfHEHUsT penbeda — OTCYTCTBUE MYCTOT
(voids) (puc. 2, B).

3.2. CreneHp JokanbHOM r1utaHapmsauuu (degree of local
planarization) (cTeneHb MiaHapU3aL1K JOKATBLHOTO penbeda) B, %:

B,=(—h,r/h,)100, (2.6)

rae h, - KOHeYHas BbICOTA CTYMEHEK WM IJlyOMHa KaHaBOK Ha JIOKaJlb-
HoM penibede (pucC. 2, B); A - HauaJibHast BLICOTA CTYNEHEK WM TyOMHA
KaHaBoOK (puc. 2, a).
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3.3. Crenenb rnobansHoii miaHapusanuu (degree of global pla-
narization) (cTeneHs niaaHapu3alUU rI006aJbHOIO pesibeda) Bg, %.

B, = —h, /h,)100, 2.7)

rae hg — KOHeYyHas BbiCOTa CTYINEHEeK WM [NIyOMHa KAHABOK Ha I100aJb-
HOM peJibede (puc. 2, B).
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TEXHOJNNIOM'MYECKUE
XAPAKTEPUCTUKU NPOLIECCOB
XOro oyHKUNOHAJIbHbIX
CJNIOEB UMC

K TexHonornyeckum xapaktepuctukam npoueccoB XOI'dD oTtHocaTcs
clefyiolue:
1. Cpeanss ckopocTb ocaxaeHus OC:

V, =V (max) +V(min)]/2, (3.1

rae V(max) =d,(max)/t, v V(min) =d,.(min)/t,— COOTBETCTBEHHO
MaKCHMMalbHass U MUHUMAaNbHasg ckopocTu ocaxaeHuss PC Ha noanox-
ke (mnactune); dy.(max) w d,.(min) — COOTBETCTBEHHO MaKCUMallb-
Has U MUHUMAabHas ToniuHbl PC Ha noaioxKe, obpasylolluecs 3a Bpe-
Mst OCaXIEeHUS 1.

2. HepaBHOMEPHOCTb CKOPOCTU OCaXIEHMsi 10 MOMTOXKe (Iiac-
THHE), %

rV) =V (max) — V (min)|/[Vmax) + V (min)]100. (3.2)

MHoraa mna xapakTepucTUKU npoueccoB XOI'®D ucronb3yioT NOHATHE
“paBHOMepHOCTEL ocaxaeHus PC” R, KoTopoe onpeaensieTcs Kak

R,=[1-2rV)L (3.3)

3. CenektuBHOCTb ocaxaeHus @C Ha pasHbic MaTepHabl TOACTO-
€B Ha TIOBEPXHOCTH [LIACTUHBI (TTOMTOXKH):

Sn/n,)=V(n)/V(n,), (3.4)
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rae V(n) v V(n,) — cOOTBETCTBEHHO CKOpOCTH ocaxieHus PC Ha Mare-
puanst noacnoes n, u n,. Mpu S(n /n) =0 ®C B npouecce XOT'D ce-
JIEKTUBHO OCaXIAeTCAd TOJbKO Ha MOACOi n,. Cnenyer OTMETHTb, YTO
ceJieKTUBHOCTH ocaxjaeHust PC MOryT 3aBHCETb OT COOTHOWIEHWS TUIO-
aaeil Mojac/ioeB Ha MOBEPXHOCTU MJIAacTMHBL. Kpome Toro, mpu omu-
HAKOBBIX CKopocTax ocaxacHuss ®C Ha MOBEPXHOCTU OOOUX IMOAC/I0EB
(S(n/n,) = 1) MOXET HAOMONATHCS N3MEHEHHUE B CTPYKTYpPE OCAXAaeMbIX
Ha pa3HbIe MOACJION MUIEHOK.

4, AuusoTponus (rnokasatenb aHuU3oTponuu) ocaxiaeHus PC Ha
penbedHYI0 MOBEPXHOCTb MIACTUHBI:

A=V / VL), (3.5)

rne V, () n V,(1)—cootBeTcTBeHHO ¢KOpocTH ocaxaeHus @OC B
HarnpasJeHUAX napauieasbHoM (/) u nepneHauKyasipHoM (L) MOBEPXHOCTH
miactunbl. [Tpu A, =1 npouecc XOT'® obecriednBaeT KOHHOPMHOE Ocax-
JeHHE TIICHOK Ha pebedHYI0 MOoBEpXHOCTh (KOH(MOPMHOE NOKPHITUE CTY-
neHvkyu ¢ o = 100 %). IIpu A, > 1 npouecc XOI'® nnoxo nokpbisaet 60-
KOBBIE MMOBEPXHOCTHU pesibeda (CTyNneHeK, KaHABOK).

5. TlmotHocTb MpHBHOCHMON mnpoueccoM (omepauueit) XOI'd
Ne(EeKTHOCTH Ha TTOBEPXHOCTD MacTHbl D, nedexrt/cm?

Dop = (Dh - D(r)/Fw’ (3'6)

rae D, u D, —xonuyecTBO AedeKTOB € pa3MepoM, OOJbIIMM WK
paBHbIM KPUTUYECKOMY pasmepy (d,, = d_ ) (ryoutenbHbIX AeeKToB) Ha
MJ1aCTHHE COOTBETCTBEHHO 10 U nocsie onepaunu XOI® OC; F, — mio-
LLaAb MJIACTHHBI.

6. TlnoTHOCTb MPUBHOCUMBIX poLieccoM (oneparueit) XOI'd pagu-
aUMOHHBIX AedekToB (radiation-induced defects) B moBepXHOCTHBIE C/IOU
obpabatsiBaemoit cTpyKTypbl D ), AceKT/CcM?, onpesesisieMast B COOTBETC-
TBUHU C popMmyoit (3.6). [TprueM noa pagMallMOHHbIMU AeeKTaMU B 3aBU-
CHMOCTH OT BMAa 06pabaTbiBaeMOii CTPYKTYPbl MOTYT MOApa3yMeBaThCsl:
HapyLWEHUs COCTaBa U KPUCTAIIMUECKOM CTPYKTYPbI [TOBEPXHOCTHBIX CJI0O-
¢B, MPOOOH AUBIEKTPUIECKHUX MJICHOK, UBMEHEHUS INEKTPODUIUYECKUX
xapaktepuctuk MOII cTpykTyp, KOHTAKTOB U p-n-niepexonos. HanbGoJb-
[IYI0O OMACHOCTb C TOYKMW 3PEHHUS BHECEHUS PaauallMOHHBIX NeDEKTOB
npeactapnsior npoteccbl XOI'D, akTuBUpyeMmble Mia3Moil U doToHamu B
yAbTpadroneToBO 0baacTu.
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Crnenyer OTMETUTD, YTO MPUBEAECHHBIE B 3TOM pasjefie TeXHOMOTH-
YECKUE XapaKTEPUCTUKH OTHOCATCS HE TOJIBKO K ON€palnsaM, HO U K 060-
pynosanuio XOI'®d ®C UMC, tak KaK Helb3s OTAEIUTD MPOLECC OT YC-
TaHOBKH, B KOTOPO# OH peanusyercsi. OnHako, 1151 000py10BaHUs, KpoMe
yKa3aHHbIX MApPaMeTPOB, CYLLECTBYIOT €LUE AOMOJMHUTENbHBIE, ITPUCYILIHE
TOJILKO €My KOHCTPYKUMOHHO-TEXHOJIOTMYECKUE MapaMeTpbl, KOTOpbIE
OGyayT pacCMOTPEHbBI B CJIEAYIOLLEM pasfere.
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COCTAB U NAPAMETPbI
OBOPYAOBAHUA XOI'®
®YHKLUUNOHAJIbHbIX
CNOEB UMC

O6opynosanue XOT'D rmjaeHOK COCTOUT U3 CJIEAYIOIINX OCHOBHBIX (DyHK-
UMOHAIBHBIX CHCTEM.

1. Peakrtopa (cHCTEMBI OCaxAaeHWs), CAyXallero sl MPOBEAEHUS
npotecca ocaxaeHus OC Ha nyacTHHbI (MTOLTOXKHK) U COCTOSIIIETO U3 pa-
Goueit KaMepbl M PACIOJOXEHHbIX BHYTPU WM MPUCOEAUHEHHBIX K HEH
CHApYXH MOUIOXKOoAepXKaTe/iei, 5KpaHOB, 3JIEKTPOAOB, HarpeBaTEIbHbIX
3JIEMEHTOB, HCTOUHUKOB CTHUMYJHUPYIOIIUX BO3ACUCTBUIA M XUMHUUECKHU
aKTUBHBIX yacTull (XAY).

2. Ta30Boif CUCTEMBI, COYXKallleil A Momadyu TpedyeMbIX NMOTOKOB
(MY MopUMii MOTOKOB) Fa3oB, MapoB WM MaporasoBbix cMecelt B pabo-
4y10 KaMepy ¥ aBTOHOMHBbIE UICTOYHUKH CTUMYIUPYIOLLUX BO3ACHCTBUI 1
XAY, ux pacripeaesieHUs B MPOCTPAHCTBE U BO BpEMEHHU M COCTOSLIEH U3
HECKOJIbKUX KAHAJIOB, B COCTaB KOTOPbIX BXOAAT MOUALTPHI, TPYOKH, HC-
MapuTesv, BEHTHIIY, KJIaNaHa, U3MEPUTENU U PETYISATOPbI PacXoaa ra3os,
KOJINEKTOPHI U CTaOUIM3aTOPBI AaBJIeHUS Ta30B.

3. BaxkyyMHOIi W1 BEHTUJISILMOHHOM CUCTEMBI, CITyKallle i st obec-
neyeHust TPeOYeMBIX OCTAaTOYHBIX U PabOYMX NABICHUH, a TAKXKE CKOPOC-
TEH OTKAYKH WM OTBOJA MOCTYMAIOILUX PEAareHTOB U NMPOAYKTOB peakLUii
B paboyeil, TpaHCMOPTHOM M 1LJI030BOM KaMepax, aBTOHOMHBIX HUCTOY-
HHMKAaX CTUMYJIUPYIOLNX Bo3neicTBuil 1 XAY u cocTosIeil U3 OTKAYHBIX
(OTBOOHBIX) KOJIJIEKTOPOB WU OTBEPCTHi, TpyD, KJIAMmaHOB, 3aC/IOHOK,
M3MepuUTeael U peryasiTopoB NaBJeHUI U CKOPOCTel oTKauyku (0TBOAA),
JIOBY1lIEK, GUILTPOB, BAKYYMHBIX HACOCOB, CKpy0OepoB MU HeHTpanu3a-
TOPOB BBHIXJIOMTHBIX (OTBOAHBIX) ra30B.

4. CucreMbl BO30YXIeHUs U NMoanaepXaHUs IUIa3MBbl pa3psiia B pa-
Ooueii kamepe MpU MPOBEACHU U M133MOAKTHUBUPYEMBbIX (T1a3MOCTUMYJTH -

4. 3axa3z Ne 1870.
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POBaHHBIX) MPOLIECCOB OCAXACHUS U NPOLIECCOB ABTOMATUYECKOM OUUCT-
KH 3JIEMEHTOB pabouyeii KaMepbl, a TaKXe B aBTOHOMHBIX MCTOYHMKAX TSI
aKTHBAalLlUU peareHToB, COCTOSILLEH U3 TeHEPAaTOPOB U UCTOYHMKOB 2JI€K-
TPUYECKUX U MarHUTHbIX [OJIEH, COrNACYIOLIUX YCTPOHCTB, Kabeneit Hiaun
BOJIHOBOJOB, U3MEPUTENCH U PErYyISITOPOB IMOABOAMMBIX MOLLIHOCTEIA.

5. CucTeMBl TEpMOCTAaTUPOBAHHUS UCTapUTeiel, y4aCTKOB ra30BbiX
KaHaJIOB U OTKAYHbIX (OTBOAHbIX) MAarUCTpasieid, 31eKTPOAOB, CTEHOK Ka-
Mep, MOLJIOXKOIEpXKaTeNeH, cayxaluen U1l U3SMEPEHUsI, PEryJIHpOBaHUsl
Y cTabuUM3auuy MX TEMNEPATYpbl U COCTOALLIEH U3 HarpesaTeaei, TepMo-
CTaToB, TPYO, XJ1an0- U TEIUIOAr€HTOB, YCTPOUCTB UX NepeKayKu, Moaauu
Y pacripegesieH s, U3MEpUTEEH U PETyIsSaTOPOB TEMIIEPATYPhI.

6. CucreMbl 3arpy3Ku — BbITpY3KH I1acTuH, Kaccet, CMUD (ctaH-
JNapTHbI# MexaHU4YeCKU HMHTepdeilc) KOHTEeIHEpOB, TPaHCMOPTUPOBa-
HUST Y MTO3ULIMOHUPOBAHMS MJIACTUH BHYTPU YCTAHOBKM, COCTOSILUEH M3
CMMUD 3arpy3umKoB, MPUEMHBIX U NEepeaalOINX KACCET, 3aTPy304HbBIX U
TPAHCTIOPTHBIX KaMep, YCTPONUCTB 3arpy3ku, nepeMellieHus, No3MLMOHU -
pPOBaHMA U NPUXKMMA IJIACTUH Ha MOJIOXKOJEpXaTeNsIX BHYTPH ycTa-
HOBKH.

7. CucTeMbl KOHTDPOJSI MOMEHTa OKOHYAaHUS TpoLiecca ocaxje-
HUSI PYHKUMOHAIBHOTO CJ10s1 (BPEMEHM OCaXIEHHUS), COCTOSLLEH U3 AaT-
YUKOB CHUI'HAJIOB Ha OCHOBE ONTHYECKOr0 3MUCCUOHHO-CMEKTPATILHOTO,
Jla3epHOro MHTEpGHEPOMETPUUECKOTO MM MacC-CreKTPOMETPUUECKOro
METO/IOB, ONITHYECKUX U 3JIEKTPOHHBIX YCTPOMCTB, a TAKXKE CHELIMATU3NPO-
BaHHBIX IPOrPaMMHO-aNMapaTHbIX BBIYUCIUTCALHBIX KOMIIIEKCOB IS
00pabOTKK MOJYYEHHbIX CUTHAMIOB 1O TpeOyeMOMYy aJiTOPUTMY.

8. Cucrembl yrnpaBjieHHUsl, ClyXallleil Uit ynpapieHUsl Mepeyuc-
JICHHBIMH BBILLIE CUCTEMAMM, KOHTPOJISE PEXUMOB UX pabOThl MU UCMpaB-
HOCTH BXOASILIIMX B HUX YCTPOMCTB M cocTosiilei u3 ynpasistoieit 9BM
C MpOrpaMMHLIM obecreueHeM, KIaBuaTypoil BBola KOMaH, 1UCTUIEEM
M YCTPOMCTB 3arIMCH, XpaHEHUS U TIepeaadyu HHdOpMaLnU 10 JOKaNbHbIM
U IJ100TbHBIM KOMIBIOTEPHBIM CETSAM.

K KOHCTpYKLIMOHHBIM napaMeTpaM 000pyAoBaHUs1 OTHOCATCS:

— Bec, pa3Mepbl ¥ KOHGUTIypalus;

— ¢hopMa, MaTepHabl, KOJIUYECTBO, pa3Mephbl U B3aMMHOE Pacrnojo-
XeHue GYHKLUUOHATbHbIX Y3J10B U CUCTEM B COCTABC YCTAHOBKH, a TAKXKeE
OTAEAbHbBIX DJIEMEHTOB B COCTABE 3TUX Y3/10B U CUCTEM;

— pa3Mepbl, hopMa ¥ Matepuaibl TpebyeMbIX MOABOAOK U OTBOHOK
JIHEPrOHOCUTENEH IS MOAKMOYCHUS U 3aMycKa YCTaHOBKMU;

— PacnoyioXXeHHE U pa3Mepbl 30HbI 0OCTYKUBAHUS YCTAHOBKH.
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CocraB oGopynoBauusi XOI'D MarepuaioB omnpeaensieT riepeyeHb
OnepaluMOHHbIX (IleJieHaNnpaBJeHHO BBICTABJISIEMbIX PEXWMHBIX) Mapa-
METPOB, K KOTOPbIM OTHOCSITCS C/ieAyIoLIHUE:

1. Pabouee nasieHue (p) U AMATa30H €r0 BO3MOXHOIO U3MEHEHUS
(Ap) B ycTaHOBKe.

2. Pacxon pabouux rasoB (mapora3oBbix cMmeceit) (Q) ¥ auanasoH
€ro Bo3MOXHOTO U3MeHeHUs (AQ).

3. Temneparypa nomioxxkonepxarens (chuck) (T ) nan paboueit 30-
Hbl (operating zone) (7)) 1 AnanasoHbl KX BO3MOXHOIO u3MeHeHust (AT)
1 (AT). Temneparypa nomnoxku (substrate) (7)) (nnactunbt (wafer) (7))
0OBIYHO COOTBETCTBYET TEMMEPAType MOJIOXKKOAEpXaTess uin padoueii
30Hbl B paBHOBECHBIX TepMuueckux mporeccax XOI'®P, Ho Moxer
3HAUYUTENLHO OTJIMYAThCSl B OBICTPbIX TepMUUECKHX Mpoueccax XOId
(RTP CVD).

4. Bpems npouecca ocaxaeHusi (deposition) (GyHKLUHOHAIBHOTO
o8t (f,) WK OTAE/bHBIX CTaAWi (Step) mpouecca OCaxaeHus.

DTU YeTbIpe napameTpa BCTPEYaloTcsl BO BCEX BUIAX O0OPYNOBaHMSI
XOI'®d, torma Kak aas OTAEAbHBIX Ipynn obopymoBaHWs H00aBASIOTCS
JOMOJHUTE/IbHbIE OMEPALIMOHHBIE APAMETPHI.

Hns obopyaoBaHUS, pealu3yiollero ObICTpble TEPMUUYECKME MpPO-
ueccol XOI'® (BTIT XOI'dd — RTP CVD), Takumut onepauuoHHbIMM Ta-
paMeTpamH SIBJISIIOTCS CKOPOCTb Harpesa (heat) (v,) u Bpems Harpesa (1,)
nacTUHBI 10 paboyeil TeMnepaTypbl M AMaNa3oHbl KX BO3MOXHOIO U3Me-
Herus (Av,) 1 (Az,).

Hasi obopynoBaHus, pealu3ylOUIEro Mmia3MoakTUBUpyeMble MpPo-
ueccol XOI'D (A XOI'b — PE CVD), TakuMu onepallMiOHHBIMU Tapa-
METpaMU SIBISIIOTCS:

— MouiHoctb (W) u yactoTa (f) ra3oBOro paspsiga v AMaras3oHbl UX
BO3MOXXHOTro u3aMeHeHust (AW) u (Af);

— HanpsixeHve cmeuieHus (bias) (U,) Ha nomnoxxozepxkarteie u
/IMANa3soH ero BO3MOXHOTO u3MeHeHus (AU,);

— WHAYKUMSE MaTHUTHOTO nosst (B) v nuana3oH ee BO3MOXHOI0O U3-
MeHeHus (AB);

— MEXDJIEKTPOAHOE paccTosiHUE (gap) (dg) Y AXana3oH ero BO3MOX-
HOT'O U3MEHEHMUSI (Adg);

— LMTENbHOCTH MMIYJ/IbCA NOAAYM MOLIHOCTH paspsana (7)), mepuon
MeXAY HUMHU (Tp) M IMaMasoH ¢C BO3MOXHOTO usmeHeHus (AT) u (A 7;)
(B cyyae MpUMEHEHHUS JUIS1 aKTUBAUMK UMITYJIbCHOM Mia3Mbl (MMITyJIb-
cHbie TIA XOT'® — pulsed PE CVD));

4%



@2 Inasa 4. Cocmae u napamempei 06opyooeanus XOI'D gynxyuonanshox cnoee HMC

~ CKOpOCTM BpallieHus (rotation) (o) WM mepeMelleHus (travel)
(v,) MOMLIOXKOAEPXKATENSA UM MATHUTHON CUCTEMBI Y IMATIA30HbBI KX BO3-
MOXHOro u3MeHeHus (Aw ) 1 (Av, ), B Ciyyae eCliM pa3Mephbl 30HbI paB-
HOMEPHOIO OCaXXEHUsl MeHblle pa3MepoB 00pabaThiBaeMO MIACTUHbI
(napTHUU NJIACTHH).

Hna obopynoBaHus, peaqusyioliero OTOHHOAKTUBUPYEMbIE MpO-
pecebl XOI'd (DA XOI'd — PhE CVD), TakuMM onepalliOHHbIMU
napamMeTpaMmu SIBASIOTCA WHTEHCHBHOCTb M3y4eHus (radiation) (/) u
AMana3oH e¢ BO3MOXHOTrO u3MeHeHns (Al) Ha IJIMHE BOJHBI A B Cilyyae
MOHOXPOMATHYECKOro M3Jy4yeHHus, U Uil nMana3oHa UIMH BOJH AN B
cayvyae HEMOHOXPOMATHYECKOTO U3TyYeHHUS.

Hnsa obopynoBaHus, peaiu3yiollero paiuKalbHOaKTUBUPYEMbIE IPO-
uecchl XOI'd (PA XOI'd — RE CVD), Takumu onepalMOHHBIMM Tapa-
MeTpaMH SIBASIOTCS MolIHOCTh ( W) razoBoro paspsiia B aBTOHOMHOM MC-
TOouHUKe XAY (Hanmpumep, o3oHaTope) U NOTOK (Q) aKTUBUPYEMOTO rasa
yepe3 UCTOYHMK raza ¥ AMana3oHbl X BO3MOXHOro uaMeHeHus (AW) u
(AQ), xoTOpbIE OMpPENENAIOT KOHLEHTPALIMIO paauKaos (radicals) (1) B
[OTOKe MOCTYIalolIero B pabouyio KaMepy rasa, HanpuMep KOHUEHTpa-
LS 030HA B KKUcjiopoie cocTasisieT 10 BecoBbIX (Wt) %.

[ast obopynoBaHHKs, peaiM3yiolIero MpoLEecChl aTOMHO-CJIOEBOTO

ocaxaenuss (ACO-ALD) u npolecchl MMIYJIbCHOTO OCAaXIEHUSI CJIOEB
(UOC-PDL), TakuMMn onepauMOHHLIMK NapaMeTpaMM SBJSIIOTCA JIU-
TEAbHOCTY UMNYJIbLCOB IMoaadyu peareHToB (rl u r2) B pabouyio Kamepy
(T,,) n (T, ,) v neproa npokayku Win NpoayBKU paboueit KaMephbl Mexay
HUMMU (TI",), a TaKXKe [Mana3oHbl MX BO3MOXHOro usameHenus (AT, ),
(AT, )u (ATI"_).
COBOKYITHOCTb 3HaYeHU OMepalMOHHbIX NapaMeTpoB onpeneaseT
peXuM (recipe) ocaxaeHUs U CIIYXUT IS TIOJYUYEHHUsI TPEOYeMbIX TEXHO-
JIOTHYECKUX XapakTepucTuk npouecca XOI'D ¢yHKUMOHANTBHOTO CJlof,
KOTOpbIE, B CBOIO OUepelb, ONpPeae/sieT rnapaMeTpbl BbIXOAHON CTPYKTY-
pbl ¢ onepatmn XOTI'D npu 3amaHHBIX MapaMeTpax BXOAHOW CTPYKTYPBI.
Ynpasasiowne DBM Ha cospeMeHHOM oBopynoBaHuu XOI'dD u onepa-
TOPbI Ha cTapbiX ycTaHoBKaX XOI'®M KOHTPOJIUPYIOT C MOMOLIbIO U3MEPH -
TEJIbHBIX MPHOGOPOB (IATYNKOB) 3HAYEHHUSI OMEPALIMOHHBIX NTAPAMETPOB U
[OJAEPKMBAIOT MX B TPEOYEMbIX TEXHOJOTMUYECKUX IOMYCKAX C TOMOLIbIO
MPELM3UOHHBIX PETYJISITOPOB.

INapameTphl oG6opynoBarusa XOI'D, KoTopsle CBA3aHblI C KOHCTPYK-
LIMOHHBIMU OCOOEHHOCTSIMHU, HO ONPEIENAIOT €r0 TEXHOJIOTMUYECKHUE BO3-
MOXHOCTH Mo 06paboTKe IIacTUH B Nipouecce npoussoacrsa UMC, Ha-
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3bIBAIOTCS KOHCTPYKUMOHHO-TeXHoaornueckumu. K takuM napamerpam
OTHOCSTCA CeayloLIue:

1. OnepauuvoHHasi MPOU3BOAUTE/IHOCTb YCTAHOBKH (ITPOU3BOANTENb-
HOCTh YCTaHOBKHM Oe3 npoBeaeHust npouecca XOI'D), onpeaensiemas kak

Y, =60q,/t, [nnactun/uac], (4.1

r€ g, — KOJMYECTBO OJHOBPEMEHHO 00pabaTbiBacMbIX B YCTAHOBKE IU1ac-
THH; {, — NOATOTOBUTEILHOE BPEMsl YCTAHOBKM B MMHYTaX K MpPOBEIEHUIO
npouecca XOI'®, prioyaoliee:

— BBITPY3KY KacceTbl ¢ riactTuHamu u3 CMUD koHTelHepa;

— HarlycK rasa B LIJTIO30BYIO KaMepy (venting);

— OTKpPBITME LLTIO30BOI Kamepbl U 3arpy3Ky KacceTbl MJIACTUH B
LIUTIO30BYIO KaMmepy,

— MPOBEPKY KOJMYECTBA U TMOJOXEHUsI MJIacTUH B KacceTe (map-
ping) ¥ OTKayKy LLJII030BOH KaMepsl (pumping);

— nepeMelleHue TTaCTUHBI (MJIAaCTUH) U3 KacceTsl B pabouyio KaMe-
py (peakrop);

— OTKAYKy peakTopa, HamycK B Hero pabourx ra3zoB U CTabuJIM3aLHio
JABJIEHUS B HEM;

— BBITPY3KY IUTaCTHHBI (MJIaCTMH) U3 PeakTopa B KacCeTy LLJ030BOM
KaMepbhl,

— Hanyck rasa B LUTIO30BYIO Kamepy, OTKPbITHE LTIO30BOI KaMe-
Pbl M BBITPY3KY KacceThbl ¢ MIAaCTMHAMK U3 LLTI030BO# KaMepbl B CMU®
KOHTEHHED.

OnepauroHHas NMPOU3BOAUTENbHOCTh XapaKTepu3yeT ObICTpoAeiic-
TBUE (DYHKLMOHAIBbHbBIX Y3/I0B YCTAHOBKH M BbIOMPAETCs U3 YCIIOBUI MaK-
CUMAJTbHOM HAJEeXHOCTH MX PabOThl U MUHUMATbHOM NMPUBHOCUMOIL Oe-
¢ekTHOCTH.

2. TexHosornyeckas NMpOM3BOAUTENbHOCTb YCTAHOBKH, Onpeaesie-
Masi Kak

Y, =60q/t =60q_ /(1 t1) [mnacTuH/yac], 4.2)

raef, =1, +t ', — JUINTEIBHOCTb LKA 00paboOTKU MIaCTUHBI (MIACTHUH)
Ha YCTAaHOBKH B MHHYTaX, COCTOSILLETO U3 MOATOTOBUTEIbHOIO BPEMEHHU
(f,) ¥ BpDeMEHH OCaXIEHUst oC ().

3. CpenHee BpeMs HapaOOTKK ycTaHOBKHM Ha otka3 (fault), onpene-
asemoe no dopmyae

tf=(t| +1,+tt ) /n, 4.3)
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rae t,, t,.., t, — BpeMs 00pabOTKH MJ1aCTMH MexXay OTKa3aMM yCTaHOBKH
3a HOPMATUBHBIM CPOK (B KayeCTBE HOPMATUBHOIO CpOKa OOBIYHO BbI-
OGupaeTcs OAMH, TPU WIM LIECTb MECSUEB IKCIUIyaTalMy o0Opya0BaHHUS );
N, — KOJIMYECTBO OTKA30B 38 HOPMATUBHBIIi CPOK. 3HaUeHHe 1,XapaKTepu-
3YeT HaflexKHOCTb YCTAHOBKY B ITPOU3BOACTBEHHbBIX YCAOBHSIX.
4. KoacduumeHT ncnoab3oBaHus (utilize) yctaHOBKH, orpene-
JIieMblii o opmyne
k,=t./t

cal?

4.4)
rae f ,— KajeHlapHoe Bpems paboThl yyacTka, Ha KOTOPOM HaXOAWT-
ca ycrtaHoBka XOI'®, B CyTKH; f, — TEXHOJNOTMYECKHU 3aJaHHOE BpEMS
006paboTKH MJIaCTUH Ha YCTAHOBKE B CYTKH. 3HaYeHUE K XapaKTepu3yeT
IUTUTEJIBHOCTh PEerJIAMEHTHOI MOATOTOBKM YCTAHOBKH K MPOBENEHMIO
TexHoornyeckux onepauunit XOIe.

5. KoadduumeHnt rotoBHocTu (ready) ycTaHOBKM, OfipeesieMblii
KakK

k=t/t, (4.5)

raet, — BpeMs 6e30TKa3HOi1 paboThl (Uptime) yCTaAHOBKU B TEUEHHUE TEXHO-
JIOTMYECKM 3a/1aHHOTO BpeMeHH. 3HaueHHe k XapaKTEpU3yeT PEMOHTHO-
CITOCOBHOCTh 0OOPYAOBAHHUA, T. €. B TEYEHHUE TEXHOJOTMYECKY 3aJaHHOTO
BpeMEHU paboThl YCTAHOBKM MOMYCTHUM €€ PEMOHT B TCYCHHUE BpEMEHH
He Gonee ¢, (1-k).

6. T1noTHOCTb NPUBHOCKUMOI YCTAHOBKOI (t0ol) 1e(heKTHOCTH Ha o~
BEPXHOCTh NMAAaCTUHBI (D) 6e3 nposeaeHMs Ha Heil npouecca XOI'dD @C
onpezensiercs cornacHo dopmyse (3.6), B kotopoii D, u D — KoaMuecTBO
ryoUTeNbHBIX Ne(hEKTOB Ha NJIACTUHE COOTBETCTBCHHO 10 €€ BX0Ja B YC-
TaHOBKY M M0CJIE €€ BbIX0Aa U3 YCTAHOBKM 0€3 NPOBCACHUS HA YCTAHOBKE
npouecca XOT®. 3HaueHue D, CAyXUT TSl OLEHKU KauecTBa yCTPOMCTB
3arpy3KH ¥ repemMelieHUs MJIaCTUH BHYTPH YCTAHOBKHW, CUCTEM OTKAYKH
M HaIycKa ra3os, YMCTOTbI ra30BbIX MarucTpanei u BHyTPEHHUX MOBEPX-~
HOCTe Kamep ¥ OCHACTKHU. 3HaueHUe D, BXOAUT B CYMMAapHYIO MJI0THOCTb
npuBHOCKMOIi onepalyeit XOTI'D nedekTHOCTU Dup (cM. hopmyay (3.6)).



NMABA S5

KNACCUDOUKALUA
OBOPYAOBAHUA XOI'®d
OYHKUNOHAJbHbIX
CNOEB MMC

O6opynoBanue XOI'D cnoes MaTepyanoB MOXET KiaccUdULIMPOBATHCS
Mo 110001 U3 BXOASILLKX B €ro COCTaB (bYHKLMOHABHBIX CUCTEM (CM. IpeIbl-
AYLIUi MYHKT), HANpUMeEp 0 CUCTEME 3arPy3KH:

— aBTOMaTH4YecKas Wiu pyyHas;

— KacCeTHasl WM MOLUTYYHasl;

— C MCMOJIb30BaHUEM WJIM 6€3 MCMOAb30BaHUS UTIO30BOI KaMepbl;

— C UCIOJIb30BAaHUEM CTAHJAPTHOI MK CIIeLIMAIM3UPOBAHHOM Kac-
CETHI.

OmnHako Haubosee yacto obopynoBanne XOI'D ¢GyHKUMOHAIBHBIX
cnoeB UMC knaccupuumpyioT Mo TUNy CUCTEMbI OCaXAeHUst (TUITY pe-
aktopa) [12]. Xopoiuasi cuctema XOI'®d nosxkHa obecrieduBaTh He TOJb-
KO Tpebyembie cBoiicTBa miieHKU (PC), HO U BHICOKME MOKa3aTeau Mo
TEXHOJOTMYECKONH MPOU3BOAUTEIHLHOCTH, HaZEXKXHOCTH, PEMOHTOIpPH-
TOOHOCTH TIPU TNpUEMIIEMON (KOHKYPEHTOCHOCOOHOM) omnepauroHHOM
CTOMMOCTU 00pabOTKM OJHOM IJIACTUHBI.

Bo Bce coBpeMeHHbIe KOHCTPYKUMHK cucTeM XOI'D BKIIOYEHA Ol -
UM IPOBEACHHMS aBTOMAaTUUECKOI MPOLECCHONH OYUCTKY peakTopa Mnocie
NPOBEHNEHUS OMepaluyd ocaxaeHus Aubo TIa3MOXMMUYECKUM TpaBJie-
HueM [13] ¢ noMolbIo pa3psaIHON CUCTEMbI, YCTAHOBJIEHHOI B peakTope,
00 TpaBieHMEM NOTOKOM XAY, MOCTyNaWMUM B p€aKTOp U3 aBTOHOM-
HOro UcTouyHuKa [14]. ABTOMaTHMueCKasi MpoLECCHass OYMUCTKA MO3BOJIS-
€T YBEJUYUTb pecypc paboTbl 00OpYAOBaHUS 1O pErjaMeHTHON py4yHOMU
OUMCTKHU C pa3bopKoit 060pynoBaHus 1 MUHUMU3UPOBATh TPUBHOCUMYIO
Ie(eKTHOCTH Ha 06pabaTbiBaeMbI¢ MJIACTUHBI.

B cBsA3U ¢ TEM, YTO MO Mepe pocTa CTEMEHH MHTETPaLMd MUKPOCXEM
YBEJIUYMBACTCH CAOXHOCTb COCTABA U CTPOECHUS CIIOEB U3OJISILUU U METAT-
JIM3ALMM, a TAKKE WX KOJUUYECTBO, BCE yalle HeCKoIbko cucteM XOI'D
MHTerpupylorcsi (06LeIUHSIOTCS) B COCTaBe OJHOW KJIacTEpHOM ycTa-
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HOBKH. OTO TO3BOJIAET 3HAYMTEJNbHO YMEHBIIWTh HMPOU3BOACTBEHHBIN
uuka usrorosneHusi MMC 3a cueT cokpallleHUs oIepauuit neperpy3ku
MAaCTUH W MOBBICUTH BBIXOA FOAHBIX U3AEJUM 32 CYET CHUXKEHMS AedeK-
THOCTH [15].

Peaktopst XOI'D ¢yHkimoHanbHeix cioes UMC KoHCTpyMpyrores
B COOTBETCTBUU ¢ (POpMaMM MONA4yM HEPrMU W ra3oB Ul KaXIOro BUIAA
MCITOJIb3YeMOM XUMHUYECKOM peaKUUH U KOHKPETHOTO TEXHOJIOTHYECKOTO
npumMeHeHust. Cuctembl XOI'®D MoryT kiaccurLMpOBaThCs MO CEAYIO-
HIMM NMpHU3HaKaM (puc. 3).

1. Mo KonuyecTBy ¥ rPyNMUPOBAHUIO PEAKTOPOB:

— Ha ofIHOpeaKTopHble (onHOKamepHbie — single chamber — SCH)
CHCTEMBI;

— Ha MHOTropeakTopHble (MHOTOKaMepHbie — multiple chamber —
MCH) cucteMsi;

— Ha knacrtepHbie (cluster — CLR) cucrembi.

2. ITo xonuyecTBy OMHOBpEMEHHO 00pabaTbiBaeMbIX TJIACTUH Ha
CHUCTEMBI;

— ¢ rpynnoBoi o6paborkoit (batch wafer — BW);

— C MOILUTYYHOU (MHAUBUAYaIbHOI) 006paboTKoi (single wafer — SW).

3. ITo pexuMy 00pabOTKH MIACTUH HA CUCTEMBbI:

— ¢ HenpepbIBHOIM 00paboTKoM (continuous treatment — CNT);

— ¢ IMCKpETHOI 06paboTkoii (discrete treatment — DSC).

4. TTo paboueMy naB/leHHUIO HA CUCTEMBI:

— aT™MocdepHoro aasieHus (760 topp) (atmospheric pressure — AP);

— TOHMXeHHoro nasjieHus (Meubiie 760 Topp) (reduced pres-
sure — RP), Bkiwoyalouire cucteMsl cybatMmochepHoro nasieHus (50—
700 Topp), Hu3Kkoro gapaeHust (10-2—10 Topp) U CBEPXHU3KOIO IaBJIEHUS
(103—10¢ Topp).

5. TTo dopme 1 pacnoNoXeHH IO PEAKTOPOB Ha CHCTEMBI:

— TpyOyaTbie TOpU3OHTANbHBIE U BepTHKabHble (horizontal and ver-
tical tube type reactors — HTR and VTR);

— konnakoBoro tuna (bell jar type reactors — BJR);

— KOHBeHepHoro tuna (conveyer type reactors — CR);

— IUTaHapHoro (riockonapauieabHoro) Tuna (planar parallel-sided
type reactors — PPSR);

— ¢ na3moii Beicokoit maoTHocTH (ITBIT) (high density plasma reac-
tors — HDPR);

— aToMHO-cJjioeBoro ocaxaeHus (ACO) (atomic layer deposition re-
actors — ALDR);



CucTeMbl XUMHYECKOTO OCaX<ACHUs U3 ra3oBOM ¢hasbl

e

KnacrepHeie

MHoropeakTopHbie

C nouwTy4yHo# 06paboTKO# MmiacTHH

————

OnHopeakTopHBIE

C rpynnoBo# 00paboTKO#H MiIacTHH

JIMcKpeTHbIH pexxuM 00paboTkH

HenpeproiBHbIH pexxum 00paboTKH

[TOHMXEHHOrO AaBJeHHsA

ATMocdepHOro naBneHMs

TpyOuarsiit Konnakosbi# Peakrop ¢ [1nanapHbi# KoHuseiepHbii PeakTtop PeakTop
peaxTop peaxkTop TJ1a3MoM peakTop peakTop aTOMHO- MMIYJIbCHOTO
BBICOKOH CJIOEBOTO OCaXJIEHHS
MJIOTHOCTH OCaXAEHUs

Paguaunonnslit (JJaMnoBbli) Harpes

NHayKUHOHHBIN (BUXPEBBIMH TOKAMH)
Harpes

Pc3ucTuBHBIN (Hakan1MBaeMbIMU
CIIUpAJISIMH) Harpes

OObIuHBIN pexUM Harpesa

BbICTpBIi pexuM Harpesa

C X0700HOM CTCHKOH

C Tennoi CTEHKOH C cynepropsucii CTEHKO#

C ropsiyeii cTeHKoMH

C nOMONHUTENBHONW aKTUBAIIMEN 30HBI OCAXKICHUS

[1na3zmoi

C nomnosiHUTEIBHOM aKTHBALIMEH peareHTOB

I1na3zmoii BLICOKOH MJIOTHOCTH

POTOHAMH (M3JTYUECHHEM)

Puc. 3. Knaccudukauus cuctem XOI'd
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— umMmnyabcHoro ocaxneHus cioes (MOC) (pulsed deposition layer
reactors — PDLR).

6. IMo crmocoby HarpeBa MaacTUHBI (NOMIOXKOAEpXKATeIst, paboyeit
30HbI) Ha CUCTEMBI:

— C pagMalMOHHbIM HarpeBoM (radiant heat systems — RAD), B Tom
yucne U 6bICTpbIM TepMUYECKUM (rapid thermal systems — RAP);

— ¢ MHAYKLUMOHHBIM HarpeBoM (induction heat systems — IND);

— C pe3UCTUBHBLIM HarpeBoM (resistance heat systems — RES).

7. [1o pexumy HarpeBa IJIaCTUHbBI HA CUCTEMBI:

— € paBHOBECHBIM HarpeBoM (equilibrium heating systems);

— ¢ ObICTpBIM HEPABHOBECHLIM HarpeBoM (rapid heating systems —
RAP).

8. ITo cnioco®y pacripencsieHUs: TeMIEpaTypbl B paboucii kamepe Ha
CUCTEMBI;

— ¢ cynepropsiueit crenkoi (super hot wall systems — SHW), B koTo-
pbIX TEMIEpaTypa MOCTYAIOLIMX K MOATIOXKE peareHTOB Bbillie, YeM TeMIIe-
partypa ropsiyei CTEHKM ¥ TeMIepaTypbl MOMI0XKH (MM 30HbI OCAXAEHHSA);

— c ropsiueit cteHkoi (hot wall systems — HW), B KoTopbix TeMriepa-
Typa CTEHKH 3HAYMTEIbHO BbILLE, YEM TEMIIEpATypa MOMTOXKKH (MJIM 30HbI
OCaXAEeHHUA) U NOCTYIAIOLLKX K MOMIOXKE PEareHTOB;

— c Teruioil cteHkoM (warm wall systems — WW), B KOTOpBIX TeMIIe-
paTypa CTEeHKH He3HAYUTEAbHO Bbillie, YeM TeMIepaTypa NOMIOXKKH (UITH
30HBI OCAXKACHHS) U MOCTYMAIOIIMX K MOAJIOXKE PearcHTOB;

— ¢ xononHoii cteHkoii (cold wall systems — CW), B KOTOpbIX TEM~
nepatypa CTEHKHM 3HAaYUTEbHO HUXeE, UeM TeMIepaTypa IMOMLTOXKKHN (MU
30HBI OCAXKIEHMUS).

9. o 0OBEKTY AOMONHUTENLHON aKTUBALIUU HA CUCTEMBI:

— € JONOJIHUTENLHOM aKTUBALUUEN 30HbI OCAXACHUSA, BKJIIOYad Mo/ -
JIOXKY (T.e. aKTUBaUMe MPOLIECca OCAXKIACHUA);

— C IOMOJHUTENbHON aKTHBALMEH peareHTa (pcareHTOB) BHE 30HbI
OCaXIEHHUS.

10. TTo BuAy 3HEPrUM JONOJTHUTEBHOW aKTUBALIMU HA CHCTEMBI:

— C aKTMBalUMeil Naa3MOi COOTBETCTBEHHO 30HbI ocaxIeHus (plasma
enhanced process — PE) u peareHTa (plasma enhanced reagent — PER);

— ¢ aKTHBalMe# niasmMoil BbICOKOH NMIOTHOCTH COOTBETCTBEHHO 30-
Hbl ocaxaeHus (high density plasma enhanced process — HDP) u pearex-
ta (high density plasma enhanced reagent — HDPR);

— cakTuBaluei poToHaMu (U3TydeHUEM) COOTBETCTBEHHO 30HbI OCaX-
nenwust (photon enhanced process — PhE) u pearesta (photon enhanced re-
agent — PhER).
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Ilnasmoxumuueckue cucteMbl (plasma chemical systems), B KOTO-
PBIX peakUHUU OCAXKIECHHUS TJIEHOK MMPOUCXOISIT TOJIbKO 33 CYeT PHEPIUun
nnasmbl, M1 GpoTOHHOXMMHUUYECKHE cucTeMbl (photon chemical systems),
B KOTOPbIX PEAKLIMHU OCAXIEHUS TJIEHOK MPOUCXOAAT TOJILKO 3a CYeT
9HEPruu OTOHOB, B HacTosLeH paboTe He paccMaTpUBalOTCA

ITnazmoakTupupyembie cucteMbl XOI'D MoryT KiaccubruupoBaThes:

1) no Bo3byxnalowlei niasmy 4acToTe 3AEKTPUYECKOTO TIOJIA

— Ha HM3KOUacTOTHbIe cucTeMbl (low frequency systems) (f, MEHbILE
1 MTIu, tunuuHo 350—440 xI);

— Ha BblcokoyacToTHble cuctembl (high frequency systems) (1 MIix
<f <1 TTu, tummuno 13,56 n 27,12 MIu);

— Ha CBEPXBbICOKOUYACTOTHbIE CHUCTEMBI (microwave systems) (f,
6osbiue | I'Tu, Tunnyxo 2,54 I'Mu);

— C JBOMHOM 4aCTOTOI1: BbICOKOM 1 HU3KOM;

2) no crocody reHepalyy IJIa3Mbl:

— Ha CUCTEMBI (peaKkTOpbl) C EMKOCTHO-CBSi3aHHOM IJia3Moii (capac-
itive coupled plasma reactors);

— Ha cucTeMbl (peakTopbi) C MHAYKTUBHO CBsI3aHHOI1 rsra3Moii (in-
ductive coupled plasma reactors);

— Ha CUCTeMbl (peakTophbl) ¢ TpaHC(hOPMATOPHO-CBA3aHHOM naa3-
Moi (transformer coupled plasma reactors);

— Ha cuctembl (peaktopsl) ¢ CBY mukpoBosHoBO# nmnasMoit (mi-
crowave plasma reactors);

— Ha cucteMbl (peaktopbl) ¢ CBY nnasmoit Ha 6a3e 3MeKTPOHHO-
UMKIOTPOHHOrO pe3oHaHca (DI1P) (microwave ECR plasma reactors).

3) Mo IJIOTHOCTH MAa3Mbl, ONpeaesIsieMOi M0 KOHLEHTPALMH 3/1EKT-
POHOB 1, PABHOM KOHLEHTPALNUU HOHOB A,

— Ha cucTeMbl ¢ 06bIMHOM M1a3mMoi 10° = n, =< 10"

— Ha CUCTEMBI ¢ N1a3Moi Bbicoko# rtoTHocTH (high density plasma
reactors — HDP reactors) 10" = n, < 10"

Alroput™M  obo3HaueHusi obopynosaHus XOI'D, cornacHo
npeanoXxeHHoON Kiaccudukauuu, npueaeH B tabn. 4. Kak nokasbsiBaeT
aHanu3 auteparypbl [2—8,12], uctopuuecku mnsa dopmupoBaHus OC
MUMC Haubonbliee pacnpocTpaHeHue noayyanu cucteMbl XOT'®,
npeacTaBieHHbIE Ha pUC. 4.
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Puc. 4. Koucrpykunu cucteM XOI'®: a — tpyGuarbiit peakrop aTMochepHOro
JABJIEHUS C Topsiyeif CTEHKOH M rpynnoBoit 06paboTKOil NacTUH; 6 — peakTop
KOJIMAKOBOTO TUNAa MOHMUXEHHOTO AAaBJEHHWS C XOJIOAHOM CTEHKOM U IPynnoBoOi
00paboTKOi MJIACTUH C BO3MOXHOCTbIO MJIa3MEHHON aKTUBALMKM NPOLECCOB
OCaXXIEHHUS U MIa3MEHHOW OYHMCTKU BHYTPEHHUX MOBEPXHOCTE; 8 — KOHBEWHEp-
Hblii peakTop aTMOChEPHOro AaBjEHMUsI C TOPsiYE CTEHKOW U HENpepbIBHOMN
rpynnoBoi o6paboTKOM MJIAaCTUH; ¢ — J1aHAPHBII peakTop MOHUXEHHOro 1aB-
JIEHHS C XOJIONHOM CTEHKOM U rpynnoBoit 00paboTKO# MiaCTUH C BO3MOXHOCTbIO
MJIa3MEHHOM aKTUBALIMM MPOLIECCOB OCaXAECHHUS U IJIa3MEHHOW OYUCTKM BHYT-
PEHHUX MOBEPXHOCTEI; 0 — YHUBEPCATbHbII MJIaHAPHBII PEaKTOP MOHMUXKEHHOTO
JNABJIEHUSI C XOJIOAHOM CTEHKOW M MHAMBUAYalbHOW (MOIUTYYHOR) 06paboTKOM
NJIaCTHUH C BO3MOXHOCTBIO MMJa3MEHHOW aKTMBALMUHW NMPOLECCOB OCaXIECHUA U
N1a3MEHHOM OYMCTKU BHYTPEHHUX MOBEPXHOCTEM; € — IJlaHApHbIA BbICOKOBAKY-
YMHBI peakTop € XOJIOAHOM CTEHKOM U UHAUBHUAYalbHON 06paboTKOM MaacTuH
B MJ1a3M€ BbICOKO# IJIOTHOCTbIO C BO3MOXHOCTbIO OAHOBPEMEHHOTIO NIPOBEAECHHUS
MPOLIECCOB OCaXAECHUSI M TPABJIEHUSI, a TAKXKe MJIa3MEeHHON OUMCTKU BHYTPEHHUX
NnoBepxHOCTEN
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Tadsuna 4
AnroputM 0603Ha4yeHUsi 06opynoBaHus (cucteM) XOI'd
COrIacHO Kyaccudukauuu

(1) O6o3nauaerca tun ycranHoBku XOI'®: CLR — knacrepHas; MCH —
MHoropeakTopHas; SCH — onHopeakTOpHas.

(2) O6o3HayaeTcsa KOJUUYECTBO ONHOBPEMEHHO 00pabaTbiBaeMbIX B PEaKTO-
pe (peakTopax) ycTaHOBKHU MaacTuH: BW — ¢ rpynnosoii 06paboTKoii;
SW — ¢ nowryyHoit o6paboTkoit.

(3) OO6ozHauaeTcs pexum ob6padboTku maacTuH: CNT — ¢ HenpepblBHOI
o6pabotkoii; DSC — ¢ auckpeTHoit 06paboTKOIA.

(4) O6o3Havaetcs obnactb pabouero naBieHus ycTaHoBKU; AP — atMmoc-
depHoe nasneHue; RP — noHuxeHHoe aaBneHue.

(5) O003Ha4alTCs KONIMYECTBO M (hopMa peakTopoB YCTaHOBKH VIR — Bep-
TUKaNbHbIM Tpybuathiit; HTR — ropusoHTtanbHblii TpyOuathiii; BJR —
konnakosoro tuna; CR — kouseiepHbiii; PPSR — naanapubiit
naockonapanienbHbiii: HDPR — nna3mel Beicoko# miotHocTH; ALDR —
aTOMHO-cnoeBoro ocaxaeHus; PDLR — uMnynbcHOro ocaxmeHusi.

(6) O6o3HauYeHHWE A15 KAXOAOro peakTopa, €C/ii OHW He OIMHAKOBbIE, CIO-
coba Harpesa miaactuHbl: RAD — pagnaunonHblii; IND — MHAYKUMOH-
Hblit; RES — pesuctuBHbiil. Eciy HarpeB ObicTpblii, TO nepen 0603Ha-
YeHHEeM crocoba narpesa ykasbiBaeTcsa RAP — ObicTpbilii.

(7) O603HayaeTcsl pacnpeneseHue TeMAEPATYPbl ISl KAXIOro peakTopa:
CW — ¢ xononHoi creHkoi; WW — ¢ Tennoii creHkoit; HW — ¢ rops-
yer cteHkoit; SHW — ¢ cynepropsiueii cTeHKOMN.

(8) O6o3HauaeTcs crnocod AONMOJIHWUTENBHON aKTUBAUMU MPOLIECCA WM
peareHTa B peaktope: PE u PER — nnasMeHnHas akTuBalus COOTBETC-
TB¢HHO npouecca U peareHTa; PhE u PhER — (otoHHas akTuBauus
COOTBETCTBEHHO mpouecca U peareHTa; HDP u HDPR — aktuBauus
M71a3MO# BbICOKO# NMIOTHOCTH COOTBETCTBEHHO 11POLICCCA U peareHTa.

Ipumepsi:
1) (2) 3) (C)) ) (6) . ®

SCH BW CNT AP CR RAD HW
CLR SW DSC RP_ 3PPSR RES CwW PE

B 60-x u 70-x rogax npoliioro BeKa Ha 3ape pa3BUTUSI MUKPO3JIEK-
TPOHMKH MEPBLIMU B MTPOU3BOACTBE MHUKPOCXEM CTajlM UCIMOJIb30BaThCS
ycraHoBk# Tuna SCH BW DSC AP HTR RES HW u MCH BW DSC AP
(2-4)HTR RES HW (cM. Tab. 4) ¢ TpyGYaTBIMM C ropsiyeii CTEHKO¥M pe-
aktopamu XOTI'® armochepHOro maBieHUs ¢ rpynrnoBoil o0paboTKoii
MJIaCTUH, CKOHCTPYUpPOBaHHbIe Ha 6a3e a1 Py3MOHHBIX MeYei, B KOTO-
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PBIX CHUCTEMbl NMOJAYM W paclpedeseHHsl ra3oB B peakKlLMOHHOM 30He
pacnionaraloTcsi BHyTpU TpyObl (puc. 4, a). OCHOBHbLIM TIPEUMYLLIECTBOM
3TOro 00OpPyNOBaHHUsl, MPEAHA3HAYEHHOTO LISl pEATW3allMi BbICOKOTEM-
neparypHeix npoueccoB XOI'®D (7, > 500°C), takux kak:

— OcaXAeHUEe CJ0eB MOJUKPEMHUS U3 cunaHa B npouecce AP HT
CVD Si" (SiH,-H,);

— ocaxneHue ciioes aByokucu kpemHus u3 TEOS u SiH,Cl,/N,O B npo-
ueccax AP HT CVD SiO, (TEOS-He) u AP HT CVD SiO, (SiH,Cl,/N,0);

— ocaxjeHue cnoes HuTpuna kpemuus us SiH,Cl,/NH, B npouecce
AP HT CVD Si,N, (SiH,CL/NH,),
SIBJISIETCSL TEMIIEpATypHasi OAHOPOAHOCTD MPHU MOUTH UAeaTbHbIX U30TEp-
MUYECKUX YCIOBHUSAX.

3TO MO3BOSET MOAYYATh IVIEHKH YKAa3aHHBIX MaTepUaioB ¢ HU3KH-
MU MEXaHWYE€CKMMH HanpsKeHUsIMU U BBICOKOI anresueil. HecMoTps Ha
HHU3KUE CKOPOCTHU OCAXIEHUSI M TPYAHOCTH 0OeCrieueHHUs1 BbICOKOI paB-
HOMEPHOCTH TOJILLMHBI OCaXKAAeMbIX TUIEHOK 110 MapTUM MAACTHH, IpyIl-
nosasi 06padoTKa IMJIaCTUH U BO3MOXHOCTb MOHTa)a HECKOJbKHX OIU-
HAKOBBIX PEaKTOPOB Ha OJHOI YCTaHOBKE OGECMEUMBAIOT MPHUEMIIEMYIO
TEXHOJIOTHYECKYIO NPOU3BOAUTENLHOCTL TAKOTO 000pYA0BaHUS.

OCHOBHBIM HEJOCTAaTKOM YCTAHOBOK C TAaKMMU peakTopaMH siBJisi-
€TCA TO, YTO OcaxKAaeMble Ha IMJACTHMHbI MJIEHKU MaTepHaJIOB TakXe XO-
POLLO OCAXAAITCA U Ha ropsuMe CTeHKHU peaktopa, (hopMHUpPYs TOJCTbIE
0CaJIK4, KOTOPbIE MOTYT OTC/IAMBATLCS U BbI3bIBATh 3arpsi3HEHUE TIACTUH
YacTULIAMU. DTO MPUBOAUT K YACThIM OCTAHOBKAM TaKOro 060pyI0BaHUsI
JUISt TIPOBEJIEHMS TIPOUEXYPHl OYMCTKM PeakTopa B BAHHE C XUMUYECKUMMU
peareHTaMM U CBSI3aHHOTO C HEeid:

— OTKJIIOUYEHHS YCTAHOBKH;

— OCTbIBaHUS PEAKTOPA;

— OTCOEIMHEHHUS peaKTopa OT KOMMYHHKALMI YCTAHOBKY;

— JEMOHTaXa TpyObuaToro peakTopa ¢ yCTaHOBKM M €r0o MepeHOCKH Ha
XMMMUUYECKUI yYACTOK K BaHHE C pearcHTaMu;

— CTpaBJIMBaHUS OCaXIEHHbIX MIEHOK CO CTEHOK PEakTopa XUIKU-
MU XMMUYECKUMU peareHTaMH, ero MpOMBIBKH U NMPOCYILKH;

— TepeHOCKM peakTopa 1Mocjie OTMbIBKU K YCTAaHOBKE, €r0 MOHTaXa
Ha Hel ¥ NPUCOEIUHEHUSI KOMMYHHUKaLIW;

— BKJIIOYEHHUS YCTAHOBKW M BbIBOA peakTopa Ha TeMIiepaTypHbIA
PEXUM.

YKazaHHas npoueaypa 3aHMMaeT HEeCKOJbKO JECITKOB 4acoB, U
nocjie 5—10 Takux npoueayp KBapueBblif TpyOUaThlii peakTop 0ObIYHO
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MPUXOAUT B HETOAHOCTb U3-3a OOKOJIOB U pacTpaBOB €ro CTEHOK, BO3-
HUKaOWUX [IPY XMUMUYECKUX, TEPMUUECKMX U MEXaHUYECKUX BO3AEHCT-
BUAX. /st TIOBBILLEHUS BPEMEHU TEXHOJOTUYECKON paboThl (uptime) U
BPEMEHMU XU3HU (BpeMeHU A0 paspylueHus — life time) Takux peakTo-
POB B MX KOHCTPYKLIHIO ObL1a BBeIE€HA OMLIMA aBTOMATUYECKOM OYUCTKH
TpyObl peakTopa Oe3 ero aeMoHTaxa B ra3oBoM peareHre CIF,. 91o nos-
BOJIMJIO 3HAYUTENBbHO (B AECSATKM pa3) YBEAUYUTH MepUoa paboThl peakTo-
pa MeXAy pyYyHbIMU YUCTKaMU C JEMOHTaXOM M CHM3WUTb TPYHAO3aTpaThl
Ha ero o6cnykMBaHue.

B koHue 60-x u Hauane 70-X roooB MOSIBASETCS TaKXe BTOPOi BUI
o6opynoBaHust XOI'd, tuna SCH BW DSC RP BJR RES CW u MCH
BW DSC RP (2-4)BJR IND CW (cm. Taba. 4) Ha 6a3e peakKTOpOB KOJI-
nakoBoro tumna (bell jar type) MOHUXEHHOTO AaBJEHUA C XOJIOAHOI CTEH-
KO¥ U rpymnmnoBoit 06padoTkoit maactuH (puc. 4, 6). Mcnonb3oBaHue xo-
JIOIHBIX CTEHOK MO3BOJUIO 3HAYMUTEJbHO CHU3UTh OCaXJIEHHE MJIECHOK
Ha MX MOBEPXHOCTh U MOBBLICUTH pecypc paboTel peakTopa 10 YUCTKH.
TloHUXeHHOE AaBieHne 06eCney o 3HAYUTENbHOE YBEMYEHHE CKOPO-
CTU ¥ PABHOMEPHOCTH OCaXACHUS MJICHOK MO MapTHH IJIACTHH.

Kpome Toro, np¥ NOHUXEHHOM AABIEHUH C MTOMOIBIO IAEKTPOAHOI
WK 0e32JIEKTPONHOW pa3psiAHBIX CUCTEM MOXHO JIETKO 3aXeub IUIa3My
BHYTPHU PEakTopa U MPOBECTH €ro IIa3MOXUMHUUECKYIO OYUCTKY C UCTIONb-
30BaHMeM Oosiee Oe3onacHbIX peareHToB No cpaBHeHuio ¢ CIF,, Hanpumep
C,F,, SF, u CF,. [IpMeHeHNe BaKYyMHBIX CUCTEM C JIOBYLLIKAMH M CKpY0-
OGepaMu BBIXJIOMHbBIX [A30B MOCJIE HACOCOB TAKXE MOBbIIAET 6€30MacCHOCTD
3KcrnayaTaumMu peaktopoB XOI'D noHUXKEHHOTO AaBieHUs MO CPABHEHUIO
C peakTopaMM aTMOC(HEPHOIO JaBACHHUS, HO HECKOJIbKO CHUXAET X TEXHO-
JIOTMUYECKYIO TPOU3BOANTENLHOCTD U3-3a HEOOXOAUMOCTH MEPUOAUUYECKON
OTKauky peaxkrtopa. i yBeaMYeHUS MPOU3BOAUTESIBHOCTH OJXMHAKOBbIE
peakTopbl KOJINMAKOBOTO THIA TAKXe MOTYT O0BEIUHSITHCSA B COCTABE MHOTO-
KaMmepHoit yctaHoBkU XOTI'®.

51 1oCTHXEHUST MAKCUMAaJIbHOM TMPOU3BOAUTEIBHOCTH MPOLIECCOB
XOI'D, tpebyemoit B ycioBusix maccoBoro npousBoacrsa UMC, B 70-x
rogax nossiasiercs obopynosaHue tuna SCH BW CNT AP CR RAD HW
(cM. Tabs1. 4) Ha 6a3ze koHBelepHoro peakrtopa XOI'®D (continuous belt con-
veyer type) aTMOc(epHOro IaBjieHUsl € TOpsiueil CTEHKON M HerpepbIBHOM
rpynrnoBoi 06paboTKoi niacTuH (puc. 4, B). B TakoM Tune od6opynoBaHus
3arpysKa M BbIrpy3Ka IUIaCTUH 3HaYUTEJIbHO IpOolLe U ObICTPEil, YEM B ycTa-
HOBKax ¢ peakTopaM¥ Tpybyaroro Tuna, 0{HaKo, TeMIepaTypHblii KOHTPOJIb
paboueil 30HBl 3HAUUTEAbHO 3aTPYAHEH, U B HEM OOBIYHO WCIOMb3YIOTCS
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MeHee TeMIEepaTypPHO-3aBUCUMbIE XUMHUUECKUE PEeakKLIMU ISl OCAXIEHUS
TUIEHOK, Takue Kak SiH,/O, 11s ocaxaeHusi HU3KOTEMIEPATYPHOTO OKHUC-
na (HTO) (low temperature oxide — LTO) u SiH,/B,H /PH,/O, ans ocax-
nenus bOCC (BPSG).

OunCcTKa CUCTEM paclipeaeJeHUs] Ta30B U HOCUTEIEH TIACTHH (KOJI-
JIEKTOPOB M KOHBeiepa), a Takxke 0OCay>XKMBaHUE SBJISIIOTCS CJ1a0bIM MeC-
TOM 00OpYIOBAHUS STOTO TUIIA U3-3a UCITONIb3yeMOH XUMUHM (pPEareHTOB).
W3menenune pearentos ot SiH,/O, k TEOS/O, mnsa ocaxnenus HTO
YMEHbIIAET FeHepalMIoO YaCTUIl U YBEIUUMBAET BpEMs XXM3HH €ro KOHC-
TPYKTUBHBLIX 3JIEMEHTOB, HO MPUHLIMIIMATBHOE OTCYTCTBUE BO3MOXHOC-
TH NPOBEIAEHUS TMPOIECCa aBTOMATUYECKON OYMCTKM SIBJASETCS CYLIEeCT-
BEHHBIM OrpaHUYEHHEM 3TOro THNa ycraHOBOK XOI'D,

O6opynoBanue XOT'® tuma SCH DW DSC RP HTR RES CW PE
u SCH DW DSC RP BJR IND CW PE (cMm. Taba. 4) ¢ ria3MeHHOI ak-
tuBauuen (ITA) npolieccoB ocaxkaeHUsl BIEpPBbie ObUIO HCIIONAH30BAHO
B cepeanHe 70-X rofioB A1 HU3KOTEMIIEPaTYPHOrO OCAXAEHUS IIJIEHOK
nutpuaa kpemuus (ITA XOI'® SiH,/NH, npouecc) npumMeHUTENBHO K
¢hopmupoBanuio cioeB naccuBauuu MMC. Brnarogapsi mpeBoCXOIHBIM
GapbepHbIM CBOMCTBAaM M HU3KOM Temrepatype ocaxaeHus (T, < 400°C),
rieHKH [TA HUTpuAa KpeMHUS BHITECHWIH CJIOM HU3KOTEMIIEPAaTypHOTO
okucya (HTO — LTO) u3 maccuBalimOHHOTO NpuMeHeHus. EctecTBeHHO,
cucremsl 1A nipoueccoB XOF® mnneHoOK Bcerna UCNoab3yloTes AT Mpo-
BEIEHUS] aBTOMATHYECKOM MI1a3MOXMMHUYECKOH OYMCTKH PEaKTOPOB.

[Tna3zMeHHast aKTUBAaLUSL IPOLIECCOB OCAXAECHMUS MOXET ObITh
OCYLLECTBAECHA C NTOMOLLBIO SJEKTPOAHOM U O€33/IeKTPOAHOM pa3psiAHbIX
cUcTeEM B 00OpyIOBaHUM Ha 0aze TpyOyaThiX U KOJNMAKOBBIX PEaKTOPOB
XOTI'® noHUKEHHOTO NaBJIeHMS.

OnHako HaubGoJjiee KOHCTPYKTHBHO TNPOCTBIMM M PacIpOCTpaHEH-
HBIMU TIpeACTaBUTENAMH obopynoBanuss XOI'® c¢ ITA mnpoueccos
ocaxugenmsi apnsiorcsl ycraHoBku tMma SCH BW DSC RP PPSR RES
CWPE (cM. Tabn. 4) Ha Gase MaaHaApHOTO peakTopa C €MKOCTHOIA
(EMKOCTHO-CBSI3aHHOM) IJIa3MO#M ¢ IpyTNnoBoii 06pabOTKO IMIaCTHH U
C pacroJIOXXEHHBIMUA BHYTPH KaMepbl IBYMs IUCKOBBIMU ILUIOCKOMAapai-
JIEJIbHBIMU 3JIEKTPONaMHM, Ha OIMH M3 KOTOPBIX noaaercsd BY MolHOCTD,
a Ha ApyroM, OObIYHO 3a3eMJIEHHOM 3JIeKTpOAe-IOAIOXKOAepXKaTee
pacrionaralotcsi o6pabaTeiBaeMbie MIaCTUHBI (puc. 4, T).

BY Mo1{HOCTb MOXET NOAaBaThCs K JEKTPOAY C MIOMOLUBIO JJIEKT-
PHYECKOTO I10J151 PA3JIUYHON YACTOTHI f,:

— HHU3KO# (f, MeHblue | MITy, Tunnuno 350—440 KIir);

5. 3akaz Ne 1870.
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— BbICOKO# (1 MIln < f, < I I'Ti, TunuyHo 13,56 u 27,12 MTu);

— [IBOWHOI 4aCTOTHI: HU3KOM U BEICOKOM.

JIBoiiHasi 4yacToTa MpUMEHSIETCSl IS HE3aBMCHUMOM HaCTPOWUKH
CKOPOCTM OcaxKaAeHUs (Ha Hee BJIUSIET B OCHOBHOM BLICOKAst 4acToTa) U
CBOICTB OCaxaaeMoil IieHKH (Ha Hee BAUSET B OCHOBHOM HM3Kas yac-
tota). HarpeBaHue mnacTuH OOBIYHO OCYILUECTBISAECTCH PE3UCTUBHBIM
HarpeBaTtesieM, PacHOfAOXCHHBIM BHYTPHM 3JIEKTPOIA MOMIOXKKOAEpXKa-
Tens (B CJIydae HEMOJABUXHOIO 3JIEKTPOAA) WM MoA HUM (B cllyyae Bpa-
HIAIOLLIEroCcs 3JIEKTPOLA).

CepenvHa 80-x ¥ Hayaso 90-X romoB ¢ TOYKM 3pEHMSI Pa3BUTHSA
TexHojaoruu npousBoactBa MMC xapakTepu30BajJIMCh CIAEAYIOLIMMU
akTopamu:

— YBEJIMYEHUEM AuamMeTpa oOpabdaTbiBaeMbIX MIacTHH 10 200 MM;

— yBEJIMUEHUEM KoJiMyecTBa (hYHKIIMOHAJIbHBIX CJIOEB U3OJISILIMK H
METalNIU3aLIUU [0 NATH;

— MOBBIIICHUEM JIEHOYHOM KOMIMO3UTHOCTH (KOJMUYECTBA Pa3HbIX
MJEHOK, (opMUPYIOLUUX (YHKLUHUOHAIBHBIH CJIOH) CI0EB M3OJSLIMU U
METALIU3ALIMK [0 TPEX-YEThIPEX U HEOOXOMUMOCTbIO UX OcaxneHus Oe3
WOHHO-IJIA3MEHHOMN OYUCTKH M MEPEXOAHBIX CJIOEB;

— YMEHbLUEHHEM pa3Mmepa KPpUTUYECKHUX (IYOUTENbHbIX) Ae(heKTOB
1o 0,15 MKkM 1 ux notHoctu 1o 0,3 nedekt/cm?;

— HEOOXOAUMOCTBIO CHUXEHUSI TEPMHUECKOro (TeMIIEpaTypHOro)
OromxeTa MapuipyTta rpousoactsa MMC ¢ MHOrocioHoit altoMuHuUeE-
BOW MeTa/lIM3auueii.

YKa3anHble (hakTOpbl NPUBENM K CO3AaHMIO HOBOH cepuu 06opyno-
BaHus XOI'D mig peannsalni HU3KOTEMIIEPATYPHBIX IPOLECCOB 0CaAXK-~
IeHUs1 MpU cybarMocepHOM M HU3KOM OABICHHH C BO3MOXHOCTBIO
[JIa3MEHHON aKTUBALIMM MU OYMCTKH C KOMITbIOTEPHBIM YIpaBlieHHUEM U
KOHTPOJIEM PEXHMOB OCAXACHUS ¥ OYMCTKH, a TaKXKe padOThI yCTPONUCTB
nepeMeLlieHHsl, OpUEHTALIMM M YCTAHOBKM IJIACTUH.

Jra cepus odopynoBanus tTuna SCH SW DSC RP PPSR RES CW
PE (cM. Tabn. 4) Obina co3naHa Ha 0a3e YHUBEPCAbHOrO TJIAHAPHOTO
peakTopa XOI'®D ¢ xonogHO# CTEHKOI M MHAMBHAyalbHON 00paboTKOM
MJIaCTHH, B LIEHTPE KOTOPOTO ra3oBbiil KOJUIEKTOP, CO3MAI0LLHI TpeOyeMoe
JUTSI PABHOMEPHOTO OCaXACHHs pacripeie/IeHUe BXOAsILe ! ra30BOi CMECH,
Y HarpeBaeMblii MOANOXKOAEPXKAaTeNb (Susceptor) ¢ yCTpOMUCTBOM TepeMe-
LIEHUS U 3aKPETIEHUS MAACTUHbI 00pa3yIoT CUCTEMY TUIOCKHX JIEKTPOIOB
C aBTOMAaTHUYECKOH pEryauMpoBKOi MEX3JEKTPOMIHOrO pacCTOSHUS, a Ha
nepudepuu CHCTEMA U30NATOPOB (POPMUPYET KOJBLIEBOH OTKAUHOM KOJI-
nexkrop (puc. 4, m).
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CrieLmann3anuys Takoro YHUBEPCAJbHOIO peakTopa Mol KOHKPET-
1iutit iponecc XOTI'® ocyniecTBasETCS BHIGOPOM:

— ra3oBO CHUCTEMBbl MOJ KOHKPETHBIE PEareHThl M Criocobda ux mno-
Jlauk (HeTmpepbIBHBIN WK NIEpUOIMYECKH);

— BHYTPHM KaMEPHBIX MAaTEPUATIOB WJIM UX MIOKPBITHH MO/ KOHKPET-
HbIE XHMHUYECKHNE PCaKLINY;

— BAKYyMHOM CUCTEMBbI NOA KOHKPETHYIO 00JIaCTb NABJICHUM U XU-
MHYECKOTO COCTaBA OTKAYHbIX [A30B;

— CHCTeMb] HarpeBa paiualMOHHOTO, PE3UCTUBHOIO WM HHIAYKUU-
OHHOTO M0 KOHKPETHYI0 001aCTh TEMIICPATyp Y CKOPOCTh HArpeBa;

— CHUCTEMBI 3aKpeIuieHusl (YCTaHOBKH) FUTACTMHBI Ha TIOJIOXKOJIED-
Kartese (yCTaHOBKa B 11a3y 0e3 MPUHYAUTEILHOTO NMPUXUMAHUS, IPUXKU-
MAaHME C MMOMOUIBIO KIaMITMPYIOLIETO KOJbLIA, 3MEKTPOCTATUYECKOE TIPHU-
KUMaHHUeE);

— CHCTEMBI W YaCTOThl BO3OYX/ICHUSI TJIa3Mbl pa3psiaa.

Cneuuvanu3MpoBaHHbIe IlaHapHble peakTopbl XOI'® 3amaHHOlM
IHOMEHKJIATYphl U B 3aJaHHOM KOJIMYECTBE JIETKO OOBEAMHSIOTCS C Ka-
MCpaMM 3arpy3Ky — BBITPY3KHd, KaMepaMu OPMCHTUPOBAHUSI M OXJIaX-
JICHUS TAACTUH W TPAHCIIOPTHBIMM KamMepaMu B COCTaBe KJIACTepHOro
obopynosauus (ycraHosok) Tuima CLR SW DSC RP (2-6)PPSR RES CW
PE (PER) (cM. TaGi1. 4 1 puc. 5) Aist OIy4EHUSI MHOTOCAONUHBIX (MHOTO-
1JIEHOYHBIX) CUCTEM U3OJISILIMK, METAIM3auuu ¥ naccupaunu UMC,

B HacTosuiee BpeMsl CIieIMaM3MPOBAHHBIE MIAHAPHBIE PEaKTOPbI
13 cocTaBe KjacTepHoro obopynoBaHuss XOI'D npuMeHSIOTCS Bas
OCXIEHUS CNENYIOLUIUX CIIOEB.

1. neHok nenervpoBaHHbix (USG) u nerupoBaHHbIX dochopoM
(PSG) u 6opom u dpochopom (BPSG) cunukaTHbIX CTEKOJ NpU CyOaT-
Moc(epHOM JaBACHNUM U3 PA3JIMYHBIX Ta30BbIX CMECEH:

— SA LT CVD USG (TEOS/0,); (TEOS/0O,); (SiH, /0,);

— SA LT CVD PSG (TEOS/TEP/O,); (TEOS/TEPO/O,); (TEOS/
TMP/0O,); (SiH,/PH,/0,);

—SA LT CVD BPSG (TEOS/TEPO/TEB/O,); (TEOS/TMP/
TMB/O,); (SiH,/PH,/B,H /O,).

2. ITneHoK MONMMKpEMHUS HelernpoBaHHOro (Si’) M JernpoBaHHOTO
topom (Si’[B]) u dpochopom (Si‘[P]), Bonbdpama (W), cunuuuna (WSi,),
nutpuaa (WN) v nonmuuaa sonbgpama (Si'/WSi,), tutana (Ti), Tanra-
sa (Ta), cunuumuaa v Hutpuaa tutana (TiSi)) u (TiN), HuTpuaa TaHTana
(TaN), ayromurus (Al) u meau (Cu) npu cydatMochepHOM JaBJCHUH U3
PA3JIMYHBIX Ta30BbIX CMECEii:
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Tpoueccsie

KaMepbl!
Caobonnan
Puc. 5. Cxema xnacrep- no3MtIA A
TNPUCOC/IHHEHHA

HOI1 YCTAHOBKHM CO apoueccHoil

crieuuaiu3npoBaH- KaMmepbi

HbIMH MJTaHAPHbIMU Po6oT- Tpaucnoprsasn

p€akTopaMu ¢ HHAN- MAlHIYIRTOP Kamepa
ao= TPaHCNOPTHOH —_—

BVlﬂ.yaJIbHOM oopa- KaMepbi /',-ﬁ..\

60TKOH niacTUH ~

15 GOpMUPOBAHMS { \ Sarpysouan

MHOTOCJIOHOH cucTte- \\_” Kamepa

Mbi u3oasaumun UMC

— SA HT CVD Si* (SiH,/H,; SiH,Cl,/H,); Si*[B] (SiH,Cl,/B,H /
H,); Si*[P] (SiH,/PH,/H,);

— SA LT CVD W(WF,/ H,); SA LT CVD WN (WF /NH,);

— SA LT CVD W5i, (SiH,/WF/H,); SA HT CVD WSi, (SiH,Cl,/WF/
H));

" — SAHT CVD Si*/WSi, (SiH,/H,/WF /H,);

— SA LT CVD Ti (TiCl,/H,); SA LT CVD TiN (TiCl,/NH,); SA LT
CVD Ta (TaF; /H,); SA LT CVD TaN (TaF, /NH,);

— SALT CVD AI(MOAI); SALT CVD Cu (MO Cu) (MO — meranio-
OpraHUYeCcKHe COeINHEHUS).

3. DNUTaKCHAIBbHBIX TJIEHOK MOHOKPUCTALIMYECKOTrO KpeMHUs (Si),
repmanus (Ge) v reTepocTpyKTYp KpeMHuil — repmanuit (Si, Ge ) npu
cyb6aTMochepHOM JaBICHUU WM HU3KOM AaBieHUU (LP) u3 pasnuuHbix
ra3oBbIX CMecei:

— SA HT CVD Si (SiH,ClL/H,);

— LP HT CVD Ge (GeH,/H,);

— LP HT CVD Si, Ge (SiH,Cl/H,/GeH,/H,).

4. Tnenox nByokucu kpemuus (SiO,), nurpuna kpeMHus (Si;N,) u
OKCMHUTpUIA KPEMHMUS (SixOyNz) npu HU3KoMm aasneHuu (LP) u ¢ nnas-
MeHHo# akTuBauue (PE) 3 pa3jinyHbIX ra30BbIX CMECEH:
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— LP PE CVD SiO, (TEOS/O,); (SiH,/0,);

— LP PE CVD Si,N, (SiH,/NH,); (SiH,/N,);

— LPPECVD Si ON, (SiH,/NH,/0,); (SiH,/N,0);

MexcioiiHas n3onsiuus (inter metal dielectric — IMD) UMC 06b14-
HO COCTOMT U3 TPEX CJIOEB HEJIErMPOBAaHHOTO critnkaTtHoro ctekia (USG):
HuxHero v Bepxuero — LP PE USG (TEOS/O,) u cpeanero — SA LT
USG (TEOS/0,). Tak kak ob6anatouiast KOHGOPMHOCTBIO MOKPBITHS pe-
nbeda mieHka SA USG 4yBCcTBUTENIbHA K COCTOSIHUIO U MaTepyay Io-
BEPXHOCTH, Ha KOTOPYIO OHA OCAXHAETCs, TO MCIONIb3YeTCsI MOACAON HE
YYBCTBUTENBHOH K yka3aHHbIM drakTopaM mineHkd PE TEOS USG. A Tak
kak rmieHka SA USG u3-3a HU3KOH MJIOTHOCTU I'MITPOCKOIIMYHA, TO NPH-
MEHSIETCS BepXHUI 3alUTHBIHA ¢jioit U3 roTHoi meHku PE TEOS USG.
IMnenku PE TEOS USG 3Ha4MTENBHO XYKe TOKPBIBAIOT peJibed MoBepX-
HOCTH IO cpaBHeHMIO ¢ TieHKaMu SA USG.

B cepenrne 90-x romoB penabed cnoe metamnuzauuu UMC poctur
aCIeKTHOro oTHouleHus1 AR > 2 (cyOMHUKPOHHBIC 3a30pbl MEXAY MeTali-
JINYECKUMH IIIMHAMU TOJIMUHOM 6oJiee | MKM) M TTPeB301IET BO3MOXHOCTH
ero nokpbiThsa medkaMu PE TEOS USG. TpeboBaHue yay4iIuTh NMOKpbI-
THe MeTa/uIMdeckoro penbedac AR > 2 mpuBeno K pa3paboTke MHOTOCTagM I~
Horo Dep — Etch — Dep npouecca [16], B KOTOpOM uepeayioTcs CTaauu
ocaxaenus meHok USG B npouecce LP PE (TEOS/O,) B XOI'® peakrope
CO CTalUIMH MIOHHOTO TPaBJIEHUS 3TOH MIEHKH (PU3NUECKUM pacbLIeHUEM
B aproHe (ion sputtering) B kamepe TpasieHus. M3-3a ocobeHHoCTEH Mexa-
HM3Ma dusnueckoro pacnbuieHus [13] Hapady ¢ TpaBaeHUeM maeHku PE
TEOS USG npoucxoauT criakuBaHUe BBHICTYHAOLIUX YYaCTKOB IJIEHKU
B 3a30pax WIMH META/UTM3aLMH, YTO CIIOCOBCTBYET XOPOIIEMY MOKPBITHIO
M TMOCJeayIoneMy 3anoJHEHUIO MeTaIM4ecKoro penbeda ruieHkoit PE
TEOS USG.

[Tpouecc Dep — Etch — Dep npoBoauTtcs B KJIacTepHOW YCTaHOBKE
tuna CLR SW DSC RP 2PPSR RES/CLD CW PE (PER) ¢ unansumy-
anbHOW 06paboTKOM niacTHH, cojepXxaule# ABe paboyue KaMepbl: naa-
HapHbli peakTop XOI'D ¢ pe3suCTUBHBIM HArPEBOM TTOMNOXKOIEPKATES
(RES) u ryiaHapHBIi peakTop 11 MOHHOTO TPABJIEHUA € OXJaXIeHUEM
nomnoxkonaepxaresas (CLD) [16]. Ero ocHOBHBIMM HEZOCTATKAMM SIBJIS-
I0TCS: CJIOXKHOCTb O0OPYAOBaHUS U HU3Kasl TIPOU3BOAUTEIBLHOCTb, CBSI-
3aHHAasi ¢ MHOTOKPAaTHBIMH Tleperpy3kaMu oOpabaThiBaeMOM TJIACTUHBI
MEXIY KaMepaMH OCaXKIECHHUS U TPaBJICHUS.

IToneiTkM M30aBUThCS OT HenocTaTKoB Dep — Etch — Dep npolecca
npuBenu K paspa6orke ycraHoBku tuna SCH SW DSC RP HDPR RES
CW HDP (cm. Tabn. 4) Ha 6a3e BeicokoBakyyMHoro (UHYV) (ocratouHoe
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naBneHue MeHblue 10, pabouee maBnenue 10-2—10) peaktopa XOI'D ¢
nasMoit Beicokoit mimotHoctt (HDP reactor - HDPR) u nowryuHoii 06-
paboTKOI1 TutacTuH (puc. 4, ¢).

B HDP peaktope B 0obnactu Haj NMiacTUHOH C MOMOUIbIO OAHOM
pa3psinHoii cuctembl (BY mHaykTuBHO cBsizaHHo#, BY Tpancdopma-
TopHO-cBsizaHHOW MM CBY BLIP) reHepupyeTcs njnazma BBICOKOI
MJIOTHOCTH, a C MOMOLIBIO IPYTOi pa3psaaHoi cucteMbl (00buHO BY em-
KOCTHO-CBSI3AaHHOM) TIOMAETCA HAMNPSIXKEHWE CMEILUEHHUS HA MOMIOXKO-
Jepkareab ¢ obpabaTbiBacMoii miacTUHOM. T1py Takmux HU3KHUX paGoumnx
napieHusax B HDP peaktope KOHTpO/ib U CTAOUAN3ALMS TEMIEPATYPhI
MJACTUHBI OCYIIECTBISIIOTCS C MOMOILBIO €€ SAEKTPOCTATHYECKOTO MPH-
XHMa K MOIOXKOAEPKATENIO U NOJAYU TeJIUs MO IIACTHUHY.

Takoil 3¢dekTUBHBIIA KOHTPOJb TeMmepaTypbl riactudisl B HDP
peakTope NO3BOJIMI BEPHYTLCS K GoJiee MPOCTO XMMHUH Ha OCHOBE CUJIa-
Ha ¥ KMCAOPOIA I OCaXIEHUS B MJIa3Me BhICOKOM MJIOTHOCTH TIEHKH
USG. C nomMotsio 106aBKHM aproHa (Ar) K CMeCH CHJIaHa C KHUCJIOpPO-
JIOM ¥ BbIOOpa HanpsiXeHWs CMEUIEHUs1 Ha noaoxkonepxareib B HDP
peakTope OCYUIECTBASIIOTCS OAHOBPEMEHHO NBa IPOLIECCa; OCaXIAEHHUE
mieHKU USG 1 ee MOHHOE TpaBJiEHUE C CYMMAapHbIM TipeBaiupOBaAaHUEM
MPOLIECCA OCAXKACHUSI.

Takum 00pa3oM, MPOUCXOAUT KayeCTBEHHOE NOKPLITHE M 3aIOJIHE-
HMe pesibedpa MeTauin3auuu ¢ AR > 2 rnieHkoit USG, ocaxxaeHHO#H B npo-
uecce UHV HDP USG (SiH,/O,/Ar). B Hacrosiliee BpeMsi Tako# npo-
LeCC HUCTIONb3YETCA AJIsl TMOKPLITUSI U 3aIOJHEHUS pejibeda C BBICOKUM
ACIEKTHBIM OTHOLICHHWEM U B IpYrUX (DyHKILIMOHAIbHBIX y3/1ax UMC:

— B KaHaBKaX MOHOKpPEMHHUS Npu (GOPMUPOBAHMU LUENEBOHA M30-
JALUM;

— B K&HABOYHbBIX KOHIEHCATOPAaX MPU OCAXKIACHUN AUIIEKTPHUKA,;

— B 3a30pax MeXIy 3aTBOPHBIMM creiicepamy rnpu (GOpMUPOBAHUU
nepBoro cios uzonsuuu (premetal dielectric — PMD) u 1.4,

IMepBoe nsitnaetne XXI Beka xapakrepu3yeTcsi BBEAEHUEM B Mac-
coBoe npoussoactso UMC ¢ Tononornyeckumu Hopmamu 130 u 90 M
[17], kOoTOpBIE SICHO MOKAa3bIBalOT HEOOXOAUMOCTD:

— JUISl IOA/IePsKaHHS BBICOKOTO COBEPIIEHCTBA TPAH3UCTOPOB 3aMe-
Hbl MaTepuaja MoJ3aTBOPHOIo AUINEKTPHUKA, T.€. [Iepexoia OT CJI0s Tep-
MHUYECKOM IBYOKHMCH KPEMHMUS C AMIIEKTPUUECKOIl MOCTOSIHHOM k = 3,9
K [UIeHKaM OU2JEKTPUKOB ¢ 6onee Bhicokoii & (high k dielectric) u Tou-
HBIMHY 3HaYEHUSIMU TOMLMUHbBI B 1nana3oHe 2,0—10 HM;

— s obecleyeHust BbICOKOro OBbICTPOINEHCTBUsE 3aMEHbBI alloMM-
HUEBOW METaJNIM3allMM Ha MeIHYI0 ¢ OapbepHbiMu ciosiMd TaN 1 WN
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TomuuHoi 20—40 HM, ocaxaaeMbix Ha pesibed AMDIEKTPUUYCCKOM MOBEp-
XHOCTU € AR > 10, 1 3aMeHbI MEXCJIOMHOI M30JISLIMM Ha OCHOBE CHJIMKAT-
HOTO CTeKJa ¢ k = 3,9 Ha 301110 U3 MaTepUaloB ¢ Gojlee HU3KOM AU-
3NIeKTpUYecKoit nmocrosiHHo# (low k dielectrics) ¢ TOHKMMM 3alUMTHBIMH
noacaosmu USG tonumHoi 50—100 HM, ocaxnaeMbIMU Ha peabed Me-
TaIIMYeCKOM NoBepXHOCTH ¢ AR > 10.

VYnoBneTBOPUTHL TPEOOBAHUSIM PABHOMEPHOTO OCAXIEHHSI C TOYHOCTHIO
JI0 aTOMHOTO CJI0sl CBEPXTOHKUX MJICHOK AU3EKTPUKOB C BHICOKOM AUIJICK-
Tpuueckoit mocrosgHHo#M (high k dielectrics) ¥ paBHOMEPHOTO TOKPBITHS
TOHKUMM TIeHKaMu 6apbepHbiX (TaN, WN, TiN), 3auutHbix (USG, SixNy)
1 3apoasilueBbix (seed Cu, nucleation W) ciioeB penbeda co cBepx0oJbIIMM
acIeXTHbIM oTHolueHueM (AR > 10) moryr TonbKo fpouecchl XOI'D ¢ ne-
pHOIMYECKOM TMojayeil peareHTOB, Ha3blBa€Mble aTOMHO-CJIOEBBIM OCaX-
aeHueM (ALD) (cM. raBy “Knaccudukauus npoueccoB XOI'®D ¢pyHkLmo-
HanbHBIX cioeB UMC”) [18].

Ins peanusauuy npoueccoB aroMHo-cyoeBoro XOI'®d (AC XOI'd —
ALD) B mocieaHue roabl ObLIM pa3paGoTaHbl OJHOKAMEpHbIe M Kilac-
tepHble ycTaHoBKM THna SCH SW DSC RP ALDR RES CW (PE/PER)
u CLR SW DSC RP (2-4)ALDR RES CW (PE/PER) Ha 6a3e yHuBep-
CaJIbHOTO aTOMHO-CJ10eBOro IiaHapHoro peaktopa XOI'®d (ALDR) ¢ xo-
JIONHOM CTEHKO#H Y MHAMBUAYAJIbHOI 00paboTKOMN MAACTHH (cM. TaGa. 4 u
puc. 4, 1), B KOTOPOM UCITOJIB3YIOTCS:

— OBICTPOAEHCTBYIOLIME TAa30Bbi€ CUCTEMbI, MO3BOJSIOLLINE NEPUO-
ONYEeCKH B TeYeHHe KOPOTKUX BpeMeHHbIX LMKaoB (100 Mmc — 10 ¢) nona-
BaTh B pabouyio KaMepy CHauyaja NnepBblil peareHT, NoToM NpoayBOYHbIi
WHEPTHBIM ra3, a 3aTeM BTOPOii peareHT;

— MOAEPHU3MPOBAHHbIE BaKyyMHble CHMCTEMBI, OOecreuMBalOLLIMe
CUHXPOHHOE M3MEHEHME ra3oBbIX IOTOKOB (synchronously modulated
flow — SMF) B TeyeHMe HUKIIOB OCaXXAeHHUs U poayBku [19].

B xauecrse HemoctaTkoB ALD peakTopoB clielyeT OTMETUTb UX HU3-
KYI0 IIPOM3BOANTENBHOCTD MPH OCAXIEHMUHU CJIOEB TONUIMHOM Gonee 50 HM U
He0OXOIMMOCTb HX YaCTOTO OOCYXXUBAHUS M YUCTKH. J1J15 TOBBIIIIEHUS TTPO-
U3BOAMTENBLHOCTH ALD peakTopoB npeanpuHUMaIOT CAEAYIOUIME MEDBI:

— OOBEOUHSIOT HECKOIbLKO OJHOTUIHBIX PEAKTOPOB B COCTaBe Kjac-
TEPHOTO 000PYNIOBaHUS;

— YMEHDILAIOT BPEMSI LIMKJIOB TMPOAYBKM INYTEM TMOBLILICHHUS pac-
XOfla MHEPTHOrO ra3a U AabBjieHusa B peakTope (rmpouecchl ALD, B KoTo-
PBIX LMKJT MPOLYBKH IPOUCXOAMT NMPU MOBBIIIIEHHOM JaBJI€HUU, Ha3bl-
BalOT MpoLEccaMyM MMMYINbCHOro ocaxiaeHus cioes (pulsed deposition
layer — PDL)) [10].
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B ALD peakropax peareHTbl He BCTpeYaloTcs APYF ¢ APYroM B raso-
Bo#i (haze B 00JIaCTH HAIl HOBEPXHOCTHIO IUIACTUHBI, HO OHM MOTYT B3a-
UMOJEICTBOBATh B APYIMX 4acTAX peakTopa, OTKAYHbIX MarucTpaisgx H
BaKyyMHBIX CHCTEMax, MPMBOAS K BBICAAKE TNIEHOK M HEO06XOIMMOCTH
4acToro o0CayXUBaHHUSL U YUCTKU. Peanu3oBaTh aBTOMAaTHYECKYIO MJ1a3-
MOXMMHYECKYIO OYMCTKY ALD peakTopoB OT TakHX IUIEHOK, Kak AlQ,,
HfO,, ZrO,, noka He ynaercs.

Bynymue koHctpykuuu XOI'®d peakTopoB, OYEBHIHO, COXPAHST
JIyJuIue TEXHUYECKHe PeIieHUs OCHOBHBIX Y3JI0B, TAKHE KaK:

— naHapHble pabouyne KaMmephbl, JIErKO MHTErpUpyeMble B KJIacTep-
HbI€ YCTAHOBKHU;

— CHUCTEMBI 3arpy3Ku, TPAHCIIOPTUPOBKH U OPUEHTHPOBAHUS TIACTHH;

— 3JIEMEHTHl U MUHTepdeicH ra30BbIX, BAKYYMHBIX, TUIa3MEHHBIX U
HarpeBaTeJIbHbIX CUCTEM.

CaMy cHUCTEMBI NMOAAYM PEareHTOB, OTKAYHbIE CPENCTBA, CUCTEMbI
BO30OYXIEHUS TIA3Mbl, Y3/bl TEPMOCTAOMIM3aLMM IUIACTUH U MaTepH-
ajbl MOKPBITUI BHYTPEHHUX CTEHOK PEAaKTOPOB M OCHACTKM OymyT co-
BEPILICHCTBOBATBCSA M CHELIUATM3UPOBATECS MOJ| ONTUMAJIbHBIE YCIIOBHUS
MPOBEICHMUSI KOHKPETHOM XMMHUYECKON peakLiMU OCaXaeHUs! TpeGyeMoro
(byHKUMOHAJIBHOTO CJTIOS.

CoBpeMeHHOe 00OpyloBaHHWe st peanu3auuu mnpoueccos XOId
dbyHkunoHanbHbIX cioeB UMC npeacrasneHo B Tabit. S.

Tabnunna 5
CospeMeHHoe o6opynoBaHue XOI'd ¢pyHkimoHanbHbix cioes UMC
HaunMeHoBanue
NeNe | oGopynosanns, ®upma-u3rorosutens, | O003HaueHne oGopynosanus
HA3BAHME MOZEIH crpana COMIACHO cnenMpUKaAUMH
CLR SWDSCRP
1 Centura Applied Materials, |(no 4)PPSR/HDPR/ALDR
USA RAD/RES CW PE+PER/
HDP+HDPR
. . CLR+MCH SWDSC
2 Producer Applied Materials, | RP (ao 3)PPSR RES CW
PE+PER
MCH BW DSC RP 2VTR
3 Ad12 ASM, USA RES HW
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Ta6amua 5 (oxoHYaHue)

Hauveuosaime o O0603HaueHne 000pyA0BAHNS
NeNe | ofopyzopanns, NI ToRTee, COIJIACHO Che ug{ia HH
HA3BAHHE MOZEH CTpaHa a i
CLR BW DSC RP
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CLR SWDSCRP
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Watkins-Johnson, MCH SWCNT AP
6 Wi-1000T USA (m0 4)CR RES CW
WJ-2000 HDP Watkins-Johnson, CLR SWDSC RP
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8 Planar 300 Trikon Technologies, CLR SWDSCRP
r Inc., UK (10 6)PPSR RES CW PE
9 Aspen Mattson Technology, | CLR+MCH BW DCS RP
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Quester Technology, MCH SW DCS AP
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Tokyo Electron Ltd., SCH BW DSC RP VTR
11 Alpha 858 SC Japan RES HW
. CLR SWDSCRP
12 Tricent Auxtron, Germany (10 4)PPSR RAD CW
13 S | Express Novellus System, CLR(1-2)+MCH BW DSC
equel £xp USA (10 12)PPSR RES CW PE
14 Vect Novellus System, MCH BW DSC 4PPSR
eetor USA RES CW PE
CLR SWDSCRP
15 CME-200 ULVAC, Inc., Japan (10 2)PPSR RES CW PE
Plasma-Therm Inc., CLR SWDSCRP
16| VersaLock 700 USA (10 3)PPSR RES CW PE
Genus Inc CLR SW DSCRP
17 Lynx2 USA ” (no 4)PPSR/ALDR RES/
RAD CW PE
18 TS-X series Tempress Systems MCH BW DSC RP

Inc., Netherlands

(10 4)PPSR RES HW




FMABA 6

MEXAHU3MbI NPOTEKAHUA
NMPOLIECCOB XOIr®

[ipu XOI'D ciou ocaxaaeMblXx MaTepHaloB 06pa3ylOTCS B Pe3YabTaTe
CJOXHBIX MHOTOMAapIIPYTHBIX U MHOTOCTaAMMHBIX TeTEPOTEHHBIX XU-
MHWYECKMX peakLMi Ha rpaHuLe pas3jesna: ras (rnap, rasopaspsiiHas rnnas-
Ma) — TBEpaoe Tesio (MOANOXKKA, M1ACTHHA C MOKPbIBAEMbIM (YHKLIMO-
HaJIbHbIM CJIOEM), MPOTEKAHWE KOTOPBIX ONpeaeseTcs Kak mpoueccaMmu
B raszoBoii ¢ase, Tak u MpoLeccaMy Ha MOBEPXHOCTH K B IPUITIOBEPXHOCT-
HBIX CNOSIX NMOMIOXKH [2, 6, 8].

TeTeporeHHass XMMHUYeCKast peakliMsl OCaXAeHH sl CJI0s 3aKIH0YaeTcs
B I0CIEIOBATENLHOCTH €AUHWYHBIX aKTOB BCTPAMBAHUST CTPYKTYPHBIX
COMHUL B MATPULLY pacTyilero cjosi. CTpyKTypHast eIMHHULA — 3TO MHHM-
MajlbHO BO3MOXHasi COBOKYMHOCTb aTOMOB B GivKaiilleil KOOpAUHALIM-
OHHOII cdepe, oTpaxarollas KOOPAUHALIMIO JaHHOTO aTOMa U 0COOEHHOC-
TU BCTpauBaHUSI ero B mMaTpuuy matepuana [20]. Hanpumep, ocHoBHas
CTPYKTYpHas €IMHULA ABYOKMCH KPEMHUS Si04/2, a HUTpHMAA KpPEeMHMUS
SiN, ;. Hapsity ¢ OCHOBHBIMM CTPYKTYPHBIMM EAMHHLAMM CBOWCTBA
OCaXIEHHOTO C/10S1 BO MHOTOM MOTYT ONpeae/siTh U HEOCHOBHBIC CTPYK-
TypHble eiMHULbL. Tak, B cnosx SiO, MOTyT NPUCYTCTBOBaTL 00PAa30BaHHs
co cesazsaMu Si-OH unu Si-H, Tte. SiOmOH, SiO, ,(OH), un HSiOm,
H,Si0,,, [20].

Oobnacrtu ra3oBoii ¢a3sl U MOBEPXHOCTHU MOMIOXKH, B KOTOPHIX IPO-
TEKalOT reTeporeHHbple XuMuueckue peakuun XOI'd cnoes, MOTYT ObITh
o0beNVHEHDB! BBEACHUEM MOHSTHsSI “peakliMOHHas 30Ha”, B obuieM ciy-
4ae TOJIIMHA PEaKIIMOHHOI 30HBI COCTABIISIET HECKOJIbKO aTOMHbIX pa3-
MEPOB OT TEKYLLEH rpaHULIbI Ocaxaaemoro cios [20].

PesynsTHpylomas TepMHUUECKY AKTUBMPOBAaHHas (TepMOaKTHBUPOBAaH-
Hasl) TeTeporeHHast XMMUYecKast peakiusi OCaxIeHHUs C10s HUTpUIA KpeM-
HHUSA U3 culaHa M ammuaka B nipouecce LP HT CVD Si;N, (SiH,/NH,)

2/2

3SiH, + 4NH, = Si,N, { + 12H, 1 (6.1)
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BKJTIOYAET B ce0s1 Habop YMCTO razodasHbIX peakLuii:

NH, S 1/2N, + 3/2H,, (6.1.1)
SiH, 5 SiH, + H,, (6.1.2)
SiH, + SiH, = Si,H,, (6.1.3)
Si,H, — 2SiH,, (6.1.4)
Si,H, = (SiH,), +nH,; (6.1.5)

peakuuii aacopOUMKU U AecOpOLUUH HCXOAHBIX peareHTOB U MPORYKTOB
razo¢a3HbIX peakLMii:

NH, 5 N (ad) + 3/2H, (2), (6.1.6)

NH, 5 N (ad) + 3H (ad), (6.1.7)

NH, 5 NH, (ad) - 1/2N,(g) + 3/2H,(g), (6.1.8)
SiH, - SiH, (ad), (6.1.9)

SiH, - SiH, (ad), (6.1.10)

SiH, - SiH, (ad); (6.1.11)

n pCaKL[I/Iﬁ B3aUMOAEUCTBUS aﬂ,COp6MpOBaHHbIX JacTHULl HA NMOBEPXHOCTHU
C O6pa30BaHMCM 0OCaXKJIaeMoro Cj10g HUTpUuda KpEMHUA:

SiN, ,NH, (ad) = Si,N, (ad) + H,(ad) - SiN,(s) + H,(®),  (6.1.12)
NSi, SiH, (ad) > N,Si; (ad) + 3/2H, (ad) = N,Si, (5) + 3/2H, (g), (6.1.13)

TZle UHAEKCHI g, ad U § OTHOCSATCSl K YacTHLIaM COOTBETCTBEHHO B ra3oBOi
tase, ancopObMpPOBaHHOM COCTOSIHUM M B COCTaBe TBEPIOTO OCAXIAEMOTO
() (o7 8

IMpuBeneHHast cxeMa MOXET CIAYXXUTb OCHOBOH A (GOPMYJIUPOBKU
0006ILIEHHONH KMHETUYECKOH Moaenu (cxeMbl) rnpouecca XOI'D ¢yHK-
LIMOHAJBLHOTO ¢Jiosi. JI1s1 MICXOMHBIX ra30BbIX peareHTOB A U B cymMapHasi
peakLusi IPUBOJUT K 00pa30BaHUIO CTPYKTYPHBIX €IMHHL] 0CaXAaeMOTO
ciost D v xoHeyHOro no6ouyHoro razoobpasHoro npoaykra C [20]:
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A(®) +B()~>D(s)+C(y. (6.2)

Peakuusi (6.2) npoTekaeT MHOTOCTaAUHO U, B OOLLEM Clly4yae, 110 HeC-
KOJIbKUM MapiupyTtam (cM. puc. 6). TlepBbiit MaplIpyT XapakTepu3yeTcst
CTaAusSIMU:

— o6pa3oBaHMs U3 UCXOAHBIX peareHTOB A U B B ra3oBoi ¢haze npo-
MEXYTOUYHOro rnpoaykra /;

— 00pa30BaHUS U3 HEIO KOHEYHOr0 MOOOYHOro ra3000pa3Horo npo-
nykra C.

BTopoit MapuipyT XapakTepu3yeTcsl CTaIUsIMU:

— obpa3oBaHUs U3 UCXOIOHBIX peareHTOB A 1 B B ra3oBoii ¢aze npo-
MEXYTOYHOro npoaykra /;

— B3aMMOJAEUCTBUSL MPOMEXYTOYHOTO NMpoAyKTa I ¢ MOBEpXHOCTHIO
pacTyLLEro cosi ¢ o6pa3oBaHMEM NMPOMEXYTOYHOIO NpoaykTa R;

— npeBpaulleHus NMPoAyKTa R B peakKLMOHHOI 30HE B CTPYKTYPHBIE
eAMHULBl GYHKUMOHAABHOrO ¢/1osi D U pereHepalym 3JeMEHTa YMCTOMN
MMOBEPXHOCTH.

W HakoHel, TPETUI MapLIPYT XapaKTEPU3YETCS CTAIUSIMMU:

— agcopOuuu peareHTOB A U B,

— WX B3aUMOJEWCTBUS B aICOpPOLMOHHOM clioe ¢ 0Opa3oBaHUEM
MPOMEXYTOYHOro npoaykTa R;

— npeBpalleHusi TTpoAyKTa R B CTPYKTypHbI€ €AWHULBI (PYHKLMO-
HajbHoOro ciosi D.

Puc. 6. O6006111eHHAsT KWHETHYEC-
Kasi Mmozesib nipouecca XOI'd

8 CJ104 Matepuana D Ha NMOBEPXHOCTDL
C.AB 5

NOANOXKH W B pe3yJisTaTe peakuru
A+B->C+D,raeAuB - ucxon-
HbI€ PEAT€HTHI; S — MOBEPXHOCTDH
pactyuiero cnos D; As 1 Bs — pe-
areHTbl B COCTOSSHUU aIcopOLKn

Ha noBepxHocTH §; [ 1 R — npome-
XYTOYHbIE NPOAYKTHI PEAKLIUH B
razoBoi pase v ancopOLIHOHHOM
CJI0€ Ha TOBEPXHOCTH S, COOTBETC-
TBeHHO; C — KOHEYHbIH NOGOUHbIi
ra3oo0pa3Hblil MPOAYKT peakLIMK:

| — peakTop; 2 — NOMTOXKOAEPXKa-
TeNb; 3 — peakUUMOHHAs 30Ha;

4 — nogaya UCXOOHBIX PEATCHTOB

B PEAKTOP; 5 — OTBOA PEareHTOB U
MPOAYKTOB peakluii U3 peakTopa




Mexanusmot npomexanus npoueccoe XOIdD 71\)

Bce u3noXeHHOe MOXHO NMpeICTaBUTh B BUE MATPULIbI CTEXUOMET-
pUYeCKUX K03(hMULUMEHTOB CTaaui, MpuBeaeHHO B Tab. 6 [20]. B naH-
HOM mipenctasiaeHUM npouecc XOI'D ¢pyHKUMOHANBHOTO ¢cjiost D OMUCHI-
BaeTCsl KaK CJIOXHasi peaklusl, MPOTEKAOHIasi Mo TPEM MNapalie/IbHbIM
MapuipytaM I, IT v 111, xaxawlit U3 KOTOPBIX SABSIETCA MHOTOCTAAUIHBIM.
Tak nepsbiit MapiupyT (I) cknansiBaetcsa u3 craauii 1 u 7, sropoii (I1) — u3
craguii 1, 5u 6, a tpetuit (1) — n3 cranmit 2, 3,4 u 6.

TaGmmna 6
Marpuua crexnoMeTpruueckux Ko3agGuureHToB cTanuit peakuuu (6.2)
Ne Craauu peakuuu Mapiupyre! peakui
I II III
I A+B=I 1 1 0
2 A+S=A 0 0 1
3 B+ S =B 0 0 1
4 A+ B;=R 0 0 1
5 [+S=R 0 1 0
6 R=D 0 1 1
7 [=C 1 0 0

Taxum obpazom, XOI'®P (yHKUHMOHANBHOTO CNOSI (POPMYAUPYETCS
Kak 3a1a4a XMMHUYECKOU KWUHETUKA MHOTOMapLUPYTHOW MHOTOCTaAMAHOM
peakuuu. B obuiem Buae takasi 3agavua Oblia peureHa B [21]. dnst aHanu3za
KOHKPETHBIX peakuuii HeoOXOAUMO 3HaHHE MOJHOro Habopa KOHCTaHT
CKOPOCTE!l OTAENbHBIX CTaAWM, YTO MPEACTABISET IKCNEPUMEHTAILHYIO
3aaa4dy OOJbLIOH CIOXKHOCTH, HO [UISl €€ PELIEHUSI MOXKHO HUCTIO/Ib30BaTh
TTO/AXObl TEOPUY KMHETUKH FreTepOoreHHOro Kartanuaa [20].

B Mexann3Me npoueccoB XOI'D ¢ HenmpepbIBHOI MTOAaYEH peareHToOB
MOXHO BBIIEJIUTb CeyIOLHEe OCHOBHbIE CTaiuM [2, 6, 20].

1. JlocTaBKa UCXOOHBIX peareHTOB (McxomHoro peareHta) (MP) (initial
reagent) B peakTop (peakUMOHHYIO KAMEPY YCTAHOBKH).

2. JlocTaBKa MCXOMHBIX PEAreHTOB B peakTope K IpaHUYHOMY CJIOIO
raszoBoit a3bl y MOBEPXHOCTH TIOMIOXKH.

3. locTaBKa UCXOMHBIX peareHTOB Yepe3 rPaHUYHBIN CION K peakuu-
OHHOI1 30H€e (30HE OCAX/EHMSI) Y TTIOBEPXHOCTH NOMLIOXKH.

4. IpeBpalieHre HCXOAHBIX PEAr€HTOB B MPOMEXYTOUYHbIE MPOAYKThI
(intermediates) B 30He ocaXaeHUs.

5. JlocTaBKa MCXOOHBIX PEATEHTOB M MPOMEXYTOUHBIX [IPOAYKTOB Ha
MOBEPXHOCTb MOMTOXKH.
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rae Z — XapaKTepUMCTUYECKMI pa3Mep PeakTopa; p, ¥ M, — MJIOTHOCTb U
BA3KOCTb ra3a, TeYeHUe raza MOXET ObITb JJAMUHAPHBIM (MPH Manbix R )
UM TypOyneHTHbIM (ipu 6oablinx R ). B mpoueccax XOI'® dynkumo-
HaJIbHBIX CJIOEB MUKPOCXEM UCTIONb3YeTCS JJAMUHAPHBII PEXMM TeYeHHUSs
rasa, TaK Kak fnpy TypOyJEeHTHBIX peXHUMax YBEJIMUUBAETCS BEPOSATHOCTD
3arpsiI3HEHUST TTOBEPXHOCTH MOMJIOXKHM YACTHMLIAMHM M CHUXKAETCSl PABHO-
MEPHOCTh OCaXIEHMUSI TUIEHOK.

W3-3a BI3KOCTH ra3oB y MOBEPXHOCTH MOLUIOXKKH, & TAKXKE ¥ CTEHOK
U ApYruX BHYTPEHHUWX MOBEPXHOCTEH 3JIEMEHTOB peakTopa oOpasyercs
rpaHUYHBIN ciiof (boundary layer) TOJIMHOI &, HA KOTOPOM JIMHEMHAS
CKOPOCTb T'a30BOTO TMOTOKa M3MEHSIETCA OT HYJISI Ha MOBEPXHOCTH TOM-
JIOXXKM IO CTaUMOHApHON CKOPOCTH CBOOOJHOIO JIAMHMHAPHOIO MOTOKA.
PeareHTsl nomxHbI 1udGyHIUPOBATh Yepe3 TPaHUYHBIN CIOM IS TOTrO,
YTOOBl JOCTHYb MOBEPXHOCTU MOMIOXKKH M BCTYNUTh Ha HEM B XUMHUYEC-
KYIO peakLiMIo ¢ o0pa30oBaHUEM IUJIEHKH OCaXXIaeMoro Marepuana U Ko-
HEYHBIX ra3000pa3HbIX MOOOYHBIX TPOAYKTOB.

IMpouecc XOI'® marepuania M Ha NMOMIOXKKY € MOMOIUILIO TEPMOAK-
TUBAPYEMOH peakLuM pa3IoXeHHs] ra3000pa3HOro UCXOMHOTO peareHTa
(M P) (initial reagent — ir) MR MOXHO NpeiCTaBUTb B BUAE

ke
MR, (g)l;:. M) +a/2 R, (g), (6.5)

r

rae R, — KoHeuHbl# razoobpastblit mo6ounslii npoaykt (II) (byproduct —
b) peakunu ocaxaeHust; k- ¥ k.. — KOHCTaHTBI CKOPOCTH MPSIMOit U 0Opar-
HOI peaklUii, cM/ceK; @ — CTEXMOMETPHUYECKUIT KOI(PPULIMEHT peaKLiMu
OCaXAECHHUS.

He nHapywas obuiHoctH paccMoTpeHus npouecca XOI'd marepua-
J1a, MOXHO TpeanoyioXuTb, 4To Moaekyasl UP andpdyHaupyior us cso-
0OMHOro XOpoIlUo NMepeMelIaHHOTO MOTOKA B 00beME peakTopa K MoBep-
XHOCTU pa3fiena ra3 — noJIoxXKa 4epe3 rpaHUYHbIA CHOil TONIIMHONA §.
BcnenctBue conpoTyBIEHHUs 3TOTO ciios AUddy3nn Ha HEM TTPOMCXOIUT
nepenan KoHueHrpaunu UP ot n, B 06beme peakTopa a0 n, Ha MoBepx-
HOCTU NMOJIOXKH.

Ha nosepxHocTH nmowioxku Mojekyibl UP pacnagatorcs ¢ obpaso-
BaHMEM aTOMOB OCAXIAaeMOro Marepvajia U KOHEYHOro razoobpasHoro
no6ouyHoro npoaykrta (I1IT), Monekynsl koTtoporo nugpdyHAUpPYIOT 00-
paTHO B 06EM PEaKTOpa C M3MEHEHHEM KOHLEHTPALIMU OT A, Ha MOBEPX-
HOCTH MOMTOXKH JIO 1, B 06bEME peakTopa.
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B cityuae 06paTUMOi1 XUMUUECKOM peakIH MepBOTo NOpsiaKa B Nps-
MOM M 06paTHOM HampaBJeHUSIX Ha MOBEPXHOCTH TOMIOXKKH CKOPOCThb
OCAXIEHUS MaTepraia OINpeae/sieTCs Kak:

V,=ln,,—n/K)YI(1/k,+1/B, +1/(B,K)p,],  (6.6)

rie K =k /k,— KOHCTaHTa paBHOBECHAI XMMHYecKo# peakuuu (6.5), 6/p;
B,=D/duB,=D,/ d—xo3ahbHUMEHTH MACCONIEPENAYN COOTBETCTBEH-
Ho ana VP u TIT peakuuu, cMm/cex; D, u D, — xoadduumreHTs Anddysnu
monekyn UP n IIH, cm¥/cex; Y — koapduument obpa3oBaHUs aTOMOB
OCaXJIaeMOro Marepuajia U3 ofHoi Monekyasl UP B xuMuuecKoit peakunu
(6.5), atom/monekyna; p, =(p'N /A — atoMHas IUIOTHOCTh OCaXIa€MO-
ro MaTepuana, aToM/cM>; p — TUIOTHOCTb OCaXIaeMOro mMaTepuana, r/cm>;
N, — umcyo ABoranpo, aToM/MOtb; A — aTOMHas Macca MaTepuaa, I/MoJib.

Ecau npsamas u obpatHasa peakuuu B (6.5) TepMOAUHAMHYECKH IKBH-
BaJIeHTHBI (k, =k,, K =1) win obpaTHasi peakiusi TEPMOAMHAMHYECKH
Oonee BbIroaHa, yeM npsamas (K, < k, K < 1), To obpasyloluecs aToMbl
ocaxzaaeMoro Matepuaia U Moekybl I1I1 He cTabunbHbBI IpU TeMNepaType
Y JaBJICHUM TIPOLIECCA OCAXACHUS H PearupyloT JAPYT C APYroM ¢ 00pa3oBa-
Huem Monekyn UP. Takue npoueccel XOI'®D Ha3bIBaOTCS TMMUTHPYEMBIMU
paBHoBecueM [2, 22]. HarpuMep, ecimn B npouecce AP HT CVD Si (SiCl,/
H,) ocaxaeHus cnoes aMUTaKCHATBHOTO KPEMHHUS TIPY aTMOCGHEPHOM 1aB-
JIEHVU B PE3YJIBTATE pEaKLIUH

SiCl, (g) +2H, (g) 5 Si(s) +4HCl (g) 6.7)

CHU3UTB TeMIlepaTypy npouecca MeHblue 1450°C wiIu NoBLICUTE €€ BhIIlE
1920°C, To OyneT HabnoaaThCs TpaBieHHE O0CaXIaeMOro KpeMHMS MoJIe-
kynamu HCI ¢ o6pazosanuem WP [3].

s mony4yeHus1 BbICOKMX CKOPOCTEH OCaXIEHUs! MaTepyuajioB B Mpo-
teccax XOI'® HeoOxoaMMo, 4TOO NpsiMast peakuys B (6.5) ObLTa TEpMOIH -
HaMHuecku 6ojiee BBIrOAHA, 4YeM 0OpaTHasi, T.€. BBIOJIHSAIMCh HEPABEHCTBA

k,>k, K> 1) (6.8)

Npy TemrliepaType ¥ OaBl€HUM MNpolecca ocaxacHusa. C yyeToM Hepa-
BEHCTB (6.8) BbIpaxeHue (6.6) MOXHO Mpeobpa3oBaTh K BULY

V,=n,Y/I(1/k +1/B.) p,l (6.9)
rie MHAEKC «1» B KOHCTAHTE CKOPOCTH NMPSIMOI peaKUMHU OMYLIEH.

6. 3aka3 Ne 1870.
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[lposeneM ananus Bbipaxenus (6.9). Ecim B, > k, To ckopocTs
XOTI'® marepuana GyaeT COBMajaTh ¢ UCTHHHOM CKOPOCTBIO XUMUYECKOA
peaklMy Ha IOBEPXHOCTH NMOMIOXKKHU (MTOBEPXHOCTU PACTYLIETO CJIOS Ma-
Tepuana), U KOHUeHTpauus mosnekysn MP B 06beMe peakTopa 6yneT paBHa
koHueHTpauud UP y nosepxHoctu nomnoxku, te. n, =n,_=n, . Takue
npoueccel XOI'D Ha3bIBAIOTCS IUMUTUPYEMbIMU KMHETHUKOI (TeTeporeH-
HOI CTanuei) WIM MPOTCKAIOWNMU B KMHETUYECKOH obnactu [2,22], u
IUIST HUX U3 BeIpaxXeHus (6.9) cnenyer

V,=knY/p . (6.10)

KoHCcTaHTa CKOPOCTH XMMHYECKO# peakliuu K CBA3aHa C BEPOATHOCThIO
XUMHYECKOM peaklnu € COOTHOLEHMEM [22]:

k, =(1/4)y eu =c ' [k/2rm))*T exp(-E , /kT ), (6.11)
rae o, =[(8kT,)/(rm_)]'? — cpennsis Teriosas ckopocTh Mosekyn UP;
¢, — NMPEN3KCIOHEHUMAIbHBI MHOXUTENb, HE 3aBUCALIMI OT TEMIepa-
Typbl; m_ ¥ T, — COOTBETCTBEHHO Macca M Temneparypa Mosekyn HP;
k — noctosinHas bonbliMana; E,  — 9Heprus akTMBaUMK XMMUYECKOM pe-
aKkLMKU OCaxX/IeHUs MaTepHaa; T, — TeMIepaTypa MOMUIOXKH (MJIaCTHHBI).

B obuiem ciyyae wis npoueccos XOI'D temnepatypnl 7, u T otan-
YaloTcs APYT OT APYyra, XOTS U HaXOAATCS B POMOPLMOHAILHOI 3aBUCH -
MocTH: yeM Bbllte T, Tem Gonbuie 7. B uaCTHBIX C1yyasnx, Hanpumep s
TpyOUYaTOro peakTopa ¢ «ropsiueit CTEHKOM» 1 NPOTSIXeHHOH (00beMHOI)
peakuuoHHo# 30Ho#, T, = T,. Temnepatypa T,, KOTOpast Takxe ONpene-
JIIeT TEMTEPATypy PECaKLMOHHON 30HbI, YaCTO HA3bIBAETCS TEMIIEPaTYpOii
npoiiecca ocaxaeHus (7).

W3 Boipaxenunii (6.10) u (6.11) caeayet, uTo B KUHETUYECKOI 0b1acTu
CKOpOCTb U paBHOMepHOCTh XOI'D MaTepuana onpeaeasiorcsi 3HaYeHMs -
MU UM pacripeleieHUsIMU SHEPTUM aKTUBALUUKU W TEMIEPATYPHI O MOBEp-
XHOCTH MOJUIOXKKHM (riacTuHbl). PacnipeseneHue aHepruu akTUBAUMU 1O
TTIOBEPXHOCTY MCXOAHOM MOMUIOXKKU WM PACTYLIEro CJI0si MaTepuaa CBs-
3aHO ¢ TeM, UTo Moekyabl P (Mu mpoMeXyTOUHbIX TPOAYKTOB) BCTYIIA-
10T B peakUMIO MEXY COB0 Ha aKTUBHBIX LIEHTPAX MOBEPXHOCTH (LIEHTpaX
agcopOUKM). AHAIOTUYHBIM 00pa3oM, 00pa3oBaBiliMecs Ha TTIOBEPXHOCTH
CTPYKTYpPHbIC €IMHHULIBI OCAXKAAEMOI'0 MaTepHaia BCTPauBalOTCsA B pacTy-
LIHIii CJTOM TOXE Ha aKTUBHBIX LIEHTpaxX. AKTUBHbIE LIEHTPbI MPEACTABISIOT
¢000¥i MOBEPXHOCTHBIE ATOMbI CO CBOOOAHBIMU BaJIEHTHOCTSMHU UJIH y4ac-
TKU MOBEPXHOCTHU C MUHMMAIbHOM CBOOOIHOM sHeprueii [23].
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CKopocTh ocaxiaeHus maTepuana B rnpoieccax XOI'dD, nporekaro-
LWHUX B KUHETMYECKON 061aCTH, CUABHO (IKCMOHEHUHMAIBHO) 3aBUCUT OT
TeMIEpaTyphbl NOANOXKH (M. chopmyabl (6.10) u (6.11)).

Ecau £ > B,, To cKOpPOCTb OcaxaeHus marepuana OyaeT onpene-
JaTbCA CKOpOCThiO Anddy3nnu Mosekyn UP (uan npoMexXyTouHbIX Npo-
AYKTOB) K MOBEPXHOCTH MOMIOXKKHU (TNIACTHHBI), U n, > n, . Takue npo-
ueccel XOF'®D maTtepuanoB Ha3bIBAIOTCS JUMHTUPYEMBIMH Iubdysueit
WIM TIpOTEKAOWMUMU B AUPODY3MOHHOM obnacTu [2,22], u oiasi HUX U3
(6.9) cyuetom B, =D, /B u D, =(1/3) \ G, crenyer

V,=(D,/d)yn, (Y /p,) = (/3)(N/)BK)/(wm )" T " n_(Y/p,),
(6.12)

roe A, — CpeliHas UIMHa cBobonHoro npodera mosnexyn UP.

OueBunHO, uto HabnonaeMas B 1M dy3MOHHOI 061aCTH MAKPOCKO-
nuyecKkas KMHETHKA OCaKAeHNWsl MaTepyalia He UMeeT HUUYero obuiero ¢
UCTUHHOW XMMUYECKOH peakliMeil Ha MOBEPXHOCTH MOMIOXKH (MJIM pac-
TyLIEro cjios). B 3ToM ciiyyae cKOpocTb ¥ PaBHOMEPHOCTb MPOLIECCOB
XOI'd MatepraioB ONpeaensioTcs 3Ha4eHUEM U pacrpeseeHUEM KOH-
ueHTpauuu monexyn UP (Mau npomexXyTOYHBIX MPOAYKTOB) Yy MOBEpX-
HOCTH Moa1oXKU. Bee xuMHuueckue peakumnu B IMDGOY3MOHHOM 06/1aCcTH
MMEIOT MEPBbIM MOPAAOK MO KOHUEHTpauuu mojekyn UP npu nocrosiH-
HOM [aBJICHUM B pEaKTOpE, HE 3aBUCAT OT KOHKPETHbIX OCOOEHHOCTEMH
XMMUYECKOTO MEXAHU3MA OCAXAEHUS MaTEPUAJIOB, @ UX CKOPOCTU pa3iiv-
qaloTCA TONbKO KoahduuneHTaMH andbdy3uu Moaekya ucnosb3yeMoix UP.

[NpakTuueckuMu Kputepusamu audy3MoHHONU 06JacT MpoLEeccoB
XOT'O® sapnsiores:

— 3arpy304Hblii a¢pdekT, T.e. HabIOIaEMOE YMEHbILIEHE CKOPOCTH
OCaXIEHHUS C YBEUUECHUEM TUIOLLAAY MOMTOXKHU;

— U cyabasg 3aBUCUMOCTb CKOPOCTHU OCAXIAEHUST MaTepuasia OT TeEM-
neparypbl MOAIOXKH (riactulbl) T (cpaBHUTe hopmysbi (6.10) u (6.11)
¢ bopmynoii (6.12)).

Ha puc. 7 npuBeneHa TMnnyHas 3aBUCMMOCTb CKOPOCTH TEPMOAKTH -
BUpOBaHHBIX npoueccoB XOI'D maTepuanoB oT TeMnepaTyphl ¢ Mepexo-
JIOM U3 AU Py3MoHHOI 061aCTH B KWHETUYECKYIO 001aCTh.

TeopeTHyecknM KpUTEpUEM, ONPEAENSIOLIMM, B KaKoit 061acTH Mpo-
rekaet npouece XOI'd matepuaia B iaHapHOM PeakTOpeE ¢ OAMHAKOBbI-
MM 3/1EKTPOJAMH PAIUYCOM 7, U MEXIIEKTPOHBIM PaCcCTOSHHEM Heg, SIB-
ssetes kputepuit Tumne (Tille’s number) ® [24];

O*
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® = (k;r)/(H,D,). (6.13)

[Mpu & = 0,1 npouecc XOI'® nporekaeT B KHHETHYECKOI 06aCTH,
anpu @ = 10 — B auddysuonnoit obnactu. Ecan 1 < @ < 10, to npo-
uecc XOI'P nmporekaer B nepexoAHOH 06J1acTH, IUIsi KOTOPOil CKOPOCTh
OoCaXICHMs onpeaessieTcs U3 BbipaxeHus (6.9).

LoVgA

Juddysuonnas obnacts
(orpaHuYeHuUe npouecca
OC&KAEHHUSA CKOPOCTHIO
JOCTABKH U OTBOIA
peareHToB)

Kunernueckas obnactb
(orpaHuyenue rnpoiecca
OCaXI€HHA CKOPOCTHIO
MOBEPXHOCTHBIX XMMUUYECKHX

peaximii)

Yroa HakaoHa:

- _Eacl/ k

L

Huskue Temnepatypel | /T

Bricokue Temneparypsi

Puc. 7. TunuyHas 3aBUCUMOCTb CKOPOCTH OCaXAEHHs V, TEPMOAKTUBUPOBAHHbIX

npoueccoB XOI'M matepranos ot remneparypbl T ¢ NEPEXOAOM U3 KHHETHYECKOMU

obaactv B auHy3MoHHY o6nacTh: E | — 3HEPrusi akKTHBALMH XUMHUUYECKON
peakumu ocaxaeHus; kK — nocrosiHHas bosnbumana

Ha nepBblii B3IISIA KaXKeTCs MPUBJIEKATEAbHbIM TPOBOIUTH MPOLIECCHE
XOTI'®D matepranos B auddy3MoHHOI o6nacTH g obecrneyeHUs: MaKCH-
MAJTBbHBIX CKOPOCTEH ocaxaeHus. OaHaKo, ¢ ApYroi cTopoHbl, B 1Mpdy-
3MOHHOM 007aCTH TPYAHO KOHTPOJMPOBATb PAaBHOMEPHOCTb OCAXKIEHMS
TJICHKK MO TOJILUMHE MO BCeit MOMLIOXKKE, KOTOpasi 3aBUCHT OT paBHOMEP-
HOCTH pacnpeae/ieHUsl peareHTOB B ra3oBoit ¢ha3e Hal MOBEPXHOCTHIO MO~
JNoXKH. Pacnpenenenuie peareHTOB B ra3oBoi (pase onpenensercs JUHA-
MMKO# ra3oBbIX MTOTOKOB B peakTope, a Cl1eJ0BaTelbHO, pABHOMEPHOCTD
pacnpene/ieHUs] peareHTOB TPYAHO KOHTPOJIMPOBATh U3-3a CJIOXKHOH reo-
METPUU BHYTPEHHUX YaCTeN peakTopa.

Kpome Ttoro, obecnedyeHve auddy3voHHOH 06JacTM NPOLECCOB
XOI'd MexcnoiHOH M30asILUMHU TpeOyeT BHICOKUX TeMIleparyp ocaxuie-



6. 1. Ananu3s MexaHuamMo6 mepmMoaKmueupoeanHoix npoyeccos XOIp 82)

HUsI, KOTOPbIE MOTYT MPEBbICUTb A0NYCTUMbIE TEMIIEPATYpPbl CTAGUIBHOC-
TH aIOMMUHMEBOU METalIU3alUMU MUKpocxeM. [To3ToMy MeXCoitHYlo
U30MISILMI0O MUKPOCXEM OCaXJalOT OObIYHO B KMHETHUYECKOM 061acTh ¢
THIATEAbHBIM KOHTPOJIEM 3HAUYEHUS] TEMIIEPATYPbl U PABHOMEPHOCTH €€
pacnpeaeseHusl 1Mo MOBEPXHOCTH MOANOXKM (IIACTUHBI), OCOOEHHO B
KpaeBbIX 06GMacTAX. DTO HAKIANbIBAET NOMNOJHUTENbHbIE TPeGOBaHUA K
KOHCTPYKLIMSIM CUCTEM HarpeBaHus MOMIOXEK.

Jns peanusauun npouecca XOI'd marepuana MoseKyabl UCXOAHBIX
peareHTOB (MP) nomxHbl cHayana aacopOUpoOBaTbcsl Ha MOBEPXHOCTU
NOJJIOXKH. B peakLIMOHHOI 30HE WK NpU axcopOLnu Mosiekyibt UP Mo-
TYT MpeBpalaThCcs B MpoMexyTouHble npoaykthl (ITP). Hanpumep, npu
XOTI'® nnenku SiO, B npouecce LP LT CVD SiO, (SiH,/0,) (cM. Taba. 1)
Mo peakuuu

400°C
SiH, (g) +O,(g) = SiO,(s) + H,(g) (6.14)

MOJIEKYJIbl CHJIaHA B PEaKLIMOHHOM 30HE YaCTUYHO MpeBpaLlaloTes B Ipo-
mexyTouHble nmpoaykThl SiH,, SiH, u SiH, a 3atem Bce BMecTe ancop6u-
PYIOTCSl Ha CBOOOAHBIX LIEHTpax aacopOLum (3axBaTa) MOBEPXHOCTH MO~
JIOXKHM COTTAaCHO peakuusm {6]:

SiH, (g) + s - SiH, (ad), (6.14, )
SiH, (g) + s~ SiH, (ad), (6.14, 6)
SiH, (g) + ' = SiH, (ad), (6.14, B)
SiH (g) + s~ SiH (ad), (6.14, 1)

rae s — cBOOOMHBIN (aKTUBHBINA) LEHTP aAcOpPOLMM MOBEPXHOCTH TOX-
JIOXKH.

Kak BuaHo, peanuzauusi peakuuii (6.14) TpeGyer Hanuuus Kak pea-
TE€HTOB, TaK U CBOOOAHBIX LEHTPOB aACOPOLIMM Ha MOBEPXHOCTH MO/JI0X-
KU. Pa3Hble peareHThl UMEIOT pa3inyHbIE BEPOSITHOCTHM aacopOLMU Ha aK-
TUBHBIX UEHTpax MoBepXHocTU. Hanpumep, y NpOMeEXyTOYHOTO NPOAYKTa
SiH, BepoATHOCTb ancopbuMM Ha aKTUBHBIX LIEHTpax MoBepxHocTel Si v
SiO, 3HaYMTENBbHO BbILIE, YEM Y MCXOAHOro peareHTa SiH,, T.e. yacTu-
ua SiH, umeer Gonee BbICOKMI KO3GGbULMEHT nmpuiannaHus (sticking
coefficient) K 3TUM MOBEPXHOCTSAM, YEM MOJIEKYJIA UCXOAHOTO peareHTa
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SiH,. Taknm 06pa3oM, naxe eciiv B razoBoil ha3e KOHLEHTPALMUS MOJIe-
Ky SiH, 3HaunTENbHO BhIlLE, Yem mMonekyn SiH,, Ha noBepXHOCTH noa-
JIOXKM HabmonaeTcst odpaTHas cutyauust, v yactuiibl SiH, urpaior nomm-
HUDYIOULYIO POJIb B peaKUMK ocaxaeHus rieHku Si0,.

MonexyJibl KUCI0poaa HE AUCCOLIMMPYIOT B Ta30Boii ¢ha3e peakuu-
OHHOIA 30HbI MPHU Temnepatypax ocaxaenus SiO, (400 — 450°C), Ho mo-
TYT AUCCOUMUPOBATD MPU aACOPOLIMH HA TTOBEPXHOCTH MOMTOXKKHU

O, (g) +2s" = 20 (ad). (6.15)

[locne ancopOGUMM Ha MOBEPXHOCTH MOAMOXKH MOJIEKYJIbI U aTOMBI
MCXOIHBIX PEATEHTOB U MPOMEXYTOUHBIX MPOAYKTOB MOTYT OCTaBaThCs
(PUKCUPOBAHHBIMU Ha LEHTPAxX aACOpOLIMY A0 OCYLIECTBACHUS peaKLMH
ocaxIeHusi Marepuana Wi MUTPUPOBATh MO MOBEPXHOCTH OT OJHOrO
CBODOAHOIO LUEHTPA K APYTOMY, TOKA OHU HE BCTYIIST B PEAKLIMIO OCAXKIE-
Hus. B nepBom ciayyae nMpoucXoauT XeMocopOLus (XUMUiecKas aacopo-
UMsl) yacTUll ¢ 00pa3oBaHKUEM MPOYHbBIX KOBATEHTHBIX CBSI3€i C AaKTUBHBI-
MU LEHTPaMK MOMIOXKH, TOFAA KaK BO BTOPOM CJIyYae OCYIIECTBIISAETCS
¢usnyeckaa agcopbums yacTyl ¢ nomMoulplo 6osee cnadbeix cun BaH mep
Baanbca, ro3BosisiioliuX ABMXEHHUE YACTUIL IO HOBEPXHOCTH MOMUTOXKH.

[TosBepxHOCTHas MUTpPALIUs] OCYLLECTBISIETCS JIMOO C MOMOLUBIO NPO-
uecca rnoBepXHOCTHOU Anddy3uu, U060 ¢ MOMOLIbIO MPOLIECCOB AeCop-
OUMM C OOHUX LEHTPOB MOBEPXHOCTH C riocaedyiollcit peaacopOuuei
(moBTOpHOWM agcopOuueit) Ha Apyrux ueHTpax. KoadbduureHT noBepx-
HocTHOM Anddysnn D, ancopGupoBaHHbIX YaCTHLL OMPEAeNseTCs Bblpa-
KeHueM [2]

D, = D, (1-8)-exp(—E /kT,), (6.16)

rae D, — MHOXWTENb, HE 3aBUCSLIMIA OT TEMMNEPATypbl; § — 1015 LEHTPOB
aacopOUMVY TTOBEPXHOCTU MOMIOXKH, 3aHATBIX aJCOPOMPOBaAHHbBIM ra30M
(10N TOBEPXHOCTU MOMIOXKM, 3aHsITasl aacopOMpOBaHHBLIM ra3om);
(1—-0) — nonst ¢cBoGOAHBIX (aKTUBHBIX) LEHTPOB aACOpOLUMM; k — TOCTO-
sinnas bonbumana; E  — 3Heprus akTMBaLIMM NOBEPXHOCTHOM N Py3nu;
T, — TemMniepaTypa MOUTOXKH (TJIACTUHBI).

[Tpolieccrl ancopOUMK M 1eCOPOLIUM Fa30BbIX YaCTUL, (MOJIEKYJT, aTO-
MOB, paauKajoB) onuceiBatoTcs Teopuei Jlenrmiopa [2]. CornacHo 3Toii
TEOPHUH ra30Bbl€ YACTULIbI AACOPOUPYIOTCS UM KOHAEHCUPYIOTCSl HA MO~
BEPXHOCTH, €CJIU TIONAAa0T Ha CBOOOIHBIN LIEHTP afcopOLIMK, HO ECOp-
OMPYIOTCST WM MCMAPSIOTCS, €C/TM MOMNaAaloT Ha 3aHSIThIM LEHTP aacopo-
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umu. INotoxk KoHAeHCHpYIOWHMXCS (AACOPOUPYIOLUMXCS) HA MOBEPXHOCTH
MOJUIOXKH ra30BbIX YACTHLL ¢, ONPEACASETCS BhIPAXEHHEM

g, =k, P (1-9), (6.17)

rae k,,— KOHCTaHTa CKOPOCTH KOHAeHCauuk (aacopbumu), ydactuu/
(cMm?c-aT™); Peg — paBHOBECHOE [AaBJIEHUE ra30BbIX YacTULl (ra3a) Ham Mno-
BEPXHOCTBIO MOMTOXKH, aTM.

TTorok ucnapsitouinxcst (AecopOUPYIOLIMXCA) C MTOBEPXHOCTH TOMA-
JIOXKH ra30BbIX YACTULL ¢, MOXHO MPEACTaBUTh KaK

q.=k, 9, (6.18)
rae k, — KOHCTaHTa CKOPOCTH UCTIapeHus (aecopbumn), yactuu/(cm*c).
DTO clieAyeT U3 TOFO, YTO MPU MOCTOSIHHOM TeMIepaType MOTOK Aecop-
OuMM (McnapeHust) ra3oBbIX YaCTHUL C MOBEPXHOCTH 3aBUCHT TOJbKO OT
KOJIMYeCTBa a1copOripOBaHHOTO rasa.

[Tpu paBHOBeCcHU 00a 3TUX MOTOKA AOMXKHBI ObITh PaBHBI, U, KOMOM-
Hupys dopmysbl (6.17) u (6.18), nerko mony4uTb BhipaxkeHWe s U30-
TepMBbI ancopbuuu JleHrmiopa:

0=k, P/ ke T K P (6.19)

B npenesie npu Majsom 3anojiHEHMU NMOBEPXHOCTH (K, > k) KO-
JUYECTBO aJcOPOMPOBAHHOTO Tra3a IMpsMO MPONOPLMOHANBHO [AaB-
JeHuio rasa. Bchywae, korma 3aHsTa Oonblliasi 4acTb MOBEPXHOCTH
(k,,> k), usorepma JleHrmiopa faeT npeaeabHOe 3Ha4eHUE KONUYECTBA
aacopOMpOBaHHOTO rasa.

AncopGLHOHHOE PaBHOBECHE MOXET ObIThb TAKXKE BBIPAXEHO uepe3
paBEHCTBO CyMMapHOT0 NMOTOKa KOHACHCAMK U CYMMapHOTO MOTOKa HC-
rapeHus ra3oBbIX YACTHULL COTIACHO 3aKOHY AeHCTBUSA Macc [2]:

('\/C'Pg )/(zﬂmgk T)I/Z = nud'v'exp(_Edes /kT)’ (620)

rae vy, — KO3(pGUUMEHT KOHIEHCALMU; Pg — JaBJIEHWE rasa WU rapa
HaJl MOBEPXHOCTBIO TOMNOXKM; m, —Macca MOJeKyl rasa (napa);
k — noctosiHHasi bonabuMana; 7 — TemMnepatypa MoJeKyJ raza M rnoBepx-
HOCTH NOLTOXKH (T = Tg =T); n,, — KOHLEHTpaLUsl aficOPOMPOBAHHBIX
ra3oBBbIX YACTHUI[ HA TIOBEPXHOCTH; v — YacTOTa MOBEPXHOCTHLIX Kosieba-
HUI acOpOUPOBAHHBIX YacTull; £, — 3HEpPrus akTUBALMK TpoLecca e-
copOLUMU aACOPOMPOBAHHDBIX YAaCTHLL.
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B cooTBeTcTBUM ¢ ypaBHeHueM (6.20) Pg , Iaxe He sABISASICh paBHO-
BECHBIM JlaBjieHHeM ra3a (Imapa) no OTHOLUEHMIO K TBepaoi ¢ase, Bcerna
HaxXOAMUTCs B PaBHOBECHM C KOHUEHTpAlMeil MOHOCJONHO aacopOupo-
BaHHOrO rasa (mapa). Ypasuenme (6.20) cnpaBeaiuBo ISl TOBEPXHOCTH,
HaXoOAILEeHCs B KOHTAKTe ¢ OAHOPOAHBIM ra3oM (MapoMm), UMEIOLIMM JaB-
neHue P, WM [UIst TOBEPXHOCTH, 06Iy4aeMOii MOJIEKYISIPHBIM MyYKOM C
WHTEHCUBHOCTLIO ¢.. B mocnenHem ciydae (hakTMdecKoe naBleHUe Onpe-
nenseTcs Kak [2]:

P =g Quwm:kT,) "y, (6.21)

rae 7, — Temneparypa MOLTOXKH.

[ToBepXHOCTHAsT MHTIpalMsl WIrpaeT BaXHYI0 pojb B obecreue-
HUM KOH(MOPMHOrO MOKPBITHSI CTYNEHEK TOMOJOTMYECKOro penbeda.
Hanpumep, npu ocaxnenun mieHok SiO, B npouecce LP LT CVD SiO,
(TEOS/0,) ¢ noMouIbio TEpMOaKTUBUpYeMOIi peakuyy B cucteme TEOS/
O, monekynst TEOS BHavane ¢pusniecku aacopbupyioTcst Ha MOBEPXHOC-
TH ITOMJIOXKHW U 00J1afaloT MOBEPXHOCTHOM MOABMXHOCTBIO IO UX XEMO-
COpOLIMY ¥ BCTYTUIEHUS] B peakliMio, Torga Kak Mpu OCaXAeHUH TIEHOK
SiO, B mpouecce LP LT CVD SiO, (SiH,/O,) ¢ noMouipio TepMOaKTUBHU-
pyeMoit peakunu B cucteme SiH,/O, monexynn SiH, cpa3sy amccouna-
THBHO XEMOCOPOMPYIOTCS Ha MOBEPXHOCTY ¢ oOpa3oBaHueM yacTuil SiH,,
KOTOpPbIE HE MOTYT MUTPHUPOBATh MO MOBEPXHOCTH 0 BCTYILUICHUS B pe-
akumio. B pesynbrate nienka SiO,, nonyuaemas u3 cuctemsl TEOS/O,,
KOH(OPMHO OCaXIaeTcs Ha TOMOJOTHYECKUi penbed, a miieHka SiO, u3
cucremsl SiH,/O, n1oxo NOKpeIBaeT CTyMeHbKM penbeda [6].

IToBepxHOCcTHas nugdy3nst sABASETCS CYLIECTBEHHOM COCTaBJsAIO-
wei npouecca XOI'® LP HT CVD Si (SiH,) anutakcuanbHbIX MieHOK
MOHOKPUCTAJUIMYECKOTO KPEMHMSsI, IMOJyYyaeMbIX pa3ioXeHHEM CulaHa
npu Temneparype ocaxueHus T,>900°C u nasneHuu p = 1-25 Topp, ¢
MOMOIIbIO KOTOPOH OCaXHaaeMble aTOMbI KPEMHHUS JIBUTalOTCA B HaM0OO-
Jiee SHepreTUYECKM BBITONHbIE COCTOSHUS Ha TIOBEPXHOCTH, & UMEHHO: B
LEHTPbl KPUCTAJUIMYECKOI peIIeTKH Ha KPalo BLICTYIA KPUCTA/UIMYECKOM
mockocTH {2, 3].

TeTeporeHHasi peaklius Ha MOBEPXHOCTH TIOMIOXKHU MEXAY aacopOu-
POBaHHBIMHM YacTMLAMM cuiaHa u Kuciopoaa B cucreme SiH,/O,, dop-
Mupyowas mieHky SiO,, BK1IoYaeT B ce6s CIOXHYIO CEPUIO JIEMEHTAp-
HBIX aKTOB. CKOPOCTb OCaXXAEHUS TUIEHKH IBYOKUCH KPEMHHUSA 3aBUCUT He
TOJILKO OT TEMIEPATYPhl OCAXIEHHUS, HO TAKXKe M OT CKOPOCTEH ra30BbIX
MOTOKOB peareHTOB. [1pyM HM3KKX MapLUaIbHBIX JaBAeHUSAX CUJIaHa CKO-
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POCTb OCaXIEHHUs ITPONOPLIMOHATIbHA CKOPOCTH MOTOKA (pacXoiy) CHjaHa,
NOTOMY 4TO B 3TOM CjIy4ae TOJAbKO MaJiasi 10Jisi CBOOOIHBIX LEHTPOB aICOP-
Guuu 3aHsATa cunaHoBeiMu Yactuuamu (SiH,, SiH,, SiH, u SiH). IosTomy
CKOPOCTb OCaXIEHUSI MOXET ObITh YBEJIMUEHA C TIOMOLLBIO pOCTa TapLK-
aJIbHOTO HaBjieHMs (CKOPOCTM MoOToKa (pacxona)) CUiaHa. YBeJMueHue
MOTOKa CWjlaHa MMeET TPaKTUYECKMIT Tpenesi, KOoraa napluualbHOe AaB-
JIEHHE CHJIaHA CTAHOBUTCSI U3ObITOYHO GOJILLUMM, HAUMHAET MOSABASATHLCS
MaToBOCTb TUIeHKHM Si0,, CBA3aHHas ¢ BOSHUKHOBEHMEM FOMOTEHHBIX a-
30¢ha3HbIX peaKIHii.

CKOpOCTb OCaXIEHHUS TAKXKE BHayaJie YBEIMUMBAETCS C POCTOM MO-
TOKa KMCJI0pOJia, IOCTUTrasi MAKCUMYMa, a 3aTeM YMEHbILAETCS MPH BbICO-
KMX NMapuUMaibHbIX 1aBjeHUsIX Kucnopona. [1pu MakcuMaabHON CKOPOCTH
OocaXIeHMSI OTHOIIIEHUE KUCIOpOol/CuiaH B paboyeil cMecH yBEJIUYMBa-
€TCS C MOBBILIEHUEM TEMIIEPATYPbI OCaXAeHUd [6].

CHUXEHME CKOPOCTH OCaXAEHUS MPU OYeHb GOJIbILMX OTHOLUCHUSIX
O,/SiH, cBA3aHO ¢ YMEHbIUIEHHEM KOJMYECTBA CBOGOIHBIX LIEHTPOB al-
CcOpOLMM Ha MOBEPXHOCTHU /I CUJIAHOBBIX YAaCTUL, TaK KaK 060JbIUHMHCTBO
U3 HUX 3aHSTO ancopOMpOBAaHHBIM KHCAOpPOAOM. Takoil 3amemsiioiui
3 deKT Takxke HabmogaeTcst, koraa B npoueccax XOI'® ucnosb3yiorcst
Ipyrue ra3oBbie 100aBKU, HAMTpUMeD, Jerupytoue [3].

Tak Kak mpolecChl OCaXIECHUST SIBASIIOTCS MOBEPXHOCTHO-aKTUBUPO-
BaHHBIMM PEAKLIUSIMU, COCTaB, CTPOCHUE M YC10BUsI TOBEPXHOCTH MOUIOXK-
KM MOTYT 0Ka3aTh CHUJbHbINA 3¢ (eKT Ha napameTpsbl MPOLECCA OCAXKACHMUSI.
XUMHYECKUE TIPUMECH Ha MOBEPXHOCTHM MOTYT BO3[AEHCTBOBaThH JHOO Kak
KaTaJiu3aTopbl, TMO0 KaK MHHTUOUTOPbI CKOPOCTU POCTa. PaziuuHbie CBOMC-
TBa MOBEPXHOCTH, TaKHe KakK ruapodoOHOCTb U TMAPOPHUILHOCTL, MOTYT
3HAUYUTEJbHO U3MEHSATh CKOPOCTb OCaX/ICHUS IPH HEKOTOPBIX YCJIOBUSIX.

B 0011ieM, MOBEPXHOCTHBIE 3arpsi3HEHUs! BbI3bIBAIOT AeEKThI B OCaX-
JNaeMbIX THICHKAX, TAKME KaK 4YacTHMLbl, TPOKOJIbI, IMKH, TJIOXasd aAre3us,
MaTOBOCTb MJIEHKU, JOKAJIbHblE U3MEHEHUS] TONLIMHBL M T.A. O4KcTKa No-
BEPXHOCTU MOMOTaeT AOCTHUYb JAyullieil ONHOPOAHOCTU U BOCIPOU3BOAU-
MOCTH XapaKTePUCTUK OCaxXaaeMbIxX rieHoK. Kpome Toro, Tononoruyeckui
pesibed MOBEPXHOCTH MOXET U3MEHSTh JIOKAJIbHbIE KOHDUTYpaLIMK ra3oBbiX
MTOTOKOB, MPUBOAS K JIOKaJIbHbIM U3MEHEHUSIM XapaKTEPUCTUK IMJICHOK.

151 NOBEpXHOCTHOM peakunu OCaXAEHUS TIJIEHKU ABYOKUCH KPEM-
Hus B nipouecce LP LT CVD SiO, (SiH,/0,)

SiH, (ad) + O, (ad) = SiO, (ad) + 4H (ad) (6.22)
4H (ad) > 2H, 1 (6.22,2)
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ancopbuposaHHbie aToMbl Bogopona H(ad) u ceoGonnbiit Bogopon H, siB-
JISIOTCS ra3000pa3HbIMU KOHEYHBIMU NOOOYHBIMU MPOAYKTAMHU MTpoliecca
ocaXIeHMs. AnCOpOUPOBAaHHBIA BOAOPOAHBIK atoM OyaeT AuddyHAU-
pOBaThb MO MOBEPXHOCTH MOIOXKH, ITOKA OH HE BCTPETUTCS C APYTHUM
aTOMOM BOJOpOAa, YToObl 00pa3oBaTh aACOPOMPOBAHHYIO MOJIEKYTY BO-
nopona H,. Mosnekyna Bogoposa MOXeT 3aTeM AecOpOMpOBaThCS C I10-
BEPXHOCTH MOMJIOXKKH, NpoiUudPYyHIMPOBaTh Yepe3 rpaHUYHbIA COi B
00J1acTh MOTOKA W YOAIUTLCA U3 peakTopa. Eciau koHeyHble MoGOYHbIE
MPOAYKTbl MPOLECCa OCAXACHWS HE YNAISIIOTCS, TO OHU MOTYT CTaHO-
BUTBCS OTPaHUYMBAIOIIUM (haKTOPOM ISl AajibHEMILEro NMpoBeaeHUs pe-
aKLMUU OCAXKIEHMUSI.

Ucxons u3 Toro akra, 4To peakuust ocaxneHus mieHku SiO, n3
cuctemsl SiH,/O, reHepupyeT MHOTO aTOMOB BOLOpPOAA B GJIM3EXAIIMX
LEHTpax aacopOLUMH MOBEPXHOCTH MOJJIOXKKH, TO 00pa3oBaHHUE MOJIEKY
BOAOPOLA M UX JIeCOPOLUS C TTOBEPXHOCTH N0JXKHA ObITh OBICTPLIM IPO-
ueccoM. OAHAKO MpU HUBKKUX TeMIepaTypax ocaxiaeHus JecopOimns Mo-
JIEKYJT BOAOPO/Ia MOXET CTAHOBUTBLCS TMMUTHPYIOILEH CTalMei rnpouecca
OCaXIEHHUS TUIEHKU ABYOKHUCH KPEMHHUSI.

Korna opranuyeckue coenMHeHus, takue kak TEOS, ucnons3yiorcs
B KayeCTBE MCTOYHMKA KpeMHUs B npoueccax XOI'd nienok SiO,, Ko-
HeuHble MOBOYHbIE MPOLYKTHI PEAKUMH OCaXIEHHS COCTOAT U3 CIOXHBIX
OpraHUYECKUX MOJIEKYJ, KOTOpPblE TaKXe HOJXKHbI AeCOpOMpPOBATHLCS C
NMoBepXHOCTH. He MosHOCTbIO yAaneHHbIe, TaKUe MOJIEKYJIbI MPUBOISAT K
BHEIPEHHIO YIiiepoaa U ApYrux 3arpsi3HeHU N B OCaXAAEMYIO TUIEHKY ABY-
OKMCHU KPEMHMUSI.

Jnst ynpolueHUst aHain3a HaXOXAEHUSI AMMUTHPYIOLLIEH CTagUU Tep-
MOAaKTUBUPOBaHHBIX npoueccoB XOI'D marepuaioB Bce TIEpeYMCIeHHbIE
B HayaJie 3TOro pas/iea CTallu MOXHO BbIAEIUTD B TPH TPYIITBL:

1) rasodasHasi nocTaBKa peareHTOB K OBEPXHOCTH MOMTOXKKH;

2) peakUMH HA TOBEPXHOCTH TOMIOXKKHM C 0Opa3oBaHUEM YacTHIL
OCaXIaeMOro MaTepuaiia U KOHEYHbIX TOGOUHBIX MPOAYKTOB;

3) OTBOA KOHEUYHbIX TOOOUYHBIX MPOAYKTOB OT MOBEPXHOCTH MOIJIOX-
K.

ITpy HU3KUX TemrepaTypax A TEPMOAKTUBUPYEMBIX MPOLIECCOB
XOT'® ckopocTb MOBEPXHOCTHBIX PeaKIIMiA MHOTO Me/JIEHHEE, YeM CKO-
pOCTb JOCTABKM PEareHTOB K MOBEPXHOCTU MOLIOXKH. TakuM 0o6pa3oM,
ckopocTe XOI'D matepuanos B 00lUeM ciydae JUMHUTHUPYETCS CKOpO-
CTbIO T€TEPOTEHHBIX XUMHUUYECKHUX PEAKUMI WIM KMHETUYECKON cTanueit
(kinetically limited regime). B 4aCTHBIX c/iyyasix 3TO MOXET ObITb OTPaHU-
YeHHe cTaaveil aicopOuMK peareHTOB Ha MOBEPXHOCTH MOMIOXKH, CTa-
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NUeR caMoOro XMMHUUYECKOTO B3aMMOJEHCTBUS U CTalIMEN necopOurm KO-
HEYHBIX MOOOUHBIX MPOAYKTOB C MOBEPXHOCTH MOLIOXKKH [8].

ITpy BBICOKMX TemIepaTypax [Jil TEPMOAKTHBUPYEMbIX MpPOLIECCOR
XOT'® ckopoCTH MOBEPXHOCTHLIX XMMHYECKUX PEAKLMI OUYeHb 0ONBLIKE,
U ocaxieHue MaTepuasoB B O0IUEM Cyyae TUMUTUPYETCS NOCTABKOM pe-
areHTOB K MTOBEPXHOCTH NMOMLIOXKKH (mass transport limited regime). B uac-
THBIX CAyYasix 3TO MOXET ObITh OTPaHUYEHUE CKOPOCTHIO CTAIMU HOCTABKU
pearecHTOB B peakTop (starvation regime or supply limited regime), orpaHu-
YyeHHE CKOPOCTbIO CTAIMY JOCTABKU PEATeHTOB K MOBEPXHOCTH IPAaHHUYHOTO
cnos (incoming reagent rate limited regime) Wiy CKOpPOCTHIO CTaauU AH-
(by3uM peareHTOB Yepe3 rpaHM4HbIA cioit (reagent diffusion rate limited
regime) [8].

ITpy BBICOKMX CKOPOCTSIX OCAXIEHUS U HU3KHUX CKOPOCTSIX OTKa4yKH
WY MPOIYBKU PEAKTOPa KOHLEHTpauus ra3oo0pa3HbIX KOHEYHBIX Mpo-
AYKTOB pEAKUWH Y MMOBEPXHOCTU MOVIOKKU U B 0OBEME PEAKTOPa MOXET
CTAHOBUTBCS HACTOJLKO BLICOKOH, YTO OyneT 3aTpyAHSTh AOCTaBKY HCXOI-
HBIX peareHTOB K MOBEPXHOCTH FpaHUYHOro cyios 1 ux nudodysmio yepes
TPaHUYHBINA CJI0M K MOBEPXHOCTHM TIOUIOXKH. B 00611ieM cayvae npu 3ToMm
OoCaXIEHUE TaKXe JUMUTUPYETCS AOCTABKOI PEAreéHTOB K MOBEPXHOCTHU
NOMAJIOXKH (mass transport limited regime), a B 4YaCTHBIX C1y4asix 3TO MO-
XET ObITh OTpaHUYEeHHE CKOPOCTHIO CTAAMH OTBOJA MPOLYKTOB OT IpaHuy-
Horo cyiost (byproduct rate limited regime) WM CKOPOCTBIO cTaauu Auddy-
3UM MPOAYKTOB Yepe3 rpaHu4HbIN cioit (byproduct diffusion rate limited
regime).

s TepMoakTUBHpOBaHHbIX npoueccoB XOI'D 6e3 razodasHbix pe-
aKUMit, TAKUX KaK nonydeHune ruieHok SiO, nuponnsom TEOS B npouecce
LP LT CVD SiO, (TEOS-He), nosny4enue 1ieHOK MOJMKPEMHUS TUPO-
nmsom SiH, B npouecce LP LT CVD Si* (SiH,-H,), mony4yenue mieHok W
B npouecce LP LT CVD W (WF /H,), 3T nsa pexuma, TMMUTHPOBAH-
HbIC COOTBETCTBEHHO JOCTAaBKOM PEareHTOB U XUMMYECKOW peakuueid,
MOTYT OBITh JIETKO BhIABJAEHBI. B Apyrux npoueccax, Takux Kak rojyde-
Hue rmiueHok W B nipouecce LP LT CVD W (SiClLH,/WF,), muienok SiO, B
npouecce SA RE CVD SiO, (TEOS/O,), paznnuue MeXay STUMH IByMs
pPEXUMAaMK CTAHOBUTCS TPYAHO BbISIBJIIEMBIM WJIM €0 MOXET HE CYILECT-
BOBaTb BOBCe [2, 6, 8].

Bo MHOTUX IMpakTUYECKUX CJIydasix CKOPOCTh ITOAAYX OMHOTO peareH-
Ta (WK ABYX) SBJISIETCA MTaBHLIM (haKTOPOM, OIPEAECSIOIIMM CKOPOCTh
OCaXJECHYS, T.6. CKOPOCTb OCaXAE€HUA MPONOPLHOHAIbHA CKOPOCTH I10-
TOKA peareHTa, Hanpumep cunaHa B cucteMe SiH, /O, u rekcadropuna
soabdpama B cucteme SiH,/WF,. Ha nepBbiit B3risin Takas 3aBMCMMOCTb
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yKa3biBaeT, uto npouecchl XOI'D npoxomar B pexuMme, orpaHU4eHHOM
CTaAuel JOCTaBKM peareHTa K MoBEpXHOCTH FpaHUYHOTO ¢jios (incoming
reagent rate limited regime).

OnHaxko B psigze npoueccoB XOI'D, npoxoaaiiux B KUHETUYECKOH
cTagvu (JIMMHATHUPYIOIUMXCS CTAOMEM reTEpOreHHOM XMMUYECKOW peak-
LMM), TaKXKe HabJ1101aeTCs 3aBUCHMOCTb CKOPOCTH OCaXIAEHHUS OT M0TOKA
peareHTa, HalippuMep MNpH TOAYYEHUH TUIEHOK aIOMUHUS TIpY MUPONU-
3e DMAH B npouecce LP LT CVD Al (DMAH) (cM. Tab6a. 1 u 3). 910
CBSI3aHO C TEM, YTO CKOPOCTU NMOBEPXHOCTHBIX peakuUuil MOTYT SIBISATh-
csl TMHeWHBIMU DYHKLMAMU afcopObUMK YacTHL] peareHTOB. AJcopbuus
YaCTHll, B CBOIO oYepenb, IIPONOPLHUOHATbHA NTapLUUaJbHbIM AaBACHUSAM
peareHTOB, KOTOPbie BO3PACcTAIOT C YBEJIMUEHUEM UX MOTOKOB [§].

Hanpumep, nipu XOI'D rineHok BonbgpamMa U3 razoBOW CUCTEMbI
(WF,/H,) npu nasienusx p = 10—100 topp, temneparypax MOMTOXKKY
T, = 350—450°C u Gonbuux pacxomax WF, — 500—5000 cm’/mMuH (nipo-
uecc LP LT CVD W (WF,/H,)) ckopoctb ocaxaeHusi V, nuMUTHpYeTCs
afcopOLMeli MOJIEKY/T BOOOPOIA U ofipenessieTes Kak [8]

V,=k;@,,) " exp(=E,, /kT), (6.23)

rae k,— KOHCTaHTa CKOPOCTM oOcaxieHus; E  — 3Heprus akTHBaUMU
npoLecca OCaxXAeHUs; p, — NapUuaibHOE JaB/ieHNE BOIOPO/a.

[TonoGHbIe sABIeHUST MOTYT HabJloaaThes B npotieccax XOI'P mare-
pHAJIOB U3 CUCTEM Ha OCHOBE METALIOOPraHUYECKHX coenHeHuit (MO
CVD), npoxoasiiiux B KHHETHYECKOM obnacTu, rae ancopOuus Wiu ae-
CcOpOLIMS YacTHL Ha MOBEPXHOCTH UTPaeT OCHOBHYIO POJib.

KoHKypeHLHs cBOOOAHBIX (AKTUBHBIX) LICHTPOB aICOpPOLMU Ha TO-
BEPXHOCTH TOMIOXKH MEXAY MNOCTYNAIOUIMMU MOJIEKYIaMU UCXOAHBIX
peareHTOB M 4acTMLIAMM TMOOOYHBIX TPOAYKTOB RENAET 3aKOHOMEPHOC-
TH KUHETUYECKON CTamuu 6oJiee CIOXHBIMU. PeXMM UYyBCTBUTEJIBHOCTH
MOBEPXHOCTH K axcopOLKUK TPHIAET PSl IMOJE3HBIX CBOUCTB mpoieccaM
XOI'®. Takue TepMHHBI, KaK “CeJIEKTUBHOE ocaxiaeHUe”, “UHKYOALIMOH-
Hoe BpeMs”, “IpeuMYLLUECTBEHHbIM POCT TUIEHKU”, OMUCHIBAIOT MOBEPX-
HOCTHO-YYBCTBUTE/IbHBIE pexXUMBbI mpotieccoB XOI'D. B takux pexumax
OCaxJIEHUE jierde 1 GbICTPEE Ha OJHOM MOBEPXHOCTH U TPYIHEE U MEJIEH -
HeEe Ha IpYrou.

Hanpumep, nieHka BosibhpamMa Nnpyu HU3KOM TeMMepaType MooxX-
k1 (300-350°C) us cmecu WF,/H, Gymer cenekTHBHO OCaxmaTbCs Ha
KPEMHUH W OPYTHUX YUCTbIX METAUIMYECKUX MOBEPXHOCTSX (npouecc LP
LT SEL CVD W (WF/H,) (cM. Taba. 1)), Ho He ByaeT ocaxnaTbes Ha Mo-
BEPXHOCTH IBYOKUCH KpeMHUs [8].



6. 1. Ananus mexanuzmoe mepmoaxmusuposanusix npoueccos XONv 9 9

MexaHM3M UyBCTBUTEJIBHOCTU MOBEPXHOCTU K OCAXKIACHUIO TEX WIIM
HHBIX TUIeHOK B npoueccax XOI'P 10 KoHUA He BBISICHEH, HO MOXET ObITh
MPaKTUYECKU UCTIONb30BAH MPU JOJIKHOM YPOBHE KOHTPOJISI 32 YUCTOTOM
U COCTOSIHMEM IMOBEPXHOCTU. Tak Kak B mpouecce npoussoncrsa UMC
MaCTHHA MIPOXOAMUT YEPE3 COTHU TEXHOJOTMUECKUX ONepaLuil ¥ 3KCMo-
HUDPYETCSA OKPYXalolLlel Cpeloil, TOYHBIA KOHTPOJb 3a KOHLIEHTpauuei
MOBEPXHOCTHBIX MTPUMECEH, TAKHUX KaK YIJIEPOA, KUCIOPOA U BOAOPO, He
MOXET OBbITh ycTaHOBJIEH. [103TOMY Ui 1TOArOTOBKYM MOBEPXHOCTH IJ1ac-
TUHBI Tiepen npoueccamMu XOI'D oObIYHO BBOAMTCS OMNepalys OYMCTKU
MOBEPXHOCTH WJIM CTausl 3apObIieoOpa3oBaHMUs.

MUKpPOCTPYKTYpa OCaXIaeMbIX B TEPMOAKTUBUpoBaHHLIX (TA) npo-
ueccax XOTI'® mieHOK MOXeT KOHTPOJUMpoBaThes |2, 8]:

— CKOPOCTBIO KPUCTAILTMYECKOTO 3apOAbILLIe00pa30BaHus Ha MOBEP-
XHOCTH TTOAJIOXKHU;

— CKOpOCThIO IH(hY3MOHHOTO pPOCTa 3epeH Ha MOBEPXHOCTH IMOA-
JIOXKH;

— CKOPOCTbI0 nocTymaeHUst XAY Ha MOBEPXHOCTDH MOUTOXKH.

Bo Bpewmsi ctaguu 3apoabiilieoOpa3oBaHUsi 3epHAa MOTYT BbICTpau-
BaTbCs B JIMHUIO C MOMJIOXKKOM, €ClIU CYIHECTBYET TEKCTYpa [TOBEPXHOCTH.
Hanpumep, B npoueccax tepmoaktusupyeMoro XOI'® nneHok Bojibdpa-
Ma Ha paclbUIEHHBIH NMOACHON BoJbdhpama WIN TEPMOAKTUBHUPYEMOTO
XOI'®D nmiaeHOK aniOMUHUA HA pacnblIeHHBIN MOACION TUTAHA OpUEHTa-
L[Sl 3¢PEH B OCAXJIAEMBIX MJIEHKaX CllelyeT 3a OpUeHTalMEN 3epeH B MO~
cnosx [8].

Ecnu nomnoxka (noacioi) mMeeT ciiyyailHO OPMEHTUPOBAHHBIE 3ep-
Ha uiu amopgHa, TO 3apOABILLHM (3epHa) OCaXaaeMoil MIeHKHU GyayT Tak-
e CIyvailHO OpUEeHTUPOBaHbI, Kak B Mpoleccax TepMOAKTUBUPYEMOTO
XOI'®D nuieHOK alIOMUHMS, MEIU U BoJibhpama Ha MOBEPXHOCTH IBYOKU-
CY KpeMHUsi. MexaHuaM pocTa IieHKH pakTudeckKu 6epeT moa KOHTPOJIb
CTPYKTYPY IJIEHKH MOCJIE MPOXOXIEHHS CTalUU 3apoablilico0pa3oBaHMsl.
Hanpumep, mnenkn TiN, ocaxnaembie u3 rasosoit cmecu TiCl,/NH,, n
TJIEHKU MTOJIMKPEMHMSI, OCAXIAEMbl€ U3 CUJIaHa, HAa MOBEPXHOCTDb ABYOKH-
CH KpPEMHMUSI UMEIOT CTPOTYIO KOJIOHYATYIO CTPYKTYpY [8]. OnepaniMoHHbIE
rapameTpbl, IIPU KOTOPbIX MPOUCXOAUT CUJIbHAs MOBEPXHOCTHasA Aud-
(by3usi yacTHLl ocaxXaaeMoil MIEHKH, LLIEPOXOBATOCTh MOBEPXHOCTH WUJIH
CJIydaiiHbie MOBEPXHOCTHBIE 3arpsiI3HEHUST MOTYT ObITh ONpeAe/ oMU
akTopamu rpu HOPMUPOBAHUU CTPYKTYPHl OCaXAaeMBIX B TpoLEccax
XOI'®D nneHoK.

CuabHOe BAMSIHAE HA MJIOTHOCTb M MOPUCTOCTh ILIEHOK, Ocaxiae-
Mbix B pouieccax TA XOI'D, 6yner oka3biBaTh BO3HHKHOBEHHE razodas-
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HbIX peakuuii. [1pu Hanuuuu rasodasHbix peakuuil GopMupyloTCa rpa-
HYJIMPOBAHHbIC LIEPLIABBIC MJICHKH C HABOJIAKMBAHUEM TBEPIbIX YACTUIL
Ha KX MOBEPXHOCTh, KOTOPLIE XapaKTePU3YIOTCSl BbICOKOI MOPUCTOCTHIO
1 HU3KOI [JIOTHOCTBIO.

Creayetr OTMETUTD, YTO BCE OCOOEHHOCTH MEXaHU3MOB TEPMOAKTU-
BUpOBaHHLIX nipotieccoB XOI'D npucyuiy ¥ TepMOAKTUBUPOBAHHBIM IIPO-
teccaM XOI'D ¢ gononHutenbHol aktuBauueit pagukanamu (RE CVD
processes). BosmoxHbiMKM oTauuusaMu mipoueccos RE CVD spnsiores:
0oJiee HU3KUE TEMIIEPATYPhI, [TPH KOTOPbIX PEaKLUs OCAXKACHHS TIEPEX0-
IUT U3 KMHETUYECKOH B TU(PDY3UOHHYIO CTAMIO, a TAKXKE 3aBUCUMOCTD
CKOPOCTHM OCaXIeHMS1 OT MOILIIHOCTY UCTOYHUKA paauKaioB B A1ubdy3u-
OHHO# 0bJ1acTH.

6.2. Oco6eHHOCTU MexaHN3MOB
nnasmoaKkTUBMpPOBaHHbIX npoueccos XOIP

B mnasmoaktusupyembix (ITA) npoueccax XOT'® (PE CVD) cioeB ma-
TEPUANOB OOLIYHO UCIIONB3YIOTCS MEHEE aKTUBHBIE UCXOAHBIE XUMUYEC-
KHE pearcHTbl (ra3oBbIE CMECH), YEM TPH TEPMOAKTUBHUPYEMOM OCaX-
JEHMHM, HANpPUMED JUisl OCaxaeHus niueHok SiO, — cmecn SiH,/N,O u
TEOS/O,, ana ocaxneHus nieHok Si,N, — cmech SiH,/NH,, uto6st npe-
[SITCTBOBATh BO3ZHMKHOBEHH!IO Ta30()a3HbIX peaKLHIA.

B nuiazMe MoeKyJIibl UCXOIHBIX PEareHTOB AUCCOLIMMPYIOT ¢ obpa-
30BaHUEM 3aPSIKEHHbBIX DHEPreTUUECKUX (JIEKTPOHOB U HOHOB) U HEMT-
paNbHBIX XMMMYECKH aKTUBHBIX yacTUL (XAY) (cBOGOOHBLIX aTOMOB U
paayKanoB). DHEPreTHYECKUE MOHBI MOTYT OJJHOBPEMEHHO SIBASITHCS XU-
MHUYECKM aKTUBHBIMU yacTHliaMHu. B pesyabraTte npoiieccol [1A XOT'®
SABASIOTCST GOJIee CIOXHBIMU 1O CPABHCHUIO € TEPMOAKTUBHPOBAHHBIMH
npoueccamu XOI'D u3-3a 601bIOTO KOJIUYECTBA pa3HOOOpasHbix XAY B
TU1a3Me.

DJIEKTPOHBE M MOHBI GOMOAPAMPYIOT MOBEPXHOCTH MOATOXKH B TIPO-
Lecce NOCTYIUIeHUs Ha Hee XAY. DHepris 3/1eKTPOHOB OTNPEAEIsIeTCS aM-
mutyzoi BU HanpsikeHus, a 9HEPrusi MOHOB — BO3HUKAIOLIMM Y NOBEP-
XHOCTH MOJUIOXKKHK 32 CYET Pa3HOM MOABMXXHOCTM 3/IEKTPOHOB U UOHOB
HanpsixeHueM asrocmeleHus (DC bias) [23]. AkTuBupyiollee (coznaHue
aKTHBHBIX LIEHTPOB aACcOpOUMU) U pacrbUisiiollee (yaajleHW e MOBEPXHOC-
THBIX ATOMOB) BO3[IefiCTBHE MOHOB Ha MOBEPXHOCTb 3HAYUTENIBHO GOJIb-
i€, YEM Y SJIEKTPOHOR, 3a CUET OOJIbLIEH MacChl.

HNonHas GoMbGapayMpoBKa MOBEPXHOCTH MOMIOXKH U BBICOKHE KOH-
ueHTpauun XAY obGecrnieunBalOT MOJYYEHHUE BBICOKMX CKOPOCTEH OCax-
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nenus B nipoueccax [TA XOI'® npu HU3KMX TeMrepaTypax. 3710 He f03-
BoJsisieT Bbuaensite B npoueccax [1A XOI'®d pexumbl ¢ orpaHUYEHHEM
CKOPOCTH JOCTABKM PEareHTOB U C OrpaHUYEHHUEM CKOPOCTU XMMUYECKO-
ro B3aMMOOENHCTBMS, 3aTO JIETKO BBIAEJSIETCS MEPEXO] MEXIY PEXUMOM,
OrpaHMYEHHBIM JOCTAaBKOW peareHTOB, U pPEXHMOM, OrpaHUYEHHBIM
MOII{HOCTBIO MJIA3MEHHOTO pa3psna.

[Tpyu HU3KUX CKOPOCTSX MOTOKOB UCXOAHBIX PEAreHTOB MOILHHOCTb
NAa3MEHHOTO paspsiga obCCIeurBaeT IMOAHYIO THCCOLMALMIO MOJEKYI
NMOCTYMAOLIMX PEATEHTOB, U B TAKOM PEXUME CKOPOCTh OCAXKACHUS CUJIb-
HO 3aBUCHT OT CKOPOCTH IMOTOKOB MCXONHbIX peareHToB. [Ipu Gonbluumx
pacxoiax UCXOAHBIX PEareHTOB MOLLHOCTH TIJIa3MEHHOTO pa3psia He XBa-
TAeT LISl IOJTHOM IMCCOLIMALIMY PEAarcHTOB, U IPU TAKOM PEXHME CKOPOCTh
OCaXAEeHHUs CHIBHO 3aBUCUT OT MOUIHOCTH IIa3MEHHOTO pa3psja.

XAY BCTYyNaloT B XMMUYECKYIO peakiMi0 Ha TMOBEPXHOCTH MOMLIOX-
KU, GOpMUPYS MUIEHKY OCaXIaeMOro Marepuvana, KoTopast rnoji AeiACTBH-
€M UOHHOIt 6O0MOapAMPOBKY MOXET MOAM(ULIMPOBATLCA MO CTPYKTYpE
W pacnbuisiteed. [laeHKH, ocaxmaeMble B nmpoueccax [TA XOT®, umetor
TEHICHUMIO K MEHbIIIEMY pa3Mepy 3epHa WM 1aXe K aMOpdhHOI CTPYKTY-
pe Mo CpaBHEHMIO ¢ TUICHKaMU, MONYYeHHbIMU B TEPMOAKTUBUPOBAHHBIX
npoueccax XOI'D, a Takxke comepxar onpeneaeHHOe KOMUUECTBO IMPUME-
Ceif, TakMX KaK Bofopon B ruieHkax SiO,, ocaxaaembix B npouecce LP PE
CVD S§i0, (SiH,/0,), yraepon B mieHkax Si0,, ocaxnaeMbiX B Mpouecce
LP PE CVD SiO, (TEOS/O,), u atombl GTopa B ruieHkax W, ocaxnaembix
B npouecce LP PE CVD W (WF,/H,) (cm. Taba. 1) [8].

Tak Kak ocaxkIeHHe IUIEHKH TIPOUCXOIUT TONBKO B 00JIACTH T1a3Mbl,
YyTOOBl MHUHUMM3MPOBATh OCAXJIEHWE Ha BHYTPCHHME CTEHKHU PpEaKTO-
pa, 30HYy IJ1a3Mbl OObIYHO OTPAHMYMBAIOT. YHUBEPCAJBHbIN MJIaHAPHBIH
peaktop TTA XOI'®D ¢ miockonapaie/ibHbIMUA JIEKTPOAAMHU, XOJOAHOM
CTEHKOW W MHAMBUAYAILHOU 00paboTkoi njaacTMH 3¢p¢deKTUBHO KOH-
LUEHTPUPYET IIa3My, a CJIeIOBATE/IbHO, U NMPOLIECCH OCAXAEHNUSA B 0b1ac-
TH PaCIoNIOXKEHUS IUTACTUHBI, 2 TAKXE MMEET BO3MOXHOCTD IJIa3MEHHOM
CaMOOYMUCTKH,

KoHueHTpauust npuMecei B 0CaXKAAeMbIX TJIEHKAX 3aBUCHUT OT CKO-
pOCTHU MMOJa4Yy peareHTa, COAEPXKAIICro MpUMech, 3HEPrUM U MHTEHCUB-
HOCTH MOHHOI 60MGapANpPOBKHK MOMIOXKU U TEMITEPATYPhI MOMIOXKH B
npoiiecce ocaxaeHusi, st yMeHbliieHWs KOHUEHTPALMU NpUMeceii ciie-
IYET CHU3UTb Pacxol pearcHTa, CoAepXKallero NpUMeCh, YBEJUUYUTDb pac-
XO/bl CONYTCTBYIOLIMX ra30B, MOBBICUTH MOLIHOCTH TUIA3MEHHOTO pa3ps-
na (BY MoumiHoCTh) ¥ TEMMEpaTypy ocaxIeHus (TeMnepaTypy NOWIOXKH
B NIpoLiECCe OCaAXIAEHUS ).
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Honnas 6oMbapauposka B rpoueccax [1A XOI'D sceraa crnoco6er-
BYET YIUIOTHEHUIO CTPYKTYpPbI OCaXIaeMBbIX MJIEHOK U Pa3BUTHIO B HUX
CXUMaIOLIMX HampsiXeHNit. B pe3ynbrate cBOCTBA MJIEHOK, OCAXIaeMbIX
B nipoueccax [NA XOI'D, 3aBUCAT He TOJIBKO OT CTAHAAPTHBIX ONEpPaLIMOH-
HBIX TIapaMeTPOB, TAKUX KAaK JaBJeHUE, pacXolbl pearcHTOB U TeMIiepa-
Typa OCaXXIEHMsI, HO M OT YaCTOThl ¥ MOLIHOCTH [UIa3MEHHOTO pa3psiia,
HanpsiXeHUsT aBTOCMELLIEHHSI, MEX3/IEKTPOJIHOTO PACCTOSTHUSI, MOKPBITUS
¥l TEOMETPUM BHYTPEHHUX TOBepxHOCcTeil peaktopa. [Tostomy PE CVD
IJIEHKH TPYAHO CpaBHUBATh MEXAy co0ol 0e3 3HaHUSI TreOMETPHUM pa3-
PSAAHOM CHCTEMBI U YCJIOBUIM MJIa3MEHHOTO pa3psina.

B T1abn. 7 npuBeaeHbl CpaBHUTEIbHBIE CBOMCTBA IJIEHOK HUTpUAA
kpeMHus (Si,N,), ocaXaeHHBIX B BbicoKoTeMmniepaTypHoM (750°C) mpo-
uecce LP HT CVD Si,N, (SiCl,H,/NH,) n Huskotemnepatyptom (400°C)
rnasmMoakTBHpoBaHHoM npouecce LP PE CVD Si)N, (SiH,/NH,) [8].

Taomuna 7
CBoiicTBa MJIEHOK HUTPUAA KPEMHMS, OCAXIAEHHBIX B MPOLIECCaX
LP HT CVD Si.N, (SiCL,LH,/NH,) u LP PE CVD Si,N, (SiH,/NH,)

Hpouecc LP
CBoiicTBa NJIEHOK HUTPHIA KPeMHMSA HT CVD Si,N Hp?uecc IfP PECVD
. 304 SiN, (SiH,/NH))
(SiCLH,/NH)) 34 4
CxopocTb ocaxaeHus V,, HM/MUH 2,0 20
Komnosuuus Si,N, SINH,
OtHoutenue Si: N 0,75 0,8—1,0
KoapdbuuueHT npenomnenus n, 6/p 2,0-2,1 2,0-2,1
InoTHOCTS p, I/CM? 2,8-3,1 2,5-2,8
JuanexTpuueckas rnocTosiHHas €, 6/p 67 6-9
Huanextpuyeckas npoyHocTs E, B/cm 1-107 6x10°
O6beMHoe conpoTusieHue R, Om-cm 105—10Y 10%
I[ToBepxHOCTHOE conpoTuBieHUe R,
Om/kB >101 10"
MexaHuuecKue HanpsXeHHUs:
cXXUMaloLe (compressive) u S, S,
pactarusaowuue (tensile) S u S,
COOTBETCTBEHHO, ANH/CM? (1,2—1,8)-10"° (1-8)-10°
Ko3hGUUMEHT TEPMUYECKOTO
paciuupeHus £, K- 4-10¢ (4-7)-10¢
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Tabnuna 7 (OKoOHYaHue)

IIpouecc LP
CaoiicTBA MIEHOK HUTPUAA KPEMHUS HT CVD Si,N, ng?lll\?czslgg I/’gg‘;l)
(SiClL,H,/NH,) 34 4 3
CreneHb KOHQOPMHOCTb NOKPITUSA
CTYMEHBKH o , % >90 >90
[TpoHuuaeMocTb AJis BNaru HyJieBast OueHb HU3Kast
TyGrHA NMPOHMKHOBEHUSI HOHOB
Hatpusa (Na*), HM <10 <10
OcHosHble nmuku UK aGcopbumn, cMm™! Si-N Si-N (830)
(870) Si-H (21)
CKOpPOCTb XHIKOCTHOFO XMMUYECKOTO
TPABJICHHUS V,,, HM/MHH:
6:1 BHF (23°C) 1,0—1,5 20-35
49%HF (23°C) 8 150—-300
CkopocThb MJIa3MEHHOTr0 TpaBieHus V,,
HM/MHH 20 50
B TpyO4aTOM OOBEMHOM PEaKTOpe
B cmecu CF,/0,=7/3 npu BY
momHocti 150 Bru T = 100°C

W 3-3a HU3KOrO NaBAECHUS ITIOKPHITHE U 3aTI0JTHEHME TOMOJIOTMYECKO-
ro penneda B npoueccax [1A XOI'® (LP PE CVD) xyxe, 4eM B TepMO-
aKTUBUPOBaHHbIX rpoueccax XOI'D, nporekawomux npu arMochepHoM
(AP CVD) u cy6armocdepHoM (SA CVD) napnenuu. [TokpsiTHe u 3amoJ-
HeHue peibeda B LP PE CVD mnpoueccax 3aBUCHT OT HANpsiXeHUsI aBTO-
CMELEHMSI, KOTOpOe MPUTATUBAET 3apspkeHHbie XAU ko aHy penibeda U
obeclieynBaeT NMPeUMYILIECTBEHHOE (GU3MYECKOe pacrblIeHUe MaTepyana
¢ OOKOBBIX CTEHOK peJibeda.

st ynydiieHUs1 TOKPBITUS U 3aTIOIHEHHUS] TOMOIOTMUYECKOTO PeNbe-
¢da B mpoueccax [TA XOI'® ucnonb3yoTcs:

— yepeoBaHUE CTAAUM OCaXKIeHUS U TpaBJieHUsl MaTepyana (pusu-
YeCKHM pacliblIeHHeM, TaK HasbiBaeMble Dep — Etch — Dep npouecchr;

— OIHOBPEMEHHOE MPOBEJEHUE OCAXICHUE U TPaBJIEHUE MaTepyaa
C NpeBaJIMPOBaHUEM OcaxIeHus, Tak Ha3biBaeMble HDP CVD npouecchr.

B 3Tux npolueccax MOKpbITHE Y 3aM0THEeHUE peibeda KOHTPOIUpYeET-
cs PU3NYECKUM paCITbUIEHUEM, a HE UCTIONb3YeMbIMU XUMHUYECKUMHU pea-
reHTaMK, KOTOpbie BEIOUPAKOTCS TOJIBKO U3 YCIOBUS 0DecreyeHusl MUHU-
MaJIbHOTO YPOBHS 3arpsi3HEHMs (MPUMECH) OCaXIaeMoii IIIEHKH.

7. 3aka3 Ne 1870.
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OCHOBHBIM OrpaHuyveHueM rpoueccoB [TA XOI'D sapasercs: 3/1eKT-
PUYECKHUMA 3apsili, BHOCMMBbIH B OCaXaaeMylo MieHKY, 1 3ddekTh! 3apsaa-
KU cTpyKtyp UMC, KkoTOpBie MOTYT NMPUBOAUTE K MPO0OI0 TOHKMUX TLIe-
HOK MOJ3aTBOPHbIX IMINEKTPUKOB U Aerpajauuu xapakrepuctuk MOITI
TpaH3ucTopoB. [lo 3Tol npuuuHe, yeM Onuxe oO6paboTka HAXOLMUTCS K
TPAH3UCTOPHOM CTPYKType, TeM Bosiee oCcTOpoXHO B TexHosiorun UMC
ucnonb3yioTcs rmpotecchl [TA XOI'® [5-8].

6.3. Oco6eHHOCTM MexaHU3MOB MPOLIECCOB Xoro
C AUCKpPETHOU nopavei peareHToB

B ocHoBe npoueccoB XOI'D ¢ auckpeTHOH rogayeil peareHToB (digital
CVD), K KOTOpBIM OTHOCSITCA (CM. pasaen 1):

— MPOLECCHl aTOMHO-CJIOEBOT0 XMMHYECKOIo OCaxKAeHUsl U3 raso-
Boi hasel (AC XOI'®D unu cokpaiteHHo ACO) (atomic layer CVD — AL
CVD unu cokpaitieHHO atomic layer deposition — ALD);

— MPOLECCHI UMITYTLCHOTO XMMUYECKOTO OCAXACHUS CMOEB U3 ra3o-

Boit asel (MC XOT'® wiu cokpamenHo MOC) (pulsed layer CVD — PL
CVD unu cokpaieHHo pulsed deposition layer — PDL)
JieXaT AMCKPETHBIE CAMOOCTaHABIMBAIOLIMECS XMMUYECKUE PEaKLIMU MO-
JIEKYJl OJJHOTO MEepUOINYECKH MOJaBaeMOro peareHTa ¢ ancopOuMpoBaH-
HbIM Ha MOBEPXHOCTH MOJUIOXKKU CJIOEM APYFOro MEepuoAnyYecKy Mnoaasa-
€MOro0 peareHra.

B mpoMexyTkax Mexnay nogadyamu peareHToB B digital CVD npouec-
cax MPOUCXOANT OTKAaUKa peakTopa WM €ro MpoayBKa MUHEPTHBIM ra3oM.
OcHOBHOI1 xapakTepucTrkoil npoleccoB XOI'D ¢ quckpeTHOl nogayei
pearcHTOB SIBJISIETCS TOJILIMHA IIEHKHW, MMOjyyaeMasi Ha MOMJIOXKE 3a
OAMH LMKJI OCAXAEHHs, BKJIIOYAIOLIUIT IO OAHOMY LIMKITY MOJA4YU KaX/[10-
rO peareHTa U ABa LIMKJIa OTKAYKH WIH MPOAYBKU UHEPTHBIM [a30M peak-
Topa MexXay HUMH. TUITMYHBIE LIMKIOBbIE CKOPOCTH OCaXIEeHUS TUIEHOK
B npoueccax ALD cocrasnsitor 0,01 — 1,0 HM/UMKI IpU TMTENBHOCTH
uMkiaa ocaxaeHus or 1 go 60 ¢ [10, 25~27]. TakuM oOpa3oM, MJIECHKYU B
npoueccax XOI'P ¢ nuckpeTHOM noaaveit peareHTOB HAHOCATCA MOCON-
HO B KaX/OM LUKJIE OCAXICHMSA, U 00L1ast TONILMHA TUIEHKH JIETKO W TO4Y-
HO 3a1aeTCs U KOHTPOJUPYETCS 10 KOJTMUECTBY LIUKIIOB OCAXKIAEHUS.

Bpemst LMKJIA OcCaXAeHUsl 3aBUCUT OT CKOPOCTM HACBILLEHUS MO-
BEPXHOCTH MOMIOXKH peareHTaMM, o0beMa U KOHCTPYKLIMM peakTopa U
JUIMTEIbHOCTY LIMKJIA OTKAYKW WM NMpoayBku peaktopa. [Ipoueccst PDL
OTIMYaloTCA OT npoueccoB ALD TonbKO TeM, 4TO MpoayBka UHEPTHBIM
ra3oM OCYILUECTBJSIETCA B HUX INPH TOBLILIEHHOM (OTHOCHUTENBHO pabo-
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'ICro) JABJACHUM U 3a 0ojiee KOPOTKOE BpeMsi. DTO CMOCOOCTBYET MOBbI-
IHICHUIO CKOPOCTH OCaXJIEHMsI B HEeCKOJIbKO pa3 [10], HO He HU3MeHsieT
mexaHu3M npoueccoB. [ToatoMy B nanbHeiem B padbote OyayT aHaIU3U-
poBarbcsi MexaHU3Mbl XOI'D ¢ nuckpeTHON noaayeit peareHTOB TOJIbKO
1a npumepe npoueccoB ALD.

[Ipouecc ALD mnienkn AlLO, us rasosoit cucremnt TMA/H,O
(TMA — trimethyl-aluminum — AI(CH,), — TpuMeTUIATIOMUHMIA) C NTPO-
JIyBKOM peakTopa aproHoM Mexay LUMkJamu noaauu peareHtoB (LP LT
ALD ALO, (TMA-Ar {Ar} H,O-Ar) npoiiecc) MOXHO NpeaCcTaBUTh CJACAY-
oM obpasom (cMm. Taba. 1 u puc. 8) [25].

Ar Ar Ar
Ar Ar Ar Ipooysxa CH; CH,
Ar  Ar  Ar cH, A A \Al/
Al CH, CH, |
PR CH,
CH, Y CH,
CH, CH; CH; CH, CH; CH,
N S N S X S
i i H A Al Al
. o (o} 0o o 0o 0o
S I | | s I l l
Al Al Al Al
a )
Ar Ar Ar
Ar Ar Ar IIpooyexa H,0
Ar  Ar  Ar A v
CH, A
H CH, H
CH, CH, CH, CH, CH, CH o HO o
2 ’ i \J ~ 3 1 V 1
Al Al Al Al Al
] | | I . ™. _—~—
. 0o o 0o S ) 0
| l | l | |
A Al Al Al
0 0
B T
Ar Ar Ar
Ar Ar  Ar IIpodyska Puc. 8. TlocnenoBateabHOCTh LIMKIOB MpoO-
Ar  Ar Ar Hecca aTOMHO-CI0eBOro ocaxaeHus (ALD)

iieHkn Al O, u3 rasosoii cucrembl TMA/

H H H,O: a — ncxonHoe coCTossHUE MOBEPXHOC-
. (:) (:) ™ s nieHku ALOj; 6 — unkn nogsaun TMA
Al Al Al B peaxkTop; 6 — LUMKJI TPOLYBKM peakTopa
0 0" 0 "o o aproHom; ¢ — uukn nogayu H,0O B peaxrop;
|

0 — UMK NPOAYBKH PEakToOpa aproHOM € KO-
M A Al | HEUHbIMCOCTOSHMEM IIOBEPXHOCTH S* TUIEHKHU
0 4] () AIZO3 nocJje OAHOTO LKK/a OCaXACHUS.




@00 Tasa 6. Mexanusmot npomexanus npoveccog XOI'd

McxonHas noBepxHOCTh s TWIeHKU AlO, nocie uMkia nojayu Mo-
JIEKYJT BOObl U IIPOAYBKHU peakTopa aproHoM (Ar) comepxxut OH-rpynnbl
(puc. 8, a). B uuxne nanycka TMA B peakTop Ha UCXOIHYIO ITOBEPXHOCTh
MOAJIOXKHM T0aeTCA ONpefe/eHHOe Kon4ecTBo Mojiekyl TMA N,

NTMA =(p TMA'NA /MTMA )'(QTMA /60)'TirMA [Monexya], (6.24)

rae p,y, Br/cM’, M, Br/Monb, Q,, B CM’/MHH — COOTBETCTBEHHO MJIOT-
HOCTb, MOJIEKYJIIpHAst Macca u pacxol TMA; N, B MojieKys1/MOJIb — 4uC-
J0 Asoranpo; T, . B cexyHaax — BpeMs umkia nogauu (Hanycka) TMA B
peakTop.

[MonaBaemMoe B peakTop B TeUEHUE LIMKJIA HAMYCKa KOJIMYECTBO
Mosiekyh TMA n0/kKHO OBbITh 3aBEAOMO O0/MblUIE KOHLEHTPALUM AKTHB-
HbIX LEHTPOB aicopbumu n, Ha MOBEPXHOCTU NOMIOKKH, T.e. N, >n .
Monexkynsl TMA B3auMmoaeicTByioT ¢ rpynnamu OH Ha akTHBHBIX
LEHTpax [OBEPXHOCTH ¢ o0Opa3oBaHUEM KOHEYHOrO ra3o00pa3Horo
npoaykra MeraHa (CH,) u paaukanos DMA (dimethylaluminum —
Al(CH,), — nuMeTUnaloMMHui) B IOBEPXHOCTHOM ciioe (puc. 8, 6)
COFJIaCHO peaKlyu

2[AI-OH] (s) + 2AI(CH,), (g) = 2[Al-O—AI(CH,) ] (s) + 2CH, ()1,
(6.25)

T.€. U3 ofHOM MoJiekyasl TMA obpa3syeTcst omuH pagnkail DMA.

CnenoBartenbHO, MOBEPXHOCTh MOMIOXKKH MOC/IE KAXAOTO LIMKIA Ha-
nycka TMA Oyaet Bceraa NojHOCThIO HachllleHa pagukaiaMu DMA u Oyaer
CO/IEpXaTh OAMHAKOBOE KONYeCTBO panukanoB DMAN . =n =N . .

B uukie mpomyBKM peakTopa aproHOM H30bITOYHOE KOJUYECTBO
nofasaeMbix K nojioxke monekyn TMA N, — N . v obpasyowiuii-
€A KOHEYHbIH ra3o00pasHblii npoaykt Metad (CH,) ynansiorca us o6b-
eMa peaktopa (cM. puc. 8, B). Takum oOpa3oM, ancopOLMOHHAs COCO0-
HOCTb TOUIOXKM, a He OMNepallMOHHbIE MapaMeTpbl OyAeT ONpenesiTh
KOJIM4eCTBO pamukasioB DMA, BcTynawooliee B caMOOCTaHABIMBAIOLIYIO
peaxuuio ocaxaeHus mieHkd AL O, B KaXIOM UMKIE MOAa4YM BTOPOTO
peareHTa — Bozibl (H,0).

B uukie ronauu Boabl B peaKTOP MOJIEKYJIBI BOIAbl B3aMMOIEHCTBYIOT
C MOBEPXHOCTHBIMU pannkaiaMu DMA coriacHo peakuuu:

2[AI-O—AI(CH,),] () + 3H,0 = ALO, (b) + 2[Al-OH] (s) + 4CH, (2)*
(6.26)
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¢ 00pa3oBaHueM BCTpauMBaeMbIX B 00beM TIUJIeHKU (bulk — b) monekyn
AlLO,, xoHe4yHOrO razoobpasHoro npoaykra Metana (CH,) u HachILUEHK-
eM nopepxHoctd OH-rpynmamu (puc. 8,r).

B uMkie nponyBku peakTtopa aproHOM YIATSIIOTCS OCTaTQYHOE (M3-
OBITOYHOE ) KOJTMYECTBO MOJICKYJT BOABI M MOJICKYJIbI KOHEUHOTO ra3oobpas-
noro npoaykra metana (CH,) (puc. 8, n). B pesynsrate noBepXHOCTb MJIEH-
ku ALO, IPUXOAUT K UCXOAHOMY COCTOSIHUIO (CpaBHUTE puC. 8, a 1 1).

Takum 00pa3oM, IUIMTETBHOCTH UMKIIOB B nnpoueccax ALD nmonoupa-
CTCS CJIEAYIOLMM 0Opa3oM.

1. IluxJ1 mogauu XeMOCOPOUPYIOILIETO HA MOBEPXHOCTH MOJIOXKH
peareHTa noaGUpaeTcs Tak, YTOObI 3a €ro BpeMs [IPOU301LLIa XeMOCOPOLLUS
MOJIEKYJT pearcHTa Ha BCEeX aKTMBHBIX LEHTpax afacopOLMU MOBEPXHOC-
T mmomwioxku. IloxaszaTtesneM NMpaBUIbHOCTH BLIOPAHHON MIMTENIHLHOCTU
CAYXUT HE3aBUCHUMOCTb TOJIIMHBI MoOJiyyaeMoif (HAHOCUMOI) IIeHKH
32 LMK OCaxXAeHUs (LIMKIOBOH CKOPOCTH OCaXIEHUS IUIEHKH) OT AJIU-
TEJIbHOCTHU 3TOoro uukia. Ilpu 3Tom TeMnepaTypa ocaxiaeHus (TeMnepa-
Typa NOAJI0XKKHN) A0/KHA ObITh HUXXE TEMITEPaTypPbl TEPMUUECKON AUCCO-
1IMaLUHU (pa3sioxXeHus ) XxeMocopoupyiolero peareHta. Hanpumep, TMA
HAaYMHAET TEPMUYECKU pa3araTbCst NPy Temriepatype csbiure 350°C.

2. BpeMms uMkia MpooyBKHM MHEPTHBIM Fa3oM MOCJE MOJauk XeMo-
COpPOUPYIOLLETO pearcHTa BBIOMpPAETCsl U3 YCIOBUsi MOJIHOTO YAaNCHMs
U3 30HbI PacCHONOXCHHUS MOMTOXKH U30BITOYHOrO KOJIMYECTBA peareHTa
1 npoaykToB xemocopOuuu. [MokasaTenemM NMpaBUIBLHOCTH BBHIOOpA MU~
TCABHOCTU 3TOTO LIMKJIA CYKUT OTCYTCTBHE ra3odasHbIX peakLnit 1 Bbl-
CalKy YacTHULL MPU MOIa4€ BTOPOTO PEar¢HTa.

3. BpeMs uMK7a NoAayd BTOPOTO pearcHTa BhHIOMpAeTCsS M3 YCJIOBHUS
JIOCTUKEHUSI MAKCUMATLHOM TOJTIIMHBI TTOJTY4aeMOM IUTEHKH 33 LIMKJT OCaX-
JieHUs (MaKCUMalIbHOM LIMKJIOBOM CKOPOCTH OcaXKIeHusI TUIeHKH). [Tokasa-
TeJIeM MIPaBUJIBHOCTU BHIOOPA IIUTENBHOCTH 3TOTO LIMKIA CIIYKUT HEe3aBH -
CHMOCTb LIMKJIOBOI CKOPOCTH OCAXAECHUS TUIEHKH OT €0 IJIUTEIbHOCTH.

4. Bpewmsi uMKa MpoayBKU MHEPTHBIM Fa30M ITOCJE HAMycKa BTOPOTO
peareHTa BHIOMPAETCS U3 YCIOBUS NMOAHOTO yAATEHWS U3 30HbI HOMI0XKU
M30bITOYHOTO KOJIMYECTBA BTOPOT0 peareHTa ¥ NPOAyKTOB PeaKLMK 0CaX-
JeHusd. [TokasareneM nNpaBuibHOCTH BbIGOpA MIUTEJBHOCTH 3TOTO LIMKIIA
CAYXUT OAMHAKOBOCTb TOJIILIMHBI MJIEHKHU B KaXJIOM LIMKJIE OCAXIACHMS
(ITOCTOSTHCTBO LIMKJIOBOM CKOPOCTU OCaKACHUS OT UUKJIA K LIUKITY).

B cnpaBeIMBOCTU YKa3aHHOTO aJIrOpUTMa MOXHO yOenWTbCs Ha
IIPUMEDPE OCAXICHUSI TUIEHKU allOMUHUS Ha OKUCJIEHHYIO KPEMHUEBYIO
1JAaCTUHY € MOACOEM HUTPpUAA TUTaHa B miaasmMoakTuBupoBaHHoM (PE)
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Ha cTaguu nmogayd BToporo pearcHra npouecce ALD (PE ALD) u3 ra-
3oBoi cucreMbl TMA/H, plasma npu temneparype 250°C u naBieHuH
1 Topp (LP PE ALD Al (TMA-Ar {Ar} H, plasma) npouecc) [26].

Ha puc. 9, a mokaszaHa 1iykjorpaMma noaady B peakTop peareHToB U
ero MpoAyBKM aproHoM: UMK noxaun TMA BapeupoBalicsl B AMaria3oHe
0,5—5,0 cekyHA; UMKJT BO3[I€IICTBUSI BONOPOMHOM IIa3MOi U3MEHSICS B
avanasoHe 2,0—30 ¢, a UMKJIBI POAYBKY peakTopa aproHOM Mocje Ha-
MycKa KaX/10To peareHTa cocrasisam no 15 c.

Ha puc. 9, 6 noka3aHa 3aBUCHMMOCTb LMKJIOBOH CKOPOCTH OCaXXAEHHS
MJIEHKHU V, OT WINTENbHOCTH LMK nofaur TMA B peakTop npu BpeMeHu
BO3ACHCTBUS BOAOPOAHON mna3Mbl 10 ceKyHa W 15-CeKyHAHBIX LIMKIAX
MPOAYBKH peaKTopa aproHoM. BHAHO, YTO Mpu BpeMEHU LIMKJIA MOAaYU
TMA 6Gonee 3 ¢ LMKIOBasi CKOPOCTb NMEPEXOAUT B PEXHM MTOCTOSIHCTBA U
CTaHOBUTCS paBHOM 0,15 HM/LUKI. DTO NOATBEPXKIAET 3aBUCHMOCTb Xa-
pakTepuCcTUK npouecca ALD oT camoorpaHMYNBaIOLIEICS XEMOCOPOLIMHU
MoJiexysl TMA Ha MOBEpXHOCTH MOMTOXKKH.

Ha puc. 9, B npuBeneHa 3aBUCHMOCTb LIMKJOBON CKOPOCTH OCaX/e-
HUA TJIEHKHM ATIOMMHUS OT JIMTEJbHOCTU LMKJIA BO3AEHCTBUS BOJOPOR-
HOWM Tuta3Moii Tpu 5-CeKyHIHOM uukie nojgauu TMA u 15-ceKyHIHBIX
LMKJIax TPOAYBKHM peakTopa aproHoM. 3aBUCHUMOCTb MOKa3bIBaeT, 4TO
LIMKJIOBast CKOPOCTb OCaXKACHUSI CTAHOBUTCS MOCTOSIHHOM M paBHoit 0,15
HM/LMKJ Py BPEMEHU LMKJIa BO3AEHCTBUS BONOPOAHOI nia3Moi Gosiee
5 CeKyHA.

BriGpaHHble 3HAaYEHUS! LIMKIJIOB nofadu peareHToB: TMA — 5 ¢, BO-
JopoaHo# rmasmbl — 10 ¢ ¥ LIMKIIOB TPOAYBKH peakTopa aproHoM mo 15
CEKYHI MO3BOJWIM OCa)XaaTb OAMHAKOBYIO TOJIIMHY TJICHKA allOMU-
HMs, paBHYIO 0,15 HM, B KaXXoM HUKJe ocaxaeHus (puc. 9, r). [1pu atom
50-HaHOMeTpOBas IJICHKA aJIIOMUHUSI UMeNa HEPAaBHOMEPHOCTD IO TOJI-
L{HE MO NOBEPXHOCTU rIacTHHbI MeHee 0,3% v KoHdOpMHO NoKpbiBaia
CYOMMKPOHHDII TOMOJOTHYECKUI pesibed ¢ acCNeKTHBIM OTHOUIEHMEM,
paBHbIM 5.

AHaJIOrHUHbIE 3aBUCMMOCTH LIMKJIOBO# CKOPOCTYA HOKa3bIBaeT OCaX/e-
HUe TeHKU Al O, Ha KPEMHHUEBYIO TMOVTOXKY B PAAMKATbHO aKTHBMPOBAH-
HoM (RE) Ha craguu nopauu Broporo peareHra npouecce ALD (RE ALD) u3
ra3oBoil cucteMbl TMA/ozone npu teMmnepartype 300°C u nasneHuu 1 Topp
(LP RE ALD ALQ, (TMA-Ar {Ar} O,) npouecc) [27]. T1pu ontumanbHOM
BbIOOpEe UMKIOB nofaun peareHToB: TMA — 0,4 ¢, o30Ha — 2,5 ¢ ¥ LUUKIIOB
MPOAYBKM peakTOopa aproHOM 1o 3 CEKyH/ibl, ObLjIa MoJyyeHa LIMKAOBAs CKO-
pocTb ocaxaeHus naeHku Al,O, 0,08 HM/umKr.
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Puc. 9. 3aBucumoctu napamerpos npouecca ALD nneHku anioMuHusi U3 raso-
Boit cuctemel TMA/H, plasma npu temniepatype 250°C u nasnenuu 1 Topp:
a — UMKJIOrpaMMa T0Jayd B PEAKTOp PEeareHTOB M €ro MpOAYBKM aproHOM;
6 — 3aBUCUMOCTb LIMKJIOBOW CKOPOCTH OCaXIEHHs MUIEHKH V, OT IMTEIbHOCTH
uuvkia nogayu TMA B peakTop nMpHu BpeMeHM BO3ACHCTBUS BOLOPONHOM IMJIa3Mbl
10 ¢ 1 15-cekyHAHBIX UMKIaX MPOAYBKH PEakTopa aproHoM; ¢ — 3aBHCUMOCTb
LIMKJIOBOI CKOPOCTU OCaXAEHUSl TUIEHKHU JIIOMMHMSI OT JUIMTEIbHOCTH HLMKJIA
BO3IEHUCTBUS BOAOPOAHOW TIa3MOW MpH S-CeKyHAHOM LuKIe nogayd TMA wu
|5-cekyHIHbIX LMKJIAX TPOAYBKM peaktopa aproHOM; 2 — 3aBUCMMOCTb TOJI-
LLUMHBI OCAXIAEMOM IJIEHKHN aIIOMUHHUSA d,| OT KOJIMYECTBA LIMKIIOB OCAXIEHMA C,
npy UMKIax nogauu peareitoB TMA — 5 ¢, BonopoaHoii niasmsi 10 ¢ ¥ LMKNOB
ApONYBKH peakTopa aproHoM no 15 ¢

bnarogapst ToMy YTO CaMOOCTaHaBIMBAIOLIMECST peaKLIMU OCaXKIEHUSI
B npoueccax ALD ynpaBasiiorcsi aicopOLMOHHOM CMIOCOOHOCTBIO MOBEPX-
HOCTHM TOJIOXKHK MO OTHOLIEHUIO K XEMOCOPOUPYIOLLEMY peareHTy, He-
OoJibLLIME BapyaLvy (OTKJIOHEHHUSI) OTIEPALIMOHHBIX MTapaMeTPOB TaAKUX KakK
MOTOKHU peareHTOB, IABJICHUE U TEMIIEpaTypa, He OKa3biBalOT BIIMSIHUS Ha
TEXHOJIOTMYECKUE XAapaKTEPUCTUKU OCaxaaeMbiX IuieHoK. [Toatomy npo-
ueccam ALD mnpucywid UCKIIOYMUTESIbHO BBICOKME 3HAYE€HUSI paBHOMEp-
HOCTU OCaXIEHUS IJIEHOK 10 TOMIIMHE U KOHPOPMHOCTU MOKPBITUS TO-
MoJIOTMYECKOro penbeda.

Ocaxnaemble B npoueccax ALD Merannuyeckue, mojynpoBOaHU-
KOBBbIE U IUINEKTPUUECKHUE TJIEHKU XapaKTEPU3YIOTC HU3KMMHU MeXa-
HUYECKUMU HaMpSIXEHUMHA U OTCYTCTBUEM nop. Kpome Toro, B peakTo-
pax ALD nerxko peanusyertcsi nocjaeaoBateibHOE 0CaXIeHUEe HECKOAbKMUX
IICHOK pa3HbIX MaTepHUaJIOB C TOUYHBIM KOHTPOJIEM UX COOTHOLIEHHUS 1O
tonivHe [25]. B Ttabn. 8 npuBeneHbl CpaBHUTE/IbHbIE XapaKTePUCTHUKHU
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MPOLIECCOB (DU3UYECKOTO OCaXACHUS U3 rasoBoii ¢asnl (PVD), npouec-
coB CVD ¢ HenpepbIBHOI Noaaueit peareHToB U npoueccoB ALD [10].

B xauyecTBe OCHOBHOro HemocTaTka npoueccoB ALD cienyet otme-
TUTb HU3KHE CKOPOCTH OCaXIEHHsI, YTO OTpaHUYMBAET UX NPOMBILLICH-
HOE€ NPUMEHEHUE OCAXKICHUEM IUJICHOK TONIMHOR A0 50 HM. OgHaKo no
Mepe MOBBILLIeHUs cTeneHu uHTerpauuu UMC, a cnegoBateibHO, YMEHb-
LIEHUS Pa3MEPOB IEMEHTOB, TOJMIINH (YHKLIHOHAIBHBIX CIIOEB U YBEJIHU-
YEHHS aCTNEKTHOTO OTHOLUEHMS TOMOJIOTUYECKOro pesibeda po.ib npoLiec-
coB ALD B KMOII nnaHapHO# TeXHOJIOTUM MPOU3BOACTBA MUKPOCXEM
6yaeT Bo3pacTaTb. He momnexur coMHeHM10, 4yTo npouecckt ALD 6yayT
BHE KOHKYPEHLIMH JUist u3rotoBieHnuss UMC u apyrux MUKpO3RE€KTPOH-
HBIX YCTPOKCTB 110 TPEXMEPHOIN HAHOTEXHOJNOTHH.

TaGauua 8

CpaBHUTEIbHbIE XapaKTEPUCTUKHU MPOLIECCOB (hU3UYECKOTO OCAXKAEHUS
n3 razoBoii ¢assl (POI'D - PVD), npoueccoB XMMHUECKOTO OCAXAEHUSs
n3 razosoi ¢assl (XOI'® — CVD) ¢ HenpepbIBHOM MM0AaY€ei pearcHToB
U MIPOLECCOB aTOMHO-cJIoeBoro ocaxkaeHus (ACO — ALD)

XapakrepucTHKa

OOrd (PYD) XOre (Cvb) ACO (ALD)
npouecca

TunnyHasi CKOpoCTh

100 - 1000 10- 100 0,1-10
ocaxaeHus V,, HM/MyH

TurnuyHbIe TOJILMHBL,
OoCaXIaeMbIX TUIEHOK 20 -1500 10 - 1300 1,0-50
d, HM

TunuyHas
PaBHOMEPHOCTb
CKOPOCTH OCaXAEHHUs
(HaHecenus) R, %

>95 >97,5 >99

TouyHoCTb KOHTPOJIS
TOJILIUHBI TUIEHKH TTpH
ocaxneHuu (HaHece-
HHU) MO BDEMEHH, HM

CreneHb KOHGHOPMHOC-
TH NIOKPBITHA peabeda
a,%

(acnexkTHOE OTHOILIE-
Hue penbeda AR)

50 90 100
AR=10 AR=10 AR =60
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Tabauua 8 (oxoHuaHMe)

XapaxrepucTiKka
paxcrep DOr'e (PVD) XOre (Cvh) ACO (ALD)
npouecca
UcTouHuku Tazodasnbie
MPUBHOCUMOU €aKLUMH
p dusnyeckoe TazodasHbie peax
ne(HeKTHOCTH 1 pU3rUYecKoe
pacrblieHu e peaxkuuu
Ha MOMJIOXKKY pacribUieHue
OTCYTCTBYIOT
CreneHb BAUSHUS OueHb cnaboe
MPOLIECCHBIX BIUSIHHE
OueHb cuibHOE
(ofepaLroOHHbIX) BIMsIHMe CunbHoe BRMs- IMMuaTX
napamerpos (I11I1) HUE BapuaLUii Menblue 1 %
BAKYYMHBIX
Ha TEXHOJIOTUYECKUE [T Ha TX [MMTHa TX uameHeHus TX
xapaktepuctuku (TX) npu 10%
sapuauumsx 111
CreneHb BakyyMa OcrtaTo4yHoe OcTtaTouHoe OcTtaTouHoe
IaBjeHue NaBleHne JaBJieHNe
MeHble B IMATIa30He B AMana3oHe
10-¢ Topp (1,0 — 103 Topp | (1,0 —107) TOpPp

Tornonornueckue
HOPMBI, ITPH KOTOPbIX
obecrneyrBaeTcs Ka-
YeCTBEHHOE MOKPbITHE
KOHTAKTHBIX OTBEPCTUM

6oinbuie 100 HM

90 — 65 Hm

He orpannueHbl
(MeHbLUE 22 HM)




FMABA 7

OYHKUNOHAJIbHbIE
CJ1oUN NMC, OCAXXAAEMDbIE
B MPOLUECCAX XOIro

IMpouecchl XMMUYECKOTO OCaXACHUS M3 ra3oBoil ¢a3bl MOXHO UCTONb-
30BaTh /151 MONYYEHUS CAEAYIOMX (DyHKUMOHANBHBIX cnoes MMC.

1. DnurakcHabHbIX MOHOKPUCTAIMYECKUX TUJIEHOK KpeMHUs (Si),
repmanus (Ge) 1 reTepocTpykTyp KpemMHui — repmannii (Si, Ge ).

2. TIneHok nonukpeMHuUs (Si”) HeIErMpoOBaHHOTO U JIETUPOBAHHOTO,
amopdHoro kpemHus (Si?), aMop(hHOro ruapore HUI3UpOBaHHOTO (coaep-
xaiuero Bogopon) kpeMHust (Si*f) n nonukpeMHus ¢ nonychepuyecKuMu
3epHamu (hemispherical grains) (Sit5¢),

3. [1neHok okcuaa kpemHusi(Si0,), MIEHOK CHIIMKATHDBIX CTEKON He-
nerupoBaHHbIX (undopedsilicate glass — USG), nernpoBaHHbix hochopom
(dbocdopocunrkatHoe ctekyio — PCC) (phosphorosilicate glass — PSG),
JlerupoBaHHbIX GopoM (BopocunukatHoe crexyio — BCC) (borosilicate
glass — BSG), nernpoBaHHbIX 6opoM U dpochopom (6opodochopocunu-
KatHoe ctek1o — BPCC) (borophosphorosilicate glass — BPSG).

4. TlneHok Hutpuna kpemuus (SiL,N, n SixNy), TMAPOreHU3UPOBAH-
Horo HuTpuaa KpeMHus (Si N H ) n okcuuutpuaa kpeMHus (SixOle).

5. [1neHoK AM2NEKTPHUKOB C HU3KON AU3AEKTPUIYECKOM NOCTOSHHOMN
(low k dielectrics).

6. [lneHOK AUBNEKTPUKOB C BLICOKOI AUANEKTPUUECKON MOCTOSH-
Hoit (high k dielectrics).

7. IlneHok Bosbpama (W), ero cunuunaos (WSi ), Hutpunos (WN )
u kap6unos (WC ).

8. [neHoxk tutana (Ti), ero cunnumaos (TiSi,) n utpuaos (TiN).

9. INneHok tanTtana (Ta) u ero Hutpuaos (TaN).

10. TneHok amomuHMs (Al) M €ro CrnjiaBoB.

11. TInenok meau (Cu).

12. TlneHOK KpeMHWilopraHMyeckux (poTOpEe3UCTOB AJISI [I1YOOKOro
yabTpaduosera (DUV photoresists).



7. 1. Fnumakcuanvrole MoHoKkpucmanauteckue naenku kpemuus (Si), eepmanus (Ge) | OD
u eemepocmpykmypbi Kpemuuil — eepmanut (Si, Ge )

7.1. AnutakcuanbHble MOHOKpUCTaNin4yeckue
nneHkKn kpemHus (Si), repmanus (Ge)
W reTepoCTPYKTYpPbl KPEMHUW — repmMaHun
(Si, Ge)

TepMuH “3nUTaKkCcUsi” MPUMEHSIOT K MPOLIECCAM BbIpALLIMBAHUS TOHKUX
MOHOKPUCTAINTUYECKHUX CJIOEB (TJIEHOK) HA MOHOKPUCTAJUIMYECKUX O/~
JloXKax. Marepyan NoOMIOXKHA B NMpPOLIECCE BbIPAlUMBAaHUsE UTPAET POJib
3aTPaBOYHOTO KPUCTALIA. DMUTAKCHANBHBIM MPOLIECC OTIUYAETCH OT
MpoLECCOB BblpalllMBAHUsI MOHOKPUCTAJUIOB, HanpuMep, MetoaoM Yox-
PaJIbCKOrO TEM, YTO POCT KpUCTalla MPOUCXOAUT MPU TEMIIEpAType HH-
Xe Temmeparypbl myaeieHusi, OOBIYHO 3MUTAKCHANBLHOE BbIpalllMBa-
HUE TUIEHOK OCHOBaHO Ha npoueccax XOI'D, 3a uckKIoyeHHEM
MOJIEKYJIIPHO-Ty4€BOH 3MMUTAKCH U, IIe UCTTOIb3YETCs MPOLIECC BAKYYMHOM
KOHAeHcauuu [3].

Ecnu matepuan BblpallMBacMOi TJICHKH M MOMIOXKHM WAEHTUYEH,
HarpUMep KPeMHMI BbIpalllUBaeTCsl Ha KPEMHUHM, TO ITPOLIECC HAa3bIBAECT-
€51 aBTO3MUTAKCUAIbHBIM WM TOMO3MUTaKCHUaNbHBIM. Eciiu xxe MaTepuan
CJ105 ¥ MaTepuall TIOUTOXKH PasjinyaloTcsd, HarpuMep nieHka Si, Ge Bbi-
palliMBaeTCsl Ha KPeMHUM, TO MpOLieCC HA3bIBAaeTCd TeTepO3NMUTaAKCHANb-
HbIM, a caMa IJIeHKa — reTepocTpyKTypoit. OOHAKO MPHU FreTepO3NUTAKCHU
KpUcTa/IM4eckasl CTpyKTypa IJIEHKU U MOMIOXKH J0JIKHA ObITb CXOAHOMH
a1 obecnieyeHUsl pocTa MOHOKpUCTaInueckoro cios [3].

[TepBOHaYATBHBEIM UMITYILCOM K pa3BUTHIO npoueccoB XOI'dD snu-
TAKCUAJIbHBIX TWIEHOK KPEMHUS U TepMaHus Mnocjayxuia Heo0XoIuMOCTh
YAYUUIEHUS XapaKTepUCTUK OMMONSIPHBIX KPEMHHEBBIX M T€PMaHMUEBbIX
TPaH31CTOPOB. BriocneacTBuM KpeMHHEBbBIE 3MTUTAKCHATIbHBIE CTPYKTYPbI
(MOHOKpHUCTAJUIMUYECKAS KPEMHMEBAS MOMIOXKA C OOHUM MU HECKOJIb-
KWMHU 3MUTAKCUATBHBIMU CIOSIMU, OTJIMYAIOLIUMUCS TUTIOM ITPOBOIUMOC-
TA W yOCNbHBIM COIMPOTUBAEHHMEM (CTETIEHBIO JIETMPOBAHMS)) OKa3alucCh
HE3aMEHUMbBIMU IS MPOMU3BOLCTBA BBHICOKOKAYECTBEHHBIX MUMKPOMPO-
ueccopoB U ycTpoiicTB namaty no KMOITT texHosioruu. nutakcuanbHble
CTPYKTYphI MO3BOSIOT Noay4ath [28, 29]:

— U3MeHeHue rnpoduis nerupoBaHus B MUKpOCcTpykTypax UMC u
0JIyNPOBOAHUKOBLIX MPUOOPOB B ropasfo 0ojice IMPOKUX Mpeaeiax u
¢ 6osbLIed KPYTU3HOM, YEM 3TO BO3MOXHO MpH UCTOAb30BaHUM AU Y-
3UW ¥ MIOHHOM UMITaHTALIUY;

— 0oJiee paBHOMEPHOE pacrpele/ieHue JEerMpyloLMx npuMeceil B
¢1091X, YeM 3To obecrneurBaeTcs Auddy3neit 1 MOHHON UMIIaHTALUEIH;
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— 3MUTaKCHANBHBIE TJIEHKH ¢ 00Jiee BBICOKMM Ka4e€CTBOM Marepuaa
10 YHUCTOTE, YEM UCXOAHBIE MMOMTOXKHU (HAMPUMED, STTUTAKCHUATbHBIE CJIOU
KpPeMHUs1 OOBIYHO HE COAEPKAT KUCIIOPOA U YIJIEPOJl, UErO HEJb3si CKa3aTh
0 MOHOKDHMCTA/UIMYECKOM KPEMHUU, BbIpallleHHOM M3 paciljiaBa);

— TPaH3UCTOPbI U TpaH3ucTOpHbIe cTPYKTYpbl UMC ¢ yaydilieHHbIMU
(GYHKUMOHANBHBIMH XapaKTEPUCTUKAMU TIPH OAHOBPEMEHHOM yMEHbLIIe-
HUM KOJIMYECTBA Ofliepalinii, HeOOXOIMMBIX JUISl KX CO3AaHUs Ha IUTaCTHHE.

OITBIT OCaXICHUS MUTAKCHAJIbHBIX CJIOEB KPEMHMUS U FTEpMaHus Mo-
Ka3bIBAET, YTO MPU MPUMEHEHUU CUJILHO JIETMPOBAHHBIX MOUIOXEK, OCO-
6eHHO 60poM, pocopoM M MBILLILIKOM, HabI0AaETCA MOBBILICHUE KOH-
LEHTpALMM COOTBETCTBYIOIIEH MPUMECH B OCAXICHHOM CJI0€ U pa3MBITHE
nepexoa MeXAy MOJIOXKKOM U SMUTaKCUATbHBIM ciioeM. TIpouecc nepe-
X0/1a IpUMECEH U3 CUJIbHO JIETMPOBAHHBIX MOMMOXEK B OCAX/IAEMbIi 3MH-
TaKCUAJbHBIA CJION TONYy4YW Ha3BaHUe aBTojiernpoBaHusi. CylliecTByeT
TPH BO3MOXHBIX MEXaHM3Ma aBTOJIETHPOBAHMS:

1) TBepaodasnas nuddy3us npuMecH U3 MOMIOXKM B OCAXKIaeMBblii
3MUTAKCUANBHBIN CNOM;

2) nepeHoc MpUMECH ¢ 06paTHOM CTOPOHbBI MOAMOXKH B OCAKIAEMblii
3MUTAKCUAJIBHBIIM CJI0M Yepe3 razoBylo dasy;

3) nepeHOC MMPUMECH OT HApYKHOI CTOPOHBI MOMUIOXKKHM B OocaxKaae-
MbIH SNMUTAKCHUATIBbHBIN CIIOH Yepe3 ra3oByio ¢azsy.

CnocoGbl yMEeHBLUEHUS] aBTOJICTMPOBAHUSE OYEBUAHBI: CHUXEHHUE
TEMIIEPaTypPhl OCAXIEHUSI U BBIOOP JIETUPYIOLIEH NTPUMECH ¢ MMHUMaJTb-
HbIM KO3 duuueHToM IMdbY3MU M HU3KUM AaBlIeHHUeM Napos [29].

Hnst ocaxkaeHUs 3MUTaKCUANbHBIX IUIEHOK KPEMHUSI, TepMaHUsa W
reTepoCTPYKTYDP KPEMHUI — repMaHUid OOBIYHO MCTIONB3YIOTCS BBICOKO-
temnepaTtypHbie (7 > 700°C) TepMoaKTHUBHMPOBAaHHbIE XJIOPUIHBIE (C TIPU-
MEHEHHUEM XJIOPCOJACPXALUUX COCMMHEHUN KPEMHUS U TEPMaHUs) U TUI -
pUAHBIE (C IPUMEHEHHUEM BOAOPOJOCOAECPXAUIUMX COCAUHEHNH KPEMHMS
U repMaHus) npouecchl XOI'D, peanusyeMble B TpyOUaTBIX, KOJMAKOBBIX
Y TUTAHAPHBIX peakTopax aTMOC(hEPHOTo M MOHUXEHHOTO JaBAeHHS.

[Mpu XOTI'D 3nuTakcUaTbHBIX TUIEHOK KPEMHUS MPUMEHSIOTCS CeRy-
[o1Ke peareHTbl: TeTpaxjiopun kpemuust (SiCl,), tpuxiopcunan (SiHCL),
auxiopcunan (SiH,Cl) u cunan (SiH,); a npu XOI'® anurtakcHanbHbIX
TJIEHOK repManust — tetpaxyiopua repmanus (GeCl,) u repman (GeH,) [3].

CymmMapuble peakiiuu XOI'D anuTaKCHANBHBIX MJIEHOK KPEMHUA U
repmaHus U3 rasosbix cucrem SiCl/H,, GeCl,/H,, SiH,/H, v GeH,/H,
umeloT BuI [29]:

1200°C
SiCl, (g) + 2H, (g) = Si(s) + 4HCl (g), 7.1



7.1. Inumaxcuanvhvle MOHOKpUCMAArUMECKUE hAeHK U KpemHus (Si), zepmanusn (Ge) | 02)

u 2emepocmpyKkmyput Kpemuuii — 2epmanuit (Si, Ge )

800°C
GeCl, (g) + 2H, (g) = Ge (s) +4HCl (g), (7.2)
1050°C
SiH, (g) = Si(s) + 2H, (g), (7.3)
700°C
GeH, (g) = Ge (s) +2H, (). (7.4)

OnHako a5 6oJjiee MOJIHOrO NMOHUMaHMUS MeXaHHW3Ma 3MUTAKCUATb-
HOIO OCaXAEHUS AOJXKHBI ObITh pACCMOTPEHBI PEAKLIMU ¢ OOpa30BaHUEM
MPOMEXYTOYHBIX MPOAYKTOB, KOTOPbIE Ha MPUMEpPE OCAXIECHUSA CJIOEB
MOHOKpPEMHUS Mo peakuuu (7.1) BLIISIAST CAEAYIOLIUM OOpa3oMm:

SiCl, (g) + H, (2) 5 SiHCI, (g) + HCI (g), (7.1,2)
SiHCI, (g) + H, (g) S SiH,Cl, (g) + HCI (g), (7.1,6)
SiH,Cl, (g) S SiCl, (g) + H, (g), (7.1, )
SiHCI, (g) 5 SICl, (g) + HCl (g), (7.1,1)
SiCl, (g) + H, () S Si (s) + 2HCI (g). (7.1, m)

Coennnenusa SiHCI, n SiHCL, a81s10TCS NPOMEXYTOYHBIMU B CYM-
mapHo#t peakuuu (7.1), u, caeaoBaTeabHO, MPH UCNONBL30BAHUM 3THUX CO-
eJIMHEHUN B KaueCTBE MCXOMHbIX NMPOLIECC MUTAKCHATIBHOTO OCAXACHMS
(HapaumBaHUs) HauHeTcs ¢ peakuuit (7.1, 6), (7.1, B) unu (7.1, r). Takum
00pa3oM, MPOLECC IMUTAKCHAIBHOTO OCAXAEHHUA CI0EB KPEMHHUS C MPU-
MeHeHHEM HMCXoaHoro peareHTa SiCl, HMEET caMylo BBICOKYIO SHEPIHIO
aktuBaumu 1,6—1,7 3B, kotopas nownxkaercs B psaay SiHCI, 0,8—-1,0 3B u
SiHCl, 0,3-0,6 3B [3].

Bce peaxumu (7.1,a)—(7.1,€) aBas10Tcs 0OpaTUMBIMHU, U, ClieA0BaTE/b-
HO, TIPU COOTBETCTBYIOIMX YCIOBUSX CKOPOCTDb OCaXIeHUs (POCcTa) MOXET
CTaThb OTPULIATENIbHOM, T.€. HAYHETCS Mpouecc TpaBieHUs. nd peakuuu
(7.1) TpaBnenue Habmonaercst npu T < 850°C u npu T > 1380°C [3].

B nuanasoHe Temniepatyp, B KOTOpOM Hab1100a€eTCs OCAXAECHUE MU -
TaKCHAIbHBIX IJIEHOK KPEMHHUs U3 rasoBeix cucreM SiH,/H,, SiH,CL/H,,
SiHCl,/H, u SiCl,/H,, xopowwo npociexusaetcs 06,1acThb nepexona cKo-
POCTH OCaXICHUS U3 KUHETHUECKOit 061acTH, OrpaHUYEHHOI cTanueii
XMMUYECKON peakuuu, B 1MPPy3MoHHYIO 06J1acTb, OTPAHUYEHHYIO Mac-
COTEPEHOCOM peareHTOB M NMPOMYKTOB peaklmii (cM. puc. 7). Jng cuc-
tembl SiH,/H, ator nepexoa npoucxomut nipu 7> 900°C, s cucTeMbl
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SiH,Cl,/H, — mpu T > 950°C, ana cucremst SiHCL/H, — npu 7> 990°C n
nna cucrembl SiCl,/H, — npu 7> 1080°C [3].

[MpevmylecTBaMu TMAPUIHBIX [IPOLIECCOB IMUTAKCHUU CIOEB KpPEM-
HMS M TEPMAHUS N0 CPABHEHHUIO C XJIOPMAHBIMU MPOLIECCAMU SIBASIIOTCSA
CPaBHUTEJIbHO HHU3KHE TEMIEpaTypbl OCaXIECHUS U OTCYTCTBME XUMMU-
YEeCKOro BO3ACHCTBUS XJOPCOAEpPXAlliMX COSAVMHEHUI Ha TOMJIOXKY M
pacTyluii ¢ioil. DTO MO3BOJSIET YMEHbUIMTh aBTOJErMPOBAHUE OCaX-
JAaeMBbIX CJIOEB, I0ay4yaTh 0ojee pe3kHe KOHUEHTpallMOHHbIe Npoduin
MI0J10KKa — CJIOi, YIYYHIUTh Ka4e€CTBO AMUTAKCUANILHBIX CJIOEB KPEMHUS
¥ repMaHusl NpU reTepodNMUTaKCUU Ha AUDAEKTPUUECKHE U UHOPOJHbIE
TOJIyIIPOBOAHUKOBbIE MOMIOXKH, Hanpumep: Si-AlLO, (kpemMHuMit Ha
canpupe — KHC) u Ge-AsGa, CHM3UTb HUCKaXEHHUS TOMOJOTUYECKOIO
pesbeda cnoeB nNpU 0CaXIEHUUN Ha MOAJIOXKKH CO CKPLITHIM CJIOEM.

OnHako MOHOCWIAH W repMaH MMeIOT Gosee BbICOKYIO CTOMMOCTD
MO CPaBHEHUIO ¢ TETpaxjaopuaamMy KpeMHHUS W repMaHus, a Takxe T'Mi-
PUAHbBIE TpoLEecChl GoJiee UyBCTBUTENbHBI K COAEPXKAHMIO CJIE/IOB BIary u
KMC0pO/a B peaKTopax U ra3oBbix cMcTeMax [29].

[ns nerupoBaHus dMUTAKCUAIbHBIX CJIOEB KPEMHUSI U FEPMaHUsl B
TMAPUAHBIX MPOLECCaX OCAXACHUsI OOBIYHO MCMOAb3YIOTCS TMAPUADLI Je-
rupytownx npumeceii: anbopad (B,H,), dochun (PH,) u apcun (AsH,); a
B XJIOPUIHbBIX IPOIIECCaX OCAXKACHUST — XJIOPUABL JETUPYIOLIUX NPUMEceii:
Tpuxopua 6opa (BCL,), tpuxnopui ¢rocdopa (PCL,) u TpuxIopua Mbliiib-
ska (AsCl,). JleruposaHue NPOMCXOAUT COINIACHO peakuusam Tuna [3]:

2PH, = 2P (s) + 3H, (g). (7.2)

IMepen XOI'D snuTaKCHANBHBIX CIOEB KPEMHUEBYIO MOIIOXKY MO~
BepraioT XHUJAKOCTHOH 00paboTKe, 3aKIIIOYAIOLIEHCS B CTPABAMBAHUM €C-
TECTBEHHOTO OKMC/Ia B PACTBOPE IJIABUKOBON KUCAOThI, MPOMbIBKE Jie-
WOHM30BaHHOM BOJOI U Cyulke Ha UeHTpUdyre B a30THON aTMocdepe.
A HErocpencTBEHHO Nepe/l OCaXAEHUEM IMUTAKCUATLHOTO CJIOS B peak-
Tope XOI'D npoBoauTcst razodazHoe TpaBleHHE KPEMHUEBOM MOMTOXKH
6e3BoaAHbIM xs1opucTbiM BogoponoM (HCI) npu T = 1200°C:

2HCI (g) + Si (s) = SiCl, (g) + 2H, (g), (7.3)
4HCl (g) + Si (s) = SiCl, (g) + 2H, (g); (7.4)
UAU ee 00paboTkKa (BoccTaHOBJIEeHUE) Boaopoaom npu 7=1200°C:

Si0, (s) + 2H, (g) = Si (s) + 2H,0 (g) (1.5)
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2emepocmpykmypbl kpemuuil — zepmanuil (Si, Ge )

B LEJISIX MOJYYEeHMs] aTOMapHO YUCTOM MOBEPXHOCTH, CBOOOAHOM OT ec-
TECTBEHHOro okucna [3].

BHenpenue snuTakcnanbHbIX clioeB Si; Ge, B aKTUBHbIE MPUOOPHbIE
CTPYKTYpPbI CUUTAETCST CerofaHA 3PEKTUBHBIM MYTEM Yy4llleHUs XapaK-
TEPUCTHK MUKPO3JIEKTPOHHBbIX npubopos [11, 30—32]. B koHue 1990-x
roloB Ha pbIHKE MOSIBUIUCH CBEPXBbiCOKOUAacTOTHbIE (>50 I'Ti) 6umno-
nsapHele Tpan3ncTopsl € Si; Ge, reteponepexonom (heterojunction bipolar
transistors — HBTs) [30]. IMapannenbHo pa3BuBanioch BTOpPOe MOKOJEHUE
npubOpPOB: TI0JEBbIC TPAH3UCTOPLI € ynpasastowmM Si; Ge retepornepe-
xoaoM (heterojunction field effect transistors — HFETs), 1 onHoBpeMeH-
HO rereponepexonbl BHenpsuiuch B bBuKMOIT (BiCMOS) texHonoruto.
B HacTosiiee Bpemsi HOKYC BHUMAaHMSI MEPEHOCUTCsI Ha M3rOTOBJCHMUE
KMOII (CMOS) npubopos ¢ Si, Ge, reteponepexoiamMn B LEISX Yy~
LIEHUs XapakKTepUCTUK p-kKaHanbHbix MOIT (pMOS) TpaH3ucTopoB u
YMEHBLUEHHUS BJIMSIHMSI KOPOTKOKaHaNbHBIX 3ddekToB (short channel
effects — SCE) B KMOII texHoaoruu [11]. Tem 6onee yto TexHojOornyec-
Koe nofo6ue ocaxaeHus anuTakcuanbHbix coes Siu Si, Ge npespalia-
€T FeTEPOCTPYKTYPLI B OTHOCUTENBHO HENOPOroi BbIOOD Asl MONyYEHHUs
BbicokokauecTBeHHbIXx KMOIT UMC [17].

PaccornacoBaHue pa3MepoB KPUCTALIMYECKMX PEUIeTOK Mexay
KpEMHHMEM M TepMaHueM Ha 4,2% WCronb3yeTcsl AJisl MOJyYeHUs Hanpsi-
XeHHBbIX (strained) cioes:

~— PAacTAHYTOro (HaxoAsilerocsl Noj pacTATMBAIOLIMM MeXaHUuec-
KMM HanpskeHueM) cjioss MOHOKpeMHUs (Si under tension) ¢ yJydilieH-
HOIi MO CpaBHEHHIO OOBIYHBIM KpeMHUEM 3D HeKTHBHON MOABUXHOCTBIO
3/IEKTPOHOB;

— ¢xaroro (HaxoAsSIEerocs MoA CXKMMAlOWIMM MEXaHUYECKUM Ha-
NpsKEHUEM) MOHOKpHCTalinyeckoro cios Si; Ge (Si, Ge under com-
pression) ¢ yJay4lIe HHO# o CpaBHEHH10 OObIYHBLIM KpeMHUEM 3(hdekTuB-
HOM MOABUXHOCTBIO IBIPOK.

HanpsxeHHbie MOHOKPUCTAUTUHYECKHME CJIOM MOXKHO MOJYYHUTH C [10-
moubio XOI'D, TonbKo MeHblile KPUTUYECKOHN TOIMHDI, TaK Kak aajiee
MPOU3OMIET penakcauusi (CHSITUE) HaMpSXKEHUsT 3a cyeT NUCIOKAUUH.
KpuTHyeckasi TOJLIMHA YMEHbBIIAETCS C YBEJUYCHHUEM paccoraacoBaHHUs
KPUCTAIMYECKHUX PELIETOK MEXAY HaMpPsKEHHBIM CJIOEM U MOMAJIOXKKOM.
HanpsixeHHBIH CNOil, B KOTOPOM MPOM30LLIIA peakcalusi, Ha3blBaeTcs
peslakcupoBaHHbiM (relaxed) cinoem [31].

Tak Kak pasMep KpUCTaJJIMYECKOH PeLICTKY TepMaHus 0oJIbLIe, YeEM
KPEMHHSI, TO PACTAHYThbiC CIOM MOHOKPEMHMUSI MOTYT ObIThL MOJYYEHD! €
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nomousio XOI'D Si Ha penakcupoBaHHble cou Si, Ge , BRICTYnMarouiue
B KauyecTBe BUPTYyaNbHOIl momioxku (virtual substrate — VS). lng toro
4TOOBI MONY4YMTD CKaThil okt Si; Ge , ero Hamo ocaauThb TMG0 Ha O6BIY-
HbIA (HEHanpsKeHHBI) MOHOKPEMHUM, JIMOO Ha peaKCUpOBAHHBIM
cnoit Si; Ge,_c MEHBIUMM COIEPXaHUEM IepMaHHs B CIjIaBe (Harnpumep,
cnoii Siy ,Ge, ; Ha BAPTYaJIbHYIO MOLIOXKY Siy 4,Ge, 15)-

Monudukauusa >AeKTPOHHOM 30HHOW CTPYKTYPbl M YMEHBUICH-
Hasl B FOPU3OHTAJIbHOM MI0CKOCTH 3¢ heKTHBHAs Macca YBEJMYMBAIOT B
5—10 pa3 3¢ GeKTMBHYIO TOABUXHOCTD AbIPOK B cXaTwix ciosx Si Ge
IO CpaBHEHHWIO ¢ OOBIYHBIM MOHOKpPEMHMEM. YBeiudyeHue B 2—4 pasza
3¢dPeKTUBHOM MOABUNKHOCTH 3JEKTPOHOB B PACTSHYTBIX CJIOSIX MOHO-
KPEMHUS 10 CPAaBHEHUIO C OOBIYHBIMU 3MUTAKCHUAJIBHBIMU CJIOSIMU HO-
CTUTAeTCAd YMEHbILIEHUEM paccesiHUS U 3D DEKTUBHOI MacChl 9J1EKTPOHOB
B rOpU30HTaIbHOI iockoctu {30, 31].

UzrotoneHue nonesbix MOITI TpaH3UCTOPOB Ha pacTAHYTHIX CJIO-
ax Si m cxatbix ciosx Si, Ge moBblaeT GHICTPOAESHCTBHE U KAYECTBO
KMOIT UMC 6e3 BbICOKMX 3aTpaT, CBA3AHHBIX C YMEHBLIEHUEM TOIO-
JIOTMYECKHUX pa3MepoB. bosiee Toro, yBeiuueHHasi IOABUXHOCTb HOCH-
TeJiel B HaNpAXEHHbIX cnosX Si u Si, Ge, KOMIEHCUPYET yMeHbLIEHHE
MOABMXXHOCTH HOCHUTEJIEH B KaHaliaxX OOBbIYHBIX KPEMHMEBBIX MONEBBIX
MOIT TpaH3UCTOPOB MpPU YMEHbLUEHUU TOJLIMHBI MOA3ATBOPHOIO AH-
ajieKTpuKa [31].

XOI'® snuTaKCHANBHBIX HAMpPSIKEHHBIX CJIOEB Si U Sineo‘3 ]
SMUTAKCHUAILHOTO  peJlakCUpoBaHHOro ciost Siy, Ge ; NMPOBOAMIOCH
Ha o6opynmoBanuun CLR SW DSC RP 2PPSR RAD CW (cm. Tabn. 4)
¢bupmbl  “Applied Materials”. PenakcuposanHbiii  cioit Siy,Ge (¢
TOMIMHOM | MKM ocaxpmancs npu Temnepatype 850°C B nmpouecce SA
HT CVD Si,,Ge,  (SiH,/GeH,/H,) (cM.Tabn.1), a HanpsKeHHbINA
JlerMpoBaHHbIi pochopom croit SiOJGeQ3 TonumuHoM 0,2 MKM ocax-
aancst mpu 700°C B npouecce SA HT CVD Si,,Ge,,[P] (SiH,/GeH,/
PH,/H,) [31].

IIp1 yMeHbILIEHWH TOMOJOTHYECKUX HOpPM coBepuleHCTBO MOII
TPaH3UCTOPOB OrpaHWYMBAETCS TNapa3UTHBIM [10CIeN0BaTe/bHBIM CO-
MIPOTUBJIEHHEM MCTOK — cTOK (S/D series resistance). CHUXEHUE BIUs-
HMS KOPOTKO KaHaJbHBIX 3(pHeKTOB TpeOyeT MeaKux (¢ MaTol INyouHoON
3alleTaHus) p-A-TIEPEXOAOB UCTOK — CTOK, TOTJA Kak Ui YMEHbLUEHHS
BEJIMYMHBI NApa3sWTHOIO MOCJIEAOBATEIBHOTO CONMPOTUBJIEHUS HEO0XOo-
JUMO YBEJIUYMBATh YPOBEHD JIETUPOBAHUS p-n TIEPEXOJOB UCTOK — CTOK.
MakcUMabHBIM ypOBeHb JIETUPOBAaHHUS, HOCTHUIraeMblii MOHHON HM-
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MjaHTauyeil B 00sacTH paclIMpeHUs] UCTOK — CTOK moa 3aTBop (S/D
extension — SDE) p-kananetbix MOII TpaH3UCTOPOB OrpaHUYUBAETCS
pacTBOPHUMOCTBIO B TBepao# ¢hase 6opa B KpeMHuu. OnHaKo IS noiue-
pXaHus nocrosiHetBa SDE conmpoTUBIeHUST TPHU YMEHBIUEHUU [1yOHHbI
p-n-niepexoja HeoOXOAMMO IPEBLICUTb Mpelesi PaCTBOPUMOCTH Gopa B
KpeMHuH [32].

HawubGonee nepcrnekKTUBHLIM BAPUAHTOM SIBJISIETCS 3aMeHa UMILIaHTa-
uuur B SDE 06;1acTh U30TPOMHBIM TpaB/lieHHEM KpeMHUS B Hell ra3006pas-
HbIM HCI ¢ mocnenyrommm XOI'® retepoctpykTypsl Si, Ge , IErMpoBaH-
Hoil 6opoM B mpouecce ocaxiaeHUs. [ToayyeHHBIE O TAKOMY BapMaHTy
p-n-TIepexobl MO3BOJISIOT:

— TONy4YaTh KOHLEHTPALMIO O0pa B reTEPOCTPYKTYpE BhILIE Mpeaesa
€ro pacTBOPHUMOCTH B KDEMHMUU;

— MOJIyYaTh KOHTPOJMPYEMYIO U CKOJIb YTOAHO Manylo [JyOHMHY MX
3aJleraHus;

— MOJIy4YaThb COBEPILEHHO pe3KUii Mpoduib MEPeXoa0B.

— YBEJIMUMTb B HUX HMOABMXHOCTH IbIpoK (holes) Mo cpaBHEHHUIO C
KPEMHHUEM U, TEM CaMbIM, YMEHBLIUTL Mapa3UTHOE MOCJIEAOBaTEIbHOE
COMNPOTUBJIEHHUE UCTOK — CTOK.

CeneKTUBHOE OCaXIEHHE JIETUPOBAaHHOI GOPOM FETEPOCTPYKTYPHI
SiMGew nposoauiock Ha obopynosanu SCH SW DSC RP HTR RAP
RAD CW (cM. Ta6n.4) dpupmbl ASM nipu temneparype 650°C B npo-
uecce SA HT SEL CVD Sij,Ge,,[B] (SiH,Cl,/GeH,/B,H/H,/HCI)
(cM. Tabn. 1) [32). JobaBka HCI B ra3oByio cMech U COOTBETCTBYIOUIMIA
BLIOOP MPOLIECCHBIX NTAPaMETPOB MO3BOJISAIOT CEJIEKTUBHO OCAKAATD reTe-
POCTPYKTYPY TOJIBKO Ha y4acTKax MOHOKPEMHMSI, BCKPBITBIX B MacKe U3
OKMCJIa WV HUTPUIA KPEMHMUSI.

B pa6ote [11] celeKTUBHOE OCAXKIAECHUE JETUPOBAHHOI GOPOM reTe-
pocTpyKTypblI Siy (Ge, ;, MPOBOAMIOCH HA TOM XK€ 0G0PYIOBAHNUM NPH TEM-
neparype 750°C B npouecce SA HT SEL CVD Sij, Ge, ,,[B] (SiH,Cl,/
GeH,/B,H/H,/HCl) (cm. Tabn. 1). '

0,32

7.2. NMneHKn HenerMpoBaHHOro U NerMpoBaHHOroO
NOJINKPEMHUSI U aMOPPHOIO KPEMHUSA

[MosiMKpeMHHIT — BeCbMa pacnpOoCTPaHEHHBIT MaTepuall B TEXHONOTUSIX
NOJIYIMPOBOAHMKOBBLIX MPUOOPOB M UHTErpaJibHBIX cXeM. B npousBoacTsee
UMC nerupoBaHHble MoauMkpeMHuesbie uieHky (Si*[X], rne X =B, P,
As, Sb ¥ T.A.) HCTIONB3YIOTCS B KAUeCTBE: 3aTBOPOB MOJIEBbLIX TPAH3UCTO-

8. 3aka3 Ne 1870.
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POB, 3MUTTEPOB OUNOJSIPHBIX TPAH3UCTOPOB, KOHTAKTOB K MeIKo3ale-
raroituM 1uddy3MoOHHBIM 001aCTSIM B Pa3IMUHBIX CAMOCOBMELIEHHBIX
OUIOJSIPHBIX TPAH3UCTOPAX, OOKJIANOK KOHIEHCATOPOB U MEXCOEAUHE-
Huii. B cyoMukpoHHoit KMOIT TexHo/OrMM B KauecTBe 3aTBOPOB MoJie-
BbIX TPAH3MCTOPOB UCITOJIL3YETCSl CTPYKTYpa, Ha3biBaeMmast “nojauuun” u
coCcTosIas U3 TMOCAeN0BaTe/IbHOCTH CIOEB MOJUKPEMHMS U CWIMLIMAA
TYroIUIaBKOro MeTasia. I11eHKU HelermpoBaHHOro nojukpeMHus (Si¥*)
MPUMEHSIIOTCS:

— B KayecTBe HAarpy304YHbIX COTMPOTUBJIEHUH B ctaThvyeckux O3Y
(omepaTHBHBIX 3aMOMUHAIOLIMX YcTpoiicTBax) (SRAM);

— B KayeCTBE BCITOMOraTe/bHbIX (He (PYHKLMOHAIbHBLIX) CJIIOEB B
KpeMHHUeBbIX UMC;

— IUIS pa3fiMMHBbIX LeJeil B CTPYKTYpaxX MHMKpPO3JECKTPOMEXaHUKU
(MEMS).

ITnenku amopdHoro (Si*) U ruapoOreHU3UpOBaHHOIO (CoaepXkallero
Bogopon) amoppHoro (SitH) kpeMHUsS SIBJASIOTCS OCHOBOWM NPOU3BOJIC-
TBa COJIHEYHBIX 6aTapeil U pasnu4HbIX (HPOTOINEKTPUUECKUX MPUOOPOB,
a IMJEHKU MONMUKpeMHUs ¢ nonychepuyeckumu 3epHamu (hemispherical
grains) (Si"$%), no3sossiole 3HAYUTETBHO YBEJIUYMBATD TUIOLIAAL NO-
BEPXHOCTH, UCITOB3YIOTCS IPpH (POPMHUPOBAHHUU KOHAECHCATOPOB C BHICO-
Kol eMKocThio B O3V.

Takas wiMpokas 06jacTb NMPUMEHEHHUS TMOJUKPEMHUEBBIX TJICHOK,
XOTS X YAEJbHOE COMPOTUBIEHUE OOJIblIE, YEM Y METAJUIMUECKHUX CIOEB,
CBsI3aHa:

— C BbICOKOW TeMIepaTypHOU CTaOUIbHOCTBIO, KOTOpasi NENaeT MX
COBMECTHMBIMM C MOCEAYIOUIMMHU BEICOKOTEMIIEPATYPHBIMU MPOLIECCAMHU;

— C BBICOKOKA4eCTBEHHOM rpaHULIeii pa3iena ¢ ABYOKUChIO KpEMHHUSI;

— C BBICOKOM XUMHUYECKON YUCTOTOM.

IMonukpeMHHEBbIE MJIEHKU OOBIMHO OCAXIAIOTCS:

— B o6opynosannu Tuna MCH BW DSC RP (2—-4)HTR(VTR) RES
HW (cM. 1a61. 4) ¢ rOpU30OHTATBHBIMY WIK BEPTUKAJIbHBIMUY TPYOUaTbIMU
peaxTopaMM MOHUXEHHOTO JaBJIEHUS C ropsiyeil CTEHKOW U TPYINOBOMH
00paboTKOM MJIACTHH;

— B obopynoBanuu tuna CLR SW RP DSC (2—4)PPSR RES CW,
CLR SWRP DSC (2—4)PPSR RES CW PE u SCH BW RP DSC BJR RES
CW PER c peakropaMu MjlaHapHOTO U KOJIMAKOBOTO TWMa MOHMXEHHOI0
JaBJIEHUS C XOJOAHOM CTEHKON U MOLITYYHOH 00pabOTKOM MIACTUH C UC-
MoJ1Ib30BaHHUEM ILIa3MEHHOM aKTHMBALIMU MTPOLIECCA U PeareHTa;

— B obopynosanuu Tuna SCH CW RP DSC HDPR RES CW PE ¢
peakTopaMU, FeHepUPYIOLIMMU T1J1a3My BbICOKOM TUIOTHOCTH, MOHMXKEH-



7.2. [TneHKu Hene2uposantozo u Ae2upoeanHozo noauxpemnus u amopgrozo kpemuus | | \5\)

1OT0 JaBJIEHHMS C XOJONHOM CTEHKOM U MOLITYYHOU 06paboTKON M1acTuH
¢ MCIOJIb30BaHHEM TLJ1a3MEHHOM aKTUBALIUU MpoLiecca.

YcnoBus npolecca U CBOWCTBA TUIEHOK MOJMKPEMHUS CUJIBHO 3a-
BUCAT OT TMMA UCIONB3YyeMOro peakTopa. [Iisi ocaXneHUs MIeHOK NOJN-
KPEMHHS ¥ UX IETUPOBaHHUS B ITPOLIECCE OCAXKIECHUS UCTIONb3YIOTCS TaKHe
)K€ ra3oBble PpeareHThbl, YTO U JUISl OCAXIEHUS U JIETUPOBAHUS CIOEB MO-
1HOKpeMHMS (cM. pa3aen 7.1).

B peakTopax ¢ rpynnoBoit 06paboTKoi 0ObIYHO PEATUIYIOTCS CEdY-
ouire npouecchl XOI'®D HenerMpoBaHHBIX U JIETHPOBAHHBIX TUIEHOK MO-
smkpemuus: HT LP CVD Si* (SiH,/H,), HT LP CVD Si*[P] (SiH,/H,/
PH,—H,), HT LP CVD Si*[B] (SiH,/H,/B,H,—H,) (cM. Tabx. 1). Takue
inpoueccei XOI'®D ocyuiectsasiores: npy Temrneparypax T = 550—680°C,
JapaeHusax p = 0,1-0,3 Topp ¥ UMEIOT TUMUYHbIE CKOPOCTU OCaXIEHUS
V,=1,0-5,0 um/muH [8].

B peaktopax ¢ nowTy4Hoi 06pabOTKOM OOBIYHO NMPOBOISATCH Clle-
Jytowne nipouecchl XOI'D HeserMpoBaHHBIX M JIEFMPOBAHHBIX TUJIEHOK
nonukpemuus: HT SA CVD Si* (SiH,/H,), HT SA CVD Si*[P] (SiH,/
11,/PH,~H,), HT SA CVD Si*(B] (SiH,/H,/B,H,—H,). lns Takux npo-
11ICCCOB XapaKTepHbl CKOpOCTH ocaxaenuss V, = 50—150 Hm/MuH npu
"= 580—680°C u p = 20—200 Topp [8].

lpouecc HT SA CVD Si* (SiH,/H,) B peaktope ¢ mowtyuHo#i 06-
pa0OTKOM MPOUCXOAMT B KMHETHYECKOH 0611acTH, T.€. KOHTPOIUPYETCS
cragMed MOBEPXHOCTHOW peakuuHd, MO3TOMY TeMmepaTypa OCaXAEHUS
ABNAETCA JOMUHUPYIOLUMM (aKTOpOM. BHeprus aktusauuu (E, ) atoro
npouecca npu T'= 660°C cocrasaget 2,0 3B no cpaBuenmnioc £, = 1,6 3B
st npouecca HT LP CVD Si* (SiH,/H,) B TpyGuaToM peakrtope ¢ rpyn-
110B0# 006paboTKOM NpU TaKOM Xe TeMnepaType.

YBenuuenue pabouero nasneHus B npouecce HT SA CVD Si* (SiH,/
I} He TOJIbKO MOBBIILAET CKOPOCTh OCAXACHNs, HO U MOHMXACT TeMMepa-
I'ypy miepexojia U3 KMHETH4YeCcKoi obsacty B Augdy3MOHHYI0 06nacTh: Npu
1 = 80 Topp Temrepatypa nepexona cocrapisier 800°C, a npu p = 120 topp —
740°C [8]. YBenuuenue motoka SiH, unu ymeHbiueHne notoka H, nosbiwaet
napumanbHoe aasnenue SiH,, a cnenosarenbHo, M CKOPOCTb OCAXAEHHS.

YnenbHOe COMPOTHUBIICHUE JICTUPOBAHHBIX TUIEHOK MOJIMKPEMHUS 3a-
BICUT KaK OT KOHUEHTpAUWU W BUAA JIETUPYIOLLUX TIpUMecei, Tak U OT
CIPYKTYPbI TIEHOK OCHOBHOM KOHTPOJIb KOHUEHTpPALMHK JIETUpPYIOLLEii
HPIMECH B MOJMKPEMHKMEBOI TUICHKE CBsA3aH C KOHTPOJIEM ee noroka (Q)
1t Hpouecce ocaxaeHusa. YeM Gonblue MOTOK, TEM Bblllie KOHLIEHTPALMS
ICIMPYIOLLEH TPUMECH U, COOTBETCTBEHHO, MEHBLLE YAEIbHOE COMPOTHR-
1e11e Si* nuieHoK.
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Tak, vanpumep, 115 1eTMpoBaHHbIX HOcHOPOM MJICHOK MOJUKPEM-
Hus, ocaxaaeMbix B npouecce HT SA CVD Si*[P] (SiH,/H,/PH,[1% B
H,]) npu T'=660°C, Q(SiH,) = 500 cm*/mun u Q(H,) = 9,5 n/mMuH, yaens-
HOE conpoTHBIeHHE yMeHblaeTcs ¢ S MOM-cum ipu Q(PH,) = 25 cm*/mun
1o 2 MOm-cm npu Q(PH,) = 150 cM*/MuH.

Orxur B TeueHue 30 Mmud npu 7= 850°C B Bo3myXe TakKKe YMEHb-
LIAET YAEJbHOE CONMPOTUBICHUE JErMPOBAHHBIX TUIEHOK MOJIMKPEMHUSA 32
CYeT NnepeBoaa aTOMOB JIETHPYIOLIEH MPUMECH B 2JIEKTPUUECKH aKTHUBHOE
cocrossHue. CKOpOCTh OCaXAeHMSt MJIEHOK MOJMKPEMHUS JIETHPOBaHHBIX
(dochopoM U MbILILAKOM YMEHbBLIAETCS C YBENMIEHUEM MOTOKOB PH, 1
AsH,, Torzna Kak ckopocTb ocaxaeHus rieHok Si*[B] nosbiwaercs ¢ yse-
JAuyeHuem noroka B,H,.

TMoauKpeMHHMI, KaK 9TO C/IeLyeT U3 €ro Ha3BaHUs, UMEET MOJUKpPUC-
TAJUTUYECKYIO CTPYKTYDY, T.€. COCTOMT U3 MHOXECTBA MEJIKUX KPUCTALJIOB
WK 3epeH. Pa3Mep 3THX 3epeH ¥ UX OPMEHTALUsI HAa3bIBAIOTCS TEKCTYPOH,
KOTOpast TAKXXE OKa3bIBaeT CUJIbHOE BAUSHHUE Ha 3JIEKTPUUYECKUE CBOMC-
TBa Si* NaeHOK.

B 3aBHCHMOCTM OT MpPOLIECCHBIX YCIOBUI MOTYT OBITb OCaXIEHbI
TakxKe MJIeHKU aMopdHoro kpemHus (Si?). byaeT nu ocaxaeHHas riaeHka
KpPeMHUSI NOJIUKPUCTALINYECKOH WiIu aMOpdHOM, 3aBUCUT OT COOTHO-
LIEHWST MEXAY CKOPOCTSIMHU IMOBEPXHOCTHOI nuddy3uu U MOBEPXHOCT-
HOM XMMMYECKOIN peakLMH OCaXAaeMbIX aTOMOB KPEMHHUS. YBenuueHHe
CKOpOCTH MOBEPXHOCTHOI IHDDY3UM MPHU HU3KOH CKOPOCTH OCAXICHHUS
Y BLICOKOI TeMmepaType 61aronpHusTCTBYET IpolieccaM 3apoabiiieodpa-
30BaHHUs U KPUCTALIN3AUUU, GOPMHUPYS MOIUKPUCTAUIMUECKYIO TUIEHKY
TOTAA KaK YMEHbUIEHNUE CKOPOCTU MOBEPXHOCTHOMN NU(dY3UM NPU BBICO-
KOU CKOPOCTH OCaXIE€HHUSI M HU3KOU TeMIeparype CIToCOOCTBYET OCaXKIe-
HU10 aMOp(HBIX KPEMHHEBBIX MJICHOK.

Temnepatypa nepexoga OT aMOpdHON K NOJUKPUCTALIUUYECKOMR
KPEMHMEBOH TUIEHKH 3aBUCHT OT CKOPOCTH ocaxaeHus (V) u KOHUEHT-
pauuy Jerupyloieii npumecu. IloBbilleHHe KOHLEHTPALUHUH JIETUPYIO-
LIEH NpUMecH OOBIYHO MOHUXKAET TEMIIEPATYpy nepexona oT aMmophHoi
K MOJUKpUCcTAUIMUecKoit KpemuueBoit nneHku. dna HT SA CVD Si*
(SiH,/H,) npouecca remnepatypa nepexona cocrasaset 675°C.

CreneHb KOH(MOPMHOCTH NMOKPLITHSA CTYNEHbKU o (CM. (opmyity
(2.3)) sABaseTca OYEHb BaXHBLIM MApaMETPOM MOJIMKPEMHUEBLIX IUIE-
HOK ¥ MCIIOABb3YyeTCsl TP (POPMUPOBAHUM KOHTAKTOB Pa3psiHbIX UIMH
Y 3JIEKTPOIOB KAHABOYHbIX KOHAeHCATOPOB. IToKpbITHE CTYNEHbKU 3a-
BUCHUT OT MPOLIECCHBIX MapaMeTPOB, TAKUX KaK BUI Ta30BbIX pearcHTOB,
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reMrnepartypa, naepneHue U T.10. [l jgerupoBaHHbIX dochopoM MMIeHOK
nonvKpeMHus, ocaxnaeMbix B npouecce HT SA CVD Si*[P] (SiH,/H,/
PH,[1% B H,]) B peaktope ¢ nmowrtyyHoil obpaboTtkoit npu T= 660°C,
O(SiH,) = 500 cm*/munH, Q(H,) =9,5 n/mun u Q(PH,) =25 cm’/muH,
a,=90% [8].

OcHoBHOe Tpe6oBaHME K IMIEHKAM MOJAUKPEMHHUS TIpH hopMHpoBa-
WU TUIaBaloLLMX 3aTBOPOB — BO3MOXKHOCTb BbIpALlIMBAHUS Ha €ro NnoBep-
XHOCTH CJIOEB OKCH/Ia KPEMHMUS C BICOKMMU NMPOGHUBHBIMU HANPSIKEHUS-
MU U HU3KMMM TOKaMU YTEUKH, TaK KaK 3TO ONpeAessieT BpeMsl XpaHEH s
3apsifia Ha MNJjaBalollieM 3aTBOpe.

J1s 3TUX uenei, Kak NpaBuIo, HCNOJbL3YIOT JeTMpOBaHHbBIE B MPO-
1iecce pocta amopdHble MJICHKHU, Aaee MOABEPTHYThIE pEKPUCTAIN3A-
I1MY TIpY ©0Jiee BLICOKUX TeMIiepaTypax. DTH CI0M UMEIOT 110 CPaBHEHUIO
¢ OCAXIEHHbIMU MOJMKPUCTALIMUYECKUMU TIICHKaMU 6oJiee COBEpIlIeH-
11Y10 CTPYKTYPY M ITafKue NOBEPXHOCTH, YTO obGecneyuBaeT GoJiee coBep-
(IEHHYIO FpaHuLly pa3aesia MoJMKPeMHMI — OKCUA KPeMHHUS.

[ToBepXHOCTHOE COMPOTUBIACHUE TMOJUMKPEMHUSI MOXET ObITb M3-
MCHEHO Ha HECKOJIbKO MOPSAKOB BEJMYMHBI C MOMOLIbIO HOHHOIN UMII-
JIAHTALMKU. DTO TIO3BOJSIET MCMOAb30BaTh 3TOT MaTepua AJisi CO3AaHUs
BLICOKOOMHBIX pe3ucTOpoB B crathueckux O3Y BMecTO TpaH3UCTOPOB,
paboTaIIMX B peXUMe O0eIHEeHUs: (CO BCTPOEHHbIM KaHAIOM) M Urpa-
I0LUMX POJIb HArpy3KU. BeIGOp BBICOKMX 3HAYEHHUIH COMPOTHUBICHUI 06YC-
JIOBJIEH HEOOXOAMMOCTBIO YMEHbILIEHUST PACCEMBAEMOM MOLIIHOCTH B 3Jie-
MCHTE B CTATUYECKOM PEXUME.

Pesuctopbl co3faloT MO0 B TOM Xe€ CJI0€ MOJUKPEMHHS, KOTOPbIH
ncrnoab3yercs s GOpMUPOBaHMS 3aTBOPOB, JIMG0O BO BTOPOM YpPOBHE
HOJMMKPEMHUSI, TIPU 3TOM JIJI1 SKOHOMUU TUIOIIAAN 3JIEMEHTA PE3UCTOP
pacrnojaraloT Haj aKTHBHOH Iiolaabio aaeMeHTa. [1py TakoM BapuaHTe
iowanab Ayerku cratudeckux O3Y moxer ObiThb yMeEHbILEHA BABOE MO
CPABHEHMIO C TUIOLLAABIO, PACXOAYEMOM B Cilyyae SiMeMKHU C TPAAULMOH-
110# TpaH3UCTOPHOM Harpy3koii. [Ipr OTHOCUTENIBHO BHICOKMX HAMpPsiXKe-
111X TIOTMKPEMHUEBBIE PE3UCTOPBI TPUOOPETAIOT HEIMHEMHbIE XapaKTe-
PUCTUKU. Xopoliasi JMHEAHOCTb COXPAHSIETCS TIPYM HU3KUX HATMpPSKEHUSIX,
11PU 3TOM XeaTeJibHO UMETb MEIKO3EPHUCTYIO CTPYKTYpY [33].

OnHaKo, YeM MeHblle 3epHO, TEM Kpyye 3aBUCUMOCTb COMPOTHUBIIE-
11151 OT I03bi JIEFTMPOBAHUA U, CJIENOBaTEbHO, 00JIblE Pa30pPOChl 110 BEJIU-
‘“IMHEe conpoTuBeHUs. ONHOI U3 OCHOBHBIX NMPOGJIEM SIBJISETCS CUJIbHAS
TCMITEpaTypHasi 3aBUCUMOCTb COMPOTURIEHUS TTOJIMKPEMHHUEBBIX pe3UC-
ropoB. JIJiA peleHus 3Toi npobieMbl B KAYECTBE PE3UCTOPOB UCMOJb3Y-
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I0TCSt CJIOM MOJIYM30JUPYIOLIErO MOJUKPEMHHUSE, OCaXIeHHBIE B TIPOLIecce
LP PE CVD Si’ (SiH,-H,/N,O), B KOTOpbIX U3MEHEHUE YAEIBLHOTO CO-
MPOTHUBNIEHUS ¢ paboyeil TeMIiepaTypoil YMEHBLIAETCS MPU yBEIUYEHUU
IIO3bl JIEFMPOBaHUS U TEMITEPATYPbI OTXKMUTA.

7.3. MneHKu guokcnaa KpeMHUs, HenerMpoBaHHbIX
" NernpoBaHHbIX CUNNKATHBIX CTEKON

Okcun (aByokuch) KpeMHUs (Si0,), a TaKXe JIETHPOBaHHbBIE U HEJIETHPO-
BaHHbIE CHJIMKATHBIE CTEKJIa HAa €r0 OCHOBE SIBJISIIOTCA HauboJjIee UCMOJIb-
3yeMbIMHM MaTepuanaMu B TexHonorusx kpemHueBbix UMC Onaronapst
CBOVMM YHHUKAJIBHBIM CBOHCTBAM, BKJIIOUAFOLIIMM:

— BBICOKYIO MEXaHHYECKYIO POYHOCTb;

— XOPOLLYIO aAre3uio K MoAcosM;

— BBICOKME 3HAYEHMUS DIEKTPUIECKOTO COIPOTUBIEHHS U HATPSIKE -
HUSA Npobosi;

— 00pa30BaHUE YHUKAJIbHOU MO JIEKTPUUECKUM XapaKTepUCTHKAM
TPaHMLbI Pa3fie)ia C MOHOKPUCTALTMYECKUM KPDEMHUEM;

— HENMPOHUUAEMOCTD JUIA 1EJOYHBIX HOHOB;

— BBICOKME 3HAUECHUS] XUMHUYECKOH, pamuMalMOHHOI, (POTOHHONU M
TEPMUYECKOI CTAOUIBHOCTH.

Cion SiO, dopmupyiotca aUG0 BBICOKOTEMITEPATYPHBIM OKHCIIE-
HHUEeM B aTMochepe KMCIopoaa UM KUCA0POJOCoAepXKallluX ra30B U Mna-
pos, 160 B BbICOKOTEMIIEPATYPHBIX Npoueccax XOI'® LP HT CVD SiO,
(SiH,C1,/N,0) u LP HT CVD SiO, (TEOS) (cm. taba. 1). Cymmaphbie
peakunu XOI'D cnoes SiO, B 9THX npolieccax UMEIOT BUL [8]:

900°C
SiH,CI, (g) + 2N,O (g) = SiO, (s) + 2N, (g) + 2HCl (g),  (7.6)
700°C
SI(OC,H,), (v) = SiO, (s) + H,0 (v) + 2C H, (2). 7.7)

[Mnenku SiO, MMEOT NAOTHOCTL B AnanasoHe 2,20—2,30 r/cM?, co-
CTOAT M3 TeTpasapoB SiO,, ¥ XOTA B 1L1EJ0M 00/1a1a10T aMOPOHBIM CTpoe-
HHMEM, OJTHAKO B PACIMONIOXEHUH TeTPa3ApoB HabmonaeTcs OJIIMXHUIA TTo-
pstiok cummetpuu {3, 28].

[neHky HenerupoBaHHBIX CUIMKATHHIX cTeKon (USG) win Hu3ko-
TeMIMepaTypHBIX OKUCIOB KpeMHus (low temperature oxide — LTO) ocax-
JaloTCs B HU3KoTeMnepaTypHbix npoueccax XOI'D tuna LP LT CVD LTO
(SiH,/O0,) (cm. ypaBHenue (6.22)), SA RE CVD USG (TEOS/0O,):
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400°C
Si(OC,H,), (v) + 80, (g) = SiO, (s) + 10H,0 (v) + 8CO, (g),  (7.8)

LP PE CVD USG (TEOS/O,)

400°C
Si(OC,H,), (v) + 120, (g) = SiO, (s) + 10H,0 (v) + 8CO, (g), (7.9)

LP HDP CVD USG (SiH,/O,/Ar)

W UMEIOT MIOTHOCTD B Ananasoxe 2,00—2,20 r/cm3. JInst HUX xapak-
TEPHO aMOp(HOE CTPOEHUE C MOJHOCTHIO XaOTUYECKUM PACIONIOXEHUEM
TeTpasapos SiO, u BkIoueHue B ux cocTas oT 0,5 10 4,0 % cHIaHONbHBIX
(Si-OH) v runpunnbix (Si-H) ceaseit [3].

B nacrosauiee spems rieHku SiO, u USG 06b14HO ocaxaaloTcs:

— BobopynoBanuu Tuna SCH BWCNT AP CR RAD HW (cm. Ta61. 4)
C KOHBEMEepHbIM PeaKTOPOM aTMOC(EPHOro AaB/IEHHs C ropsiueil CTEHKO
1 HerpepbiBHOH 00pabOTKOM NMIACTUH;

— B obopynoBanuu tTuina MCH BW DSC RP (2-4)HTR RES HW
n SCH BW DSC RP VTR RES HW PE ¢ ropu3oHTa/IbHbIMH WY BEPTH-
KaJbHbIMM TPYOUATBIMU peaKTOpaMy MOHUXKEHHOTO JaBJE€HUSA C Topsiyeit
CTEHKOH W TpYInoBoil 00paboTKOM IJIACTHH C MCTIOAb30BaHWEM I1a3-
MEHHOM aKTUBALMUHU TIpOLIECCa;

— B obopymoBanuu tina CLR SW RP DSC (2—4)PPSR RES CW,
CLR SWRP DSC (2—4)PPSR RES CWPE u SCH BW RP DSC BJR RES
CW PER ¢ peaktopaMy MjiaHapHOTO M KOJMAKOBOTO TUIA MOHUXEHHOTO
JIaBJIEHUS C XOJOAHOW CTEHKOH U MOIUTYYHOH 00pabOTKOM NIAaCTHUH C UC-
1101b30BaHUEM T1a3MEHHOM aKTUBaLIMU ITPOLIECCA U PEarcHTa;

— B o6opynoBaHuu tuna SCH CW RP DSC HDPR RES CW PE ¢
peakTopaMH, reHepUPYIOIMMHU TUIa3My BBICOKOM TJIOTHOCTH, MOHUXEH-
HOTO JaBJICHHUS C XOJIOAHOM CTEHKOM Y MOLITYYHON 06paboTKO miacTuH
¢ UCTIONIb30BAaHUEM IJITa3MEHHOM aKTUBALIMHU poliecca

Omxur npu Ttemneparypax 800—900°C npuBOOMT K YIUIOTHEHHIO
iieHoK USG unu LTO. T1pu 3TOM YMeHblUIaeTCs TOJIMUHA MJICHKH, BO3-
pacTaeT €¢ MIOTHOCTb, MPOUCXOAUT BbieJeHWe BOAOPONa U3 €e COCTaBa
1 HabmonaeTcss HEKOTOPOE YMNOpsAAOYeHHOCTh TeTpasapos SiO,. Tocrne
oTXUra cBoMcTBa TieHOK USG cTtaHOBATCA GJIM3KMMU K CBOMCTBAM Bbl-
COKOTEMMEPATYPHbIX U TEPMUUECKUX MJIEHOK Si0,.

B nnasMoakTnBUpoBaHHBIX npoueccax XOI'd (PE CVD) 6narona-
pst MOHHOH 6oMOapaMpoBKe MOBEPXHOCTH ocaxnaiTcs mieHku USG ¢
BBICOKOI (10 2,3 r/cM?) MIOTHOCTBIO, XapaKTEPHO JUIsi TUIEHOK TEPMH-



@20 Thasa 7. @ynruuonansisie caou UMC, ocaxcdaemoie 6 npoueccax XOID

4YeCKOM IBYOKMCH KPEMHUSI, HO U3-3a (PU3UYECKOTO pacrblieHUst OOBIYHO
o0Opasyerca AehULUT KMCI0POAa M HACHIIIICHHE TUIEHOK BOLOPOAOM, T.€.
nieHKu umelot coctas SiO [H] (rae x < 2) [3].

C MoMoIlUBI0 KOHTPOJISA OMEPALIMOHHBIX MapaMeTpOB MOXHO MOJy-
yath TieHkH SiO, u USG ¢ pasiuyHbIMM XMMMYECKMMU, MEXaHUYEC-
KWMHU M 3JIEKTPUYECKUMM CBOICTBAMM, BKJIIOYasl IUIOTHOCTb M COCTaB
MJIEHKH, CKOPOCTb €€ TpaBJieHUs!, KOH(OPMHOCTb MOKPBITUS CTYTIEHEK
TOTOJIOrMYECKOro penbeda, YyBCTBUTENBHOCTb K MaTeprany NMoaJIOKKH,
MEXaHUYECKOEe HAMNpPSXCHUE M NUINEKTPUUYCCKYIO MPOYHOCTh, KOTOPLIE
MOI'YT UCITOJIb30BaThCS B KAYECTBE:

— CJI0E€B KOMITO3UTHBIX MTOI3aTBOPHBIX TU3JIEKTPUKOB;

— IW3JIEKTPUKOB MEXAY TPaH3UCTOPHOMN 4acThiO M MEPBBIM CJIOEM
Metauiuzauuu (premetal dielectric — PMD);

— IU3JIEKTPUKOB MEXIY CJOSIMM METALIM3aluu  (MEXCIOoil-
HbIX JOuaexTpukoB) (intermetal dielectric — IMD wam interlevel
dielectric — ILD);

— mesaeBoit n3onasuuu (shallow trench isolation — STI);

— NacCUBUPYIOLLUX CJIOEB;

— BCIIOMOTaTeNbHBIX YAAISIEMbIX CJIOEB.

B xauecTBe 11043aTBOPHOTrO AU3JEKTPUKA B HACTOSLLIEE BPEMSI HCTTOJb-
3yeTCsl B OCHOBHOM OKCHJ KpeMHHUsl, chOpPMUPOBAHHBIM TEPMUYECKUM
okucsaeHnem kpemuus B cpee O,, H,0, N,O, NO. OnHako ¢ yMEHbIIEHH -
€M TOJILLMHBI [1013aTBOPHOTO AW3/1EKTPHKa Ha OCHOBE OKCU/Ia KPEMHMUS MO
Mepe MoBbIlIeHUs cTeneHu uHTerpalun UMC oaHoii u3 nmpobieM cTaHo-
BUTCS yMEHbLIEHME NEPEXOAHOTO €108 Ha rpaHuLe Si-Si0,, TonumnHa Ko-
TOPOro 3aBMCUT OT MJIUTENBHOCTH BblcOKOTeMnepaTtypHoro 1050—1200°C
npolecca okucaeHus. JUia pemieHus: 3Toil mpobsieMbl B pabote [34] wvc-
MOJIb30BAICS KOMMO3UTHBIN (TPEXCIOMHBII) MOA3aTBOPHBIA AN3NEKTPUK
CYMMAapHO# TOMLIMHOM 6 HM, KOTOpbIi (hOpMUPOBAICS B CIIENYIOILEH MTOC-
NIeOBATEBHOCTH TPOLECCOB. TEPMHUYECKUM OKMUCJICHUEM KpEeMHMS Ha
1 HM, XOT® nnenku SiO, no peakuuu (7.7) TONUMHON 4 HM U TEpMUYEC-
KHM OKUCJIEHUEM TMOJYYCHHOM CTPYKTYPBI Ha | HM.

[Mpouecc XOI'D no peakumu (7.6) MO3BOASET MONY4YaTh BLICOKO-
KauecTBeHHbIE MIeHKK Si0O,, HO ¢ HU3KUMM CKOPOCTAMM OCAXAEHUS, a
BBICOKAS TeMIlepaTypa OrpaHMYMBAET €ro MPUMEHEHUE TOJBKO B KOM-
MO3UTHBIX TOA3aTBOPHBIX Au3NekTpukax u PMD. OcaxneHue njeH-
ku SiO, mo peakumu (7.7) nmeet Gosiee BBICOKUE CKOPOCTH OCAXIEHMUS,
KOTOpble BMECTE C PAaBHOMEPHOCTbIO CHJBHO 3aBMCST OT TEMIIEpPATY-
pbl. OnNTUManbHbIA TeMMepaTypHbIA QUana3oH OCaXAECHUs COCTaBJIsET
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680—730°C ¢ sHeprueit aktuBauuu 40 kkan/monb. [Tpu T > 730°C Hayu-
Haetcst o6enqHeHue TEOS u3-3a ciBura KOHTpOIUpYIOLIEH (IMMUTUPYIO-
11Iei1) npouecc ocaxaeHus cTaauu [8].

Jlerupylome npumecu MOryT ObITh 100aBieHb B IUIEHKU SiO, u
USG uenocpenctBeHHo B npoueccax XOI'®D, mnsg Toro ytodsl chopMu-
pOBaTh IBY- K TPEXKOMIIOHEHTHbIE CUJIIMKATHbBIE CTEKJIa C YHUKAIbHbIMU
CBOMCTBaAMMU:

— nervpoBaHHbie ¢ochopom pochopocunukatHeie crekia (PCC)
(phosphorosilicate glass — PSG);

— JernpoBaHHbie 6opoM GopocuarkaTHblie crekna (BCC) (borosili-
cate glass — BSG);

— JlerupoBaHHbIe 6opoMm u docthopom GopodochopocHIMKaTHbIE
crekia (BPCC) (borophosphorosilicate glass — BPSG).

[TosTOMY, KpoMe OOBIYHOro NMpuMeHeHUst B npoussoactee UMC B
KauyeCTBE M30JISITOPOB, JIETMPOBAHHbBIE CMJIMKATHBIE CTEKJIa MOFYT TaKXe
MCII0/Ib30BaThCsl KaK reTTepbl, Auddy3noHHbBIE HCTOUHUKM, MAacKu MpHu
Iuddy3un, UMIUIAHTALUUMK W TpaBieHUH, OH¢dy3MoHHbIE OapbepHbIe
CJIOM U BCIIOMOTaTeJIbHbIE CIOH.

B npoueccax XOI'D nienok SiO, 1 USG Ha 0CHOBe CuilaHa JIETH-
pylouLiMe TpUMecy BBOASTCS NoOaBjeHWEM B rasoBylo (aszy T'MAPMIOHBIX
razos PH, n/unu B,H, 1 nposeneHneM napaienbHbix peakunii wis ¢hop-
mupoBaHus cinoeB BSG, PSG unu BPSG:

400°C

4PH, (g) + 50, (g) = 2P0, (s) + 6H, (g), (7.10)
400°C

2B H, (g) + 30, (g) = 2B,0, (s) + 6H, (2). (7.11)

B npoueccax XOI'D nieHok SiO, n USG Ha ocnose TOOC (TEOS),
KOTOpble 001aaloT 6obleH KOH(POPMHOCTBIO MOKPHITHSI TOMONOTUYEC-
KOTO penbeda, 4eM MPOLIECChl Ha OCHOBE CUJIaHa, B KauyecTBe JIerupylo-
LIUX 10OABOK UCITO/b3YIOTCA OpraHudeckye coequHeHus 6opa u docho-
pa TEB, TMB, TEPO, TMP u 1.i. (cM. Tabxn. 3), 3aMeHsIIOLME OMacHbIe U
HectabunbHbie ruapuasl PH, u B,H,. Hanpumep, ana TEPO cymmapHas
peakLusi UMeeT BUI

400°C
2PO(OC,H,), (v) + 180, (g) = P,0, (s) + 15H,0 (v) + 12CO, (g).
(7.12)
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B omimnune ot npoueccoB XOI'D Ha oCHOBEe culaHa B mpoueccax
ocaxneHus Ha ocHoBe TDOC nobaBka JerupyoIiLnX MpUMeceil U3BMeHsAET
MeXaHM3M peakuUHit, a, cjiefoBaTebHO, U CBOICTBa rmeHoK. Hanpumep,
npouecc XOI'®d nmnaenok USG npu 7= 350-550°C u p = 100—350 Topp
XapaKTepM3yeTcsi pe3KOi TeMIiepaTypHOi1 3aBUCMMOCTbIO CKOPOCTH OCaX-
JIIEHUSA ¢ DHEpruell akTuBaluuu —24,1 KKan/Monb 1 ¢n1aboit 3aBUCUMOCTbIO
CKOPOCTH OCaXIEHWSI OT NaBAEHMS, YTO yKa3biBaeT Ha KUHETUYECKYIO
o0JlacThb TMpouecca OCaXICHUs, Toraa Kak cKopocTb npouecca XOI'®D
nneHok BPSG (5% B v 5% P) npu takux Xe ycjaoBUsIX ¢/1labo 3aBUCUT OT
TEMIEPATYPhl U CUJIBHO OT JaBJIEHUS, YTO COOTBETCTBYET AU DY3HOHHOI
00JIaCTH TIPOLIECCa OCAXKAEHUS C MIOXMM MOKPBLITUEM TOMNOJIOMMUYECKOTO
penbeda [8].

Xotst mieHku USG MMeoT MHOTO OOLUMX CBOMCTB C MJIeHKaMU Tep-
MUYECKOTO OKHMCJa, HO OHU 00/1aAal0T TakxXe crieunbUyeCKMMU OCOOEH -
HOCTSIMM, KOTOpbI€ pacuImpsiiotr ux chepy npumenenus. [peBocxoaHoe
MOKPBITUE TOMOJIOTUYECKOTO pesibeda U BHICOKHME CKOPOCTH OCaKAEHUS
npu Hu3kux (<450°C) TeMmrmepaTypax, KOTOpbi€ BbIIEPXHBAET aJTIOMU-
HUEBast METAJUIM3aLUs, IeJIaloT UX He3aMEHUMbIMU Npu (OPMHUPOBAHUHM
mexcnoiHoi nzonsuuu (IMD) B UMC. Jaxe npu ocaxaeHUu nusJieK-
TPpUKa MeXIy TPaH3UCTOpaMM M MepBbIM cloeM MeTauusauuu (PMD)
TpebyeTcsl CHUXEHUE TEPMHUUYECKOro O10IKeTa, YTOObl YMEHBIUUTL JUD-
dby3uio nerupylouMx npuMeceit Npy NoBbILIEHUW CTENEHU UHTErpauuu
UMC.

IMpu XOI'® nnenok USG u3 rasoBoii cucreMbl Ha ocHoe TOOC
MOXHO n06uThcsi 100%-HO# cTerneHU KOH(MOPMHOCTH OCaXIeHHs, T.e.
100%-Hoit paBHOMEPHOCTH CKOPOCTH OCaXIEHHUs Ha BCEX yyacTKax TO-
MOJIOrMYECKOro penbeda, 61arogapsi TOMy UTO NPOLECC OCAXKACHUS MPO-
XOOWUT B KHMHETUUYECKO# 00sacTu. [103TOMY COBEpPUIEHCTBO 3anONHEHUS
3a30pOB HE 3aBUCHUT OT UX acnekTHoro oTHouieHusi (AR). C apyroii cTo-
POHBI, ec/ii OOKOBbIE CTEHKHU 3a30pa UMEIOT OTpULIATEIbHbIA HAKJIOH, TO
TIpU €ro 3anoJIHEHU M 00pa3yloTCs MyCTOTHI (voids).

Kak yxe ormeuanoch Bbiie, cBoiictea XOI'® SiO, ryieHOK MoryT
yIPaBJIsAThCS MPOLIECCHBIMU TMapaMeTpaMu. B Tabi. 9 nokazaHo BAUsIHHE
NPOLIECCHBIX (OMepallMOHHbIX, PEXUMHBIX) MapaMeTpOB Ha TEXHOJIOTH-
yeckue xapakrepuctuku mieHok USG, nonydeHHsbix B nipouecce SA RE
CVD USG (TEOS/O,) [8]. TToatomy cBoiicTBa XOI'® mieHOK OKHMCH
KPEMHUsI MOTYT ObITb ONTUMMU3UPOBAHbI WISl Pa3IMYHbIX NPUMEHEHUH,
BKJTIOYAS:

— KOH(OPMHOE 3aMoJHEHUE BbICOKOACTIEKTHOTO TOMOJOTHYECKOro
penbeda ¢ BO3BMOXHOCTBIO €ro rnobanbHOM M1aHapU3aluu;
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— ¢hopMupoBaHue GapbepHbiX OT Biaaru ciaoeB USG B npoueccax LP
PE CVD USG (TEOS/0,);

— (opMHpOBaHKE BCIIOMOTATE/IbHBIX (BMOCAEACTBUM YIANSIEMBbIX)
mwieHoK LTO ¢ BBICOKMMH CKOPOCTSIMU XMIKOCTHOTO M TMJa3MEHHOTO
TpaBJICHUS,

— (opMHUpOBaHUE TIPUCTEHOUHBIX OKUCJIOB (CIeiicepoB — spacers) B
KOH(OPMHBIX NpOLIECCaX OCAXAEHUS;

— dopMUpoBaHME XKECTKHUX (HEOPraHUYECKMX) MAacOK C KOHTPOJEM
KPUTUYECKUX Pa3MEpOB;

— aHTHOTpaxalwure nokpoitus (anti reflective coating — ARC) nns
rinybokoro ynerpaduonera (deep ultraviolet — DUV) ¢ MaxcumanibHOI
PaBHOMEPHOCTBIO 10 TOJILLHHE; R

— (hopMHUpOBaHHE KOMITCHCUPYIOILMX MEXaHUYECKHE HATPSIXKEHUs
CJI0EB B CTPYKTYpax C HUTPUIOM KPEMHHUS;

— (dopMHpoBaHHue LieJieBOi n3oasiuu (shallow trench isolation — STI)
OJjiarofapsi NPeBOCXOAHOMY 3allOJHEHUIO pebeda, HU3KOMY 3arpsi3HEHUIO
MeTaUlaMU U COBMECTUMOCTH C TpOLECCAaMHU XHMMKO-MEXaHUUYECKOit
niaHapusauuu (chemical mechanical planarization — CMP).

HecMoTps Ha Bce npeumyuiectBa, XOI'D okucsbpl KpeMHUSI TaKKe
UMEIOT HETOCTATKHU:

— HU3KYIO TUIOTHOCTh M BbICOKHE CKOPOCTU TpaBAeHMS ISl HU3KO-
TEMIIEPATYPHbIX TUIEHOK;

— BBICOKME YPOBHM NpHUMecel (Boropoaa v yriaeponaa) Uist TUIeHOK,
OCaXIEeHHbIX B MJIa3M0aKTUBUPOBaHHbIX Npolieccax (PE CVD).

Bonee Toro, npouecch ocaxaenus SA LT CVD USG (TEOS/O,) 06-
JajaloT MOBEPXHOCTHOM UYBCTBUTENBHOCTBHIO, T.€. W3MEHSIOT CBOWMCTBA
OCaXIaeMbIX TUIEHOK KaK (DYHKIIMIO MaTepUaia NOMIOXKKHY (Noaciios). 1o
NMPOUCXOOUT 61aroiapst TOMY, YTO YKa3aHHbI€ MPOLECCHI KOHTPOJUPYIOTCS
(TMMHUTUPYIOTCS) MOBEPXHOCTHOH XUMHMUYECKO peakliMei (IpoXoasT B K-
HeTUYeCcKo# 00/1aCTH), U MOBEPXHOCTHAS UYBCTBUTEABHOCTH MOXET ObITh
CHUXeHa ymeHblueHueM oTHoweHuss O,/TEOS unu nasienus. K coxa-
JIEHUI0, TaKUE M3MEHEHMS TPOLECCHBIX NapaMeTPOB BEAYT K YXYALICHUIO
3anojHeHUs 3a30poB. Ho, ¢ Apyroi CTOpOHBI, MOBEPXHOCTHAs YYBCTBHU-
TEJILHOCTb MO3BOJISIET MOJY4YaTh CeNeKTUBHOE ocaxiaeHue mieHok USG u
JI0GMBaTbLCS caMoIlaHapU3aUuy npyu GOPMUPOBAHUHM ILENECBON U30JISILUN
13-3a Pa3HOCTU B CKOPOCTSIX OCAXJIECHUS U IJIOTHOCTHU IUIEHOK, Ocax/ae-
MbIX Ha YYaCTKax MOJIOXKKH U3 HUTPU/IA KPEMHUS U MOHOKPEMHHUSI.
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Tabnunua 9

BnusiHue NpoLIECCHBIX MapaMeTPOB Ha TEXHOJOrHYECKUE XapaKTEPUCTUKH
MAEHOK HeslernpoBaHHoro ctekna (USG), monydyeHHbIX B IIpoLecce
XMMHYECKOro ocaxaeHust u3 rasosoit pasel SA RE CVD USG (TEOS/0,))

Ckopocrb Yeanoynas CreneHn
Onepaunonnnte | CkopocTb
TpasJjieHns B | aepopmaums | KoHpopmHOCTH
napaMeTpbl OCaXK/IeHHs,
y CTAHJAPTHOM |  TOJLIMHBI HOKPbBITHSA
4 Tpasutene, V., | IIeHKH, Sk peaseda, o
PaGouee Her . . 1
nasnenue, p T addekTa
ITorok TEOS
’ {
Q(TEOS) 1 T ™ ™"
[Totok o30Ha
’ W N3 W i
Qo)
KoHueHTpauus o i m m
o3oHa, n(0,) T
Temneparypa
MOLIOXKH, J W W T
Tt
s
IIpuMeuaHue: T — yBeJMYEHHE NTapaMeTpa, XapaKTePUCTUKH;
T — CHIbHOE yBeIMYEHUE XapaKTEPUCTUKH,
! — yMeHblIeHME XapaKTEPUCTUKH;

{1 — cuibHOE yMEHbLIEHHE XapaKTePUCTHKH.

Bopodocdopocunukartroe crekiio (bPCC) (borophosphorosilicate
glass — BPSG) — 370 TpoitHoe cunukarHoe ctekio (B,0,-P,0,-Si0, unu
SiO,[B,0,;P,0]), KoTopoe MOXeT ObITb MOJIYYEHO B MPOLECCE OCAXIE-
HHUs n106aBkoi 6opa u docdopa Kak Jerupyrolluvx npumeceid. InaBHbiM
MPEUMYLIECTBOM BHEAPEHUSA 100aBOK SIBISIETCA U3MEHEHHUE MOBEPXHOC-
THoro HaTsxeHus miaeHku. Kak pesynsrar BOCC nieHKU cTaHOBITCSA
BSI3KMMU TIPU MOBBILUEHHBIX TEMITEPATYPAX, U, CJIEAYsI CUIaM MOBEPXHOC-
THOTOQ HaTSIKEHMS1, IPOUCXOINUT CKPYTIEHUE OCTPBIX YIJIOB, CIJIaXHBaeT-
CsI TOBEPXHOCTHBIH peibed U 1ocTuraeTcs 3anojHeHue 3a30pos 6e3 myc-
TOT (voids).

INMpouecc pactekaHus maeHok bBOCC npopoautcs aubo B nuddy-
3MOHHBIX Neyvax, JUO0 B yCTAHOBKAX OBICTPOTO TEPMHUUYECKOTO OTXUTa
(BTO) (rapid thermal annealing — RTA) npu remnepatypax cBbite 700°C
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B 3aBUCHMMOCTU OT KOHUEHTPALMM JIETUPYIOILMX J00aBOK, MJIOTHOCTH
MJAEHKH U YCIOBMI oTXuUra (BpeMsi, atmocdepa). bonee Huskne remne-
patypbl pacTeKaHMsI MOTYT ObIThb IIOJly4EHBI MpU 0oJiee BbICOKUX KOHLIEH-
TpaUHMsX JErUpyomnX 106aBoK U B atMocdepe BoasiHoro napa. OaHako
yBeJIMYeHHe KOHLEeHTpauuu dochopa 6osiee 5 BeCOBLIX % He MOBLIIIAET
OoJibliie pacTeKarwliylo crocobHocth mwieHok BOCC, Torma Kak u30bi-
TOK GOpa NMpPUBOAUT K BHICOKOM THIPOCKOMUYHOCTH U HECTAOMJIBHOCTH
rmeHok. Ilocne orxura meHku BPCC ¢ oblueii KoHUeHTpauuei Jie-
rUpyloIuX 106aBoK 6oJiblie 11 BecoBbIX % WiIu ¢ KOHLEHTpalMeit 6opa
OoJiblie 6 BECOBBIX % MMEIOT TEHICHLIMIO K 00pa30BaHUIO KPUCTALIOB
BPO, Ha noBepxHOCTH.

Tak xak mpouecc ocaxneHus nineHok BAPCC SA LT CVD BPSG
(TEOS/TEPO/TMB/O,) npotekaet B aMpHy3MoHHOMH 06/1aCTH, OH 06ec-
MEeYNBAET MEHBIIYIO CTeNeHb KOH(MOPMHOCTHU OCAXIAEHHUS, YEM TMPOLIECC
SA LT CVD USG (TEOS/Q,), npoTtexaolumit B KHHETUYECKOH 06.1acTH.
[TosToMy mnpu 3amosHEHHWM 3a30pOB Nocie ocaxaeHus mieHKH bPCC
OCTAIOTCS TIYCTOTHI B BUAE MIMHHBIX LIEJCH, KOTOPBIE B MPOLECCE MOC-
JICAYIOLLETO OTXKHUra 3a CUET pacTeKaHUS MUICHKU YMEHbBILAIOTCS B pa3Me-
pax, NPUHUMAIOT KPYIIYI0 GOPMY M NPU AOCTATOYHOM PacCTEKaAHUM HC-
yeszatot [8]. AnanoruuyHo mieHkaM USG mnedku B®OCC ynnoTHs0TCS
NP OTXKUTE.

Tak Kak 3anmojHeHue 3a30poB TomoJsiornyeckoro peibeca UMC ¢
nomMouibio eHoK BMCC TpedyeT MocaeayoLIero OTXXura, To 3TH MieH-
KM TMPUMEHSIOTCS TOJbLKO MpU ¢opMupoBaHuM cioeB PMD (premetal
dielectric) M3-3a TeMmrepaTypHBIX OrpaHUYEHUH AJTIOMUHUEBON MeETal-
nuzaunu. M3MeHeHre KOHUEHTPALMK JIETMPYIOIINX N00ABOK U3MEHSET
(pu3nKo-xuMuueckue cBoiictea rmieHoK bOCC.

Hanpumep, ckopocTs Tpas/ieHus B pazbasieHHoM (0,49%) pacTBope
riaBukoBol kucnotsl (dilute HF — DHF — H O : HF(49%) = 100: 1) nie-
Hok BOCC, comepxaniux S BecoBbix % dochopa, MeHsetcsi ot 110 1o 170
HM/MWH MPH MOBBIIEHUU KOHLIEHTPALIMKY 60pa B HUX OT 3 10 5 BECOBbLIX %,
a cKopocTh TpasiieHus ieHok BPCC, conepxkaiux 5 BecoBbix % 6opa,
meHsieTcst oT 90 HM/MUH 10 170 HM/MUWH NMpU YBeJTUYECHUN KOHUEHTpALIMH
docdopa B HUX oT 3 0o 5 BecoBbIX % [8].

bnarogapsi koHueHTtpauun ¢ochopa mieHku bPCC moryt uc-
NOJIb30BaThCsl KaK TeTTepbl LIENIOYHBIX MOHOB NMoA00HO meHkam OCC
(PSG), a Takxe mns CHUXXKEHUSA MEXaHWYECKUX HAMpPSKEHUIT B MHOTO-
CNOHBIX AM3NeKTprKax. OnHaKo OCHOBHOM NMpo6JeMOii B MPUMEHEHUU
nieHok BOCC apnagetca auddy3us U3 HUX JIETUPYIOLIMX 100aBOK, OCO-
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6eHHO docdopa, B MOACION MOAUMKPEMHUS U MOHOKPEMHHUS, KOTOpas
YBETUUMBAETCS C MOBLILLIEHHEM KOHLICHTpALMK 60pa B HUX.

BopocunukatHoe crexsio (BCC) (borosilicate glass — BSG) u ¢oc-
dbopocunvkatHoe crekiio (PCC) (phosphorosilicate glass — PSG) — 370
ABoiiHbIe cuimkartHble crekia (B,0,-SiO0, win SiO,[B,0,]) u (P,0,-SiO,
nin SiO,[P,0,]) ¢ yHuKanbHBIMU CBOKCTBaMH. M3-3a TeHAEHLIMM K A1 -
(by31OHHOMY BBIXOAY JIETHPYIOUINX 106ABOK MTPU HArpeBaHUHU 00€ MICHKH
MOTYT CIAYXXUTb UCTOYHUKAMMU JIETUPYIOLIUX IPUMeECEii B nipoliecce aud-
dy3uu. DTo NMO3BOJAET MPOBOJUTH PABHOMEPHOE JIETHPOBaHUE BHYTPU
3a30pOB C BLICOKHMM aCMEKTHBIM OTHOIIIEHHUEM, TaK Kak npotecchl XOI'd
obecreunBaloT KoHdopMmHoe ocaxaeHue mieHok BCC u PCC Ha rorio-
JIOTUYECKUI pebed.

Caepxmenkye Npoduin JErMpoBaHrus MOTYT ObITb JOCTMTCHYTHI C
NnoMouib1o O6bicTphiX Tepmuyeckux npouecco (BTII) (rapid thermal pro-
cesses — RTP). Ilo aroii xe npuunuHe n1uddy3noHHbIl Gapbep Tpebyercsa
[UIst TIpenoTBpalleHus uddy3un Nerupyownx npuMeceili B nojJuKpem-
Hui, ecan mieHkn BCC win ®CC ucnonb3yoTest B cocrase PMD nu-
anextpuka [12].

Jpyroit BaxHOH xapakTepucTukoil rieHok MCC asnsgeTca ux re-
TEepUpYIOLLasi CNOCOOGHOCTb K LUEJIOUHBIM MOHAM, KOTOpas AeaeT 3TH
IJIEHKHA MOAXOAAIUMMU IS UCIIOMb30BAHHSA B KAauyecTBe MacCUBHPYIO-
HIMX cjoeB. Tak Kak CrocOOHOCTh PaBHOMEPHO MOKPHIBAaTh TOMOJOTHU-
yeckuit peabed y miaeHok MCC Huxe yeMm y mieHok USG, 1o creneHb
KOH(OPMHOCTH UX OCAXKNEHMS CTAHOBUTCH KPUTHUECKOH TMPU YMEHb-
weHuu pazmepoB UMC. [Ins Toro 4yTo6bi 3aMOJTHUTh 3a30pbi 6€3 MYCTOT
mwieHkaMu PCC, CTeHKHU 3a30pPOB AEJAI0T HEMHOTIO HAKJIOHHBIMU U, Ta-
KUM 00Opa3oM, KOMIIEHCHPYIOT MOHMXEHHYIO CTeneHb KOHGOPMHOCTH
OCaXAEHHUS.

YBenuueHue TeMnepatypel ocaxaeHus 7, ¥ HOHMXEHME KOHUEHT-
pauuu pocdopa yBenMuuBaeT cnocooHocTh mieHoK PCC 3anoaHATD 3a-
3opsl. [Tocneayrownit otxxur npu 7> 1000°C u p = 1—25 aT™ BBI3BIBAET
pactekanue mieHok OCC 6Gaarogaps U3MEHEHUIO BSI3KOCTH, HO PENKO
UCTIONb3YETCS U3-3a OTpaHUUYEHU I TepMUUuecKoro Oroaxera [8).

[Moxo6Ho mnenkam BMCC ckopoctu TpasiaeHus rieHok BCC u
DO CC 3aBUCHAT OT YPOBHS JIETUPOBAHHSA U YCIOBUIL ocaxaeHUsA. OHM MOTYT
OBITh ONTUMU3UPOBAHBI JJjisi OIHOBPEMEHHOIO MOJIyYeHUsT BBICOKOM ce-
JIEKTUBHOCTH XHIKOCTHOTO TPaBJCHHUS K TEPMHUUECKOMY OKUCITY U BbICO-
KOIi CEeIEKTUBHOCTH IMJa3MEHHOT0 TPaBJIEHUS] K MOHOKpeMHHUIO. [ToaTomy
wieHkU ®CC n BCC MoryT Mcnonb3oBaThCs B KAUYECTBE XKECTKHUX MacoOK
IUTSl TJIyOMHHOTO TPaBJEHUSI MOHOKPEMHHS M B Ka4eCTBE BCIIOMOTaTe/b-
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HbIX (yaansembix) cioes {3].

IMnenkn ®CC u BCC cTaHOBATCSt CUMBHO TMTPOCKONUYHBIMU TIPU
BBICOKHUX KOHLEHTpAUHUAX Jierupylowux npumeceit. O0bIYHO KOHIEHT-
pauuu 6opa B rieHkax BCC Bbite 6 BecoBhIX % M dochopa B MIeHKax
MCC Boilie 8 BecoBbIX % cnocoGCTBYIOT 0Opa3oBaHUIO GOpHOIT U (oc-
(hOPHOI KHUCIOT U BELYT K HECTAOUNBLHOCTHU TieHOK [6]. TTnoTHOCTH THIE-
HOK PCC u BCC MoryT 6bITh MOBLILIEHBI UCMOJIb30BAHUEM:

— BBICOKMX TEMIEPATyp OCaXIECHUS;

— nJaa3MoaxkTuBupoBaHHbIX npoueccoB XOI'd (PE CVD);

— MOCJIEAYIOIUX YIVIOTHSIIOIIUX OTKUTOB.

B HacTosiee BpeMst Ha MaTepyanbl K MeXca0iHoi u3ossauuu (1LD)
NpenbABISAIOTCA ceayioliune Tpebosanus [12]:

— ob1uas >aeKTpruyecKast U3osLms;

— BO3MOXHOCTb MPOBOAMTH MJ1aHapu3auuio npu Huskux (<400°C)
TeMriepaTypax;

— ajleKBaTHOe caepXuBaHue obpaszoaHus 6yropkos (hillocks);

— OTCYTCTBHUE IYCTOT IIPU 3aMOJHEHUH KAHABOK MEXIy MeTa/uInyec-
KUMM JIMHUSAMH;

— HebOoJIbLINE MeXaHUUECKHUE HaTIPSXKEHUS

— HHU3KUM YypOBEHbD 3arpsI3HEHUI 1 IUCTIEPCHBIX BKJTIOYEHUIA.

HByokuch kpemuud, a Takxe MCC siBAAIOTCS OCHOBHBIMU MaTepH-
anamu MexcaoitHoit usonsuuu (ILD) ana UMC c Toronormyeckumu
paaMepamu >0,18 MkM. B Mukpocxemax 0oJbliieil cTerneHu MHTerpauuu
13-3a YBEJIMYEHUS] COMPOTHBJIEHUS MPOBOAHUKOB (3a CUET YMEHbILUEHMSI
LIMPUHBI) I COXpaHEHHUS OBICTPOAEUCTBUS (BpeMS 3aepKKU CUMTHaIa
7= RC) HeoOX0OUMBI AUINEKTPUKU C O0Jiee HU3KOM MO CPaBHEHMIO C
Si0, ananexTpuyeckoit nocrosaHHoii (dielectric constant k), Tak Ha3sbiBae-
Mbie low k auanekTpuku [8], 4ToObl YMEHbBLIUTD EMKOCTb.

7.4. MneHKN HUTPUAA N OKCUHUTPUAA KPEeMHUA

Hutpun kpemuunsa (Si,N,) Hapsay ¢ AMOKCUAOM KPEMHUS SIBJIAETCHA O~
HWUM U3 OCHOBOIIONAraiuMx Mateprainos B npoussoactee UMC. B cos-
PEMEHHBIX TEXHOJOTUSX TJIEHKH HUTPULA KpeMHMUS TIPUMEHSIIOTCS B Ka-
uecrTBe:

— 3aLUATHBIX TACCUBUPYIOLLMX CJ0EB HAa MOBEPXHOCTH KPUCTAIOB
UMC;

— OapbepHbIX CloeB, MpeaoTBpailaroimx Iuddysuio npumeceit u3
JICTUPOBAHHBIX CUJIMKATHbIX CTEKOJN U Auddy3nio aTOMOB Kuciopoaa 13
1JIeHOK OKCHIOB KPEMHMUS,;
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— MAcOK MNpPU CEJICKTMBHOM TEPMHUYECKOM OKMCIACHUU KPEeMHHS U
dopmuposanun LOCOS usonauuu;

— CTOMOPHBIX CJIOEB MPY TPaBACHUU KOHTAKTHbIX OKOH B PMD;

— CTOIMOPHBIX CJOEB TPU XMMHUKO-MEXAaHHUYECKOH NiiaHapu3auuu
y3Ja ueaeBoit nzonsiunu (STI);

— cnoeB 00KOBOI (MPUCTEHOUHOM ) JJOKaJbHOU U30JILMU (Ccrieiice-
poB) npu GopMUpoBaHrU 3aTBOpHOro yana MOII TpaH3ucTopos;

— CJI0eB JAM3JIEKTPUKOB NpU (HOPMUPOBAHUM KOHJICHCATOPOB C
60JIbILIO EMKOCTBIO B IMHAMUYECKUX OMNEPATUBHBIX 3alTIOMUHAIOLIKX YC-
tpoiicTax (A10O3Y).

IMpuMeHeHWe HUTPUIA KPEMHMUS Ui MOJYYEHUS TMacCHBUPYIOLIMX
cJIoeB U Macok st 1ndp¢y3uu U OKUCICHUS CBA3aHO C TE€M, YTO 3TOT
MaTtepHal o0pa3yeT BeTUKOJIENHbINA 6apbep Baare, HOHaM 1EJTOYHbBIX ME-
TaNIOB, aTOMaM Kucjiopoia, docdopa u 6opa, npensiTcTeyeT HopMHPO-
BaHUIO MEXaHUYECKUX IOBPEXIECHUI Ha NMOBEPXHOCTH KpucTaioB UMC
v 0obanaeT NpeKpacHbIMU U30JISIUMOHHBIMU CBOMCTBaMU. B ¢BsI3u ¢ 3TUM
He TpebyeTCsl UCMOJIb30BaHUs IOPOTUX META/UIOKEPAMUYECKUX KOPITYCOB
npu u3rotoBaeHuu UMC, a MOXHO OrpaHUUMTLCS YNAKOBKOH B OoJsee
JelleBble MIACTUKOBBIE KOpIIyCa.

C TOYKM 3peHUs 3alUUThl OT MEXaHUYECKUX TOBPEXACHUM XKe-
JIATeJIbHO [eJiaTh MacCMBUPYIOUIHE C/OU KaK MOXHO Tojiue. OaHako ¢
YBEJIMYEHUEM TOJILUMHBI MIEHKU Si,N, MOBBILAIOTCA MEXaHHYECKHUE Ha-
NPSIXEHUA, KaK B Hel, Tak ¥ B Apyrux ciosix UMC, 4yto yBenuyuBaeT Be-
POSATHOCTD €€ PacTPECKHMBAHUS M CKa3bIBAETCS Ha KAYECTBE HUXKE JexXa-
LIEero ajJloMHHKMEBOro cjios. [1o3TOMy ToJIIMHA TAaCCUBUPYIOUIETO CJIOs
HUTpHAA KPEMHUS 00OBIYHO BbIOMpaeTcs B auana3oHe oT 0,7 no 2 MKM,
a MakCHUMalbHasl TeMIeparypa ero ocaxneHus orpaHuuera 450°C us-3a
HaJIM4Us alIOMUHUEBO METALTU3ALIHMH.

W3-3a BLICOKOI1 IM31EKTPUUECKOI mocTosiHHOM k(Si,N,) = 6—9 mpo-
THB k(Si0,) = 3,7—4,1 HUTPUI KPEMHUSI MEHEE TPUBJIEKATENIEH B Kayec-
TBe MpeAMETAIBHOTO M MeXcJIoiHoro auanekrpukoB (PMD wu ILD),
TaK Kak 6ojiee BbICOKASI EMKOCTh M3OJSILIMK YBEJIUYUT BpeMsl 3alepXKKHU
CMTHaja, a, ciaegoBaTejbHO, yMeHbUT OnicTponeiicteue UMC. Ho, ¢
ApYro¥ CTOPOHBI, 3TO Xe CBOKCTBO MIIEHOK Si,N, fe/1aeT X NepCreKTHB-
HBIMU JUIl €MKOCTHBIX U MOA3aTBOPHBIX AN3NEKTPUKOB IPU YMEHbLIEHMH
Tomnojiornyeckux pasmepos MMC.

Pa3sHHLIa B MOJIEKYJISAPHOI CTPYKTYpe MU XMMMHYECKOM COCTaBe IO
CPaBHEHMIO CO CJIOSIMM JIBYOKMCH KPEMHUS 00ECTICUUBAET IMJIEHKAM HUT-
pUIa KpeMHHUSA clieayolye (pU3nKo-XuMUYeCK1e CBOHCTBA:
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— CKOpOCTh TpasieHus B Oydeprom tpasutene (BHF — NH, F: HF =
6:1) 1,0—1,5 um/Mun npots 90 HM/MMH WIS TIEHOK SiO,, MONTy4eHHBIX
BJIAXXHBIM OKHCJIEHUEM;

— maoTHocTh 2,5-3,1 r/cm® npotuB 2,0—2,3 r/cM® mna niaeHok
Si0,;

— k03bdULNEHT TepMUueckoro pacuupeHus 4-10°% K-!' nporus
5,6:107 K" nns meHox SiO,.

IMostomy maeHku Si,N, Moryt ObITb MCMOJb30BaHbl KaK TBEPAbIE
MacKH TpH TpasJeHuU cioes SiO, ¥ ryGUHHOM TPaBJIeHUU MOHOKPEM-
HUS, @ TaKKE B KAYECTBE CTOMOPHBIX CIOEB MPU XUMHUKO-MEXaHHYECKOM
nnaHapusauuu (CMP) cnoes 1ByoKUCH KpeMHUsI B Ipouecce GopMUpo-
BaHUSA LLEJICBOM U30ISLUH.

U3-3a Goaplioro pasnuuus B K03 UIIMEHTaX TEPMUYECKOTO pac-
WUMPEHUS MEXIY HUTPHUIOM KPEMHHUSA U KDEMHMEM, IJIEHKU Si,N, 06bI4-
HO OCaXIaloTCsl Ha KPEMHMI1 C MOACJ0eM U3 TOHKOTO 6yhepHOTo oKHUCIa
KPEMHMSI, Ha3bIBAEMOTO IOACTUJIOUHBIM OKMCIOM (pad oxide), 4yToOHI
MpensTCTBOBATbh BOSHUKHOBEHUIO A1e(heKTOB, HHAYLIMPOBAHHBIX MEXaHU-
YeCKWUMU HaMpsXKEeHUSIMU Ha TpaHMLE pasfaesia, MPpU MOBLIILIEHHBIX TEM-
reparypax.

Hutpun xpeMHMs — 3T0 aMOpdHbBIi MaTepua, ToAOGHbIH T1eH-
KaM [IBYOKHCHU KPEMHMUSI, KOTOPBIH MOXET ObiTh TIOJydeH KakK B Mpo-
ueccax TEpMHYECKOro BblpalllMBaHUA (HUTpMAM3aLMM — nitridization),
TaK U B npouieccax XOI'D. Pocr cioes Si;N, Ha KpeMHUU NPOBOAUTCA B
nuddy3uoHHBIX nieyax npu Temmnepartypax 6oiastie 1000°C B atMocdepe
asora (N,) win ammuaka (NH,). OnHako HeMmpOHHUIaeMOCTb pacTyuIei
ek Si,N, ang noxsoaa K NOBEPXHOCTH KPEMHHS PEareHTOB OTPaHy-
YMBAET TOJILIMHY MOJIY4aEMbIX TAKUM OOpPa30M CJIOEB HUTPUAA KPEMHMUSI
3HauYeHMEM 5 HM [8].

IlneHKHM HUTpMAA KPEMHMS MOIYT ObIThb OCAXAEHBI B CJACAYIOLIHX
npoueccax XOI'd:

1) AP HT CVD Si;N, (SiH,-H,/NH,);

2) LP HT CVD Si,N, (SiCLH -H,/NH,);

3) LP PE CVD Si)N, (SiH,-H,/NH,);

4) LP PE CVD Si)N, (SiH,-H,/N,);

5) LP HDP CVD Si)N, (SiH,-H,/NH-Ar).

BoicokoTeMriepaTypHblii pouecc |, npotekaooluuii npu atMocdep-
1HOM AaBJleHMM B aMana3oHe teMnepatyp 700—900°C u peanusyeMblii B
obopynosauuu tiira SCH BW CNT AP CR RAD HW no cymmapHoii pe-
akuuy (6.1), xapakTepM3yeTcsi CWIbHON 3aBUCMMOCTBIO CKOPOCTH OCaX-

Y. 3aka3 Ne 1870.
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NeHHUs TUICHOK HUTpUIA KPEMHUS OT TemriepaTyphl (MeHbllUe | HM/MWH
npu T=700°C u 100—200 um/mMuH nipu T = 900°C) U BBICOKOH MIOTHOC-
TBIO TIPUBHOCUMbIX YACTHLL, YTO OTPAHNYMBAET €r0 MPUMEHEHHE B TEXHO-
sioruu ceepxbonbiinx UMC.

BoicokoTemmepaTypHblii npouecc 2, MpoTeKalolWUil NMpu HU3KOM
JaBJicHUM B 1Mamna3oHe teMneparyp 700—800°C u peannsyeMslit B o6opy-
gosanuu tuna MCH BW DSC RP (2—-4)HTR (VTR) RES HW no cym-
MapHOM peakUuM:

38iH,Cl, (8) + 4NH, (g) = Si,N, (s) + 6H, (2) + 6HCl (g),  (7.13)

MO3BOJIAET OCAXAATH MUIOTHBIE CTEXMOMETPUYECKUE TIEHKH Si;N, ¢ HU3-
KHM CoIepXaHUeM BOAOPOAA M XJI0pa Co CKOpocTMHU 1,5—2,0 HM/MUH u
KOH(MOPMHBIM NOKPBITHEM TOIOJIOTMYECKOTo peibeda.

OnHako ToiacTeie (6osbiue 50 HM) TIEHKU HUTPUIA KPEMHUS HE MO-
I'YT ObITh OCAXIECHbI B 3TOM MPOLECCE HE TOJIBKO H3-3a HU3KHUX CKOPOCTEM
OCaXIeHWs, HO M3-3a BLICOKMX PACTATHBAIOLIMX MEXaHMUYECKUX Hamps-
KEHMIi, BBI3BIBAIOIIUX pacTpeCKMBaHUE IeHOK. KpoMe Toro, BICOKME
TeMIepaTyphbl OCaXKIeHUsl OrpaHUYMBAIOT MPUMEHEHME 3TOro rpouecca
XOI'd nneHok Si,N, TpaH3UCTOPHOH YaCTbiO MapLIPyTa MU3rOTOBJIEHUS
UMC (FEOL). Tak kak npouecc LP HT CVD Si N, (SiCL,H,-H,/NH,)
peayiM3yeTcsl B TOPU30HTAIbHBIX U BEPTUKAIBHBIX peaKTOpax TpybyaToro
TUMA, TO MPOLECC OCAXKICHUS MJICHOK HUTPUJIA KPEMHUSI MIPOUCXOAUT Ha
06e CTOpPOHBI MIACTUH, ¥ UHOrAa TpebyeTcs JOMOJMHUTEAbHAsL onepaLus
ynaneHus rieHku Si,N, ¢ 06paTHOM CTOPOHBI IIaCTHHBI.

HuskoreMnepaTypHbie TJIa3MOaKTUBUPOBaHHbIE Tpouecchl 3 u 4,
MPOTEKAIOLIME PU HU3KOM JaBjieHHH B IMana3oHe Temnepatyp 200—480°C
W peanusyeMbie B o6opyaoanuu Tina CLR SW DSC RP (2-4)PPSR RES
CW PE 1o cyMMapHbIM peakiUsiM:

SiH, (g) + NH, (2) » SiN_H, (s) + H, (®), (7.14)
SiH, (2) + N, () = SiN.H, (s) + H, (@), (7.15)

MO3BOJAIOT ocaxiath cogepxaiwme or 10 mo 30% Bomopoda MJIEHKHU
SixNsz co ckopocTsaMu 10—30 HM/MuH. CBOIiCTBa TUIEHOK HUTpHUOA
KPEMHHUs, MOJYYEHHBIX B IJ1a3MOaKTMBUPOBAaHHbLIX Mmpoueccax XOI'D,
MOTYT DPETYIMPOBATLCS C MOMOILbIO MPOUECCHBIX [MapaMeTpoOB: OTHO-
wenusa SiH,/NH,, Temnepatypsl ocaxaenusi, ypoBHs BY moliuHoctu 1
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1. Xopollee NOKpbITHE TOMOJOTMYeCcKoro penbega B n1asMoakTHBUPO-
paHHBIX npoueccax XOI'P MoxeT 6biTb JOCTUTHYTO MoAayeii BHEIHETO
110CTOSTHHOTO 3JIEKTPUYECKOrO CMELIEHUS Ha MOANMOXKOAEpXKATeNb WU
pcaju3auveil ONHOBPEMEHHO MPOLECCOB OCAXIAEHUS U TpaBJeHMs [0-
(#aBKOM aproHa B ra3oBYIO CMEChb B CUCTEMAX € [1JIa3MOH BbICOKOMH MJIOT-
itoctu (HDP) tuma SCH SW DSC RP HDPR CW HDP, peanusyiouimx
lpouecc 5.

Bricokas aHeprus 6omM0GapaupyloWUX pacTyllMe IUIEHKU HUTpUAA
KPEMHMS YaCTHLL NIa3Mbl BbI3bIBAET CXXUMaIOLLEE MEXaHHUYECKOe Hanpsi-
KEeHHE B MJIEeHKaX, BETUUMHAE KOTOPOTO MOXET YIPABISATLCS C MOMOIIbIO
BY MOWIHOCTH B LeAIX MUHUMH3ALHU U PAaCTPECKUBAHUA TUIEHOK. B nuas-
MOaKTUBUPOBaHHBLIX mpoueccax XOI'® obpasyiorcs cjiou HUTpUOA
KPEMHHS HE CTEXMOMETPHUUYECKOrO COCTaBa, KOTOPbIe COAEPXKAT BOLOPOA
1 oborameHbl kpeMHHUeM. OborauieHUe KpeMHHUEM TMPUBOAUT K HU3KOIA
IJIOTHOCTH MJIEHOK HUTPUAA KPEMHHUSI M X BBICOKMM CKOPOCTSM TpaBJie-
HUS B CTAHOAPTHDBIX XXUAKOCTHBIX TpaBUTeNsx (CM. Tadi. 7).

KoHueHTpaums Bogopoa B NAeHKax HUTpUAA KPEMHHSI, OAYYEH-
HBIX B MJ1a3MOaKTUBUPOBaHHbBIX Npoueccax XOI®, 3aBUCUT OT yciloBHii
ocaxaeHusa ¥ ocoOeHHO OT TeMnepaTypbl. Hanpumep, rjieHKu HUTpUIa
KpeMHusl, ocaxzaeHHble B npouecce 3, npu T = 400°C conepxar 25 aT. %
H, npu T=480°C — 16 at. % H, npu 7= 550°C — 13 at. % H [8].

ConepxaHue BoAOpPO/la B MJIeHKEe HUTPUAA KPEMHUS sSIBASIETCSI KpU-
TUYHBIM, TTOCKOJIbKY CIOCOOCTBYET YMEHbLUIEHUIO CPOKa CJIYXKObI U Ae-
rpagauuu xapakrepuctuk KMOIT UMC. Bblio 06HapyXeHOo, 4TO BOJO-
poa crocobeH aubdyHIMpoBaTh U3 NACCUBALIMOHHOTO CNOS K FPaHULE
pasnena Si — noA3aTBOPHbIN OKMUCEN, OCEAATb U CO31aBaTh TaM JIOBYLL -
KU JJ1S1 HOCUTEEH 3apsia, yMEeHbLIas UX Bpemst XKu3Hu. OxHaKO, YTOObI
BOJIOPOAY MOMNAcThb B MOA3ATBOPHBIN OKKMCEJ, €My CHayaja HeoOXOau-
MO NepeTH U3 cBa3aHHOTro coctosiHusa (Si-H unu N-H) B vurpuaHoii
IJIeHKE B CBOOoaHOE cocTosiHUe. U Tak Kak aHeprus cBs3u Si-H MHoro
meHblue 3Hepruu cBa3u N-H, to orHoweHue Si-H/N-H ropasno cy-
IWECTBEHHEM ¢ TOUKH 3pEHUS AerpajalMu YCTPONCTBA, YEM COOCTBEHHO
€aMo COJIepXaHUe BOAOPOAa B OCaXAEHHOM niaeHkKe [35].

Bonopon MoXeT Takxe OKa3biBaThb BIMSIHUE HA MUIpALIMIO MEXaHU-
YE€CKHUX HaNpSXKEHMI U3 CIOsi HUTpUa KpeMHUs. BbiCOKUii ypoBeHb Me-
XaHUYECKUX HAMPSKEHUN COOTBETCTBYET OOJIBLIOMY COAEPXAHHUIO BOIO-
pona B ruieHke [§]. Kpome Toro, Boaopod B HUTPUAHOMN IJIEHKE MOXET
XMMMUYECKHU pearupoBaTb ¢ aTOMaMM allOMUHUS NPU NOBBIILEHHBIX TEM-
nepaTtypax ¢ 00pa3oBaHMEM MyCTOT B AJIIOMUHUEBONH MeTa/lIM3aUuu [4].

9*
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JobuTbcst MeHBbIIMX 3HAYEHUII MEXaHUYECKOro HamnpsXeHUs U
KOHLEHTpaUuuMM Boaopoaa (3a cueT ymMeHbluieHust Si-H cBs3eit) B rieH-
Kax HUTpUIA KPEMHHUS MOXHO, HE TOJbKO TOBbILIAS TEeMIEPaTypy
ocaXJaeHMs, HO, YBEIMYUBAs MOHHYI0 00MOapaIUpOBKY MOBEPXHOCTH B
npoliecce ocaxIeHUsT C NMOMOLIbIO 100aBKM HM3KOYACTOTHOI COCTaB-
Jgaiolleil B riasmeHHbIN npouecc. Huskoe comepxkanue Si-H cBsizeid
NOMUMO TOT'O, YTO 3aMEAJISIET Aerpalalvio YCTPOUCTB, Ae/JaeT BO3MOX-
HBIM TIpoxoxiaeHue Y@ uznydyeHust yepe3 Takve HUTPUIHBIE MJIEHKH,
KOTOpbI€ HAXOOAT MPUMEHEHUE B CTUPAEMBIX IIPOrPpaMMUPYEMBbIX NOC-
TOSAHHBIX 3alIOMUHaloMUX ycTpoiicTBax (EPROM).

ITaeHkM HUTpHUIA KPEMHHMSI, OCAXIEHHbIE B MJIa3MOAaKTUBUPOBAH-
HbIX MpoLECcCax, B OCHOBHOM MCMOJIb3YIOTCs Kak Aud¢by3noHHble Ga-
pbeEPbI, CTOMOPHBIE CJIOW NMPU XUMUKO-MeXaHWYeCKOH ruiaHapu3aluu
M TpaBIeHUH TUICHOK OKCUAAa KPEMHUS U B KaueCTBe CJIOEB (PUHULIHOMN
naccuBauum KpuctasnoB UMC, Takxke OHM MOTyT ObITb MUCII0JIb30Ba-
HbI MpU (OPMUPOBAHUYU CAMOCOBMEILIEHHBIX KOHTakTOB (self alignment
contacts — SAC) u crieiicepoB (spacers) ¢ MUHUMAaJbHbIM 3arpsi3HeHUEM
MeTannamu [8].

YHUKaNbHOU CIOCOOHOCTHIO TMJ1a3MOAKTUBUPOBAHHBIX TpoLiec-
coB XOT'D gpnsgerca BO3MOXHOCTb BapHallUM cOCTaBa (KOMIIO3ULIMU)
OCaX/J1aeMbIX IJIEHOK OT HUTPUAA KPEMHHUST 10 OKCUIA KPEeMHHUS ITyTeM
M3MeHEeHNs NoTokKa 3akucu a3ota (N,0), 106aBisieMOro K rasoBoi cMe-
cu SiH,/NH,. Pe3ynbrupylollide NjaeHKN Ha3biBAlOTCA OKCHHUTPUIOM
kpeMHust (OHK) (oxynitride silicon — ONS) » uMeIOT cocTaB SiOxNy.
Kpome toro, miueHky OHK MoryTt ObiTh MONMy4eHbl B pe3yabTaTe peak-
HUH

BY nnasma

SiH, (g) + N,0 (g) + He (g) = SiO N (s) + He (g), (7.16)

B ra3oBYIO Cpely KOTOpoi 100aBasieTCsl Teari As1sl IOBbILEHUS cTabub-
HOCTM TNa3Mbl paspsila U PaBHOMEPHOCTM OCaXAEHUs TuieHoK [8].
Takue ruieHKM 001aJaloT YAYyYLUIeHHONH CTabUAbHOCTBIO, YMEHbLIIEHHBIM
coAepXaHUeM BOAOpOAA M HU3KUMH MEXaHMYECKUMH HaNpsLKEHUSIMU
MO CPAaBHEHUIO C IIa3MOXMMHMYECKMMM IUIEHKAMM HUTPpUAA KPEMHMUA
(PE CVD SixNyHZ).

[IneHKH OKCHMHHUTpHUIA KPEMHUsSI OOBIMHO UCMOJIL3YIOTCS B COCTaBe
MEXCIONHBIX AuajekTpuKoB (ILD) u B ciosgx ¢UHUIIHON MaccUBaLIKU.
HByxcroiinble cuctemst U3 mueHok SiO N u SiXNyHz TMIPUMEHSIOTCS LTSl
TJTaHapU3alUY MEXCIO0EBbIX COEAMHEHUM, UCTIONb3Ys Pa3HYI0 CKOPOCTb
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MOJIMPOBKU JBYX MaTepUasioB. XOpoOlIWe CBOUWCTBA IpaHMUUbI pasnena
Si— SiOxNy JIENAI0T BO3MOXHBIM HEMTOCPEACTBEHHOE OCAXKIACHUE TIIEHKU
OHK Ha MOHOKpeMHHUIt B KayecTBe MOJA3aTBOPHOIO NUJIEKTPpUKA Hiaro-
Jlapsl €T0 COMPOTUBIIEHUIO K MTPOHUKHOBEHHIO NU(DY3UOHHBIX TpUMeceii
¥ HU3KOW KOHLEHTpALMH JIOBYILUEK 3JIEKTPOHOB.

Ipu dopmuposanuu wenesoit nzonsuuun (STI) mnenka OHK Ttak-
XK€ MCIIONb3yeTCsl KaK BCTaBKa, MO3BOJSAIOLIAS pAaCLIMPUTL MPOLIECCHOE
OKHO, a TakxXe Kak Audby3MoHHbIH 6apbep K aToMaM KHUCI0OpoAa, CTOM-
KU K BO3ACUCTBUIO PacTBOPOB IJ1aBUKOBOI M ¢pocopHoit Kucaor [8].
Tak kak rienku OHK nponyckaioT yasTpadUoaeToBOe U3JIyYeHHE, OHH
TaKXXe UCIOJb3YIOTCS B CTUPAEMbIX NPOrpaMMUpPYeMbIX MOCTOSIHHBIX 3a-
nomuHamwux ycrpoicreax (EPROM).

B nociennee BpeMs naeHky OHK cranu wimMpoko Mcnosnb3oBaThes
B KaueCTBE HEOPraHUYECKUX AUINIEKTPUUYECKUX aHTHUOTPaXKAIOLIMX MOK-
poituit (AOIT) (antireflective coating — ARC) nns noBbiieHHUs paspella-
jolei crocobHocTH (oTtoauTorpadur (ocobeHHo doTtoauTorpaduu B
riny6okoM (A< 300 M) yasrpaduonere — I'Y® ¢otoautorpapuu — DUV
photolithography) npu dopmupoBarHuu potope3ucTuBHbIX Macok (PPM)
Ha CJOSIX MOMUMKPEMHUM U MeTaunM3auuu. OCHOBHOE HazHauye€HUeE aH-
TUOTpaXaloUIMX MOKPbITUH, KOTOPbIE AOMXKHBI ObITb KOH(OPMHBIMU U
ONHOPOAHBIMHK TO TOJILIMHE Ha BCE TUIOILAAU TIIACTUHBI — 00ECNICYUTD
MUHUMAaJIbHOE OTPAXXEHHME CBETA OT IMOACI0S (MOILI0XKM) B MPOLECCe 3K-
CMOHUpPOBaHUA (HOTOPEIUCTUBHBIX MACOK AJISI YIyULIEHUSI pa3pelueHus 1
YCTpaHeHUIt HCKaXEHUI repeaaBaeMoro TormoJoruyecKoro pucyHka.

KoagduumeHT npesoMneHus mnieHok SiOxNy, coAepxaluui neic-
TBUTEJIbHYIO YaCTb # U MHUMYIO YacThb s, JIETKO PETYJIUPYETCS B LLMPOKOM
00J1aCTH 3HAYEHHIA C MOMOLLBIO U3MEHEHHWS COCTaBa (KOMNO3ULIMK). das
['YO® dotonutorpadpuu (A = 248 uM, N = 193 HM u A = 157 HM) aHTHOTpa-
xatowme rmieHku OHK ronmunHoi 30—50 HM, KOTOpbIe U3-33 CTOMKOCTH
k I'Y® ob6ecrieurBaloT TOUHbBIN KOHTPOJb KpUTHYECKUX pasmepoB (CD) u
JIETKO YCTPAHSIOT OTPaXEHHUE OT NOBEPXHOCTH J1I0OOro MaTepuasa, Haum-
HAlOT BBITECHATb OPraHMYE€CKHUE aHTUOTPAXAIOUIUE TIOKPBITHS TOIIMHOH
6osiee 200 HM, HAHOCUMBbIE U3 PaCTBOPOB C MOMOILUBIO LIEHTPU(DYTH.

DTO CBSI3aHO C TEM, YTO B AHTUOTPAXAIOLUMX MTOKPBITUSAX HA OCHO-
e ruieHok OHK orpaxenue or moaciosi ycTpaHsietcs caBUroM hassl
OTPAXXEHHOTO M3AYYEHUs] OTHOCUTESbHO MaJalollero U3jayyeHus, Toraa
kak B opraHudeckux AOII — ¢ nomouibio abcopObLUU OTPaXEHHOTO U3-
JIY4EHUS, KOTOPOE MOXKET BbI3bIBaTh AE€rPafaLMIO0 OPraHUYECKUX MaTEPU -
anoB. Kpome toro, opranuueckue AOIT Bcerna yaansiorcs cpasy nocie
MCTOJIb30BAHHUS B YCTAHOBKAX IJIa3MEHHOTO yaajieHHsi (HOTOpPE3UCTOB, a
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AOTT Ha ocHoBe mneHok OHK 06b14HO 0CcTaroTCsS Ha NIAaCTHHE U UCTTOJIb-
3YI0TCS KaK XKECTKME MAacKU WIM CTOTOPHBIE C0OM B Mpolieccax Tpabie-
HUS U XUMUKO-MEXaHWUYECKOH TuiaHapu3auuu [8).

7.5. MNeHKn AU3NEeKTPUKOB C HU3KOW
AVANEKTPUYECKON NOCTOAHHOMN
(low k dielectrics)

HusnexTpuuecKas NMOCTOSTHHas MaTepualia, o003Havyaemas Kak k B 3apy-
OEXHOM TEXHUYECKOM JIUTEPATYPE U KAK € B OTEUECTBEHHON TEXHUUYECKOM
JINTEPAType, TAKXKE HA3bIBACTCS OTHOCUTEJIbHON AU3JIEKTPUYECKOH Ipo-
HULIAEMOCThIO MaTepHaia (OTHOCHUTEJbHO BaKyyMa C JAU3JIEKTPUYECKOM
NPOHMLIAEMOCTBIO WJIM J/IEKTPHYECKOH TOCTOAHHO! £, = 8,85:107"2 D/M,
IS KOTOporo k = 1).

JuanekTpruueckue MaTepraibl, UMEIOLLIME AU3TEKTPUUECKYIO MOCTO-
SIHHYIO B IMana3oHe 2 =< k < & (Si0,) = 3,9, Ha3bIBAIOTCA AMINEKTPUKAMHU
C HU3KoI auanekTpudeckoit nocrosiuHou (HJIT) wnu low & dielectrics, a
MaTtepuasbl ¢ k < 2,0 Ha3bIBAIOTCS AUIAEKTPUKAMMU C YJIBTPAHU3KOH N3-
JiekTpuueckoit nocrtosiHHo# (YHITT) unu ultra low k dielectrics.

CornacHo [36] npu McNoONb30BaHUM B KAU€CTBE METAUIU3ALIUM aJlio-
MuHMeBBIX criaBoB (Al-1%Si-0,5%Cu, Al-0,5%Cu) ¢ yaenbHBIM CO-
npotusaeHueM p = 3,0 MKOM-CM u ToNLMHOM t_= 0,8 MKM, a B Ka4yecT-
BE MEXC/IOIHOTO IM3JIEKTPUKA ABYOKUCH KPEMHUS C AU3IEKTPUUECKOMN
nocrosinHoi (AT1) k= 3,9, 3amepxka curHajsa B NPOBOASINUX JUHHUSIX
MHKPOIPOLECCOPOB (T ) CTAHOBUTCs1 GOJIbLIE 3aIEPXKKHU CUTHAA B TPaH-
3UCTOpax (rw) 1151 yposHs TexHooruu (YT) 250 um, Te. 1 > T

Ilns Toro uto6bi He orpaHuuKnBath ObicTponeiicTtBue UMC cuctemoi
MeTa/UITM3aliiK N0 Mepe MOBLILLIEHUS] CTENEHU UHTETPaLuu, HEOOXOAUMO
HE TOJIbKO YMEHbIIIUTb EMKOCTh MEXIY CIOSIMU METAUIU3ALUU, HO U MU-
HMMHU3UPOBATh EMKOCTHYIO CBS3b MEXAY OJIM3KO PaCHONOXEHHBIMH JIM-
HUSIMU METAJUTM3aLMUU B OJHOM CJIOE, KOTOpasi BEAET K MOTEPE MOLIEHOCTH
M BO3HHMKHOBEHUIO TNiepekpecTHbIX momex (crosstalks). TTostomy mns YT
MeHbliue 250 HM B KauecTBe MEXCJIOMHbIX in31eKTpUKOB (ILD) ucrnons3y-
10TCS U3OJIIMOHHBIE MATEPUAJTBI C HU3KOH MU3JIEKTPUYECKON NMOCTOSH-
Hoit (HAIT) no cpaBHeHMIO C ABYOKMChIO KpeMHUS Wiu low k& dielectrics.

B HacTosiuiee BpeMs B TexHosoruu npoussoactsa UMC ucrnonb3yior-
ca auanektpuku ¢ JI1 B ananasone 3,7—1,7, npuBeneHusle B Tadu. 10:

— Ha OCHOBE KPEMHUS;

— Ha OCHOBE YIJIEPOaA;

— Ha OCHOBE MX KOMOMHaUW,
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KOTOpbie POPMUPYIOTCS ABYMSI OCHOBHBIMU MeTonaMu XOI'D u HaHece-
HUEM M3 PacTBOPOB C TIOMOMUIbIO HEHTPUGYTUPOBAHUSA C MOCAEAYIOIEH
CyLIKOH ¥ YIJIOTHEHHWEM B HarpeBaTeJbHbIX Kamepax (revax). B nocnen-
HeM ciiyyae IU3eKTPUKHY Ha3blBAIOTCS XUAKUMU cTeKiIaMu (SoG — spin

on glass uian SoD — spin on dielectrics unu FOX — flowable oxides).

Tabamua 10

CaoiicTBa IU3NEKTPUKOB C HU3KOI AU3IEKTPUIECKOMR NMOCTOAHHOIM

(low k dielectrics)

Haumenosanue O6o3na- Xumuyeckas 3uavenue -
EKTPHUIECKOi
Marepuana Yyenue dopmyna 0CTOSHHOG. K
droponernpoBaHHoe FSG (8i0,) (8i,0,F)), 3,0-3,5
CUJIMKATHOE CTEKJIO
(fluorine doped silicate glass)
BoaopoaHblii cCUICECKBHOK- HSQ KpemHuitopranu- 2,9-3,5
caH (hydrogen silsesquioxane) YeCcKHuii MaTepua
MeTun CHICECKBHOKCAH MSQ Kpemuuitopranu- 2,5-3,0
(methyl silsesquioxane) YeCKUi MaTepurai
AMOpbHBI yraepoa C? C 2,7-3,2
(amorphous carbon) (a-C)
AMopbhHbIit dTOpyraepoa FC? C[F] 2,3-2,8
(amorphous fluorocarbon) (a-FC)
AJsiMa3onoao6Hbli yriepon DLC C 2,7-3,2
(diamond-like carbon)
AnMasononobHblit FDLC C[F} 2,3-2.8
¢Topyriaepon
(diamond-like fluorocarbon)
N-napuneH N-PRL OpraHu4ecKuit 2,5-2.7
(N-parylene) NMOJUMEPHBIH
MaTepHa
(cM. puc. 10)
F-napunen F-PRL OpraHunyeckuii 2,2-2,3
(F-parylene) MOJIMMEPHBIHI
MaTepua
(cM. puc. 10)
D-napunex D-PRL Opranuyeckuit 2,4-2,6
(D- parylene) MOJAUMEPHBIH
MaTepua
(cM. puc. 10)
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Taoauua 10 (okoHuaHueE)

3Havenune au-
Haumenosanue O603na- Xumnueckas HarieHue A .
MaTepuana yeHHe cdopmyna IEKTPHIECKON
MOCTOAHHOM, k
CononuMep Ha OCHOBe N-PRLCP| Opranuueckuii 1,8-2,3
N-napuneHa MOJUMEPHbIA
(N-parylene based Marepuvai
copolymer) (cMm. puc. 10)
YepHbiii aiMa3 BD Si0,-nonoGHbIi 2,3-2,7
(black diamond films) Marepuain
YepHblit a1Ma3 ¢ BbICOKOI HPBD Si0,-nono6HbIA 1,8-2,3
nopuctocThio (high porosity Marepual ¢ BbICO-
black diamond films) KOM IMOPUCTOCTBIO

CocraBbl pacTBOpoB auanekTpukoB ¢ HIAIT oObivHO YHUKANBHBI, Na-
TEHTYIOTCS (PUPMaMK U3TOTOBUTEISIMU ¥ UMEIOT BHICOKYIO PHIHOUYHYIO CTO-
HMOCTb, a HOpMUpYEeMBbIC IUINCKTPHKHU 001a0aI0T CTPOTO ONpPEAe/IEHHBIMHU
cpoiictBamu. Torma Kak mwisa nojydeHus auanekrpukos ¢ HIATT metomom
XOTI'® ucnonb3yloTcs 00bIYHBIE ElIeBbIE pEarcHThI, a CBOICTBa ocaxnae-
MBIX IM3JIEKTPUKOB MOXHO PEryJupoBaTh MPOLIECCHBIMU MapaMeTpaMH.,

Huanexrpuku ¢ HIAIT Ha ocHOBE KpeMHUSI UMEIOT OONBIIIME 3HAYEHUS
k v GosblyI0 aGCOPOLMOHHYIO CITOCOOHOCTD BJIary 1Mo CPaBHEHUIO C AU3-
nexkrpukamu ¢ HITIT Ha ocHoBe yriiepona, HO of6nanat 6oyiee BbICOKUMM
TEPMHYECKOM CTaOMIBHOCTBIO, MEXaHUYECKOW TBEPAOCTHIO W aAre3uei,
a TaKkxke 0ojiee COBMECTHUMBI C TEXHOJOTUYECKHUMM OMNEpALMSIMHU MPOU3-
BoactBa UMC, ocobeHHO ¢ onepaunsaMy XMMHUKO-MEeXaHUUECKOI TU1aHa-
puzauuu (CMP) [8].

Kpome Toro, ¢propcoaepxkalias ria3Ma, UCNoNb3yeMasi MpY TpaBJie-
HMHM KpeMHUiicoaepXalumx (GYHKIMOHANLHBIX CIOEB Yepe3 opraHudec-
KHe (hOTOpE3UCTUBHBIE MACKM, MOXET NPUMEHSATbCS U /ISl TpaB/IeHUS
ansnexktpukoB ¢ HAIT Ha ocHoBe KpeMHUSI, TOrIa KaK KUCIOPOaoOCcoaep-
Xauias TiasMa, HeobxoaumMast s TpaBiaeHus Auanekrpukos ¢ HTIT Ha
OCHOBE YIJIepo/ia, NPUBOIUT K IMOTEPE CENICKTUBHOCTU MX TPABJIEHHUS OT-
HOCUTEJIbHO OpraHu4YecKuX poTope3ncTUBHBIX Macok [13, 23].

OagHuM u3 Hanbosee MPOCTHIX MYyTeH MOJydeHUs] IUINEKTPUKOB C
HIIT Ha ocHOBe KpeMHHUS SIBISIETCS JIETMPOBaHWE TJIEHKH CUJIMKATHO-
ro crekia GTopoM B Mpoliecce ocaXaeHUsl B OOBIYHBIX poleccax XOI'd
Ha ocHoBe cuaHa U TOOC B cTaHIApTHBIX TPYGUATHIX WK IJIaHAPHbIX
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peakropax. Ilnenku dropcunukarHoro crekia (OTCC) (fluorosilicate
glass — FSG) umetoT MosiexyspHyto cTpyktypy (SiO,) (Si,O,F,), , B ko-
TOpOIi B YACTH TETPa3ApOB cBsI3M Si-O 3aMeHeHbl cBs13siMu Si-F

HUcrounnkoM ¢Topa MOTyT CIYyXWUTb CJIEAYIOLIME pearcHThI: XJia-
noH-14 (CF), xnanoH-116 (C,F,), Tpexdropuctsiii azor (NF,), yeTbipex-
¢dTopucthiit kpemHuii (SiF,) n npyrue coemmnenus ¢ropa. Haubonee
NPEANOYTUTEbHBI COEAHMHEHMSI, B KOTOPBIX YK€ CYIIECTBYIOT NMPOYHbIE
cBA3U Si-F, 4yToObl YMEHBIIUTh KOHLUEHTPALMIO HECBSI3aHHOTrO ¢)Topa U
panukanoB CF° B miieHKax, IPUBOASIIME K UX TEPMUYECKOM HECTAOUIb-
HocTH. TeopeTnuecku npu OGONBIIOH KOHLIEHTpallMM (TOpa B IUIEHKAX
DOTCC MoXHO MOJYyYUTh 3HaYeHue k = 3,0, oJHAKO TMPAKTUYECKU TIpU
3TOM M3-3a BbICOKOI eTyuecty yactult SiF,0 nnenku ®TCC craHoBaTCS
HecTabUJIbHBIMUY MPU NOBBILLIEHHBIX TeMITepaTypax. [1o3ToMy cTaGuiibHBIC
ruieHku PTCC obbuHO uMeloT £ = 3,5 [8].

Hpyras rpynna nusnexktpukoB ¢ HAIT Ha ocHOBe KpeMHUS Tipei-
CTaBJIsSIET COB0I KpeMHUHOPraHMYECKUE MaTepyabl — CUJICECKBUOKCAHbI
(silsesquioxanes) (cM. Ta6i.2). CHICECKBUOKCAHBI — 3TO CWJIMKATHbBIE
MaTepUaJIbl, UMEIOLLIME OAHY OOpBIBAIOLLYIOCS TPYINY K aTOMY KPEMHHS.
Takoii rpymnmnoit Moxet 66T Bogopon (H) (BomopoaHblit CHJICECKBUOK-
caH — hydrogen silsesquioxane — HSQ), metun (CH,) (MeTun cunceckBu-
okcaH — methyl silsesquioxane — MSQ) nau penon (CH,0) (dbenon cun-
ceckBUOKcaH — phenol silsesquioxane — PSQ). B pesynbsrate cunukartHas
CTPYKTYypa pa3pyluaercsi, a OpMUPYIOTCS TPEXMEPHbIE KJIETOUHbBIE WJIH
JIECTHUYHBIE CTPYKTYphl. Bonopoausiii cuiceckBuokcad (HSQ) obnanaer
BHICOKOI MOPUCTOCTHIO U MMEET MMHUMaJTbHOE 3HaYeHHe & = 2,9 [8].

Ecau rpymnmna comepXuT yriepoa, TO NMOBBIIIEHUE ero KOHLUEHTpauuu
noHyxaer 3HaueHue JI1. Hanpumep, metun cuacecksuokcaH (MSQ) ¢
KOHLIeHTpaLuei yriepoma 25 at. % umeert k < 2,5 [8]. XOI'®D mienku MSQ
OCYLLECTBISAETCS MO ClieAyloieil cxeme. BHauane B oaHO# KaMepe npu
temneparype 7= 0°C ocyuiecTsisercss peakuus opraHocuiaHa (R-SiH,)
¢ nepekucoio Bomopoaa (H,0,) ¢ obGpasoBaHueM CHJIRHONBHOIO Tejist
(R-Si[OH] ) B Buze BA3KOM XHUAKOCTH M MOOOYHBIX Ta3006pa3HbIX MPOIYK-
TOB. A 3aTeM B IpYTOi KaMepe NMPOBOAUTCSA TeIIoBasi 06paboTka CUIaHOb-
HOTO TeJisl, B MPOLIECCE KOTOPOiIl OT HEro OTIIEILIAIOTCS TMAPOKCHIbHBIC
rpyIne ¥ 06pa3yeTcst MopUCTasi TNIeHKa OKUCH KPEMHUS Y maphbl Boab! [8].

KioueBbiM MOMEHTOM nipu nosrydyeHuHU ruieHkd MSQ ¢ HATI sBna-
€TCS1 PEXUM TEIUIOBOI 00pabOTKM, KOTOPbINA NO/KEH ObITh ONITUMU3UDPO-
BaH TaK, YTOObI MOJHOCTHIO YOpaTh TMAPOKCHIIbHBIE TPYIIbI ¥ B TO € Bpe-
Msi MUHMMU3MPOBaTh YIMJIOTHEHUE MieHKU. BenuwuuHa k nneHok MSQ,
nojydyaeMbix ¢ nomoliupio XOI'D, anamornyHa senuyuue JAIT nieHok
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MSQ, nojyyaeMbIx 13 pacCTBOPOB METOZOM LIEHTpU(yrupoBaHusi. OaHaKo
XOT® nosposieT nony4arsb ieHKM MSQ ¢ 6osiee HU3KNM comepXaHUeM
yrnepona (8—10 at. %) v 6onee HU3KOI TIOTHOCTBIO (DoJiee BEICOKOH IM0-
PUCTOCTBIO) 110 CPABHEHMIO C METOAOM LIEHTPpUDYTHpOBaHUSL.

CHukeHMe colepxkaHusl yriepoaa mosbliyaer Benuuuny AI1 (k)
TJIEHKH, 4 MTOBBILLIEHUE TIOPUCTOCTH yMeHbIaeT ee. OQHAKO HU3Kas KOH-
LEeHTpauus yrjepona aejaeT rieHk MSQ Gosiee moXoXUMM Ha TUIEHKH
JIBYOKUCH KPEMHMS, YTO CITOCOGCTBYET UX GoJiee MPOCTOM UHTErpallu B
CYLLECTBYIOILIME TEXHOJOrMYEeCKHEe Nmpolecchl. Tak Kak ocaXaaeMblil Cu-
JIAHOJIBHBIA Tefib MpeacTaBiseT coOON BA3KYIO XMIKOCTb, TO TPOLECC
XOT'®D nneHok MSQ obnanaet BICOKOI 3aMONHAIOLIEH ¥ NIaHAPU3UPY-
IOLIEH CITOCOGHOCTBIO CYGMUKPOHHOTO TOMOJIOTMYECKOTO peibeda ¢ Bbi-
COKUM acTeKTHBIM OTHOLLIEHUEM [§].

Hpyrum cnoco6oM nosydeHus nopucthix SiO,-Nogo6HBIX MJIEHOK
ananexkTpukoB ¢ HATI, noayuuBiimx uM3-3a CBOSro BUIa ¥ LIBETa Ha3Ba-
HMe «depHbIi anMa3» (black diamond films — BD films), sBasioTcs nias-
MOaKTMBUPOBaHHbIe npoueccsl XOI'® LP PE CVD BD (R-SiH,/O,) u LP
PE CVD BD (R-SiH,/N,0), peanusyembie Npu KOMHaTHOM TeMMEpaType
TIOMIOXEK A1 obecrneyeHUs NpenenbHO BbICOKOro KoadgpuliueHTa npu-
JUTNaHUs ocaxnaeMbIXx (parMeHTOB MIeHoK. OcaxnaeMble BD miieHku
MMEIOT MOPUCTYIO CTPYKTYPY TUHA CUJICECKBUOKCAHOB, XapaKTEPU3YIOTCS
3HaYEeHUAMU k B iMamnasoHe 2,9—2,5 u MoTyT noaseprarbcs nocjienayouiei
TEIUI0BO# 06paboTke IUIs yaajeHUs 3aXBaueHHbIX B IPOLIECCE OCAXKACHUA
ra3oo0pa3HbIX IPOAYKTOB.

B orinuMe OT rIeHOK CHUICECKBUOKCAHOB, MOJy4aeMbIX U3 CMeceii
CHJIAHA WJIY OpraHOCHJIAHOB C NepeKUChbio Bogopoaa, BD maeHku u3-3a
BBICOKOTO KO3(h¢hULlMeHTa MPUIKTIaHUS NJIOXO 3aNOJHSIOT U MJIaHApU3U-
pYIOT Tonosornuyeckuii penased. [o3TOMy OHM B OCHOBHOM NMPHUMEHSIOT-
¢Sl B KaYeCcTBe MEXCIOMHBIX (MEXMETANIbHBIX) AuaieKTpukoB (ILD nnu
IMD) B namacckoii TexHon0oruu GopMUPOBAHUS CUCTEM META/UIU3ALIMH,
Kpome Toro, BD mieHku ocaxaaloTcs B CTAHAAPTHBIX MPOMbBILIICHHBIX
raHapHbiX peaktopax XOI'D, He TpeOyOIINX CMIELUAbHBIX CUCTEM MO~
JlaYu peareHTOB, TaKUX, KaK MCMOJIB3YIOTCH Ui NMoJa4i HecTabWIbHOI
NMepeKUCH BoIopoaa. BTO MO3BOJISET IONYy4aTh HU3KYIO CeOECTOMMOCTD
npoueccoB ocaxaeHuss BD nieHok [8].

Husnextpuku ¢ HIAIT Ha ocHOBe yrjiepoa COBCEM HE COOEpXaT B
CBOEM COCTaBe KPEMHMI U MOTIYT JIETKO OCaXIaThCA B IJIa3MOAKTHUBH-
poBaHHbIX XOT'® npoueccax (PE CVD unu HDP CVD) B cranmapTHbIX
ITPOMBILIJIEHHBIX PEaKTopax IUIaHAPHBIX U € TUIa3MO# BBICOKOM NJIOT-
HocTU. K TakUM AU3JIEKTpHKAM OTHOCSTCA TUICHKM (cM. Tabn. 2 u 10):
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amopdHbIx yriepoaa (AY — a-C) u dropyraepona (ADY — a-FC), a tak-
Xe anmasononobHbix yraepona (AITY — DLC — diamond-like carbon) u
dropyrnepona (AITDY — FDLC — diamond-like fluorocarbon).

[Tpu XOTI'® Bcex 3TUX TUIEHOK B KAaUECTBE UCTOYHMKA YIJIEpOAa Hc-
nosb3yercsa metaH (CH,), k kotopomy npu ocaxaeHUH HTOPYIEPOIOB 10-
GasnsoTcsa ucrounuku ¢ropa: drop (F)), xnanon-14 (CF,), xnanoH-116
(C,F,), xnanon-218 (C,F)) u T.n. Mexanusm ocaxneHus nogoben XOI'd
mwieHok USG B m1asMoakTMBUPOBAHHBIX IPoLieccax Ha OCHOBE CHUJIaHa.
[Tpouecchl ocaxaeHus TaKUX TJICHOK ¢ UCTIONb30BaHUEM IJIa3Mbl BbICO-
KO MIOTHOCTH U aproHa o0ecreuyBaloT Jyyllee 3arnoJlHeHUE TOONOTH-
yeckoro penbeda.

IMneHxku AY u AITY umelor 3HaueHUe k B nuanasoHe 2,7—3,5 B 3a-
BUCHMOCTH OT MOJIEKYJIAPHONM CTPYKTYpbl U CoAepxXaHusi Bogopoda. [do-
6aBka ¢ropa noHuxaet 3HaueHue AT mienok ADY u ATI®Y no 2,5, Ho
nono6Ho gobaske dbropa B riieHKHM USG NpUBOANUT K YXYALLIEHUIO TEPMOC-
TaOMJILHOCTH YIJIEPOAHBIX MIEHOK [8].

OIHUM U3 MEPCIIEKTUBHBIX TUMOB YIJIEPOAOCOAEPKAIIMX AUINEKTPHU-
koB ¢ HAIT siBasitoTcs nmoauMepsl Ha OCHOBE MapuJieHOB (parylene-based
polymers — PRL). B N-napwienax (N-parylene — N-PRL) nuHeiinbie ue-
Ny HEHUTIBbHBIX TPYTHT U30JIUPYIOTCS STUIBHBIMU IPyNNaMy Ha mapano3u-
uusix (cM. puc. 10). Haubonee 3ppeKTUBHBIM CITIOCOOOM OCAXKIECHUS TAKUX
MOJIMMEPHBIX TUICHOK SIBISIETCS MUPOJIN3 (TEPMUYECKH aKTUBUPOBAHH bl
npouecc XOI'D) aumepa mapuieHa, B pe3yisTaTe KOTOPOro OH NpeBpa-
1aeTCs B peakKTUBHBIN AM-paanKai KcuiawieH usomep (di-radical/xylylene
isomer), ¢ mocienyiouiel ero KOHAECHCaLMeH U TIoIMMepU3alUueil Ha no-
BEPXHOCTH MOMJIOXKH B AMANa30He TeMIEpaTyp HUXXKe KOMHaTHOM [8].

Clz
I 5’
— CH: — CH: —— ] CH: — CH: j—
— Ch n

N-napuaen D-napuncu
R R
I I
T CF2 — CF2 —— — CH: —Si — Si
I I
R R
— —n — n
F-napuaen Cononumep Ha 6ase N-napuncHa

Puc. 10. CtpykTypa noaMMepoB Ha OCHOBE NAapUIEHOB
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N3BecTHO, 4TO HEHUTBHBIE TPYIIbI UMEIOT CJAYYailHO pacpene/ieH-
HYIO 3JIEKTPOHHYIO MJIOTHOCTb U MJ0X0 Nojsipu3ytorcst. CienoBaTesnbHo,
JT1 monmuMepoB HAa OCHOBE MapUIEHOB OUEHb HU3KH, U 1t N-napuiieHa
k =2,7 [8]. JlerupopaHue N-mapuieHa ApPYTMMH 3JAEKTPOOTpHLA-
TEJbHBIMK aTOMaMH, HanpuMep (HTOpPOM M XJIOpPOM, T.€. TipeBpallleHue
N-napuieHa coOOTBEeTCTBEHHO B F-napuieH U D-nmapunien (cM. puc.10),
yMmeHbliaeT 3Hauenue JI1. Ans F-napuneHa xapakTepHbl 3HauYeHUs k OT
2,5 no 2,2, HO BBICOKOE conepxaHue hTopa NpUBOAUT K MOTEpe TEPMU-
YeCcKOM CTabMNBHOCTH Y aIT€3U M NTOJTMMEPHbIX MJIEHOK, YTO OTpaHUYMBa-
€T UX NMPUMEHEHHE AJI51 MEXCIOHHbBIX InanekTpukoB UMC.

Hpyroit noaxon K ymeHblueHuto Al ¥ ynydiieHuUIo 1pyrux CBOHCTB
N-napuieHa cBs3aH ¢ ero conoinMmepusalueit (copolymerization) ¢ noa-
XOISILLIMM CO-MOHOMEPOM (co-monomer). BoiGop co-MoHOMEpa ornpeae-
JISIET CBOMCTBA IJIEHKU comonaumepa. [Toaxoasiuimii co-MOHOMEP HOXKEH
CIOCcOoOCTBOBAaTh OOPAa30BAHUIO TIOMEPEUHbBIX 3BEHbEB, YTOOLI CHOpMHU-
pOBaTh TPEXPA3MEPHYIO PELUETKY MOJMMepa, KOTopass MOXET YJIYUYIUUThb
TEPMUUECKYIO CTAOUIBHOCTD U B TO XK€ BpeMsI CO3IaBaTh BbICOKYIO MOPUC-
TOCTb, YTOOBI YMEHbIUUTD 3HauYeHue T1.

B 3TOM OTHOWIEHWM HauboJee NMOAXOAAT CO-MOHOMEPHI, KOTODPbIE
COAEpXaT 37eKTPOHHO-OTHalolMe ¢pparMeHThl, Takhe Kak C=C cBs3b.
Bno6aBok co-MOHOMEP MOXET COAepKaTb CUIIMKATHbIN bparMeHT, KOTO-
pbIf yBeNMMUMBaeT TBEPAOCTb M aNre3ulo TUICHKHU COTOoJMMepa K APYrum
KpeMHuicoaepxalwuM GyHKuMoHaIbHbIM citosiMm UMC.

IMpenmymecteamu XOT'®D npouecca CONOJMMEPU3ALIMU  ABISIOTCA
TEXHOJIOTHYeCKas TMOKOCTb U HU3KAas CTOMMOCTb. Jlerko nono6parb Ko-
JIMYECTBO CO-MOHOMEpA TaK, YTOObl HY>XHBIM 00pa30M HaCTPOUTb 0OBEM-
HblE CBOMCTBA OCaXMaeMbIX IUIEHOK COIOJIMMEpa WIM CEJEKTUBHO
U3MEHHUTDb CBOICTBA TOJLKO MNMEPEXOAHBIX CJOEB B LEJAX 0OecrneyeHust
xopouleit apre3uu. B 6onpiunHcTBe XOI'D npolieccoB conoamMepusa-
LMY UCMONB3YIOTCS N-napuieH AMMEp U pa3IMYHbIE JOCTYIHbBIC U HEJO-
porue co-MoHoMepbl, copepxaiue C=C cBsA3M M CUIUKATHBIE DparMeH-
Tbl (CM. puc. 10). /st TaKHMX MJIEHOK COMOJUMEPOB TUMTMYHbBIEC 3HAYEH U
AIT nexar B nnanasoxe 2,0—1,8 [8].

B KOHEYHOM cueTe He 3HaYeHHE BeIMYMHBI k OTnpeaesiseT BbIGop Au-
anektpuka ¢ H/II1, a nerkocts 1 CTOUMOCTH €ro GOpMUPOBAaHUS U UHTET-
paLMu B TexHosiormuyeckue npoueccol npornspoacrsa UMC. Jloruueckue
UMC u 0ocobeHHO MUKPOMPOUECCOPHI SIBJASIOTCS OCHOBHbIMU B BbIIBH-
XEHUU TpebOBaHUHM K MalbiM BpeMeHaM 3aluepXKu curHajioB T= RC, a
CJIe40BaTeIbHO, HU3KUM 3HAUYEHUSIM eMKOCTH (C) MEXCIOMHBIX AUDJIEKT-
pUKOB Y conpotusieHus (R) cuctem Metaunsaunu. MUKpONpoLeccopbl
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TpeOyIOT CUCTEM METANTM3aLMU Ha OCHOBE MEIM HE TOJIbKO U3-3a €€ MEHb-
LIEro Y/eJbHOro CONPOTMBIICHUS 110 CPABHEHUIO C AJTIOMUHUEM, HO U IS
CHUXXEHMUSI Ce0ECTOMMOCTH U3MEIUI 3a CUET YMEHbLUEHMSI KOJIMUECTBa CJIO-
€B META/UIM3aLUM Y TMOBBILIEHHUS BIXOAA FOAHBIX. DTO 03HAYAET, YTO AU-
anexTpuku ¢ HAIT 1o1XHbI ObITH HHTETPUPOBAHbI C MEIHBLIMU CUCTEMAMU
MeTa/UIM3aLIMU 10 TEXHOJIOTMUECKOM cXeMe JaMaccKoro npouecca [36].

TunuyHbIM ABOMHOI (¢ ABYMs hoTonuTorpacUsiMy U TPaBJIEHUSIMU)
namacckuit npouecc (dual-damascene process) GopMHUpOBaHUSI CUCTEMBI
MENHOW METAIIHU3ALIMN BKIIOUAET CIEAYIOLINE OCHOBHbIE TEXHOJIOTHYEC-
KM€ OMNepaLuH.

1. OcaxaeHue meHku ausnekTpuka ¢ HAIT Ha naaHapu3oBaHHYIO
MOBEPXHOCTb MUKPOCTPYKTYPBI.

2. Co3naHue Macku (doronutorpadus TOMOJOTMU KaHABOK) U TpaB-
JieHHe KaHaBok B auanekTpuke ¢ HATIT noa nHbl MEOHON META/UTM3aLIUHU.

3. Co3naHue Macku (cdoronutorpacdusi TOMOJOFUU NMEPEXOAHBIX OT-
BEPCTHI{) U TpaBJiE€HUE IMEPEXOAHBIX OTBEPCTHUI (vias) B AUINEKTPUKE C
HJIT noa koHTaKTHBIE MeaHbIe NMPOOKHU (copper plugs).

4. OcaxneHue 6apbepHOro cjosi (6apbepHbIX CJI0EB) Ha CTEHKHU Ka-
HaBOK U IEPEXOAHBIX OTBEPCTHUIA.

5. OcaxaeHue TOHKOTO 3apoabilieBoro cios (seed layer) menu.

6. 3anosiHeHMe KaHaBOK M MEPEXOAHBbIX OTBEPCTHIl CJIOEM Meau
(copper fill), ocaxnaeMbIM B mpoteccax xumuueckoro (electroless depo-
sition or electroless plating) ocaxxaeHus U3 pacTBopa.

7. XuMuko-MmexaHuueckas miaHapusauusi (XMIT — CMP) cnos me-
IIY TI0 noBepxHocTH auanektpuka ¢ HATT.

8. OcaxaeHue OURJIEKTPUUYECKUX TIEHOK C TMOBBIIIEHHONH MeXaHM-
YECKOM TBEPAOCTBIO (M3 rpynmbl Si N 9 SiN, SiC, SiCN), BbicTynaommx
B KaYeCTBE IMOBEPXHOCTHOTO Gapbepa (capping barrier — CAP) v tBepnoit
macku (hard mask — HM).

9. Jlanee noBTOPSIIOTCS ONEpaUMyM MPEAbLIYIIMX MYHKTOB MO YUCITY
CJI0€B MEAHON METATU3ALMH.

IMostomy muanexrpuku ¢ HAIT nomXHBI UMETH XOPOLLYIO aAre3uio
K Meou, 6apbepHbIM CJIOSIM, TJIEHKaAM HUTpUIA KPEMHMUS U ObITb MeXa-
HUYECKH MPOUYHBIMU, 4TOOBI BblaepxuBaTh XMIT Menu. Ucxoas us atux
TpeboBaHuii ananekTpuku ¢ HAIT Ha ocHoBe KpeMHus, Takue Kak FSG u
BD, oGecrnieynBaloiiMe 3HayeHus k B AMana3oHe 3,7—2,5 0oJiee npeanoy-
TUTeNbHBI. OHM TPaBATCS B M3BECTHBIX Ta30BbIX CMECAX, COBMECTUMBI C
KpeMHUcoaepXaluMu (OYHKLIMOHAIBHBIMU CJIOSIMU, UMEIOT JOCTATOY-
HYI0 MEXaHUYECKYIO0 ITPOYHOCTb U XOPOLLYIO aare3uio K 6apbepHbIM ClIO-
sSIM Y TUIeHKaM Mmenu [8].
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[MpoMbiLLLIEeHHOE TPUMEHEHHE U TTOJYYECHUE AMBIIEKTPUKOB C k < 2,5
TpeOYET CA0XKHOIO TEXHUKO-3KOHOMMYECKOIO aHa113a:

— nubo coBeplIeHCTBOBaTh AuaiekTpuku ¢ HIIT Ha ocHoBe KpeM-
Hus, Tuna BD, co3naBasi B HUX GONbIIYIO MOPHUCTOCTb U MOBBILIAS KOH-
LEHTPALMIO yrjiepoda, HO Mpy 3TOM peruasi podjieMbl YMEHbLUIEHUS Me-
XaHUYECKON MPOYHOCTHU U BJIATOCTOMKOCTH;

— nu6o wucrnonb3oBaTh auannektpuku ¢ HATI Ha ocHoBe yriepoza,
TUIA CONONUMEPOB N-NapUJIEHOB, HO MPU 3TOM pellasi 3a1a4yu ¢ UX UH-
TerpauMeil B CyllleCTBYIOLIME TEXHOIOTMUECKUE MPOLECChl MPOU3BOACTBA
NMC.

7.6. MneHKn AN3NEKTPUKOB C BbICOKOW
AVNSNEKTPUHECKON NOCTOSAHHON
(high k dielectrics)

JManeKTpUKY ¢ BBICOKOH AuanekTpuueckoit nocrosiHHoit (BAIT) (high &
dielectrics) umerot 3Hauenus k > k (SiO,) = 3,9 v 1Be ocHOBHBIE 0GNACTH
TIPUMEHEHHS:

1) B KayecTBe MOA3aTBOPHBIX AUANEKTPUKOB mnojeBbix MOIT TpaH-
3ucTopoB B Jornyeckux UMC;

2) B KayecTBe AMIIEKTPHKOB KOHAEHCATOPOB B siueiKax namsiTi 3a-
MOMHHAIOLIUX YCTPOUCTB (3Y).

st ypoBHst TexHonoruu (Y1) 90 HM B OAEBBIX TPAH3UCTOPAX JIOTH-
yeckux UMC TonuiyHa noa3aTtBOpHOrO TEPMUUECKOTO OKUCIA KPEMHMUS
(Si0,) ymenbluaercs 0 3HaueHui 1,2—1,8 um [17, 36, 37]. Takue Manble
TOJILMHBI OA3aTBOPHOTO SiO, MPUBOAAT K BO3HUKHOBEHHIO CIIEAYIOLIMX
npobsiem [37].

1. U3-32 achdekTa npssMoro TyHHEJMPOBAHUS yepe3 TOHKUI OKHCES
PE3KO BO3pACTAET TOK YTeuku 3aTBopa (gate leakage current) /,, KOTOpbIN
CTaHOBUTCS 0OJIbLIE MPeNEIbHO AONMYCTUMOTO MOANOPOroBOro TOKa yTey-
xu UMC [,

2. VYeenunuuBaercs auddy3voHHOe NMPOHMKHOBEHUE Oopa M3 BBICO-
KOJMErMpOBaHHbBIX MOJUKpEMHHUEBBIX 3aTBOopoB p-MOII TpaH3ucTOpOB B
o0JsiacTb KaHajla, KOTOpoe NPUBOAUT K HEXeENaTeIbHOMY CIBUTY TIOPOTO-
BOTO HaNPSIKEHUS 3THUX TPAH3VMCTOPOB B MOJOXUTENbHYIO 00J1aCThb.

3. HecMOTps Ha BBICOKOE JIErMpOBaHUE MOJMKPEMHHUEBBIX 3aTBOPOR
CWIbHOE 3JIEKTPUUECKOE MoJie, NPUKIaAEIBAEMOE K TOHKOMY MOA3aTBOP-
HOMY OKUCIy ISl TOTO, YTOObl OOENHUT, a 3aTeM U HHBEPTHPOBAaTh KaHa-
JIbl TPaH3MCTOPOB, TaKXe 00eIHAET 001aCTh MOJUKPEMHUS PSIOM C rpa-
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Huue# pasgena Si*-Si0,. Jra obennenHas obnactb gobasuser ot 0,2 10
0,5 HM K asekTprUYecKd 3(PHEKTUBHOI TONILMHE OKUCA B 3aBUCUMOCTH
OT YPOBHSI JIETUPOBAHUSI MOJMKPEMHUS, YTO TIPUBOAUT K HECTaOGMIBbHOM
pabore UMC. [MoaToMy slerupoBaHHbIN MOJUKPEMHUI B 3aTBOpax A0JI-
XeH ObITh 3aMeHeH 0oJjiee MPOBOASIIIMMY MaTepuaiaMu, TAKHUMHU KakK Ty-
rOMJIaBKUE METAJUIBI U UX HUTpUIbI [38].

OCHOBHBIM TOJIXOAOM K YMEHBLIEHHUIO 3HAYEHUS ]g SIBJISIETCSI WC-
MOJIb30BaHHE NMOA3aTBOPHBIX AU3IeKTPUKOB ¢ BJTT.

Takue IN3EKTPUKH C TONLIMHOM £, OyAYT 2NEKTPHUIECKH IKBUBAJIEH-
THBI TEPMUYECKON JABYOKHMCH KPEMHHS C TOMMUMHOMN /,  , OMpEAENSIeMOii
no ciaenywoiueit gpopmyne:

1 =1:(3,9/k). (7.17)

eqox

IToneBoi TpaH3UCTOP C MOA3aTBOPHBIM AUNEKTPUKOM ¢ BJIIT Tomimm-
HOH f, UMEET OAMHAKOBYIO 3aTBOPHYIO EMKOCTb, a, CJIE[I0BATENBHO, U OU-
HAKOBbIE 3HAYEHHS PYTHUX IEKTPUYECKUX XapaKTEPUCTUK C TPAH3UCTO-
POM C MOA3aTBOPHOMN TEPMUUYECKOH NBYOKUCHIO KDEMHUS TOJLLMHON Lox

Tak kak £>3,9, 10 7, > ! ox» TIOSTOMY TOK MPSIMOTO TYHHENUPOBAH U
yepe3 nuanekTpuk ¢ BATT, cuabHO 3aBUCALLMIL OT TOJLLUKWHBI MOA3aTBOP-
HOTO NIU3JIEKTPUKA, CTAHOBUTCS 3HAYUTEJIbHO MEHBLLUE [0 CPaBHEHMUIO C
TOKOM TyHHenuposaHua yepe3 SiO,. Hanpumep, ucnones3ya B kauyecTse
MON3aTBOPHOro aAudnekTpuka okcuHutpua KpeMuusi (OHK) ¢ £ =6,5,
bU3MYECKOH TONWMHON #,=2,5HM ¥ 3JIEKTPUYECKH IKBUBAIEHTHOMN
TONUWHON 1, = 1,5 um, ompenensieMoit no dopmyne (7.17), MoxHO
YMEHBIIUTH TOK YTEUKH 3aTBOpa Ig Ha ABa IopsiaKa Mo CpaBHEHHUIO C MOJ-
3aTBOPHLIM AM3JCKTPUKOM U3 TEPMUUECKOM IBYOKUCHU KPpEMHUSE C GU3U-
YeCKOM TOJNMHON 1= 1,5 HMm [37].

Kpome obecrneyeHUs mpueMIeMbiX 3HaU€HU I TOKa YTEUKH uepes 3a-
TBOP MOA3ATBOPHbIE AU3IEKTPUKHU ¢ BJITT MO/IKHBI yIOBNETBOPSITH CAEAY-
IOLLIUM TpeboBaHUsIM [38].

1. O6pa3oBbIBaTh KAUECTBEHHYIO TPAaHULLY pa3/iejia C MOHOKpUCTaN-
JINYECKUM KPEMHHUEM C HU3KUMHU 3HadeHusmu (<10" cM?) KoHUEeHTpa-
LAY HOBEPXHOCTHBIX COCTOSTHUI U TUIOTHOCTH (PUKCHPOBAHHOTO 3apsiaa.

2. BrITh COBMECTUMBIMM KaK € MOJUKPEMHHUEBBIMM, TaK U C METaN-
JIMYECKUMU 3aTBOPAMM.

3. UMeThb cTabuibHYl0 amMop(dHYI0 WIUW MEeJKOKPUCTALIMYECKYIO
CTPYKTYPY, HE UBMEHSIOLIYIOCS B pe3y/ibTaTe TepMOOOpaboTOK NpU U3ro-
ToBieHun UMC.

4. TpensaTcTBOBaTH NPOHUKHOBEHUIO OOpa U3 BBICOKOJIEFUPOBAaHHbIX
MOJIMKPEMHUEBBIX 3aTBOPOB p-MOI1 TpaH3uCTOPOB B 001aCTH KaHasa.
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5. @opMupoBaThCs HAa MPOU3BOIUTEIHLHOM 000PYIOBAHUU B IIPOLIEC-
cax, COBMECTUMBIX € TexHonoruueckumu onepauusiMmu KMOTI texHono-
I'MU U MMEIOLIMX TIPUEMIIEMYIO [U1s1 MACCOBOTO MPOMU3BOACTBA CTOMMOCTb.

Hcnonb3yeMble B MUKPOIIEKTPOHUKE 1ManeKTpuKy ¢ BT npusene-
HbI B Tab1. 11, U3 KOTOpbIX TpeOOBAHUSIM, NPEIBABISEMBIM K ITOA3aTBOP-
HBIM IU3JIEKTPUKAM, B HAUDO/IbLIEH CTENEHH YAOBETBOPAIOT cjiou AL,O,,
ZrO, u HfO,, a Takxe nx kom6uHauum (Al,0,/HfO, =x/y) u ux coenune-
HHUS, TUTIA ATIOMHHATOB (ZrAley), CUJIMKATOB (HfSixOy), aJTIOMOOKCH -
uutpuaos (HfAION) u kpemuuitokcuHutpuaos (HfSiON) [38-41].

Hnst yposHeit TexHonoruu (YT) 90 u 65 HM BbIntonHEHUE TPEOOBaHHS
1 0OBIYHO OCYLUECTBISAETCS BBeAEHHNEM TOHKOTO (< 0,5 HM) NMpoMexXyToy-
Horo ciios Si0,, GOpMUPYEMOTro ¢ MOMOLIBIO GHICTPOTO TEPMUYECKOTO
OKUCJICHUS WU 00pabOTKHU B KUCAOPOZOCOAEPKAIIMX XKUAKUX, [a30BbIX
Y TUIa3MEHHBIX cpefax, MeXAy MOHOKpPEMHHUEM U auasiekTpukoM ¢ BATI
[38, 39, 41].

Torkue (<10 uMm) mnenku AlLO,, ZrO,, HfO,, ZrAle), HfSixO),
HfAION u HfSiON misi moa3arBOpHBIX IH2JEKTPUKOB OCAXNAOTCSA B
CNEeIyIOIIMNX MpOLECcaX aTOMHO-CJIoeBOro ocaxiaeHuss (ACO — ALD)
(cm. 1abn. 1 u 3):

1) LP LT ALD ALO, (TMA-Ar {Ar} H,O-Ar), LP PE ALD AlO,
(TMA-Ar {Ar} H, plasma), LP RE ALD Al O, (TMA-Ar {Ar} O,),

2)LP LT ALD ZrO, (ZrCl-Ar {Ar} H,O-Ar), LP PE ALD ZrO,
(TBOZ-Ar {Ar} H, plasma), LP RE ALD ZrO, (TBOZ-Ar {Ar} O,);

3) LP LT ALD HfO, (HfCl,-Ar {Ar} H,0-Ar), LP PE ALD HIfO,
(TEMAH-Ar {Ar} O, plasma), LP RE ALD HfO, (TEMAH-Ar {Ar} O,);

4. LP LT ALD ZrAl O, (ZrCl,-Ar {Ar} AICl,-Ar {Ar} H,0-Ar); LP RE
ALD ZrAl O, (ZrCl,-Ar {Ar} AICl,-Ar {Ar} O,);

5)LP LT ALD HfSiO, (TEOS {pd¢} HfCl); LP LT ALD HfSiO,
(TEOS {pt} H,0 {p¢} HIC], {p!} H,0); LP REALD HfSi O (TEMAH-Ar
{Ar} SiCl,-Ar {Ar} O,);

6) LP LT ALD HfAION (HfCI,-Ar {Ar} AICl,-Ar {Ar} N,O); LP PE
ALD HfAION (TEMAH —Ar {Ar} TMA-Ar {Ar} N,O plasma);

B o6opynosanuu Tuna CLR SW DSC RP (2-4)ALDR RES CW, CLR SW
DSC RP (2-4)ALDR RES CW PE u CLR SW DSC RP (2-4)ALDR RES
CW PER (cM. Taba. 4).

I1pn mepexome K Gonee BRICOKOMY YpoBHIO TexHosnoruu (¥YT) pas-
MePpHI sT9eeK NMaMsATH JMHAMUYECKUX ONEPATUBHbIX 3aTIOMVHAIOLIUX YCT-
poitcts (JO3Y) yMeHb1IAI0TCS, A CJIEI0BATEAbHO, COKpAIlaeTCA IIOLLAAb,
3aHMMaeMasi KOH/IEHCATOpaMU XpaHEHUsI, U ISl COXPAHEHHST UX EMKOCTH
HeoOX0I1MO AeNiaTh 0oiee TOHKUM JUSJIEKTPUK MEXITY 00KIankamu [42].
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B J0O3Y ¢ YT 180 HM 3j1eKTpUYECKM 3KBUBAJIEHTHAs TOJIIMHA TUIEHOK
HUTPUAA U OKCUHUTPUAA KPEMHHUS, UCITONIB3YEMBIX B KaYeCTBE IMUIJIEK-
TPMKOB KOHIEHCATOPOB, CTAHOBUTCS HACTONBKO TOHKOM (f, , =3 HM),
YTO TOK TYHHEJIMPOBAHUS Yepe3 HUX NMPEBBILIACT JOMYCTUMBIA MNpeaen
(10-* A/cM?) npu ucrnonb3yembix HanpsoxkeHusix 1,25 B [8].

ITosromy B koHaeHcaTopax J1O3Y caenylommx YT HeobxoauMo ne-
pexonuTh K auanexTpukam ¢ BT, HaubGonee 4acTo U3 KOTOPBIX HCIIOJIb-
3yI0TCA MJIEHKHM oKucH Tantana (Ta,0,), okucu amomunus (Al O,), oxu-
cu uupkonus (Zr0O,), oxucu radnua (HfO,). B nocnenxee spems cranu
WHTEHCHBHO MCCJIENOBATLCS TUIEHKU Oapuii cTpoHimii TuTaHarta (barium
strontium titanate — BST) (cm. Tabn. 11).

B JO3Y npuMeHs0TCS CTON0YaThie U KAHABOYHbIC (TpaHIlIeiiHbIEe)
KOHJIeHCATOPBI. JIU3JIEKTPUKH [UIs1 CTOJIOUATHIX KOHAEHCATOPOB, KaK Mpa-
BUJIO, ocaxaaloTcsl B 0Ob1uHbIX XOI'®D npoueccax, a mwis ocaxaeHus A1~
3JIEKTPUKOB KaHaBOYHBIX KOHACHCATOPOB 6oJiee MepcleKTUBHBI IPOLIEC-
cbl ACO (ALD). Tak kak B KoHaeHcaTopax JIO3Y 06bIUHO UCTIONB3YIOTCSH
MOJIMKPEMHMEBBIE 3JIEKTPOABI CO CrEUMa]bHO Pa3BUTOM (LUEPILIABOi)
MOBEPXHOCTBIO, TO K npoueccaM XOI'D KoHAeHCATOPHBIX AN3IEKTPUKOB
NpeabsBIsieTcs TpeOoBaHMe KOHDOPMHOTO OcaXIeHUsS Ha pa3BUThIE I10-
BEPXHOCTH TOIOJIOTHYECKOTO pesibeda, a B ciiydae KaHAaBOUHbIX KOHAEH-
CaTOPOB — Ha Pa3BUThIE MOBEPXHOCTU TOTIOJOTHYECKOTO pesibeda ¢ BHICO-
KUM acreKTHbIM oTHowIeHHeM (AR > 6) [42].

TaGauna 11
CBoiicTBa NUBEKTPUKOB C BbICOKOH IU3AEKTPUUECKOM ITOCTOSHHOM
(high k dielectrics)
Marepuan, 3Hauenue ITupuna
" N Kpucrannuyeckan
(xumMuyeckas JIUIEKTPUYeCKOoi 3anpeleHHo CTDYKTYDA
dbopmyaa) MOCTOSIHHOIA, &k 30HbI, 3B PYKTYP
SiO, 3,9 8,9 Amop¢dHas
Si,N, 7,0 5.1 AMopdHas
ALO, 9,0 8,7 AmopdHas
Y,0, 15 5,6 KyGuueckas
MoHOKMHHaS,
Zr0, 25 7,8 TeTparoHajbLHas,
Kyouueckas

10. 3aka3 Ne 1870.
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Ta6muua 11 (okoHYaHUe)

Marepnan, JHayeHune Tupuna
. . Kpucrannnyeckas
(xumuyecKkas DM3IEKTPUYECKOI 3anpeltenHoit p—
hopmyna) MOCTOAHHOM, k 30HbI, 3B pyKTYpPa
Ta,0, 26 4,5 Pom6uueckas
La.O 30 43 [excaroHasnbHas,
23 Kybuyeckas
MOHOK/IMHHas,
HfO, 40 5,7 TeTparoHajibHasi,
KyOuueckast
TiO, 50 3,5 TetparoHanbHas
prorbilond 300
H (d =10-30 umMm) Tuna nepoBckuTa
(BST) -y <
(BaSr, yTio, | (> =x=07)
X7 x 3

nenxu Ta,0, ocaxnatorca B npoueccax XOI'D B ra3oBbIX CMECAX Ha
OCHOBE METAJIJTIOOpraH UuecKUx coefMHeHUit: aTokcuaaTantana (TAETO) u
TeTpasToKcuanMeTunaMmuHoaTokcuna rautana (TATDMAE) (cM. Ta6a. 3),
KOTOpbie UMEIOT TeMrepatypsl 3aMep3aHusa 18°C n 9°C cooTBEeTCTBEHHO
[8]. st Toro yToObl MOHU3UThL Temneparypy 3amep3aHusa TAETO, ero
00BIYHO CMELIMBAIOT ¢ 3TaHONOM. Jlo6aBka 2,5% »tanona X TAETO nouu-
KaeT ero TeMmneparypy 3aMmep3aHust Huxe 10°C, u, Takum obpa3oM, He Tpe-
oyercs HarpeB cocyaa ¢ TAETO u nuHuM ero noaauu B peakTop.

Cxopoctb ocaxzaenus V, B nmpoueccax XOI'®D 1ieHOK OKHCH TaH-
Tajia U3 ras3oBeix cMmeceit Ha ocHoBe TAETO u TATDMAE 3aBucut ot
TEeMIiepatypbl ocaxneHust T, u naBieHus B pektope p. B nuanasoHe tem-
nepatyp 400—485°C npolecc ocaxiaeHHUsl MPOTEKAET B KUHETUYECKOM
obnactu (orpaHU4eH CKOPOCTbIO MTOBEPXHOCTHOM peakLWH) ¢ IHepruei
akTtuBauuu 1,5 3B (cM. puc. 7). CKOpoCTb OCaXXIeHUs1 yABaUBaeTCs Yepes
kaxaeie 25°C. Ipu T, > 485°C npouecc XOI'D neHOK oKcuaa TaHTala
nepexoaut B Auddy3noHHy0 001acTh (OrpaHUYEH CKOPOCTHIO Maccolle-
peHoca peareHTOB U NMPOAYKTOB peakuuu) [8].

Hns obecrieyeHUs] XOpOUIEro MOKPbITHST TOMOJOTMYECKOTO pesbeda
ripouecchl XOI'D nueHOK OKUCH TaHTaja JONXHBI MPOTEKaTh B KUHETH-
yeckoit ob6iactu (cM. puc. 7). BenuuuHa noroka (pacxona J) TaHTalICcoO-
nepxauux peareHToB (TAETO nnu TATDMAE) onpenensiercs o 3aBu-
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CHUMOCTH CKOPOCTH OCaXKICHHUS OT MOTOKA TAHTAJICOAEPXKAIIMX PEareHTOB.
Ha 3T0it 3aBUCMMOCTH €CTb TOYKa NMepernuba, rnoclsie KoTopoit ¥, ocraercs
NOCTOSIHHOM ¢ yBeJIMUEeHHEM TTOTOKA TaHTaJICoAepIKallero pearexra. Ing
TAETO u TATDMAE pacxon B Touke neperuda coctabisieT 35 Mr/MHUH
|8]. Takoit pexuM, Ha3bIBa€Mblil pEXKMMOM KMHETUYECKOTO HACKILIICHMS,
MO3BOJIIET OJHOBPEMEHHO MOJIY4YaTh XOPOLLIEE MOKPHITUE TOMOJIOTMYEC-
KOTO pesibeda NPy MaKCUMaJIbHBIX CKOPOCTSIX OCaXKACHMSI.

TIIeHKH OKWCH TaHTala AN KOHIEHCATOPOB OCAXIAIOTCSl CO CKOPO-
ctbio ¥V, = 4 um/mun B npoueccax XOI'® LP LT CVD Ta,0, (TAETO-N,/
O,/N,)u LP LT CVD Ta,O, (TATDMAE-N,/O,/N,) (¢m. taba. 1) B 060~
pynoBaHuu tuna CLR SW DSC RP (2-4)PPSR RES CW unun MCH BW
DSC RP (2-4)HTR RES HW (cM. Tab:a. 4) npu cienylolux 3HaYeHUSX
onepauroHHbIX napameTpos: T,=450°C, p =4 topp, Q(TAETO) (uau
QO(TATDMAE)) = 35 mr/MuH Tipu pacxone rasa-Hocureist 600 cm®/MuH,
0(0,) = 500 cm*/muH, Q(N,) = 1500 cm*/muH [8].

[Mpu ocaxaenuu mieHku Ta,0, B TAKOM NpoLECCe € UCIMOJb30Ba-
1imeM TATDMAE B kaHaBky wupuHoit 0,3 MKM W miyouHo#i 4,5 MKM
(AR =15) cTteneHb NMOKPHITUA BOKOBLIX CTEHOK & M CTENMEHb MOKPLITUS
JIHA o, CTYNEHBKU (cM. popMyast (2.4) u (2.5)) 6t Gombuie 90%. C no-
MOLIbIO OKUCIUTEBHOTO OTXXHra MOXHO 3HAYUTENbHO (A0 ABYX MOpSsia-
KOB) NoBbICUTb conpotusieHre XOI'D nieHOK OKMCH TaHTAIa U TEM ca-
MBbIM YMEHBIUUTb TOKM YTEUKU KOHAEHCATOPOB [8§].

Hasnenne napoB TATDMAE Ha nopsiiox BeJIMYMHBI Bblili€ JaBJIEHUS
1apoB TAETO npu oauHakoBoli TeMriepaType, NO3TOMY C TOUKH 3pEHUS
11DOU3BOAMUTENIBHOCTU O0OpPYIOBaHUS MPEANOYTUTENbHEH MCNONAb30Ba-
tive TATDMAE. Onnaxo mienku Ta, O, ocaxaeHHbIE C UCTIONb30BAHU -
cM TATDMAE, narot Ha 20 % HUXe eMKOCTh KOHIEHCATOPOB, YEM OCaX-
JieHHbie ¢ ucnonb3oBaHueM TAETO npu oaMHaKOBOM WHTErpaLMOHHOM
MapLIpyTe U3rOTOBJEHUS KOHAEHCAaTOPOB [§].

[Tnenxu 6apwmii ctpounmii Tutanara (BST) siBisiiorcs: Haubosee nep-
CMEKTUBHBLIMY B KaU€CTBE KOHAEHCATOPHbIX AU3JEKTPUKOB 151 OyayiLmX
nokosieHuit 10O3Y ¢ YT menbuie 90 HM Gaarogapsi BBICOKMM 3HAUEHUSIM
nuanexkTpuuecko nocrosinHo (AI1 — k). Ana od6vemHoro BST xapak-
TepHbl 3HayeHust 1T mo 2000, a nmaeHKU TOJMILIMHOI HECKOJIBKO JecAaT-
KOB HAHOMETPOB MMEIOT TUITMYHbIEC 3HaYeHUs k B auanasoHe 200-400.
BST npencraBager coboit KPUCTATIMYECKUN OKUCHBIM MaTepuan co
CTPYKTYpPOii TWMa TMEPOBCKUTA U XUMHUYecKo# dopmyioii (Ba Sr, )TiO,.
Komnosuuusi BST, 06b1uHO ucnonb3yeMas B koHaeHcatopax J103Y, ume-
c¢rcoctaB 0,5<x<0,7 (cMm. Taba. 11).

10*
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Cneumpuryeckue TpeGOBaHUA K AWIEKTPUUECKMM CBOICTBaM ILie-
Hok BST B saueiikax JO3Y sasasiorcst pyHKUMEl reoMeTpUM KOHIEH-
cartopa XxpaHeHusi. MUHUMMa/IbHOE KOJIMYECTBO 3apsaa B siueiike JO3Y,
KOTOPOE MOXET ObITh YBEPEHHO ACTEKTUPOBAHO YYBCTBUTEJbHBIM YCH-
nuteneM, cocrapisieT 25 fF/aueitka (fF — ¢emto dapan = 10"'° dapan).
[Monarasi TpeXMepHYIO FTeOMETPHIO Y3J1a XpaHEHU 3apsiaa B siueiike JIO3Y,
00beM KoToporo paseH 3:ffh, rae f— MUHUMaNbHBIN pa3Mep 3aeMeHTa,
XapakTepu3yolnuii yposeHb TexHoaoruu (YT); h — BbicoTa y3na xpaHe-
HUSI, MOXHO PacCYMTaTh MUHUMAJIbHYIO MOBEPXHOCTHYIO €MKOCTD IMJIEH-
ku BST C_ B fF/MKkm?, KoTOpas 06ecnevynt Heo6X0aMMOe KOTUYECTBO 3a-
psiaa B sueiike JJO3Y 25 fF/aueiika.

Ina YT 150 um ¢ f= 0,15 MmxM 1 A = 0,3 MKM MUHHUMaNbHAS MOBEP-
XHOCTHas eMKocTb naeHkH BST C, nomxHa 6biTh He MeHee 80 fF/mMkm™.
Kpome Toro, TOK yTeuky U TaHTeHC Yrja AU3JEKTPUUYECKUX MOTeph 3TOM
MJIEHKU HE JOJIKHBI MPEBLILIATD 3HAUYEHHI COOTBETCTBEHHO 141078 A/cM?
1 0,006 [8, 42].

BonblunMHcTBO peareHToB L1 XOI'®P ruienok BST siBasiioTcst TBEp-
JIIMU BEILIECTBAMM MPH KOMHATHO# TeMIepaType U pacTBOPSAIOTCA B Op-
raHUYECKMX PACTBOPUTESX, UTOObI MOJABATLCS B BUIE XUAKOCTH B UC-
naputeib. ZKuaxoctv oObIYHO UCTIAPSIIOTCS TMCKPETHBIMU UMITYJIbCAMU
TemnepaTtypsl (Benbilikoit — flash vaporization), 4ToObl YMEHBUINTD Bpe-
Ms1 TipeObIBaHMWsI peareHTOB MpU BBHICOKOM TeMriepaType, a ClIeqoBaTe/Ib-
HO, MX pa3jioXeHHue, U MoAalTCS B NapooOpa3HOM COCTOSIHUM B pEaKTOPbI
JUTSL ocaxkleHUs. Takas rmojaya peareHTOB Yepe3 MPOLECChl MX pacTBOpe-
HYS ¥ UCTTapeHUS TTO3BOJISIET UCTTO/Ib30BaTh UCXOIHO TBEPAbIE BELLECTBA,
HO ycioxHgeT npoiiecc XOI'd BBeneHUEM pacTBOPUTEICIA.

B 6onblinHcTBe ony6iaMKoBaHHbIX paboT mo XOI'D naeHok BST B
KauyecTBE peareHTOB MCHONb3YIOTCS METaJJIOOPraHNYeCKUe COeANMHEHMUSI
BGapus, CTPOHUMSI U TUTaHa, NMpUBeAeHHbIe B Tabm. 3, n. 47-55. B ka-
YEeCTBE pacTBOpUTEIE NMPUMEHSIOTCS OyTHIaueTaT U TeTparuapodypaH.
Ocaxnenue mueHok BST nposoautca B obopynoBanuu tdna CLR SW
DSC RP (1-3)PPSR RES CW (cMm. taba. 4). TemnepaTtypa ocaxaeHus
B TEpMOaKTUBUpOBaHHbIX mpoueccax XOI'D o6eiuHO cocrabnser 400—
550°C, a B ruiaamoakTUBMpPOBaHHBIX Mpoueccax XOI'D — 250-300°C.
IMocne ocaxaenus nieHku BST oTxuraioT npu temneparype 500—-700°C B
okucautensHoit (O,, N,O) unu uneptHoit (N,) cpene, yToObl YIyYLIHTL
UX JIEKTPUYECKHE XapaKTepUCTHUKH [8].

OOHUM M3 OCHOBHbIX (DAKTOPOB KOHTPOJISI JIEKTPUUECKHUX CBONCTB
nmieHok BST siBisieTcst poueHTHOE CoAepXKaHMe B HUX TUTaHa, KOTOPbIit
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onpenensetca kKak n(Ti) = [Ti} 100/([Ba] + [Sr] + [Ti]). OnTumanbHbie
snexTpuueckue cBoiictBa miaeHok BST coorserctBytor n(Ti) =51%.
OkcnepuMeHTsl nokasbiBaloT, 4yto n(Ti) =51% B nnenkax BST ner-
KO obecreyrBaeTcsl NMpy pacxoaax THTAHOBBIX PEareHTOB B [HMarna3oHe
20—80 Mr/muH [8].

[Tpy ucnosib30BaHWM PEareHTOB, MPUBEAEHHBIX B I1. 52 — 55 Tabn. 3 u
pacTBOpeHHBIX B TeTparuapodypaue (C,H,0), ana npouecca XOI'D ne-
Hok BST remneparypa (7) 475°C aBiaseTcst NepexonHOil OT KHHETHYEC-
Koii obsiactu (7T < 475°C), orpaHuMueHHON cTaauell MOBEPXHOCTHOM pe-
akuuu, K auddy3noHHoln obnactu (T>475°C), orpaHuueHHOH cTaguei
IOCTaBKM peareHTOB. EcTecTBEHHO, UTO B KWHETHYECKOI obnacTu Oyner
HabMI0AaThCsl MOBEPXHOCTHAsT nudby3nst peareHTOB A0 WX BCTYIJIEHUS B
peakLMIO OCAXKIEHMS, a CAeN0oBaTe/bHO, 00ECMEUNBaTLCS BbICOKAs KOH-
(popmHOCTE ocaxneHus mueHok BST [8].

IMpn ocaxncHuu nyueHok BST cywecrByeT npobiemMa: ¢ OAHOI cTO-
POHBbI, HEOOXOAMMA JOCTATOUHO BbICOKAst TEMIEPaTypa, YTOOb! MOAYUUTD
XOPOLIYIO KPUCTATMYHOCThL MEPOBCKUTOBOM ha3bl, a ¢ Apyroil — tem-
nepaTtypa A0J/KHA ObITh JOCTATOYHO HU3KOM [Uisl obecrneueHus xopouiei
cTeneHU KOHMOPMHOCTH mpouecca ocaxacHus. [NoaToMy oGbIUHO Bbi-
OuparTCs TeMIepaTypbl, IPU KOTOPbIX NMPOLECC OCAXKAEHHUS NPOXOAUT B
KUHETHYeCcKol 06nacT, HO OJIM3KUE K TeMnepaType nepexona B andoy-
3MOHHY10 006/1aCTh.

K GoablioMy coxajieHuto, mieHkH BST HecoBMEeCTMMBI ¢ MaTepu-
ajlaMU 2JIEKTPOIOB, NIPUMEHSEMbBIX B KPEMHUEBBIX TEXHOJOTUSX, TAKMX
kak Al, Si*, TiSi,, TiN, n TpeGyIOT MCNOMB30BaHKS B KAYECTBE JIEKTPONOB
nieHokK naatuHel (Pt), pyrenus (Ru), okncu pyteHus (RuO,) niu okucu
npuausa (Ir0,). OnHako NPUMEHEHUE YKAa3aHHBIX MATEPUAIOB JIEKTPO-
JIOB BbI3BIBAET LIEJIbIi psAd Npobaem, CBSI3aHHBIX C TPYAHOCTAMM MJa3Mo-
XUMHYECKOTO TPaBJICHUs U 0becneyeHUs! XOpollel aare3nu, U HeoOXoAU-
MO MpPOBENEHUS Hay4HO-MCCNEeL0BaTeNbCKUX paboT Uil UX BHEAPEHUS B
npoussoactso JO3Y [42].

7.7. NMneHkn Bonbppama, €ro cUNULNAOB,
HATPUAOB U Kap6uaos

B npoussoactse kpemHueBbix CBUC mieHku MeTauios, UX CUAMLKUAOB,
HATPUIOB U KapOWUIOB UCMOJIL3YIOTCS:

— npu GOPMUPOBAHUH JIEKTPOAOB TPAH3UCTOPOB U OOKJIZA0K KOH-
JEHCATOPOB;



@50 Tnasa 7. Oyuxuuonansuste caou HMC, ocancdaemsie 6 npoueccax XOID

— npu GOPMUPOBAHUU KOHTAKTOB M MPOBOASAILMX 0b6aacTei Ha Mo-
BEPXHOCTH MOHOKPEMHMS;

— B KayeCcTBe MPOBOASLINX, aiTe3UOHHBIX U OApbePHBIX CJIOEB B CUC-
TeMax METAIM3aLMH.

Mukpocxembl HaKIaabIBAlOT OMNpeae/ieHHbIe TPeOOBaHUS Ha Kayec-
TBO TIPUMEHSIEMBbIX METAJIOB, CBSI3aHHBIE ¢ OJHOBPEMEHHBIM obecre-
YEHUEM UX OBICTPOAEHCTBUS MU HAZEXHOCTU. DTU TpeOOBAHMS AUKTYIOT
OCHOBHbIE€ CBOIMCTBA, KOTOPbIMM JIOJKHBI 006/1a1aTh TJIEHKH METAJIJIOB U
MPOLIECCHl UX HAHECEHUST 1 0OPabOTKM:

— BBICOKas MPOBOAMMOCTDb (HMU3KOE YAEAbHOE COMPOTUBJICHUE);

— XOpolLlasi aAre3usi K CjaosiM MaTepUanoB, UCIOAb3YeMbIX B KpeM-
HUEBBIX TEXHOJIOTUSIX;

— HU3Kasi CKOPOCTb OKHUCJIEHHUSI M XOpoulas CTPYKTypHas LeJoCT-
HOCTb [IPU BLICOKUX TEMIIEPATYpaXx;

— BBICOKOE TEMIIEpaTypHOE COMPOTUBJICHUE;

— COBMECTMMOCTb C MaTepualaMH, UCTOJb3yEMbIMU B KPEMHUEBBIX
TEXHOJIOTUSX;

— XOpOUIME XapaKTepUCTUKU MPOLECCOB pa3MEPHOIrO TPABJACHMS,
OYUCTKMU U yHaJeHUsl,;

— BBICOKasi pPABHOMEPHOCTb IJICHOK 10 TOJILIMHE HA IJIACTUHE U BbI-
COKast KOH(POPMHOCTb HAHECEHH S HA TOMOJIOTUYECKHMIA penbed.

Jns noseilieHUs HagexXHocT UMC, u3roraBjinMBaeMbIX B TEXHOJIO-
TMYECKUX MaplIpyTax ¢ BBICOKUM TEPMHUYECKUM OIOIKETOM (0COOEHHO
MUKpPOCXEM C GONBbILIMM KOJMYECTBOM YPOBHENH METAIN3alMU U BbICO-
KWUM aCMEeKTHBIM OTHOLIEHUEM TOMOJIOTUYECKOTo pesbeda), Inpu 3anoJi-
HEHUH KOHTAKTHBIX U EPEXOAHbIX OTBEPCTUI (COOTBETCTBEHHO contacts
M Vvias) MCNoJb3YyIOTCSl TUIEHKHM BOjbdpama, ocaxIaeMble B MpoOLECCax
XOI'®D. Boasdpam saBasieTcs TyroriaBKMM MeTajljiIoM, 061anaioiiuMm 00b-
€MHBIM YAEJbHBIM COMPOTUBIEHUEM B Anana3oHe 5S—8 MKOM - ¢cm [1,6].

Hcnons3oBaHue mieHOK Bojibpama (W) B KOHTAKTHBIX U NEPEXO-
HbIX COEAMHEHUsIX (nepemblukax, Mpobkax) (COOTBETCTBEHHO contact
plugs u via plugs) Bo MHOTOM OOBSCHUMO TE€M, UTO OHU HE IMOABEPXKEHBI
npotieccaM:

— IEKTPOMUTPALIMM aTOMOB TP BBICOKHX TUIOTHOCTSIX 3JIEKTPU-
YECKOT0 TOKQ;

— ¢opmupoBanus 6yropkos (hillocks) nmpu TepMu4ecKux Bo3neiic-
TBUSIX.

Kpowme Toro, mjieHku BosibppaMa CTOMKH K KOPPO3HH, Bbi3bIBAEMOIt
BNaroii, BHIAEJSAIOWIECICS U3 AUIJIEKTPHUKOB NPY TEPMUUYECKUX Bo3aeiic-
TBUSIX B [IPOLIECCE U3TOTOBJAEHUS MUKPOCXEMBI.
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OTCcyTCTBUE IEKTPOMUTPALIMH B IUIEHKAX BOJib()paMa CBSI3aHO C TEM,
4TO aTOMbl W OUEHb TSXEJIbIE, ¥ UM «TPYAHO» MEPEMELIATRCS, a TAKXKE CO
cTonbuaToil HOpMOii 3epeH B TUIEHKaX, KOTOPbIE HAMpaBieHbl MEPMEHIN-
KYJISIPHO K MMOBEPXHOCTH [6].

Hna XOI'® nueHok BosbdpamMa 0OBIYHO HMCIMOJb3YIOT ABE Fa30BbiE
cmecn WF /H, 1 WE,/SiH,, B KOTOpbIX MPOTEKAIOT CIEAYIOLINE XUMUYEC-
KMe peakLMu:

400°C
WF, (g) + 3H, (g) = W (s) + 6HF (g), (7.18)
450°C
2WF, (g) + 3SiH, (g) =2W (s) + 6H, (g) + 3SiF, (g). (7.19)

Ipeumywecteo cmecu WF, /H, cOCTOUT B BBLICOKHMX W BOCHPOM3-
BOJMMBIX CKOPOCTSIX OCaXAEHMS MJEHOK Bojibdpama npu Gonee HU3KHUX
TeMIiepaTypax, B KOHQOPMHOCTH Ocax/IeHHUSI B KHHETHYECKOH 0bacTu Ha
TONOJIOTMYECKHIi pelibed, a8 HENOCTAaTOK — B BbICOKOH YyBCTBUTEIBHOCTH
K Matepuany noxacnos. faszosas cmech WF,/SiH, npumenserca Ha stane
ocaxaeHus ToHkoro (10—50 HM) 3apoabiieBoro cios (nucleation layer)
BoJIb()paMa, YTOObI YMEHBIIUTh YYBCTBUTENBHOCTD MPOLECCA OCAXACHUS
K MaTepuay Moacios, a 3aTeM, €C/iM HE0BX0IMMO OCaXAAThb TOACTHIE CIOU
Bosbpama, npouecc XOT'® nepesonurcst Ha cmech WF /H, [6, 12].

Toncteie (500—1000 HM) rJIeHKM BoJbgpaMa ocaxaaloTcss B 0060-
pyaoBaiun thna CLR SW DSC RP (1-3)PPSR RES CW (u1s nnac-
TMH auamerpoM =150 Mm) 1 SCH BW DSC RP BJR RES CW (ans
riacTiH auametpoM <150 MM) (cM. Ta6n. 4) B npouecce XOI'®d LP LT
CVD W (WF/H,) (cM. Tabia. 1), KOTOpbIi MMEET LIMPOKWE NpoLec-
cuble okHa: Q(H,) = 500 — 5000 cm’/mun; Q(WF,) = 30—-500 cm*/mMuH;
T,= 350—480°C, p = 5—100 Topp. I1pu Q(H,) = 500 cM*/mun, T, = 450°C
u p = 80 topp npouecc LP LT CVD W (WF,/H,) nepexoaut B KuHeTHueC-
Kyto o6aactb npu Q(WF,) >50 cm’/MuH. B KnHeTM4ecKor obaactu cko-
POCTb OCAXIECHUS TAKOTO Mpoliecca onucbiBaercs dopmynoit (6.23) v npu
MOCTOSIHHOM TeMIlepaType 3aBUCHUT TOJILKO OT MapLHaibHOro AaBleHUSs
Boaopona [8].

[Tpu nepexone npouecca LP LT CVD W (WF,/H,) u3 anddysnon-
HOMH 00/71aCTH B KMHETUYECKYIO 00JaCThb CBOMCTBA OCaXXAaeMbIX TJIEHOK
BoJib¢ppaMa MeHSIOTCS ClleaylonmM obpasoM [6, §, 12]:

— oTpaxarespHas crocobHocTb (reflectivity) miaeHok, xapakTepusy-
lolIas IaAKOCTh IOBEPXHOCTH, YMEHbILIAETCS
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— cTeneHb KOH(GOPMHOCTH MOKPBITHS CTYMEHEK TOMOJIOTMYEeCKOro
peabsea (cMm. dopmyay (2.3)) Bo3pacTaer;

— pacTATUBAIOL{ME MEXaHUUECKUE HANPSIXKEHUS yBETUYUBAIOTCH;

— YAEJbHOE COMPOTUBJIEHUE MOBBILLIAETCS.

TunuyHbIe CBOICTBA MJIEHOK BONbdhpama, MojlydyaeMbIX B NMpoLECCe
LP LT CVD W (WF,/H,) npu pa3iuyHbIX ONEpalMOHHbIX NapaMerpax,
caenywoiuue [8]:

— yaenabHOoe conpotuBieHue — 8—15 MkOm cM;

— KOH(OPMHOCTb NOKPbITHS cTyneHbku — 50—100%;

— CTPYKTYpa KPUCTAUIMYECKON suelKU — 0ObeMOLEHTPUPOBaHHas
kyouueckas (BCC) (a-da3za);

— pacTsaryBaloliMe MeXxaHUUeCKue HarpsikeHust (tensile stress) npu
tonuHe 1 MM — 3:10°—1,2-10'° aun/cm?;

— colepXaHue aToMoB ¢Topa B mieHke — 10'°—10% arom/cm>.

CaoiicTBa INJEHOK BoJibhpama 3aBUCST TaKXe OT TojuiuHbl. bosee
TOHKHE IMJICHKH MMEIOT MEHBIIWI pa3Mep 3epHa U 6ojiee BBHICOKHEC 3HA-
YeHUSI MEXaHUUECKOTO HaMPsKEHUS, YAeJbHOTO CONMPOTUBAEHUS U OTpa-
XaTesbHOI criocobHoctu. IlepeBon npouecca ocaxaeHus LP LT CVD W
(WF,/H,) tiny6oko B 1ndbdy3noHHYI0 061acTh ¢ MOMOILUBIO TOBBILICHUS
TeMIepaTypbl MO3BOJISIET 3HAYMTENbHO YMEHBLIMTb 3HAYEHUSI MEXaHM-
4eCKOro HanpsiXeHus Y yIeNbHOTo COMPOTUBIIEHMS TUIEHOK BoJib(dpamMa.
HoGasnenue B,H, Ha cranuu 3aponbiiieo0pa3oBanus sipisiercst abdek-
THBHBIM CPEICTBOM YBEIWUYEHUS pa3Mepa 3epeH B IJIeHKax BoiabdpaMa U
nospongeT Ha 30—50% yMEHbILIUTh UX MJICHOYHOE COMPOTUBJIEHUE st
ToIMH MeHee 100 HM [8].

Tonmunna nieHku Bosbpama B pouecce LP LT CVD W(WF,/H,) sis-
JigeTcs (hyHKUMEH HauaTbHOTO COCTOSIHUS OCaX/AECHUS WU 3apoAbiile00-
pa3oBaHUs (nucleation), 3aBUCSLIErO OT MaTepuaia nmoacyon. Haunyuiuum
MO CBOMM CBOMCTBaM M CaMbIM PacIpoCTPaHEHHBIM MOACIOEM MO IMJIEHKU
Bosib(pama siBnsieTcss HUTpua tutana (TiN) [1, 12]. TToacnoii TiN toniuu-
Hoit 30—50 HM BBICTYMAET Kak aAre3MOHHBIM MPOMOTEp (YCUTTUTENDb anre-
3WM) MEXIY ocaxgaeMoM IUICHKOM BosibdbpaMa U CJIOEM JIBYOKUCH KPEM-
HHS, a TAKXE KaK PEaKUMOHHBIN Gapbep Mexay peareHToM WF, 1 cioamu
KpeMHUs (nonukpemHust), tutaHa (Ti) u anromunus (Al). [oacnou non
TUIeHKY Bobdpama U3 Ipyrux mMaTepuanos, Takux Kak TiW 1 TaN, meHee
MOMYJISIPHBI.

Ecnin XOTI'® nneHku BosbdpaMa MCMOJB3YIOTCS TOJIBKO s dop-
MUPOBAHUSI MEXCIOMHBIX coeaMHeHU (BOJIbMPAMOBBIX MEPEMbIYEK
(npobok) — W plug), TO uX yaenbHOe COMPOTUBJIEHWE HE BHOCHUT 3Ha-
YUTEJILHOTO BKJIaga B obLlee COMPOTUBIIEHUE CHCTEMbI META/UIM3aLUMU.
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OnHako B HEKOTOPBIX MUKPOCXEMaX U3-3a BEJIMKOJENHOr0 CONpPOTUBIE-
HUS K 2JIEKTPOMUTPALIYA M BBICOKO TEPMOCTAOUIBHOCTH TJIEHKH BOJIb-
(bpaMa NpUMEHSIOTCS TaKXE B KauyecTBe LIMH Metannu3auuu. B Takux
ciyyasix Hago UCIOb30BaTh BCE CMOCOOLI U1 MAKCUMAJIbHOTO MOHMXE-
HUSA yAeJbHOTO CONPOTUBJIEHUS TIICHOK Boabdpama.

TunuuHelit MapiipyT hopMUPOBaHUST BOJb(MPAMOBBLIX MEPEMbIYEK
(npo6oK) nocyie OUUCTKU NEPEXOAHbBIX U KOHTAKTHBIX OTBEPCTHUI TIpU-
BeaeH Huxe [1, 6].

I. OuKcTKa KpeMHUS B KOHTAKTHBIX 00J1aCTSX ¢ TOMOLIBIO pacTBOpa
MJIABUKOBOM KMCJIOTHI MJIM OUUCTKA ATIOMUHUS B 0BJ1aCTAX MEXCOeInHe -
HUI1 C MOMOI1IbIO PU3NYECKOro pacrblieHUs MOHAMM aproHa.

2. Ocaxnenwue ToHkoro (10—30 HM) c1os TUTaHa, YTOObI rapaHTUPO-
BaTb OTCYTCTBHE €CTECTBEHHbBIX OKHC/IOB Ha OYMLLIEHHBIX 00JIACTSIX KpeM-
HUS U AJTIOMUHUS.

3. Ocaxuenue caost Hutpuaa turana (TiN) Tonmwmnoit 30—50 nm,
KOTOpPBIA BBICTYMAaET KakK MpoMoTtep (YCUIIUTENb) aaAre3nuu MjieHKH BOJIb-
thpama K €010 IBYOKUCU KpEeMHMSI U KakK GapbepHBbIit CJIOi, 3allMLIA0-
UIMIA CJTIOM KPEMHMS, TUTAHA U ATIOMUHUST OT BO3ACHCTBUS arpeCCUBHOTO
peareHta WF .

4. KoHdopMHOe ocaxaeHUe MJIeHKHU BoJibdpaMa C 3afoJIHEHUEM
KOHTaKTHBIX U IEPEXOIHBIX OTBEPCTHI1 U MOKPbITUEM ITOBEPXHOCTH IJ1ac-
THHBI,

5. VYnaneHue rieHKU BoJibpaMa ¢ MOBEPXHOCTH MIACTHUHBI C TOMO-
LIbIO MPOLIECCOB XUMUKO-MeXaHWueckKoi rutaHapusauun (XMII — che-
mical mechanic planarization — CMP) uan ni1asMoXxuMHYECKOro TpasJie-
Hus (ITXT).

6. OuMcTKa MOBEPXHOCTH [UIACTUHBI CO CHPOPMUPOBAHHBIMU BOJIb-
¢dbpaMoBBIMH mepeMbluKaMK (MpodbkamMu) nociae npoueccos XMIT wau
[MXT.

Hanee ciieayeT npoiecc HaHECEHUs1 AaNIOMUHUEBOI METAIM3ALIUH.

JLnig mony4yeHUst KaYeCTBEHHBIX BOJIL(PPAMOBBIX NMEPEMbIYEK HEOOXO-
IUMO OTCJIEXHUBATh ClieyloL1e OCOOEHHOCTHU:

— miaeHka TiN poyixHa KOH(pOPMHO TMOKPbIBaTb BCE MOBEPXHOCTH
SiO,, Ti, Si, Si* u Al, kak rnagkue, Tak 1 peibedHbIE, Ha KOTOpbIE MO-
XET 0CaXIaThCA IJIEHKA BoJib()paMa, U He UMETb TPEILIMH, B POTUBHOM
ciydae naeHKa W oTBauTCst OT NOBEPXHOCTH SiO,, He MOKPLITOIH HUTPU-
JIOM TUTaHa; Ha MOBEPXHOCTSX MJICHOK aJIOMUHUSI M TUTAHA ODpa3yroTes
aunanektpuyeckue ciou ¢propunos (AlF, u TiF)) us-3a sosaeiicteua WE,,
YXYALAIOLIUE KauyeCTBO KOHTAKTOB; a MOBEPXHOCTHM KPEMHUS U MOJU-
KPEMHUs OyIyT 3pOAMPOBAHbI BCIEACTBHE TpaBieHus B WF;
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— MpU yaaJeHUU TUIEHKN BoJdb(paMa C MOBEPXHOCTH TJIACTUHbBI B
npoueccax XMII u IT1XT oHa He moMmKHA OCTaBaThCA Ha ODOIACTSAX BHE
KOHTAKTHbBIX WJIM MEPEXOAHBbIX OTBEPCTUI, H B TO XK€ BpeMsl HElb3s [J0-
MYCKaTh OOJIbLIOTO OMYCKAHUSI TTOBEPXHOCTH BOJIb(PaMOBBIX MEPEMbItEK
(npobOK) OTHOCUTEIbHO MOBEPXHOCTH TJIACTUHDI.

Tak xak acnekTHoe oTHouueHue (AR) (oTHolLeHWe ryOUHBI K JHa-
METPY) KOHTAKTHbBIX M MEPEXOJHbIX OTBEPCTHII MOCTOSSHHO YBEJIUYMBA-
€TCsl ¢ KaxXabIM ypoBHeM TexHosornu (YT) (C yMeHbIIEHUEM TOMOJOTH -
YECKUX HOPM), TO ISl ITOJYYEHUS KaueCTBEHHBIX IUIeHOK TiN ¢ Xxopolium
NOKPBITUEM TOMOJIOTHUYECKOTO pejbeda MPUMEHSIOTCS pa3lIMYHbIE NpO-
ecchl HAaHECEHUS:

— 10 YT 350 HM BKJIIOUMTEIBHO UCMOJIB3YIOTCS MPOLIECChl PeaKTUB-
HOro MarHeTpoHHoro pacneuieHus (RMS) ¢ koanumaiueit notoka pac-
neeHHbIx yacthy TiN [1];

— 10 YT 180 HM BKIIIOUUTEBHO UCTIOAL3YIOTCS TPOLIECCHl PEaKTUB-
HOTO MarHeTpOHHOTO PacNblICHUs ¢ MOHWU3ALMUENH pacTibUIEHHBIX YaCTUIL
TiN (I-PVD u SIP) [1];

— HauuHas ¢ YT 130 uMm ansa ocaxaeHus ruteHoK TiN MCNonb3yloT-
ca npouecchl XOI'D kak obviyHbie (CVD) [8], Tak M aTOMHO-CJIOEBbIE
(ACO - ALD) [25].

Tak Kak TUIEHKM TIOACA08 HUTPUIA TUTAHA MOTYT ObITb OCaX-
JEHbl B pPa3jIMUHBIX TIpolieccax M NpU  padiIM4YHbIX peXuMax, TO
(pH3UKO-XUMHUYECKHME CBOMCTBA MX MOBEPXHOCTH CUJIBHO pa3inyaroTcs.
ITosToMy Ha 3Tane 3aponbillieoOpa3zoBaHusa (nucleation) raeHOK BOJb-
(bpama HeOOXOAMMO NMPUMEHATD Ta3oByto cmech WE /SiH, st MuHIMH-
3allMU pa3inuyrii MOBEPXHOCTHBIX CBOKCTB noacnos TiN.

C TOYKH 3pEHUS XUMHH PEaKUMs 0CaKAEHUS] TOHKOTO 3apOABILIEBO-
ro crnios Bosibdpama u3 cmecu WF/SiH, aHanornuxa ocaxiaeHuio ruieHKu
cunuuunia Bonbgpama WSi , rae X oKomo 2, U OTJIMYAETCS TOJIIBKO MEHb-
UM pacxonoM cuiana (SiH,). TUMMyHblE 3HAYEHUS ONMEPALMOHHbIX
napaMetpoB npu XOI'® toukux (10—50 HM) ciioeB BoNbhpaMa U3 cMecH
WF,/SiH, cienytowme [8]:

— oTHouleHue pacxonos Q(SiH,) n Q(WF) —5:1—-1:2;

— TemmnepaTypa mactuisl T, — 350—450°C;

— pasneHue p — 4—80 Topp.

Tak kak onepauyoHHbIe TIapaMeTpbl HEMOCPEACTBEHHO BJIMSIOT Ha
peXUM XMMHMYECKON peakLuH B rasosoit cmecu WF /SiH,, Hamo oyeHb
TILATEAbHO MOAXOAUTL K BbIOOpPY reOMETPHM peakTopa, 3HAYeHUH orie-
pallMOHHBIX MAPaMETPOB 1 CTENEeHU pa3baBiieHUs1 CMECH BOAOPOIAOM, LIS
TOTr0 YTOObl MUHHMU3UPOBATh TEHEPALIMIO YACTHI B Ta30BOi dase U rno-
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JYy4UTh TpeGyeMmble CBOMCTBA IIEHOK BoOJibppaMa U CTEreHb MOKPLITUA
TOIOJIOTMYECKOro penbeda.

CTpyKTypa, cocTosiias u3 IeHKY CWINLKAA BOJb(ppama, Jiexaliei
Ha cJ10€ MOJIMKPEMHUS, Ha3bIBAETCSA MOJULIMIAHON CTPYKTYPOH U UCTIOJNb-
3yeTcs B KayecTBe 3aTBOPHOTO 3jekTpoda B MOTI TpaH3ucTOpax BMeCTO
CTaHIAPTHOI MJEHKHU JerMpoBaHHOro nofiukpeMuust. [T1eHKu cunuuusa
BOJNIb(PpaMa TEPMUUYECKU COBMECTHUMBI C NMOJIMKPEMHUEM U 00/1a1at0T aHa-
JIOTUYHBIMU CBOMCTBAMM K BO3IEUCTBUIO OKUCIUTE/IBHBIX Cpel U XUMHU-
YecKUX peareHToB. [IpeumyIlecTBOM MOJUUMIHON CTPYKTYphl SIBISIETCS
6oJ1ee HU3KOE TJIEHOYHOE COMPOTURIIEHHWE C COXPAHEHUEM BO3MOXHOCTH
dopMmupoBanusi camocoBMelleHHOTO 3aTBopa (self-aligned gate). Kpome
3aTBOpoB MOIT TpaH3ucTOPOB MICHKK CHIMLKMAA BOJibpaMa UCTIONb3Y-
I0TCSl B KaueCcTBe pa3psaHbIX (bit) IMH B MUKPOCXEMAX NaMsITH (3aroMu-
HalOILHX YCTPOICTRAX).

OnHMM U3 NpeUMMYyLLECTB CUJIMLIMAA BOJIb(ppaMa Mo CpaBHEHHIO C CHU-
JIMLMAAMU JPYTMX METAJUIOB Ha 3Tane BHEAPEHUS MOJMLIMAHBIX 3aTBOPOB
B MPOMU3BOJICTBO MUKPOCXEM CTala MPOCTOTa U AOCTYMHOCTb PEAreHTOB
JUTSL TIONIy4eH st €70 miaeHoK MetonoMm XOI'®. B Hactosiuee Bpemst XOI'D
MJIEHOK CUMLMAA BOJIb(hpaMa OCYLIECTBISIETCA U3 ABYX Fa30BbIX CMECEH:
SiH,/WF, u SiH,Cl,/WF, [8] cornacHo cneayiouiMm XuMHUYECKUM peak-
LUAM:

350°C
WEF, (g) + xSiH, (g) = WSi (s) + H, (g) + HF (g). (7.20)

500°C
WF, (g) + xSiH,Cl, (g) = WSi_(s) + HCl(g) + HF (g). (7.21)

Peaxuns cunana c rekcagropraom BosibhpamMa MMEET BbICOKYIO TEp-
MOAMHAMHYECKYIO BEPOSITHOCTb, MPOTEKAET 3K30TEPMUUYECKU W MOXET
OBbITh HEKOHTPOAUPYEMO OBbICTPOIi B ra3oBoit dase, eCliM CMEHICHHUE pea-
F€HTOB HE BBIMTOJHSETCS AOMXHBIM 00pa3oM. UToObl KOHTPOAMPOBATD ITY
peakuuio, SiH, 1 WF, 10/1XHbI BBOAWUTBCS B PEAKTOP I10 OTACABHOCTH, &
WX CMELLEHUE KOMKHO NMPOUCXOAMTb NMPU HU3KUX TeMIIEpaType U NapJe-
H{H HETIOCPEACTBEHHO Mepejt lofavyeii ra3os K MIacTUHE.

Obopynosanue tvina CLR SW DSC RP (1-3)PPSR RES CW
(cM. Tabn. 4) siBSIETCA HAUNyJLIMM BapMaHTOM. Tak Kak oba peareHta
YYBCTBUTENIbHEI K BJIare ¥ HaTeKaHHUI0 aTMOC(HEPHOTO BO3AYXa B PeakTop,
ycraHoBka Uit XOI'® mineHok cunmuuaa BoabdpaMa N0MKHA UMETh 3a-
rpy304Hylo (LLJIIO30BYI0) KaMepy ¥ BO3MOXHOCTb IIPOBEPKH YPOBHS Ha-
TEKaHUS B peakTop.
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Tunuuneie napametpsl npouecca LP LT CVD Wsi (SiH,-H,/WF-H,)
XOI'® nnenok cunuunaa sBosnbdpama TonwnHon 200—500 uM crenyio-
uue [8]:

— pacxon cunana Q(SiH,) — 500—1000 cm’/mun;

— pacxon rexcapropuna soabppama Q(WF,) — 5—10 cm*/Mun;

— TeMneparypa Harpepateis (heater) — 350—400°C;

— Temrepatypa niacTulsl 7, — 300—350°C;

— napneHue p — 0,5—0,8 Topp.

OrHoweHue pacxonos SiH,/WF, sBnsietcs KiioueBbIM (JakKTOPOM JUtst
KOHTPOJISI COCTaBa OCaXJIaeMbIX MJIEHOK CUauliuaa Bonbdppama. ObbIYHO
3TO OTHOLLUEeHHUE BbIOMpPaIoT BbICOKUM (okono 100), mis Toro 4yTtobhbl ra-
pPaHTUPOBATh OTHOLUEHUE aTOMOB Si/W B ocax/iaeMbiX MACHKaX CUIULIMU-
na Bonbdpama Gonbuue 2,6. CKOpOCTh 0OCaXAEHHs V), B TAKOM PEXHUME JIn-
HEIHO MponopuroHabHa pacxoay rekcadropuaa soabhpama Q(WF,) n
MOYTH He YYBCTBUTEJbHA K TeMIiepaType. Peaklins ocaxaeHus nporekaer
B 11} dhy31OHHOIM obacTH (orpaHUYeHa JOCTaBKOM peareHTa), U CTerneHb
KOH(OPMHOCTH NMOKPLITUS CTYIEHEK TOMOJIOTMYECKOTO penbeda orpaHu-
YyeHa YIJIOM MaAeHUS ra3oBblX YaCTHLI.

TunuyHble CBOMCTBA IJIEHOK CUJIMLIMAA BosbdpaMa, MojyyaeMbiX B
npouecce LP LT CVD WSi (SiH,-H,/WF-H,) (cM. Ta6a. 1) npu yka3saH-
HbIX OTIEpPaLIMOHHBbIX NapaMeTpax, caeayoume [8]:

— yAenbHOE CONMpPOTUBACHHUE Nocae ocaxaeHuss — §00—950 MxOm-cm;

— yaenbHOE conpotupaeHue nocie orxura 900°C — 50—70 MxOm-cM;

— OoTHoOlLIeHHUEe aToMOB Si/W B nieHKe nocjie ocaxaeHus — 2,6—2.8;

— OTHOLIeHMe aroMoB Si/W B IUleHKe Ha MOBEPXHOCTH KpPEeMHMUS
nocie orxura 900°C — 2,2;

— CTeneHb KOH(OPMHOCTH NMOKPbiTUs pefibeda ¢ AR=1:1 — 30%;

— CTPYKTYpa IUIEHKH TT0C/1e OCAXICHUS — aMopdHas;

— CTPYKTYpa IUICHKH MOCJE OTXKUra — TeTparoHajibHasi;

— pacTArvBalolliMe MEeXaHMYeCKMe HarpsbxkeHus (tensile stress) B
TUIEHKe nocje ocaxaeHus — 6 —8-10° auH/cMm?;

— pacTArMBalollMe MeXaHUYeCKue HanpsikeHus (tensile stress) B
riieHke nocie omxura — 1,0—1,2-10'"° auu/cm?;

— copaepxxaHue aToMoB ¢hTopa B riieHke — 5-10% atom/cMm?,

KoHeyHoe oTHolLeHHEe aTOMOB KPEMHHS U BoJibhpama B IJIEHKE CH-
Juuuaa Bojabdpama 3aBUCUT OT MapLUPYyTa M3TOTOBJIEHUS MUKPOCXEM.
Ecnu npoBoAUTCS MHOTO LIMKAOB OKUC/IEHHS TOCIE OCAXIEHUS TIEHKU
cunuuuiaa Bosibdpama, TO aTOMbl KPEMHHA B 3TOH MJeHKe OyayT morno-
WIAaThCs B OKUCUTENbHBIX MpPOLIECCaX, U B pe3yjbraTe oTHouleHue Si/W
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MOXET CTaTb MEHbIlIE, YeM TEPMOLUHAMUYECKH CTaOUIBHOE OTHOUIEHNE,
paBHoe 2,2 [8].

IMonuxkpemuuit (Si*) mona mieHko#t cunavuuaa BoiabgpaMa B IOJU-
UMIOHOM CTPYKTYpPE MOXET BBICTYMATh KaK MCTOYHMK ATOMOB KPEMHMUS
MpH TeMmIeparypax okucieHus. Ho ecau Ha nmoBepxHocTH pasaena Si*/
WSi_ecTb y4acTKH OKHC/a, TO OHH MOTYT JIOKaJIbHO 610KMpoBaTh AN Y-
3110 AaTOMOB KPEMHHS U BRI3BIBATH MYCTOTHI M MOTEPIO aAre3MM Ha nosep-
XHOCTH paszenia. Beicokoe cofiepxaHue aTOMOB KPEMHMUS B IIJIEHKE CHITH-
LIMIa BoJib(ppaMa yBeJIUYMBAET €€ yaeJbHOE CONPOTUBJIEHHE.

OcaxneHHple mueHKUM WSi ABAsIOTCS aMOPGHBIMM, HO B NPOLECCE
OTXXMTa MPOXOAAT psia (pa30BbIX MpeBpalleHUiA: BHAYasle B TeKCaroHaJIbHYIO
dasy, a moToM B TeTparoHanbHyio ¢asy. Ilepexon u3 aMopdHoro cocrosi-
HHS B reKcaroHaabHylo a3y HaunHaetcst npu 7>450°C u conpoBoxnaeT-
¢s O4eHb 0OIBbIIUM YMEHbLIEHHEM 00beMa TUIEHOK CUJTMLIMAA BOsibgpaMa,
a CJ1e10BaTeIbHO, U BO3HMKHOBEHHEM Gonbmux (>10' nuH/cM?) pactaru-
BAIOLIMX MEXaHUYECKMUX HATNPSKEHUH B MJEHKAX, KOTOPHIE BBI3LIBAIOT MX
pacTpecKkuBaHue M 0OpbIBbI, 0OCOGEHHO OKOJIO YIJIOB CTYNEHEK TOIOJIOTH-
YyecKoro penabeda.

IMpeBpalieHue U3 rekcaroHanbHO! hasbl B TeTparoHalbHYIO a3y
npoucxoaut npu 7> 650°C u He conpoBoxaaeTcst GONbUINM U3MEHEHU-
eM 00beMa MJIEHOK CUTMLIMAA BOb(hpaMa, a 3Ha4HUT, U reHepauuen 60J1b-
110r0 KoanyecTBa Ae¢ekToB [8].

KoHueHTpauus atoMoB dtopa (F) B rieHkax cunvuuaa Boabhpa-
Ma, ocaxaeHHbIx B npouecce LP LT CVD WSi (SiH,-H,/WF,-H,), ouenb
Bbicoka (5-10%° atoM/cM®). AToMbI GTOpPa MOTYT MUTPUPOBATh K IpaHuULIE
paszena Si*/SiO, nocie BLICOKOTEMIIEPATYPHOTO OTXKUIA M YBENTHYUBATD
3 PEKTUBHYIO TOMIIMHY NMOA3aTBOPHOTro okucia. Takoit apdekT craHo-
BUTCSI HELOMYCTUMO OONBIIMM TPH TOJIUMHAX TMOA3aTBOPHOro OKHCAa
meHblle 10 HM u TeMmeparypax omxura >850°C u TpeGyeT nepexoaa Ha
razoByio cmech SiH,CL/WF, s ocaxaeHusi MIEHOK CHUJIMLMIA BOJIb-
¢pama [8].

Peakuunsa auxnopcunana (SiH,Cl) c rekcacdropuaom Bonbdhpama
(WF,) ne npoucxoant npu 7<450°C 6e3 BHelHe# akTuBauuu. [ins Havana
peakuuu TpeOyeTcs MO0 aKTHBaLMs NJIa3Moit, 11ubo 6oJiee BbICOKas TEM-
niepartypa, 160 106aBKa ra3oB-KaTau3aTopoB, Takux Kak SiH,. Tunuunsie
napameTpel npouecca LP LT CVD WSi (SiH,Cl,-H,/WF-H,) XOI'® nne-
HOK cuauuuiaa Boabdpama ToaimHoi 50—250 HM cnenylouue [8]:

— pacxon auxnopeuaana Q(SiH,ClL,) — 200—-500 cm’/muH;

— pacxon rekcadropuna Bonbppama QWF,) — 3—5 cM’/MuH;
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— Temneparypa HarpeBaresis (heater) — 500—600°C;

— Temneparypa niactuhbl 7, — 450—-550°C;

— nasnenue p — 0,5—1,2 Topp.

CKopocTb ocaxaeHust V, B TAKOM pexXrMe YyBCTBUTEIbHA K PACXOLY
rekcaropuna onbdpama J(WF,), 1 HeoOXoaMMBI BBICOKHME OTHOLUEHUS
pacxonos Q(SiH,Cl,)/Q(WF,), 4To6bl ROCTMYD XKENAEMOro OTHOLUEHUS
aToMoB Si/W B ocaxiIaembIX IUieHKax cuauumna Boabdpama. Ipoitecc
LP LT CVD WSi_(SiH,Cl,-H,/WF-H,) B otnnure ot npouecca LP LT
CVD Wsi_(SiH,-H,/WF,-H,) uyBCTBUTEIEH TaKXe K TEMIEPATYpe U 1aB-
JieHuio. [ToBbILIEHUE TEMTIEPATYPH U JaBJCHUSA YBEJIUYMBAET V, U OTHO-
meHue Si/W.

B npouecce LP LT CVD WSi (SiH,Cl-H,/WF-H,) Henb3s nmposec-
TU YETKYIO TPaHULly MEXAYy KUHeTHueckod u auddysnoHHoit obiactsi-
MU peakLUMH OCaXIEHHUS IUIEHOK cuiuluaa Bojbdpama. Habmogaemeie
3aBUCHMOCTM XapaKTepHBI MJisi 06enx o0acTeil, YTO CBUAETENbCTBYET O
CNOXHBIX MapilpyTax peakKuuu. TUnu4Hble CBOMCTBA MACHOK CHUJIMLU-
na sonbdpama, noaydaembix B npouecce LP LT CVD WSi (SiH,Cl,-H,/
WF,-H,) (cM. Tabi1. 1) npu ykasaHHbIX ONEPALMOHHBIX MapameTpax, cie-
nyowmue [8]:

— yAeAbHOE  COTPOTHBJIEHHWE Tocie  ocaxaeHus — 750—1200)
MKOM-cM;

— yIeJIbHOE CONpPOTUBIICHUE nocie OTXMra 900°C —
80—120 MkOM-cM;

— OTHolLLeHHe aToMOB Si/W B IieHKe fiocie ocaxaeHus — 2,5—3,0;

— OTHOLLIEHWE aTOMOB Si/W B IJIeHKE Ha MOBEPXHOCTU KPEMHMS
nocie orxura 900°C — 2,2;

— CTeMNeHb KOHPOPMHOCTH MOKPLITHS penbeda (AR =3 : 1) o~ 30 %;

— CTPYKTypa IJIEHKH MOCJIEe OCAXKACHHUSA — reKcaroHajlbHast;

— CTPYKTypa IUICHKH TTOCJIE OTXKHra — TeTparoHajbHasi;

— pacTArMBalolllMe MeXaHUYecKue HanpsikeHus (tensile stress) B
rieHkKe nocie ocaxaeHus — (0,8—1,0)-10" quu/cm?;

— pacTATMBaIOIME MeXaHWYeCKHe HarnpspkeHust (tensile stress) B
ImieHKe nocjie orxura — 1,2-101° auH/cm?;

— conepxaHue atomoB ¢Topa B ruieHke — 1-10'7 atom/cm?.

VienbHOE CONMpPOTUB/IEHUE MIIEHOK CUMLUIAA BOJIb(hpama, MojayueH-
Hbix B npouecce LP LT CVD WSi_ (SiH,Cl,-H,/WF -H,), HemHoro Bbiuie
yAEABLHOTO COMPOTUBICHUS IICHOK, OcaXXaeHHbIX B pouecce LP LT CVD
WSi_(SiH,-H,/WF-H,), u3-3a MeHbluMx pasmepoB 3epeH. Kpome Toro,
ocaxneHHble B npouecce LP LT CVD WSi (SiH,Cl,-H,/WF,-H,) miienkn
WSi, cpasy MMEIOT reKCaroHaIbHYI0 CTPYKTYDY, TaK KaK MPOLECC Ocax/e-



7.7. Maenrcu sonvghpama, e2o cuauyudos, Humpuooe u kapéudos | 5\9\)

HUA npoTeKaeT npu 7>450°C, koTopasi B MPOLIECCE OTXKUIa NEPEXOAUT B
TETParoHa/IbHYIO CTPYKTYpY 6€3 pacTpeCKMBaHUs Y Pa3pblBOB MJICHOK.

Huskoe (<10'" atoM/cM?) comepxaHue aToMOB (hropa B MJIEHKe CH-
JMLmMaa BojibppamMa He OKasbIBaeT BAMSIHUS Ha 3(PGHEKTUBHYIO TOMILMHY
MOA3aTBOPHOTO OKMC/a B MPOLECC BBICOKOTEMMEPATYPHbIX 006pabOTOK.
CrenyeT OTMETUTb TakKKe MOBBILUEHUE aATe3UU U YIydLIEHUE MOKPbITUSA
TOIOJIOTMYECKOro penbeda TUIEHOK CMIMHKUAA BOjdb(paMa, 0caXIaeMbIX
B npouecce LP LT CVD WSi (SiH,Cl-H,/WF-H,), uto nenaet ero 6o-
Jiee TIOAXOASUIUM It MUKPOCXEM C YpOBHEM TexHonoruu (¥YT) MeHblue
0,5 MxMm. C apyroit CTOpoHb!, 6oJiee BbICOKAsi TEMIIEpaTypa U MOBbLILIEH-
Hast YyBCTBUTEJbHOCTD K OMNEPALIMOHHBIM MapaMeTpaM MOTYT OTpaHUYH-
BaTh NPUMEHEHUE 3TOTrO IpoLlecca.

Inenkn HUTpHOB Bodbgdpama (WN ), kapbunos Bombsdpama (WC)
1 Kap6oHuTpua0B BoJbppama (WC N ) ucniosie3yloTest B KauecTse 6apb-
€PHBIX CJIOCB B CHCTEMaxX METAJINIM3aliMM Ha OCHOBE MEIH U1s1 MUKPOCXEM
¢ ypoBHeM TexHogorMu (YT) 130 HM 1 meHsle. OHU NpeaoTBpaLIaiOT
anddy3unio aTOMOB MEM B CIOM OKCHUIA KPEMHHS, MOJTMKPEMHHUSI U MO-
HOKpeMHHA. Tak Kak OGbIYHO CHUCTEMbI METANIU3alMK Ha OCHOBE Mean
WHTErpUPOBAHbI C CUCTEMaMM MEXCJIOWHOU U3OASILIMU HA OCHOBE IHU3-
JIEKTPUUYECKHUX TVIEHOK C HU3KOW Au3fiekTpudeckoil noctostHHon (HATT
IU3NEKTpUKHU — low k dielectrics), To TeMnepatypa ocaxaeHust 6apbep-
HBIX CJIOEB HE AOJIXKHa fpeBbiinath 350°C [43—45].

Tonosiornyeckuii pejibed MUKPOCXEM, U3rOTaBIMBAEMBIX MO TEXHO-
JIOFHSIM C YKa3aHHbIMY YPOBHAMU, UMEET BHICOKME aCMEKTHbIE OTHOLLIE-
Hus (AR > 4:1), noatomy st ocaxneHust TOHKUX (<50 Hm) ruieHok WN ,
WC u WCxNy ucrnonbaytorest npoueccbl XOI'P, a npu AR>10 : 1 — npo-
LECChl aTOMHO-CJIOEBOTO XMMMUECKOr0 OCaXIeHWsl M3 Ta3oBoit asbl
(AC XOTI'® unu cokpaiieHHo ACO — ALD).

XOI'® cnoes HuTpuma Bonb(hpamMa MOXET MPOBOAMTLCA B NMpoLEC-
cax LP LT CVD WN_(WF-H,/NH;-H)), LP PE CVD WN_(WF,-H/
NH,-H,), LP LT CVD WN_ (W(CO)-H,/NH,-H,) u LP PE CVD WN_
(WF,-Ar/N,-H,) (cm. Tabsn. 1) B obopynosanun tuna CLR SW DSC RP
(1-3) PPSR RES CW u SCH SW DSC RP PPSR RES CW PE (cM. Ta6a. 4)
COIJIACHO C/IEAYIOIIMM XUMUUYECKUM PEaKUHUSIM:

500°C
WF, (g) + xNH, (g) = WN (s) + H, (g) + HF (g), (7.22)

300°C, BY nna3ma
WF, (g) +xNH,(g) - WN (s)+ H, (g) + HF (g), (7.23)
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300°C
W(CO), (g) + XNH, (8) - WN_(s)+H,(g) +CO(g), (7.24)

300°C, BY nna3ma
WF, (2) + xN,(g) + H,(g&) = WN, (s) +H, (g) + HF (g), (7.25)

M3 KOTOPBIX C TOUKH 3peHHUs obecneyeHusl TpeOyeMBbIX 3J1eKTpodU3nuec-
KUX CBOWCTB MJEHOK, CTAGUILHOCTH U MHTErPAaUMOHHONH COBMECTUMOCTH
npotiecca ocaxaeHus HanboJsiee NepcreKTUBHbI J1BE MOCAEHUE PEAKLIMH,

[pouecc LP LT CVD WN_(W(CO),-H,/NH,-H,) moxeT mnposo-
JLUTHCA MPU CACAYIOUIUX 3HAUEHUSAX OMEPALIMOHHBIX TapaMeTpoB [44]:

— pacxon rekcakap6onuna sonbdpama Q(W(CO),) — 1-20 cm’/Mun;

— pacxon ammuaka Q(NH,) — 100—500 cm*/muH;

— pacxoq Bonopoaa Q(H,) — 50—200 cm’/mun;

— Temneparypa iactuisl 7, — 200—-350°C;

— naenenue p — 0,2—0,5 Topp.

[Mpn Takux ycaoBUsax 00eCreunBaeTCss CKOPOCTb OcaxaeHus V, ne-
HOK HUTpHIA BoJbppama B nnanasoHe 4—10 HM/MUH U CTeNeHb MOKPBI-
THSI 1HA CTyNeHbKU ¢ AR = 4.1 o, = 90%. B nnenkax WN_oTcyTcTByeT
dbTop, comepxutcs He Gonee 5% yrnepoma M KMCAOpoda, U OHU UMEIOT
yaenbHOe conpoTuBieHue B auana3one 120—500 mxOmMr-cMm [44].

ITpouecc LP PE CVD WN_(WF-Ar/N,-H,) MOXET npoBoauThCca
MpH CJICAYIOLIMX 3HaYeHUSIX ONepallMOHHBIX apaMeTposB [43]):

— pacxon rekcadpropuaa sonbppama Q(WF,) — (5 — 20) cm’/mun;

— pacxo azota Q(N,) — 40—100 cm’/mun;

— pacxon aproHa Q(Ar) — 50—-200 cMm?/MuH;

— pacxoa Bonopona Q(H,) — 60—450 cm*/mun;

— Temrniepartypa naactunsl 7, — 300-350°C;

— mouHoctb BY (13,56 MTI) reneparopa W — 50--250 Br;

— nasaeHue p — 0,9—15 Topp.

T[Ipu Takux ycnoBUsx 06ECIIEYMBAETCA CKOPOCTb OcaxaeHus V, nie-
HOK HUTpHM/A Bosib(ppama B auanasone 60—160 nm/mMuH. B niaenkax WN_
coaepxarcs ¢dtop (10 5%) v BonOpol, oTHOWIEeHHe aToMOB W/N MoxeT
U3MeHATbCA oT 1,2 10 3,7, U OHU UMEIOT yAeIbHOE COTIPOTHBJIEHUE B IHa-
na3oHe 230—350 MxOm-cM [43].

B paGore [45] B KauecTBe peareHTa, coAepxkauiero Bojsibdpam, MCHOJb-
30Ba10Ch €ro MeTautoopraHuveckoe coenuHenue TBIDMW (cwm. Tadi. 3,
n. 27). Inenku Kap6buaa Bosbdpama 0caxIaTUCh Ha OKUCIEHHbIE KPEM-
HueBble nnacTuHbl B ipouecce LP PE ALD WC_(TBIDMW-He {Ar} H,
plasma), ruieHku Kap6oHuTpuia Bojibsbdpama — B nipouecce LP PE ALD
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WC,(Ny (TBIDMW-He {Ar} N, plasma), a niieHku HUTpHIA BoJibdhpama — B
npouecce LP LT ALD WN_(TBIDMW-He {Ar} NH,) (cM. Ta6n. 1) npu
Temmnepatype 250°C.

TIpoliecchl ocaxaeHUs MJIEHOK NMPOBOAWIMCE B 000pY10OBaHUU THMA
SCH SW DSC RP ALDR RES CW PE (cm. Ta6a. 4) npu MmouwHoct BY
(13,56 MIi) redeparopa 250 BT (B nociieaHeM 1poliecce ria3MeHHas ak-
TUBALIMS HE MCMOAb30Balach), AaBacHUKU 0,8 TOpp M BpeMeHax LIUKIOB
sKcnoHuposaHusa mnacTuH: B (TBIDMW-He) 5 ¢, B nasme (H, u N,) unu
B rasze NH, 10 ¢ npu npoayeke aproHoM Mexay UMK/IaMU B TeueHue 35 ¢
(cMm. paszmen 6.3).

TunuyHble CKOPOCTH OCAXKACHUS MJICHOK NMPU TAKMX ONEPALMOHHbBIX
napametpos coctasiaanu 0,046—0,06 HM/UMKI, 3HAYEHUS YOAETBHOTO CO-
npoTuBieHUa wis mieHok WC — 300—500 MxOm-cMm, s iieHok WN_—
16000—18000 MxOM-cM, 1151 MJIEHOK WCXNy — 21000—-23000 MxOm-cMm.
Hab6nioganock KoH(pOpMHOE MOKPbITUE TOMOJOTrHYECKOro penbeda ¢
AR =15:1 nnenkamn WN , WC 1 WC N tomuuHo#R 15~25 HM.

7.8. NneHkn TuTaHa, ero cCUNUUMAOB U HUTPUAOB

INnenku tutaHa (Ti) B MPOM3BOACTBE MUKDPOCXEM MCIOJIb3YIOTCA B Ka-
4ecTBe:

— aAre3vOHHBIX CJIOEB Iepel HAHECEHUEM AIIOMUHUEBON METALNU-
3aUMK HA TTOBEPXHOCTH U30JSIUMOHHBIX CTPYKTYD IBYOKUCH KPEMHUSI;

— cMauMBalolMX (wetting) cioeB npu (OPMUPOBAHUU ANIOMUHU-
€BOIl MeTAIM3allMK ¢ 3aMOJIHEHHEM AIIOMUHHUEM KOHTAKTHBIX W Mepe-
XOIOHBIX OTBEPCTHI ¢ MoMollblo ropsiyux (hot) rmiraHapusylOLUX peabed
npoueccoB MarHeTpoHHoro pacnbuietusi (POT® — PVD), peanuzyembix
Npu TEMIEPAType MOMLIOXKEK B Auana3zoHe 460—560°C;

— aJire3MOHHBIX CJIOEB Tepe] HaHeCeHUEM DapbePHBIX CI0EB HUTPH-
Ja TutaHa (TiN) Ha NOBEpXHOCTH KOHTAKTHBIX U MEPEXOAHBIX OTBEPCTHIA,
chOPMUPOBAHHBIX B U3OJIALIMOHHbBIX CTPYKTYpaxX IBYOKHCH KPEMHMUS;

— CHIMUMA006PA3YIOIIMX KOHTAKTHBIX M MPOBOISIUMX CJIOEB MNpH
HaHECEHWH Ha MOBEPXHOCTH MOJUKPEMHUS U MOHOKPEMHMUSI, U3 KOTOPBIX
NOCPENCTBOM OTXMIa (POPMUPYIOTCs MIIEHKU cunuumaa tutana (TiSi,).

Eciu Tonosiornyeckyii pejibed NOBEpXHOCTEN MUKPOCTPYKTYP UMe-
€T acleKTHoe oTHolueHue AR > 3 : I, To MJIeHKU TUTaHa OCaXAAIOTCS C
nomoiusio npoueccoB XOI'P, ecniu AR > 10 : | — 1O ¢ MOMOLLbIO NTpoHec-
COB 2TOMHO-CJIOEBOIO XUMHUYECKOTr0 OCaXneHHusi U3 ra3oBoii ¢asnl (AC
XOI'® unu cokpameHHo ACO — ALD), B IpOTMBHOM cJly4yae 1Sl HaHe-
CEHMS CJIOEB TUTAHa MCIONb3yloTes npolecckl POI'D [1].

11. 3aka3 Ne 1870.
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B kauectBe peareHToB rpu XOI'D rnjieHOK TUTAHA UCTTIONB3YIOTCS TET-
paxnopun TutaHa (TiCl,) u opranunyeckue coenunenus rutana TDMAT u
TDEAT (cM. Tabn. 3, m. 23 v 24). Yka3aHHbl€ peareHTbl, B3aUMOJAEHCTBYS
C BOAOPOIAOM MM BoaopoaHo# masmoii (H, plasma) B npoueccax LP LT
CVD Ti (TiCl,-Ar/H,), LP PE CVD Ti (TiCl,-Ar/H, plasma), LP PE ALD
Ti (TDMAT-He {Ar} H, plasma) v LP PE ALD Ti (TDEAT-He {Ar} H,
plasma), 06pa3yioT Ha MOBEPXHOCTH MOJIOXKKH MIEHKH METAUINYECKOTO
TUTaHa.

Hns npoueccos LP LT CVD Ti (TiCl,-Ar/H,) n LP PE CVD Ti
(TiCl,-Ar/H, plasma), nposoanMmbix B obopynosanuu thna CLR SW
DSC RP (1-3)PPSR RES CW u SCH SW DSC RP PPSR RES CW PE
(cM. Tabi. 4), XMMUYECKHE peaKLIMM MOXHO MPEACTaBUTh B CJICAYIOLIEM
Buae [6]:

500°C
TiCl, (g) + 2H, (g) = Ti(s) + 4HCl (g), (7.26)

300°C, BY nna3ma
TiClx (g)t+tH( - Ti(s)+ HCl(g), (7.27)

rae x = 1,2,3.

TunuuHble 3HaAUYECHUS OMNEPALIMOHHbIX napameTpoB npouecca LP LT
CVD Ti (TiCl,-Ar/H,) nexart B ciieayiollux ananasoHax [6]:

— pacxon tetpaxjiopuaa tutaHa Q(TiCl,) — 2—5 cMm’/mMuH;

— pacxoa aproHa Q(Ar) — 20—100 cM*/MuH;

— pacxoq Bogopona Q(H,) — 60—450 cm’/mMun;

— TeMneparypa riactunbl T, — 450—650°C;

— nassenue p — 0,1-0,5 Topp.

[Tpu Takux ycaoBusix o6ecrneynBaeTcsl CKOPOCTh ocaxaeHus V, nie-
HOK THUTaHa B auanasoHe 20—60 HM/MuH. OcaxaeHHble aeHK Ti UMeloT
yaeabHOe CONPOTUBACHHME B AMana3oHe 55—75 MKOM'CM U coaepxaTt xJ1op
(1o 4%), KOHLIEHTpaLlMsl KOTOPOT'O YMEHbILIAETCSA C POCTOM TEMIEPATYPHI
ocaxaeHusi. M3-3a OTHOCUTENbHO BBICOKOH TeMIIEpaTypbl OCAXICHUS
npouecc ocaxnenust LP LT CVD Ti (TiCl,-Ar/H,) npumeHseTca TONbKO
Ha TPaH3WCTOPHOI YacTu MapuipyTa.

s ocaxaeHus MJIEHOK TUTAaHa B MeTaIM3aLIMOHHOW YacTu Map-
wpyra ucnonsdyercs npouecc LP PE CVD Ti (TiCl,-Ar/H, plasma),
NeTaJbHbIl MeXaHU3M KOTOPOTO 0 cux rop He siceH [8]. OH npotekaet
MpY OTHOCUTENBHO HU3KOM TeMIlepaType M o01anaeT MEHbLIEH CTeneHbIO
KOH(MhOPMHOCTH NPU MOKPBITUH TOTIOAOTMYECKOTO penbeda [6].
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[nenxn cunmuuaa tutana (TiSi,) anst KoHTakTOB K 06aacTAM MOII
TpaH3UMCTOpa OOLIYHO (POPMUPYIOTCS CAEAYIOLIUM o6pa3om [12].

1. Ha noBepxHOCTb MUKPOCTPYKTYPBI CO BCKPBITHIMU B JIBYOKMCH
KPEMHMUST OTBEPCTUSIMU K 0GACTSIM 3aTBOPHOIO MOJMKPEMHUS U UCTOK/
croka MoHokpeMHUst MOITT TpaH3MCTOpOB HAHOCUTCS TUIEHKA TUTaHa,
00b14HO MeToZOM POT'D.

2. 3areM mnpoBOAMTCS OTXKUr npu T =625—675°C, npu KOTOpOM
TUIeHKa TUTaHa, B3aUMOJEHUCTBYS C MOJAUKPEMHHUEM U MOHOKPEMHHEM BO
BCKPBITBIX 00J1acTsX, 0Gpa3yeT Ha UX MOBEPXHOCTAX CIOM CUAMLIMAA TH-
TaHa da3nl 49 (C49) ¢ ynenbHbIM conporusieHueM 60—80 MKOM-cM

650°C
Ti(s) +2Si(s) = TiSi,(s) (7.28)

Ha noBepXHOCTH JBYOKMCH KpPEeMHHUS TUIEHKA CHIMUMAA TUTAHA He
obpa3syercsl.

3. 3arem MpoBONUTCS yHajleHHe (CENEKTUBHOE XHUIKOCTHOE CTpaB-
ausanue) B pactsope H,0,: NH,OH : H,O = 1: 1 : 5 He npopearnpoBsiuei
MJIeHKM TUTAHA C MOBEPXHOCTU MUKPOCTPYKTYPHI.

4. 3arem mnpoogutcst oTxur npu T = 800—850°C, npu KoTopoMm
rieHKa cunnimaa tutaHa C49 npeppaulaercs B MIeHKY CUJIMLIMAA TUTA-
Ha a3l 54 (C54) ¢ yaenbHbIM cONpoTHRAeHUEM 12—18 MKOM:cM.

Ounnako B mpoueccax LP LT CVD Ti (TiCl,-Ar/H)) u LP PECVD Ti
(TiCl,-Ar/H, plasma) ciiou cunuumMaa TUTAHA Ha MOBEPXHOCTSAX KPEMHHUS
MOXHO (hOPMUPOBATh HEMOCPEACTBEHHO B MPOLIECCE OCAXAECHUS MIICHOK
THTaHa rnpu reMmnepatypax 600—800°C [8]. IMpu aTom mnpotiecc popmMupo-
BaHWSA CUJIMLIMIA TUTAHA MOKa3biBAET 6O/bIIYIO YYBCTBUTEIBHOCTD K TEM-
nepaType U BpEMEHU OCaXIEHUS U IMMUTUPYETCS CKOpOCThio nuddy3nu
ATOMOB KpPEMHUS.

Henacbimenusie xjopuast Tutana (TiCl, x =1, 2, 3) moryTt Henoc-
PEACTBEHHO B3aMMOIECTBOBATh C aTOMAaMU KPEMHHUSI IIPH BLICOKOI TeM-
nepatype, obpasyst CUIMLWA TUTaHa [8]

>700°C
TiCl_(g) +Si(s) - TiSi,(s) + SiCl, (g). (7.29)

OnHako B 3TOM ciyyae yxecTtoualoTca TpeboBaHUsSl K BHYTPHUpEaK-
TOPHBIM MaTepHajaM M YCTPOMCTBaM, KOTOpbi€ MODKHBI BbIIEPXMBATHL
OIHOBpPEMEHHOE BO3NCICTBHE BBICOKOI TeMIIEpaTyphbl, XJIOPHAOB U I1J1a3-
MBI, a TAKX€e OCYIIECTBATh 3 (hEKTUBHYO OYUCTKY HOBEPXHOCTEH OT 00-
pa3yloLMXcs OCaIKOB,

11*
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[Mnenku HUTpuaa tutaHa (TiN) B TexHosorusax npoussoacrsa UMC
00bIYHO UCTTOB3YIOTCSI B KAYECTBE:

— TMOBEPXHOCTHOIO 3allIUTHOrO C/0S B aJIOMMHWEBOH MeTalu3a-
UMM 4719 YBEJIMUEHUSI €€ COMPOTUBICHHUS K MTPOLIECCY IEKTPOMUTpALIUH,
KOTOpPbIil TaKXXe BBIMOMAHSAET (PYHKUMIO aHTUOTPAXAIOLIEro MOKPLITUS,
yaydlIatollero paspeuieH1ue hGoToNnTorpaduu o cioaM alloMUHHUS;

— GapbepHOTO CJI0S Ha NOBEPXHOCTAX KPEMHHMS, MTOJIMKPEMHMUS, ABY-
OKMCH KpeMHUs U aloMUHUs ipu XOT'D ruieHoK Bosibthpama [ist MCKITIO-
UeHUs! BO3NCHCTBHUS HA 9TU MaTepuaibl rekcadropuna sosnbdppama (WFE));

— JIOKaNbHBIX MEXCOEAMHEHUH, KOrja ajJlOMUHHEBbIC TUICHKN He
BBIACPXXUBAIOT UCTIOJb3YEMOI0 TEMNEPATYPHOTO AUATNa30Ha;

— ODKJIaMOUYHBIX JIEKTPOIOB KOHIEHCATOPOB Ha OCHOBE OKUCH TaH-
tana (Ta,0,);

— 3aTBOPHBIX 3JIEKTPOAOB (BMECTO MOJUKPEMHMS) B MEPCIEKTUB-
Heix MOIT npu6opax ¢ ypoBHeM TexHosoruu (YT) MeHbuie 130 HM.

Cucrema Ti/TiN ucnosb3yeTcs B KauecTBe HapbepHbBIX CJIOEB B CHC-
TeMax METALIM3aLUUH HA OCHOBE MEU M HU3KOTIOPUCTHIX AUIJIEKTPUKOB
¢ HAIT (low k dielectrics) nasi MUKpocXeM ¢ ypoBHeM TexHosioruu (Y1)
130 uwm.

Ecnu Tonosnoruueckuii pesibed NOBEPXHOCTER MUKPOCTPYKTYD UME-
€T acrnekTHoe oTHoweHue AR> 3 : 1, To MIeHKK HUTPUAA TUTAHA OCaxaa-
10TCs ¢ nomoliibio ripoueccos XOI'D, ecint AR > 10 : 1 — TO ¢ MOMOLLIBIO
MPOLECCOB aTOMHO- CJIOEBOTO XUMHUYECKOTO OCaXKAEHHS U3 Ta30BoM (a3l
(AC XOTI'® unu cokpauieHHo ACO — ALD), B nMpoTUBHOM ciiyyae [Uist
HaHeceHUs CJI0CB HUTPUIA TUTaHA HCNOJib3YyIoTCs npouecchl ®OTD [1].

Jns ocaxneHusi MJICHOK HUTpWIA TUTaHa OOBIYHO MCIOJB3YIOTCS
creayomme npouecesl XOI'®: LP LT CVD TiN (TiCl -Ar/NH,-N,), LP
PE CVD TiN (TiCl,-Ar/NH,-N,), LP LT CVD TiN (TDMAT-He), LP
LT CVD TiN (TDEAT-He), LP LT CVD TiN (TDMAT-He/NH,-N,), LP
LT CVD TiN (TDEAT-He/NH-N,), LP PE ALD TiN (TDMAT-He {Ar}
NH,-N, plasma) u LP PE ALD TiN (TDEAT-He {Ar} NH,-N, plasma)
(cM. Tab6n. 1), KoTopbie pealusyoTcsa B obopyaoBaHuu tuna CLR SW
DSC RP (1-3)PPSR RES CW u SCH SW DSC RP ALDR RES CW PE
(cMm. Tabn. 4).

s npouecca LP LT CVD TiN (TiCl,-Ar/NH,-N,) xumuveckyro pe-
AKLIMIO OCAXACHUS MAEHKU HUTPpUAA TUTAaHa MOXHO TNPEICTaBUTD B Cle-
aytoiiieM Bune [6}:

6TiCl, (g) + 8NH, (g) = 6TiN (s) + 24HCI (g) + N, (g). (7.30)
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Ckopoctb peakunu (7.30) KOHTpPOJUPYETCS TeMIlepaTypol v napun-
anbHbIMK nasaedusamu TiCl, 1 NH,. Yem Bbllle naBnenve v TeMmnepary-
pa, TeM GOJIbLIE CKOPOCTb OCAXACHUS MJIEHKU HUTpUAa TuTaHa. CTeneHb
KOH(MOPMHOCTH TIOKPHITHS TOMOJIOTUYECKOTO peJibeda 3aBUCUT OT aBJie-
HUA U oTHoweHus pacxonos TiCl,/NH, ¥ mouTH He 3aBUCUT OT TeMmrie-
patypbl. OTHoweHue pacxonos TiCl,/NH, Takxe ynpasisier cBoicTBaMu
ocaxnaembix miaeHok TiN. bosbiuee comepxanne NH, B razopoit cme-
CHM CHMXaEeT COJEpXaHUe aTOMOB XJIOpa B IJIEHKAX HUTPUAA TUTaHa, UX
yIeJbHOE COMPOTUBJICHHE U YMEHbILIAET CTeNeHb KOH(POPMHOCTH MOK-
PBITUS TOMOJOTHYECKOro pebeda.

TurnuyHble 3HaYECHUS OlNEpPaLMOHHBIX NapaMeTpoB nipouecca LP LT
CVD TiN (TiCl,-Ar/NH,-N,) s ocaxaeHus MIEHOK HUTpUAA TUTAHA
TonurHoi 20—60 HM JIeXaT B ClieayolMX Auana3oHax [8]:

— otHouenue pacxonos Q(TiCl)/O(NH,) — 1:5—1:10;

— Temnepartypa naactunsl T — 500—650°C;

— naBnenue p — 1,0—-20 Topp.

11 OoJbLIMHCTBA TpUMeHeHHMi IieHoK TiN npeanodTUTeNbHbI
MIpOLIECCH! OCaXIEHUSI HA BEPXHEH rpaHulie AMana3oHa TeMNepartyp, Tak
Kak TIpY 9TOM yMEHbIIAeTCs coaepxaHue atomoB xjiopa (Cl) B ruteHkax,
CHMXAETCS WX YAEIBHOE COMPOTHUBIIEHUE U COXPAHSIETCSl BBICOKAsl CTe-
neHb KOHGOPMHOCTH TOKPBLITUS TOMHOJNIOFMYecKoro pesbeda. OnHako
Takue MpoLEeCcChl J0MYCTUMbI TOJbKO MpYU (pOPpMUPOBAaHMH KOHTAKTOB Ha
TPaH3UCTOPHOU YyacTy MapiupyToB usrotosieHuss UMC.

B ykazaHHOM auana3oHe TeMMepaTyp HeJib3sl BbLACAUTL AU dY3U-
OHHYIO U KMHETHYeCKyIo 001acTU MpoLecca OCaXIeHUsA. JTO CBA3aHO ¢
00pa3oBaHHEM TIPOMEXYTOUYHBIX KOMILJIEKCOB TiClX—(NHs)y (ranoreHun
TUTaHA — aMMUaK) NMpu nposeneHrnu peakunu (7.30) ¢ HU3KUM 3HAYEHU -
€M HabJMogaeMoil 3HepruM aKTUBALUMH PA3IOXEHUS] 3THUX KOMILIEKCOB.
TunuyHble CBOMCTBA MJICHOK HUTPUAA TUTAHA, MOJyYaeMblX B MpoLecce
LP LT CVD TiN (TiCl,-Ar/NH,-N,) nipu yka3aHHbIX OII€paLIMOHHbIX Na-
paMeTpax, cienywouue [8]:

— yaAeJbHOE COMpOTUBIeHUE Mocsie ocaxaeHuss — 150—500 MkOMm:cMm;

— colepxKaHye aTOMOB XJiopa B ruieHke — 1,5-5,0 at. %.

— CTPYKTYpa IJIEHKHU MOC/E OCAXKACHUS — KyOUUuecKasi;

— pacTSruBaloLIMe MeXxaHMYeCKue HanpskeHus (tensile stress) B miaeH-
Ke nocje ocaxaeHus — 1,0—2,0-10'° aun/cm?;

— CTeneHb KOHG¢OpMHOCTUM NOKpbITUSA peabeda (AR=3:1)
a, —>95%.

Bricokue 3Ha4yeHUs pacTArMBAIOLIMX MEXaHUUYECKUX HampsKeHWn
MJIEHOK HUTpMAA TUTaHa, ocaxnaaembix B mpouecce LP LT CVD TiN
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(TiCl,-Ar/NH,-N,), orpaHnyuBaioT nojyyaembie 6e3 pacTpecKUBaHUA
TouuHB! IIeHoK TiN 3HauyeHuem 100 HM.

O0pa3syouinecs MpoMeXyTouHbIe KOMILIEKChI TiClx-(NHJ)y (rasore-
HMJ TUTAHA — aMMMAK) MOTYT KOHIEHCHPOBaThCsl Ha XOJOIHBIX MOBEPX-
HOCTSIX p€aKTopa, OTKAYHBIX U BHIXJIOMHBIX IUHWI U BAKYYMHBIX HACOCOB.
Takast KoHIeHCAUMS TIPUBOAUT HE TOJBKO K I€Hepauuu YacTHUll, HO U K
CHMXEHMIO CKOPOCTH OTKAUKM 33 CYET 3apacTaHusl OTBEPCTHI Tpybornpo-
BOJIOB OTKAYHbIX TMHUH U K 3pO3UH BHYTPEHHUX NMOBEPXHOCTEH HACOCOB.

YKa3zaHHbIe KOMTUJIEKCHI JIEFTKO CYOIMMUPYIOTCS NpU TeMrepaTypax
100—200°C 1 noHUXeHHOM HaBJIEHWH, TO3TOMY MOXHO YIpPaBJISATh MPO-
LIECCOM KOHAEHCAUMM, HAarpeBass OTKAYHbIE M BBIXJIONHbIE JUHUU U YC-
TaHaBJIMBas B HUX BOAOOXJa)KaaeMble JOBYLUKHM LI cbopa KOHAEHcaTa.
st pereHepalMy JTIOBYLIKH MOTYT ITPOCTO MTPOMbBIBAThCSI BOAOM, TaK Kak
yKa3aHHbIE KOMITJIEKCHI XOPOLLHO pacTBOPSIOTCS B BOJIE.

He cyuiecTByeT yHMBEpCATbHOM ra30BOM CMECH 1Sl BCEX TPUMEHEH U
nneHok Hutpuaa turana [8). Ipouecc LP LT CVD TiN (TiCl -Ar/NH,-N,)
NpoTeKaeT MpU TeMmepaTypax B AuamnaszoHe 500—650°C u obecrneynBaeT
OCaXIEHUE TUICHOK HUTPKUIA TUTAHA C XOPOLUHMMH INEKTPODUIMIECKUMHU
cBoiicTBaMHU (yaenbHOe cornpoTubiaeHue MeHblie 200 MKOM ¢cM, coaepxa-
HHE aTOMOB xJiopa MeHble 2,0 aT. %) ¥ BBICOKOJ cTeNneHbI KOHPOPMHOC-
TH NOKpLITHA pefbeda. [103TOMYy OH XOpOIIO MOAXOAMUT ISl OCAXICHUS
cinoeB TiN B r1y0oOKHe KOHTaKThl, HO HE MOAXOAUT 1Sl (DOPMUPOBAHUSA
MexcoennHeHHit B UMC ¢ MHOTOCIOIHBIMU CUCTEMAMU aIIOMUHHUEBOM
MEeTaJUIN3aLUU, KoTopas He BeiaepxkusaeT 7 > 500°C pnurtesibHOE BpeMs.

[Tpouecc LP PE CVD TiN (TiCl,-Ar/NH,-N,) nporekaeT npu HU3Kux
temrnepaTypax 250—350°C, Ho obnanaet HU3KOM CTeNEHbI0 KOH(POPMHOCTH
MOKPbITUA pebeda. Kpome TOro, B ruleHKax HUTpUIA TUTAHA COACPXKUTCS
MHOTO aTOMOB XJIOP&, KOTOPBIE TIPH TNOCEAYIOIUMX TEPMUUYECKHUX MpOLIeC-
€ax MOTYT BBIAC/ISATHCA M B3aUMOIEHCTBOBATD CO CJIOSMU AJTIOMUHMS.

IMpoueccyt LP LT CVD TiN (TDMAT-He) u LP LT CVD TiN
(TDEAT-He) npotexaiot rpu HU3kuX teMneparypax 250—350°C, obnana-
10T BBICOKO CTENEHbIO KOH(POPMHOCTHU MOKPLITHS peibeda, HO B OCaAX-
JlaeMbIX TUIEHKAaX HUTPUAAZ TUTaHa COCTOSIT U3 aMOpGHOM (a3bl TiNnyHz
HM3KOM [UTOTHOCTH, COLAEPXAT CAUILIKOM MHOro yriepona 10—15 at. % u
UMEIOT BbICOKOE yaenbHoe conpoTtuieHue 2000—5000 MxOMm-cM.

B aTHX npoueccax ocaxaeHUst INIEHOK HUTpUIa TUTaHA HabI01aeT-
csl YETKUH Nepexo1 M3 KUHETU4YeCKoi obnactu B AMGPy3MOHHYIO 061aCThb
(cM. puc. 7). CpoiictBa nneHok TiN u creneHb KOH(MGOPMHOCTU MOKPbI-
THS TOIMOJIOTMYECKOrO pejibeda 3aBUCAT OT 00JIaCTH, B KOTOPOM MpoTe-
KaeT npouecc ocaxacHus. YToOsl noMydnTh HaMbOJIEe HU3KOE 3HAUYEHHE



7.8 nenxu mumana, e2o cuauyudos u numpudoe | 6\7\)

YHEbHOIO CONMPOTHBJIEHUS U Haubosiee BLICOKYIO CTeTNeHb KOH(OPMHOC-
TH TIOKPBITHUS TOMOJIOTUYECKOTO peibeda, mpoLecchl OCaXIEHHUs CenyeT
MPOBOAUTD TMPU TEMIMepaType, COOTBETCTBYIOLIEH KMHETHUECKON obnac-
TH, HO HERAJIEKO OT TOYKM Nepexoa B AIudpy3noHHY0 ooaacts [§].

O6paboTKa IICHOK HUTPUAA TUTaHA, OCAXIEHHBIX B npoueccax LP
LT CVD TiN (TDMAT-He) u LP LT CVD TiN (TDEAT-He), B ruas-
me N,/H, npu T'= 400°C 1103BO/ISIET yMEHBIUUTD UX YAECJIbHOE CONPOTHB-
nenue (1o 200 MkOMCM), CHU3UTBb colepXaHue yriepoaa (no 5 at. %) u
YAYYIIUTb UX MUKPOCTPYKTYPY (YIUIOTHSS U TIpeBpalias aMopdHyto a3y
B HAHOKPUCTALTTUYECKYIO), COXPAHUB HU3KHE TEMITEPATYPbl OCAKACHUS U
BBICOKYIO CTETIeHb MTOKPBITHUS TONOJOTMYECKOTO penbeda.

B nnasme N,/H, renepupylotcst paqukaibl (XMMHYECKH aKTUBHBIE
uyactuupl) NH, kotopsie BHenpsitorest U nucdyHaupyoT B wieHkH TiN,
3aMellasl B HUX aMMHOTPYNIbl. 3aMellieHHbie aMUHOTPYIINbI, UEANKOM
WK pasjarasich Ha 3JeMeHTbl, IUMDGhYHANPYIOT U3 TUIEHOK HUTPUAA TH-
TaHa B aTMocepy. DddeKTUBHas raydouHa riasMeHHoi o6paboTku re-
Hok TiN, B KOTOpO#i NpOMCXOAUT NMEPECTPOiiKa X CTPYKTYPhl U CBOMCTB,
coctasiasgeT 10 HM, noaToMy Wi MoaudUKaLMK Gojiee TOJNICTHIX MJIEHOK
Heo0XOAMMO MPOBOAUTH HECKOJILKO LIMKJIOB OCaXKIEHUS U TJIa3MEHHOM
obpabotku [8].

B mpoueccax LP LT CVD TiN (TDMAT-He/NH,-N,) u LP LT CVD
TiN (TDEAT-He/NH -N,) n06aBka aMMuaka yMEHbILIAET YAEIBHOE CO-
MPOTUBJIEHUE OcaxaaeMbIX MaeHOK TiN, HO ObICTpbIe razod)a3Hbie peak-
UMM MEXAY META/IOOPraHWYeCKHUMH COCAMHEHUSIMM TUTaHa W aMMMa-
KOM YXYIUIAIOT CTENEHb KOH(MOPMHOCTH MOKPHITUS peibeda U MPUBOAAT
K FeHepalyy YacTHIL.

st 6apeepHBIX MPUMEHEHHI MAOTHOCTh U CTPYKTypa TJIEHOK HUT-
pUAa THTaHa SIBJASIOTCS OCHOBHBIMU MapaMeTpaMH, KOTOpPbIE YIPaBJIsloOTCS
BbIOOpOM napameTpos npoiieccoB XOI'D u nocnenyomeit rnia3MeHHoi 06-
pa6oTku. C noMolIbio BbIOOpa NapaMeTpoB MOXHO MOJIy4YaTh Kak amopd-
HbIE, TaK U KpyNnHo3epHUCTbIe IeHKH TiN. M3 ¢pU3MKKM MIEHOK U3BECTHO,
YTO NP BHICOKUX TeMMepaTypax 1oMUHKpPYeT nuddy3uss MHOPOIHBIX aTo-
MOB Yepe3 3epHa IVIEHKH, a MPY HU3KKX TeMIlepaTypax npeobnanaer ancg-
dy3us no rpaHuuaM 3epeH U nedexkraM B ruieHke. [loaToMy miueHka mnst
MAEAJILHOTO 0apbepa N0IKHA UMETh MMHUMaNbHbINA KoadduumeHTt andoy-
3UH Yepe3 Hee MHOPOAHBIX aTOMOB, a /11 3TOr0 OHa 10JIXKHa ObITh Npeaesib-
HO MJIOTHOM, aMopHOM WK HaHOKpUCTaLINYeCKOoH U 6e3aedekTHOI [8].

OnHako, HecMOTpA Ha BCe JOCTOMHCTBA B MPUMEHEHU M HUTPUIA TH -
TaHa, OH 00pa3yeT ¢ KpeMHHEM 00JIbLIOe KOHTAKTHOE COMPOTUBJICHUE,
MIO3TOMY HYXEH TOHKMUI CJI0Oi TUTaHa MOJ HUTPUJIOM Ha MOBEPXHOCTU
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KpeMHUs1. KpoMe Toro, TMTaH yBeJIMYMBAET aAre3ni0 MEXIY AIIOMUHUEM
Wiy BoJibppaMoOM 1 KpeMHUeM. TOHKUH C/Ioi TUTaHa MeXAY HUTPUIOM
THTaHA U AJTIOMUHHEM JIaeT BO3MOXHOCTD OTIABJATL AJIIOMUHUM, 3aM0J-
HSS KOHTAKTHBIE U MEPEeXOoIHble OTBEPCTUS ¢ MomMollubio ropsiuux (hot)
NpoLIeCCOB HaHECEHUsT MeTaLTu3alMu metogom ®OT'® (PVD) [6].

7.9. MneHKV TaHTana v ero HUTPUAOB

IMnenuku TanTtana (Ta) v Hutpuaa taHrana (TaN) HayMHaOT KMCMONBL30-
BaTbCH B KA4eCTBE OapbhepHBIX CJIOEB B CUCTEMAxX META/UIM3aUMM HA OCHO-
BEe MEIW U AUJICKTPUKOB C HU3KOM U YJABTPAHU3KON AMIIEKTPHYECKOI
noctossHHOM (ananekrpuku ¢ HAIT n YHAIT) (low & dielectrics u ultra
low k dielectrics), U3roraBAUBaeMBbIX C NMOMOILLbIO JBOWHOIO 1aMACCKOro
npouecca {(CM. pasaen 7.5), iisi MUKPOCXeM C YpoBHEM TexHosoruu (YT)
90 HM U MeHBblLIIC.

[Mnenku Ta UMEOT OYEHB XOPOUIYIO a[re3UI0 K CJI05IM MENIH, a TUIEH-
ki TaN — K ¢j109M IBYOKUCH KPEMHUS U OOJILIIMHCTBY IU3JIEKTPUKOB C
HAOIT v YH/IT. IToaToMy 6apbep 4acTo oCaXKaaioT KaK IBOHHYIO CUCTEMY
(stack) TaN/Ta, rae HUTpUI TAHTAJIAa FPAHUYUT C MMOBEPXHOCTHIO AUINEKT-
PUKOB, a TRHTAJ C MOBEPXHOCTbIO MEIIU.

O06/1anas BBICOKOH TEPMUYECKOI U XMMUYECKOI CTAOUIBHOCTBIO, MJIEH-
KU TaHTajaa, HUTpUOA TaHTada W ABoitHOM cuctembl TaN/Ta npeaoTpalna-
10T 11 Y3UI0 ATOMOB MEIHU B CJIOW OKCHIA M HUTPHUIA KPEMHHS, a TAKXKE B
cnou auanekrpuxkos ¢ HAIT n YHIIT n obecrieunBaloT XOpoLyo aare3uio
KaK K IM3MEKTPUUYECKON U30MALMH, TAK U K MEIHOM MeTajlin3auuu [46].

YTo06bl aTOMBI MeAW He 1u(pdYyHAMPOBAIH B BEPXHHIT IU3IEKTPHK, Oa-
PbEPHbIIA CJI0i TaHTala HAHOCAT U Ha BEPXHIOO MOBEPXHOCTh MEAHBIX LUHUH
MeTa//IM3aLMH, PacnofioXeHHbIX B KaHaBKaX. Takoe MOKphITHE YaydyllaeT
TaKXe CONMPOTUBJICHUE MEIHbIX LUMH K MPOLiecCy aNeKTpoMHurpauuu [47].

Kpome Toro, rjeHKM HUTPUIA TaHTaIa MOTYT UCMOAb30BaThCA B Ka-
4YeCTBE 3aTBOPHBIX 3JIEKTPOAOB (BMECTO MOAMKPEMHMS) JUISl IEPCHEKTUB-
Hbix MJITT CTPYKTYp € IM3JIEKTPUKAMHU C BLICOKOH TUIEKTPUUECKON MOC-
tosinHoi (BJIIT nuanextpuku — high k dielectrics) (cM. pasnen 7.6) [48].

W3-3a uHTErpalLuy ¢ CUCTEMaMM MEXCIOWHOMN U30SILIMKM HA OCHOBE
auanekTpudeckux mieHok ¢ HATT v YH/II remnepatypa ocaxaeHus Oa-
PBEPHBIX C/IOEB He JoJiXHa npesoimath 350°C [43—435].

IMo KpUCTAUITMYECKOI CTPYKTYpE TJIEHKM TaHTajla MOoApa3iesisioTca
Ha TIeHKU a-Ta ¢ HU3KUM yOedbHbIM COMPOTHUBIEHUEM 15—30 MKOM cM U
rieHKH -Ta ¢ BBICOKMM yaesibHbIM comipoThBiaeHreM 170 — 210 MkOM-cM,
MpUYEM TMOCACAHUE UMEIOT U OOJbIUME MEXAaHUYECKUE HATIPSKCHUS.
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Ecau niaeHku TaHTajda HaHOCSITCS B MPOLIECCaX MAarHETPOHHOIO pacnblie-
HMS, TO IUICHKU «-Ta MOJyyaloTcss npy HU3KUX HATPSDKEHMSIX, a TUIEHKH
B-Ta — Npy BHICOKMX HAMPSIKEHUSIX aBTOCMENIEHUs] Ha TMOMIOXKax [46].
ITnenku TaN, HaHOCHMbIE ¢ TOMOILLBIO MPOLIECCA MATHETPOHHOTO PacMbl-
JIEHUS1, UMEJIU YAEAbHOE CONpoTHBIeHHE 0KoJ1o 200 MkOM:cM [49].

HAna mukpocxeM ¢ ypoBHeM TexHonoruu YT 180 HM B KauecTBe Aug-
by3roHHBIX GapbepoB NMpH GOPMUPOBAHMHU CUCTEM MEIHOM MeTawin3a-
LMK C MOMOLUBIO JBOMHOT0 1aMaccKOro MeToaa (CM. pasaen 7.5) UCTONb-
sytores miaeHkn TiN, WN, Ta u TaN rtomuuHoit 50 HM, HaHOCHMBbIE B
npoueccax POIP (PVD), 06bI4HO B pa3HOBUAHOCTSX MpoLiecca MarHeT-
poHHoro pacneineHus (MS, I-PVD, SIP) [1].

ITpu VT 130 HM pa3Mepbi 3MeMEHTOB (LLIMPDUHA KAHABOK W AMAMETP
TIepeXOAHbIX OTBEPCTHIH) YMEHBILIAIOTCS, aCMEKTHOE oTHOoIeHUe (AR) To-
MOJIOTUYECKOTO pesibeda yBeTUIMBaeTCsl U U1l 00ecneyeHust TpedyeMoro
COMPOTUBJCHWSI MCIOHBIX JIMHUH U MEXCOEAWUHEHUH (MEOHBIX NMpoOOK)
TOMUUHY a1t ¢y3MoHHOro dapbepa ymeHbiaioT 10 30 HM [47]. TTosToMy
s obecrieyeHMs AOCTaTOYHOM TONMWMHBLI AUPPy3MoHHOro 6apbepa,
OCOOEHHO Ha OOKOBBIX CTEHKAaX TOMOJOTHYECKOro penneda, Hapsigy C
npoueccamu @OI'® nmpuMEHSIOTCS XOpoIno OTpPabOTaHHBIE TMPOLECCHI
XOI'®d nnexHok TiN u WN (cM. pasnenst 7.7 u 7.8).

Onsa YT 90 u 65 um npo6neMa yroHeHust auddy3noHHoro Gapbepa
YCJIOXKHSIETCSl MCTOIb30BAHUEM BbICOKOMOPHUCTBIX AUaaeKTpukoB ¢ HJTII
u YHATI (low k dielectrics u ultra low k dielectrics), MMeIOLLMX pa3BUTYIO
(LIepLIaBy0) MOBEPXHOCTb OOKOBBIX CTEHOK TOMOJJIOTMUYECKOTO peibeda.
[To naHHbIM paboTthbl [49] nuddy3roHHbI Gapsep B 30 HM norjollaer
g YT 90 um 15%, a mns YT 65 HM 38% nnolaau monepevyHoro ceueHmst
MEIHBIX WIUH U, TAKUM 00pa3oM, MOBLILAECT UX COMPOTUBIIEHUE Bhille
JIOTIYCTUMOTO YPOBHSI.

IMoatomy mist YT 90 HM TomwnHy auddy3noHHoro 6apbepa Hamo
yMmeHbaTh 10 20 HM, a ang YT 65 um — no 10 um. Tlpu Takux ToaumnHax
Hauny4linmuy 6apbepHBIMU CBOIicTBaMUM obsagaet cucteMa TaN/Ta, a ee
KOH(pOPMHOE 0CaXXIEHUE Ha TOMOJOTMYECKHI pesibed ¢ BBICOKMM aclek-
THBIM OTHOWIEeHUEM (AR >5:1) u pa3BuTOi (LEepIIaBOI) NMOBEPXHOCTHIO
GOKOBBIX CTEHOK MOT'YT 006€CNEYNUTDb TOJBKO MPOLECCH aTOMHO-C/IOEBOro
XUMMUECKOTO ocaxaeHus u3 razoBoit passl (AC XOI'D unu cokpallileHHO
ACO — ALD) (cm. pasaen 6.3) [49].

TaHTan sABiseTCS 3JAEKTPOINOJOXKUTENbHBIM METAIOM, NO3TOMY
ero ocaxaeHue u3 razopoit cmecu TaCl,/H, Tojbko B TEPMOAKTUBUPO-
BaHHBIX poueccax ACO 6e3 10NOoNMHUTENBHON aKTUBALIMK HEBO3MOXHO
npyn HU3kux (MeHbie 350°C) Temneparypax, NpUeMIEMBIX I CUCTEM
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MEXCIOMHOW U30MSILUMU Ha OCHOBE AuaieKTpuueckux mieHok ¢ HIIT u
YHITII. Mcnonb3oBaHue AOMOJHUTEIbHOI aKTHBALMKM BOJOpOIa, Iia3-
MOU OTIEJIEHHOTO OT peakTopa pa3psiia B LEJSIX FeHepaluuy paanKaioB
(cBOOOAHBIX ATOMOB) BOAOPOJA, T.€. NPOBEACHUE paduKanbHO-aKTUBU-
pyemoro mnpouecca LP RE ALD Ta (TaCl,-Ar {Ar} atomic H) (cMm. Ta6a.
1), mo3BosisieT ocaxaaTh MJCHKU TaHTaAa IIPU HU3KUX TeMIlepaTypax, co-
IJ1aCHO XMMMWYECKO# peaKUnu

250~350°C
TaCl, (g) + SH (g) = Ta(s)+ SHCI (g). (7.31)

B 3aBUCUMOCTH OT TeMIIEPaTYpbl CKOPOCTb OCaXAEHMSI TJIEHOK TaH-
tana nexuT B auanaszone 0,008—0,17 uM/uukn, rae BpeMs uukiaa ot 20
1o 30 c. Ilnenkyn Ta, ocaxgaembie npu T = 350°C, umenu yaeabHoOe Co-
npotueneHve B auarnaszone 150—180 MxOm+cMm u comepxanu ot 0,5 no
2,0 at. % xs1opa. CreneHb KOHPOPMHOCTH MOKPBITUS & TOMOIOTHYECKO-
ro penbeda ¢ acreKTHbIM oTHoueHueM (AR =15 : 1) cocraBasina 100% u
yMeHbLIanach 10 40% nns penveda ¢ AR =40 : 1 [50].

Ocaxnaemsie B ripouiecce LP RE ALD Ta (TaCl,-Ar {Ar} atomic H)
MJAEHKM TaHTajda ToalwmrHON 10—20 HM MMenu amMopdHYI0 U HAHOKPMC-
TAUIMYECKYIO CTPYKTYPY B 3aBUCUMOCTH OT PEXUMa OCaXIeHHUs1 U 0bJia-
Jany ay4yiiMmu 0apbepHbIMUM CBOMCTBaAMU AN nipeaoTBpalieHus qudogy-
3UM MEIY B KpEMHUL, yeM rieHKU Ta Takoil e TOAMHbI, HAHECEHHBIE B
npoieccax POI'PD (PVD) [50].

[lo cpaBHEHUIO ¢ HUTPUOAOM THUTAHA HUTPUI TaHTAA SIBASETCS XM-
MUUYECKH 6oJiee NepCreKTUBHbIM, TaK KaK OH JIErKO (hOpMUpPYET AUIJIEK-
Tpuyeckyio Ta,N, da3zy. [ToaTOMy MOLIHBINA BOCCTAHOBUTEIbHBIN pEareHT
HEOOX0/MM, YTOObI BOCCTAHOBUTb TAHTAJ W3 BAJEHTHOTO COCTOSIHUS
(135), xapakTepHOro [Jisi ero JIeTy4yux peareHToB (Hanpumep, TaCl,), B Ba-
JleHTHOe cocTossHue (+3), xapakTepHoe st HUTpuaa taHtana (TaN).

Bb160p BoccTaHOBUTEIISI (BOCCTAHOBUTEIbHOTO peareHTa) M TaHTajlo-
BbIX COEIMHEHU B LIe/SIX MONYYEHUS MJIEHOK HUTPUAA TaHTAJIA ABISIETCS
OCHOBHOI MpobJieMoit. Bo-nepBbix, peareHThl AOJXHbBI ObITh COBMECTH-
MBbIMH ¢ MaTepuaiamu v rpoueccaMu KMOIT texHo0rMy npon3BoACTBa
kpeMHueBbix UMC, BO-BTOpBIX, OHM IOMXKHBI PEAJIM30BbIBAThL MPOLIECC
OCaX/JEHHUS IUIEHOK HUTPpUAA TaHTasla MpHU TemriepaTtype He Boilue 350°C,
B-TpeTbUX, TUIEHKH TaN 10MKHbI 00J21aTh BbICOKOH TNPOBOAMMOCTHIO
(HU3KKMM 3HAYEHUEM YIEJbHOTO CONPOTUBJIEHHUS), COIEPXaTb MUHHU-
MajlbHOE KOJIMUECTBO NpUMECEi, 0COOEHHO XJIopa, YIIepoaa U BoAopoia,
Y UMETb aMOPGMHYIO UM HAHOKPUCTAIIIMUECKYIO CTPYKTYpY [49, 50].
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Wcxonst n3 ykazaHHbIX TPeOOBaHMUI1, B HACTOSILIEE BPEMSI MOXKHO BbI-
JIeNIUTh ABa HauboJee nepcrneKTuBHbIX rpouecca ACO (ALD) ocaxaeHus
MJIEHOK HUTpHMIA TaHTajla Ajs UCMO/b30BaHUs B KadecTBe Auddy3non-
HOTO Dapbepa B cUCTeMaxX MeIHOI MeTasiu3auuu [49, 50]:

1) panukansHo-akTuBUpyeMblii mpouiecc ACO (RE ALD) Ha ocHoBe
TaHTacoaepxaiiero opraHudeckoro coenuHenuss TBTDET (cm. Ta6a. 3,
n. 31)uaromoB Bogopoaa— LP REALD TaN (TBTDET-Ar {Ar} atomic H)
(cM. Tabi. 1);

2) nna3moaktusupyemelit npouecc ACO (PE ALD) Ha ocHoBe nsi-
tuxopucroro tantana (TaCl5) u nnasmet Hy/N, — LP PE TaN (TaCl,-Ar
{Ar} H,/N, plasma) (cM. Tabn. 1).

IMneHku HuTpuaa TaHTtana ocaxaaiorcs B npouecce LP RE ALD
TaN (TBTDET-Ar {Ar} atomic H) co ckopoctbio 0,08 HM/uuKi Mpu
T=350°C. OcaxnaeHHnbie TuieHKU TaN TonrHoi 20 HM conepxar MHOTO
(mo 20 at1. %) yriepo/na B BU/I€ YT/I€BOJAOPOIOB U UMEIOT BLICOKOE YAEIBHOE
COMPOTUBJIEHHE (HECKOJBKO Thicsidy MKOM-cM). OnHako o6paboTKa ocax-
IEHHBIX TUIEHOK HUTPU/IA TaHTaJla B IJla3Me Bojioposa B TeueHue 30 ¢ yaa-
JISIET YIJepoa U3 IUIEHOK M YMEHBLIAET UX YJETbHOE COMPOTUBJIEHHUE 1O
400 MxOm+cm. HaGmonanocs KoH¢pOpMHOE NMOKPBITHE MJIEHKOI HUTpUIA
TaHTala oTBepcTUit AuaMeTpoM 0,3 MKM M mIy6uHON 3 MKM (AR=10: 1)
B npouecce LP RE ALD TaN (TBTDET-Ar {Ar} atomic H) [50].

TIneHKY HUTpYIA TAHTAIA TOJALMHOM 10 HM ¢ yAe/IbHBIM CONPOTHBIIE-
Huem 300—400 mxOM-cm ocaxaanuch B npouecce LP PE TaN (TaCl-Ar
{Ar} H,/N, plasma) cornacHO XMMHUYECKON PEaKLIUM:

250 — 350°C
TaCl (g) + SH (g) + xN (g) = TaN (s) +SHCl (g), (7.32)

B KOTOpOii oTHowEHWe N/ Ta B ienkax TaN B ananasone 0,7—1,3 KOHT-
POJIMPOBAJIOCH UBMEHEHUEM NApUUATIBHOIO AasneHus azora. Koudopm-
HOCTb ocaxneHus mieHoK TaN Habnioganach Ha TOMOMOTUYECKOM PEJib-
ede ¢ acnekTHbIM oTHolleHueM ¢ AR = 15: 1 [50}].

7.10. NMneHkwn anroMuUHUA U ero crnjaasos

AJTIOMUHMI ObUT NMEPBLIM MaTEPUATIOM, UCIMONb3YEMBIM st (hopMHUpO-
BaHUSI METANTM3AUNM MUKPOCXEM, TaK KaK OH UMEET HU3KOE YIEAbHOE
comnpotusiienue (p = 2,65 MxOm:cm npu 7= 20°C) u1 XOpoUIYIO aATe3U0
K CJIOSIM KPEMHMS Y €r0 OKCUAOB. B KauecTBe HEOCTATKOB MJIEHOK YHC-
TOTO aJIIOMUHUA ceayeT OTMETUTH caeaytomue [6, 12].



@72 Iasa 7. Pynxyuoranshsie cnou HMC, ocaxcdaemsie 6 npoyeccax XOI'd

1. Huskas (660°C) TemnepaTypa MjiaBjieHUsl, OrpaHUYMBaOLIast TEM -
nepaTypHble PEXHUMBI TEXHOJOTMYECKHUX OIepaluii Ha MeTaaau3aluoH-
Hoit (BEOL) yactu MapiupyTtoB usrorosieHus UMC.

2. Cnaboe COMpOTHBIIEHUE TMPOLIECCY EKTPOMMUTPALIMK, CIIOCOOC-
TBYIOLLEE YTOHBLIEHUIO U Pa3pbiBY TUHUI META/UIM3ALIUU U MEXCOEAMHE-
HUI NMPU CUJIBHOTOYHBIX pexuMax padbotsl UMC.

3. Ck1oHHOCTh K obpazoBanmio 6yropkos (hillocks) Ha moBepxHoOC-
TH IJIEHOK NPU TEPMUUYECKUX BO3EUCTBUSIX B KOHTaKTe co ciosmu SiO.,
MPUBOASALIMX K 3aKOPAaYMBAHUIO (3aKOPOTKE) ATIOMUHHMEBBIX JMHUI Me-
Ta/UTM3alMU KaK COCEIHUX YPOBHEM, TaK U OIHOrO YPOBHSI.

4. Hanuyue B3aMMHO#I nuddy3un v B3aMMHOrO pacTBOPEHUS allio-
MUHUS U KPEMHUS MPU TeMIlepaTypax OCaxXIeHUs alloMUHUS, CIOcoOC-
TBYIOLIMX O0pa30BaHUIO B KPEMHUM TTYCTOT, 3alOJHIEMbBIX AJTIOMUHUEM,
1 3aKOPOTKE MEJIKHUX p-H-TIEPEXOI0B.

[ToaTOMy YMCTBIN ATIOMUHUI UCIONAbL3YIOTCA TOJBKO Mt (GOpMU-
pOBaHUS TOHKUX (MeHbllie 30 HM) 3apOABIILIEBBIX ¥ CMAUYMBAIOLLIUX CJIO-
€B, a JUIS OCTaIbHbIX LEJei MPUMEHSIOTCS TUIEHKHU CIJIABOB allOMUHMUS,
13 KOTOPBIX OCODEHHO YacTO UCNoab3yloTcs criaBbl: Al — 1% Si—0,5%
Cu = Al[Si,Cu] 1 Al — 0,5% Cu = Al[{Cu] [12]. Jo6aBKa KpeMHUs B alio-
MUHHEBBIM CIIaB NMPEMSTCTBYET NnpoueccaM Iud@Gy3uum U pacTBOPEHMUS
aTOMOB KPEMHUSI U3 p-N-TICPEXOAOB B aJTIOMUHUHU TMPU CrO OCaAXKIACHUM
B KOHTaKTHble 0OkHa UMC, a no6aBka Meau CriocoOCTBYET MOBbILLIEHUIO
CTOMKOCTH K TPOLIECCY 3NEKTPOMUIPALIMU.

B Hacrosiee Bpems ruieHkH Al[Si,Cu] u Al[Cu] yaiue Bcero npume-
HSIIOTCS B COYETAHWU C aAT€3UOHHBIMM U CMAYHMBaIOLIMMU CJIOSIMU TUTAHA
U OapbepHBIMU CAOSAMU HUTPUOA TUTaAHA COOTBETCTBEHHO, T.€. CUCTEMBI
metain3auuu umelot Bua Ti-Al[Cu]-Ti-TiN, Ti-TiN-Al[Si,Cu]-Ti-TiN,
Ti-TiN-Ti-Al[Si,Cu]-Ti-TiN, Ti-Al[Cu]-TiN [1]. BepxHue ciou HUATpU-
lla TUTaHa B TAaKUX CUCTEMax MPEnsTCTBYIOT 00pa30BaHMIO OYropKoB Ha
MOBEPXHOCTH AJIIOMUHKEBOTO CIJIaBa U UIpaloT poJib AHTUOTPAXKAIOHIMX
MOKPbITUM, KOTOpPbIE 00ECNIEYMBAIOT MOJYYEHHE Ha CTPYKTYpe B oTope-
3UCTUBHOM MacKe KaueCTBEHHOI0 TOMOJIOFMYECKOro pUCYHKa C npeaesib-
HO BBICOKUM pa3pelleHueM.

B Mukpocxemax ¢ HeOOJIBLIMM KOaH4YeCTBOM (2—4) cjioeB (YPOBHE)
META/UIM3aL MU, U3TOTABJIUBAEMbIX B TEXHOJOTMYECKUX MapILIpyTax ¢ HU3-
KHUM TEPMHUYECKHUM OIOJIKETOM, BOJIb(PpaMOBbIE MEPEMBIYKU (NMPOOKU — W
plugs) B xoHTakTax K anekrpogamM MOII TpaH3HUCTOpPOB U B COEIMHEHU-
AX COCEJHMX YPOBHEH MeTaIM3aUMUM (MEXCOEOMHEHUSIX) MOTLYT ObITh
3aMeHEeHbl KaK Ha BCeX YPOBHSX, TaK U HaYMHasi CO BTOPOTrO YPOBHS Ha
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aJIOMUHUEBBLIE MEpeMbIuKH (npooku — Al plugs), (opMHpyeMble OIHO-
BPEMEHHO CO CJIOSIMM MeTaun3auuu B ropsguyux (hot) mnaHapusyolmmux
npoieccax MarieTpoHHoro pacnbuieHus: (POI'® — PVD) npu temnepa-
typax 460—560°C [1].

B TakoM ciyuyae mnoc/jenoBaTeIbHOCTb OCAXIEHUsI CJIOEB CHUCTeE-
Mbl MeTaAIM3aUUU [UIsE KOHTaKTHOro ypoBHsa umeeT Bua: Ti-TiN-Ti-Al-
Al[Si,Cu]-TiN, a mnst ypoBHeil MexcoeauHeHuit — Ti-Al-Al[Cu]-TiN.
CMayuBalolliMe MOACION TIOMUHUS (MJIM aJlOMUHUEBBIX CIJIaBOB) Ie-
pel HaHECEHWEM OCHOBHBIX CJIOEB aJIIOMWHMUEBBIX CIJIABOB B FOpPSAYHMX
NJaHApU3YIOLKX MTPOLIeCCaX MAarHETPOHHOTO PaCbIICHUSI MOTYT (HOPMHU -
poBaTbcs, 6o B xonoaHbix (50°C) npolieccax MarHeTPOHHOTO pacblie-
HHUsl, 1MOO B Cilyvae acrneKTHOTO OTHOLUEHHUS TOMOJOTMUYECKOro pelibeda
AR > 3:1 B npoueccax XOI'd [12].

ITpoueccel XOI'D niaeHOK anlOMMHUSI U AJIIOMUHHUEBBIX CIJIABOB
TOJILKO HAaYMHAIOT NOSIBASAITLCS B TEXHOJOrMYECKUX MaplupyTax U3roTOB-
neHust UMC ¢ YT mensiue 0,13 MKM 1K BbICOKMM TOMOJIOTHYECKUM pe-
avedoM. [To cpaBHeHmto ¢ npoueccamu OT'D oHu uMeloT 6osiee BbICO-
KHE CJIOXHOCTb U CTOUMOCTB, HO 06ecneuyuBaloT KOH(OPMHOE NMOKPhITHE
CTEHOK W OecrnycToTHoe (voidless) 3anonHeHUe KOHTAKTHBIX U MEPeXo.-
HBbIX OTBEPCTUI C BBICOKMM acCleKTHbIM OTHOLIIEHHEM [6, 8, 12].

Tpexxnopucthiii amomMuHuit (AlCL) npakTHYECKU HE MCTIO/b3YeT-
Cs JUISL OCAXKJIEHUS TUIEHOK alloMuHUs B npoueccax XOI'D ¢ noMoubio
NUPOJU3a WIM BOAOPOJHOIO BOCCTaHOBACHUA. Tak ocaxiaeHue IJIEHOK
MOXET ObITb OCYILIECTBJIEHO TOJILKO MPU FOPSYEM peareHTe Ha XOJNOJAHOM
NOBEPXHOCTHU MOMJIOXKKHU (IJIACTHHbI), YTO CUABHO YCJIOXHSET U YIAOPO-
KaeT KOHCTPYKLMIO MTPOMBILLIJIEHHOTO peaktopa. B nabopatopHbix ycio-
BUSIX JOCTATOYHO YUCTbIE aMOp(dHbIE MJICHKHU aTIOMUHMS OCAXAAIUCH HA
MOBEPXHOCTH KPEMHHUS M ABYOKHUCH KpeMHus [12].

W3 opraHnueckux peareHToB uUiss XOI'D ruieHOK amioMUHUSI Ha-
noosbllee pacrnpoctpaHeHue nonyuuad TIBA (Tpuu3o0yTun aroMuHui)
n DMAH (numetunaniomunuit ruapua) (cm. tabn. 3). TIBA — sto cpean-
HETOKCMYHOE, CaMOBOCILIAMEHSIIOILEE JIeTyyee COeIMHEHUE aTIOMUHUS,
B3pbIBalOLLEE MPHU KOHTAKTE C BOJOW, HO TOJILKO He TOTJa, Korja pa3tas-
JIEHO HaCBILUEHHBIM yrieBoaopojom 6yraHoM (C,H, ). [lnenku anomu-
HUs ocaxnanucs B ipouecce LP LT CVD Al (TIBA-C H ) (cMm. Taba. 1) B
peakrope Tina SCH SW DSC RP PPSR RES HW (cm. Ta6. 4) cornacHo
XUMMYECKOM peakLMM THpoJin3a [6]:

250°C
2A1(C H,), (1) = 2Al (s) + 3H, (g) + 3i-C H, (g), (7.33)
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KOTOpad NnMpoXoAUT B TPU CTaAUH.

2A1(CH,), () = AIH(C,H,), (g) + i-C,H, (g), (7.33,a)
AIH(CH,), (8) = AlH, (g) + 2i-C H, (2), (7.33,b)
2A1H, (g) = 2Al (s) + 3H, (g). (7.33,¢)

Cragusa ynaieHue NpoOMeXYTOYHOro MpoAyKTa B-THApuaa ajlloMH-
uusa AIH(C,H,), (7.33, 6) siBisieTcss IMMUTHUpYIOLLEH CTanuel peakUuu
(7.33) [12]. INpu Temneparype T = 250°C u nasnenuu p = 0,15 Topp cKo-
POCTb OCaxneHUs V, NIeHKH alloMUHHUA cocTaBsina 20 HM/MuH [6].

AKTHBaLYS TOBEPXHOCTH METALNTUYECKUX U OUINEKTPUYECKUX MOM-
CJI0EB, Ha KOTOpbIe HEOOXOAMMO OCAAWTh TUIEHKHM aJIIOMUHMS, B LEISX
HUCKIIIOUEHHS Tpolecca CiayqyaiHOro 3apoabllieo0pa3oBaHUs U CEAEKTUB-
HOTO OCaXAeHUs MJEHKHU Ha HUX MOXET ObITh BbINIONHEHA JIMOO MX Mpe.l-
BapUTeNbHbIM 3KCITOHMpoBaHueM B napax TiCl,, 116o HaHeceHMEM Ha
HUX MarHeTPOHHBIM paclbUIEHUEM 3apOAbIHIEBOTO CJOSi HUTpUAA TUTa-
Ha. Cioif TiN Takxe yJayylllaeT NOBEPXHOCTHYIO IMaAKOCTb U 3aKpbIBAET
TIOPbI HA MOBEPXHOCTSIX OCAXKIEHUS.

U3 pu3MKKU MACHOK U3BECTHO, YTO Y€M BHIlIE TUIOTHOCTb 3apObI-
nIei, TeM ocaxIeHHas TUIeHKa UMeeT GoJiee raakylo MoBepXHOCTh. s
yBeJMYEHUS [MaJKOCTH TMJEHOK, ocaxinaembix B mpouecce LT CVD Al
(TIBA-C,H, ), Gbl1 uCMOIb30BAH PEAKTOP C JONOJHMUTEbHbIM Harpe-
BOM peareHTOB, MOCTYMNAIOLIMX K MOMUTOXKE, OO TeMIepaTrypbl 00JbLIEH,
4yeM TemIieparypa MoaNoXKu, TaK Ha3bIBaEMbIM PEAKTOp C Cyrepropsiyeii
CTeHKO#. B 3TOM cilyyae moBepXHOCTb [OMJIOXKH OblIa MepechlLUeHa pea-
FeHTOM, Ha Hell reHepMpOoBaiach BbICOKAs INIOTHOCTD 3apOAbllIeil U ocax-
JaeMble TJIEHKH MMEH TIaJKYIO IOBEPXHOCTb, YAEJIbHOE COMPOTHBIEHNKE
OCaXAEHHBIX MJIEHOK cocTaBasiio 2,8—3,4 MKOM-cM U HEDOJIBLLIOE 3arpsi3-
HEHUE YTJIEpPOAOM Hab,1101aJ10Ch TOJBKO Ha UX MOBEpXHOCTH [12].

[MTuponus TIBA ocyliecTBasieTcsi MHOTO Jierde Ha MpOBOAALUUX MO-
BEPXHOCTAX (Hampumep, aIIOMUHUSA, KPEMHHUS), YEM Ha AUBJEKTpHUeC-
KUX MOBEPXHOCTIX (HarpuMep, ABYOKUCH KpeMHUst). Peakuus ynaneHus
B-ruapuiaa alioOMUHUS TOAABAsIETCS HA OKUCIEHHOM MOBEPXHOCTH, UTO
MpensATCTBYET dalbHel1lelt ancopbunu mMonekyn TIBA. Takum obpa3oM,
MOXHO IMPOBOAUTb CeNeKTUBHOe Oe3MacouHoe XOI'®d miieHOK alioMu-
HUS Ha NpoBoAsiLNE NoBepXHOCTH. CeNleKTMBHOE ocaxaeHue Al reHok
Ha AUBJEKTPUYECKHE MOBEPXHOCTU MOXET ObITb OCYLUECTBIEHO, €CIU
NpeaBapuTeNbHO 3KCIIOHUPOBATh TpebyeMble yYaCcTKH MOBEpXHOCTH YP
JlazepHBIM M3nyyeHHeM. Ha 3KCnoHUpoBaHHO MOBEPXHOCTU ABYOKHUCH
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KpPeMHMUS TIIEHKa aTIOMUHMS pacTeT 3HAYUTENbHO ObICTpee U npu Dolice
HU3KHX TeMIlepaTypax, 4eM Ha He3KCIOHUPOBaHHOI [12].

Coenunenne DMAH (Al(CH,),H) nmeer Gonee Bbicokoe pasiic-
HHe napos, yeM TIBA. B kauecTBe raza-Hocuressl OObIYHO MCMONL3YCT-
cs Bogopon. OcaxnaeHue reHoK anioMuHus u3 DMAH Ha nosepxHocTh
KPEeMHUs, OYMLIEHHYIO OT €CTECTBEHHOrO OKHC/a, MPOUCXOAUT npu Bo-
Jiee HU3KOH Temrepatype, 4eM Ha 1oBepXHocThb Si0,. CKopocTh ocaxic-
HUSI Ha TIOBEPXHOCTb KPEMHUS YBEJIUUYMBAETCS C POCTOM TEMIEpaTyphl,
HO 3HAYMTEIbHO MAJaeT NpH TeMIlepaTypax, MPU KOTOPBIX OCaXIEHUE Ha
TOBEPXHOCTb ABYOKUCH KPEMHMS CTAHOBUTCS 3aMETHOIA.

[ToaToMy B 001IeM ciiydae 6e3 mpuMeHeHUs 00pabOTKU MOBEPXHOCTU
WM TIOACTOA fIpU CAENYIOLLMX AMarna3oHax orepalyMoHHbIX MapaMeTpoB
T=250-300°C u p = 0,1—5,0 Topp npoLiecc ocaxaeHus MiIeHOK aTioMH-
nus LP LT CVD Al (DMAH-H,) Ha noBepXHOCTb IJIACTUHBI, COAEPXa-
LLYIO INJNEKTPUUYECKHE U MPOBOASIIME YYACTKU, SIBJSCTCS CEAEKTUBHBIM
M0 OTHOLUEHMIO K MPOBOAALIMM y4acTKaM, T.e. MOXET ObITh 0003HayeH
kak LP LT SEL CVD Al (DMAH-H,) (cm. Ta6a. 1) [6, 12].

TpyaHocTb ocaxaeHUs MIEHOK allOMUHUSA Ha MOBEPXHOCTH SiO, uiin
MOBEPXHOCTb KPEMHMUS C ECTECTBEHHBIM OKUCIOM Npu nuponnse DMAH
BO3HUKAET U3-3a JIETKOCTH OKUCAeHUS] aTOMOB Al Ha MOBepXHOCTSAX CO-
eAVMHEHUH, coaepXalinx Kuciaopon. /laxe paBHOBECHbBIH OKMCEN Ha No-
BEPXHOCTH ATIOMMHMEBBIX ILIMH METAIK3AUMUM roaasiser poct XOrd
MJIEHKY ATIOMUHUSA B NEPEXOAHbIX OTBEPCTUsIX. PABHOBECHbLIH OKHCCA ¢
[IJIEHOK AJTIIOMUHMUSA YIANSIOT MOHHBIM WU PEaKTUBHBIM MOHHBIM TPaBJie-
HUEM, a 3aTEM B BaKyyMe MepedaroT miacTuHy B peaktop XOI'd anomu-
HUEBbLIX MJIEHOK, YTO TPeGYET UCIOJIb30BaHMs KJIACTEPHOM YCTAaHOBKH.

Kak otmeuaetca B [12] koporkas npenBapurenbHasi o6paboTka
KHMCJIOPOLOCOAEPXKAUIMX MOBEPXHOCTEW B TOCJIECBEYEHUN TIa3Mbl
DMAH/H, crioco6¢TByeT najibHEHLIEMY OCAXIEHHUIO TJIEHKH alioMK-
HUS Ha oOpaboTaHHbIE MOBEPXHOCTU. B 00LLeM ciiyyae HeoOXonMMo BBe-
JeHue 0apbepHOTO CJIOS U3 HUTPHUIA TUTAHA MEXIY OCaXIaeMbIiM alio-
MHUHHEM U TIOBEPXHOCTAMY Si, Al 1 SiO,.

[MaeHKku anoMUHKSA ocaxnanuch Ha moBepxHocTb TiN B npouecce LP
LT CVD Al (DMAH-H,) (cm. Ta6a. 1) B peakrope Tuna SCH SW DSC RP
PPSR RES CW (cM. Ta61. 4) corlacHO XMMUYECKOI peakLiMy NMUposiun3a:

260°C
AIH(CH,),(I) = Al(s)+ CH, (). (7.34)

ITpu 3Toit TeMnepaType peakuus NMPOXOAUT B KUHETHUECKOI obnac-
TH, CKOPOCTh OcaxaeHus cocTtasnsia 450 HM/MUH U ODOKOBbBIE CTEHKHU Te-
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PEXOMHBIX OTBEPCTUI C BHICOKMM acMeKTHbIM OTHOLUEHHEM KOH(OPMHO
MOKPBIBATHUCH MJIEHKOI alIOMUHUS, Ha KOTOPYIO IOTOM METOAOM ropsiue-
FO MarHeTPOHHOTO pachblieHus: ocaxaancs cioit Al[Cu]. IIpu T >270°C
peakLus OCaxACHUS repexoauT B An¢¢y3MoHHYIO 061acTb (001aCTh, Or-
pPaHHMYEeHHYIO 10CTaBKOI peareHTa) [12].

B npouecce LP LT CVD Al (DMAH-H,) monekyast DMAH B Bune
IMMEPOB YU TPUMEPOB NMOCTYMNAOT U3 ra3oBoit (a3bl HA MOBEPXHOCTb MOM-
JIOXKH, Tie MeTubHble paaukansl (CH,) v Bogopoa BeTynaioT Bo B3auMo-
neiicteue, obpasyst Tpumetnaaniomunuii (TMA — Al(CH,),), xak npome-
XKYTOMHBIA MpPOAYKT, U Moneky/bl MeTaHa (CH,). B ciyyae nosepxHoctn
KPEMHMUSI, OUMUILEHHON OT €CTECTBEHHOTO OKHMCJA XHIKOCTHOI 06pabot-
xoii B HF/H,0, Bonopoa noBepXHOCTH pearupyeT ¢ METUIbHLIMM paanKa-
Jamu B DMAH u 00pasyet netyune MosieKy/ibl MeTaHa. ATOMBI BOAOpPOIa
camoro DMAH ocTtaiotcs Ha MOBEpXHOCTH OCaXAaeMOit TUIEHKH alloMK-
HUS B KAYeCTBE HOBBIX aKTUBHBIX LIGHTPOB, YTOObI pearMpoBaTh MOBTOPHO
C METWJIbHBIMH pauKajlaMH, 0caXaasl CAeAyIOUIMM CJION aioMuHus [12].

CBSI13M MOHOMETHUJIBHLIX TPYIM W allIOMUHUS He 00pas3yloTcsl Mpu
HM3KHX TEMIIEpaTypax, 03TOMY colepXaHUe YIiepoja B allOMMHUEBBIX
TJIEHKaX OY€Hb HU3KO (CPaBHUMO C COAEpXaHUEM yrjepoaa B TUIEHKax,
HaHOCHMMbIX MarHETPOHHBIM pacnbuteHueM). [Tpu T > 300°C yraepon yxe
conepxkuTcs Kak rnpuMech B XOI'D riieHkax aniOMUHMS, YBETUYMBAS UX
ynenbHoe conpotusiaeHue. [Toacioit v ero Kpucrauimyeckas CTpykTypa
OyayT OMNpeAessiTb OPUEHTALIMIO 3EPEH U OTPaXaTe/bHYIO CIIOCOOHOCTD
(reflectivity) XOI'® nnenok anomunus. Opuentaums {111} noacnos, B
BU/JE TUTAHOBOW TMIEHKW, HAHOCUMOU MarHeTPOHHBIM pPaClbLIEHUEM,
OyzneT BOCIIPOU3BOAUTLCS B TUIEHKE aTIOMUHUS, OCaXIAaeMOIl B rpoliecce
LP LT CVD Al (DMAH-H,) [8].

Ecisin acriekTHOE OTHOLIEHUE Tononoruuyeckoro penseda AR > 10: 1,
TO JUISl OCAXKIEHUS TOHKUX TJICHOK aJIIOMUHUS MOTYT OBITh UCIObL30Ba-
HBI TIpoLecCHl aTOMHO-cioeBoro ocaxaeHusi (ACO — ALD), HanpuMmep
npouecc LP PE ALD Al (TMA-Ar {Ar} H, plasma) (cM. pasnen 6.3 u
Ta61. 1 u 3) [50].

CyluecTByeT nBa noaxona K jerupoBaHuio XOI'D ruieHOK anioMUHuUS
Menblo, T.€. nojyvyeHue miaeHok crnapa Al[Cu]. TlepBbiii moaxon ocHOBaH
Ha BHeApEeHUH aToMoB Meny B XOI'D anioMUHKEBYIO IUICHKY MOCPEACTBOM
Iubdy3ru U3 MONyYEHHOM MarHETPOHHBIM pacnblicHueM IieHky Al[Cul
KaK MCTOYHMKa Memu. Peanmsaida 3toro moaxonga Obljia BBINOJHEHA B
KJIaCTEpHOM YCTaHOBKE, ColepKallieii MOLy/Tb MATHETPOHHOTO PaCMbIJICHUS
¢ MuweHbto u3 Al[Cu] u peaktop Tuna SCH SW DSC RP PPSR RES HW
11 XOI'® mreHok amomunus B npouecce LP LT CVD AI(TIBA-C,H ).
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IMepen XOI'D nyieHOK aniOMUHUS MarHETPOHHBIM pacnbUIeHHEM Ha-
Hocucs cnoi cruaBa Al[Cu]. Ipu TeMneparype npouecca XOI'D atombl
Meau U3 ciiaBa MMGGYHAMPOBAJIM B OCAXKIAEMYIO TUJIEHKY aJlOMUHUS 10
YPOBHSI PaCTBOPUMOCTHU B TBEPAOM COCTOSIHUM U PaBHOMEPHO pacripee-
JISUTUCH TIO TOJILLIMHE KOMIO3UTHOM MieHKU. Eciu 6bu1 U36BLITOK comep-
XaHHWS MeM B pacnbUIsieMO# TJIEHKE, TO OH OCTaBaJics B IUIEHKE CIUlaBa.
Conepxanune menu B XOI'D myieHKU aIlOMUHUS KOHTPOJUPOBAJIOCh Ha-
rpeBaHHEM KOMITO3UTHOM TIeHKH [12].

BTopoii moaxona cocTtout B OAHOBpeMEeHHOM (coBMecTHOM) XOI'D
MJIEHOK antoMUHUA ¥ Meau. OcaxiaeHne NMpoBOIUJIOCH B 000pyIOBaHUM
tuna SCH SW DSC RP PPSR IND CW ¢ ucnonb3oBaHueM Mpolecca
LP LT CVD Al[Cu] (DMAH-H,/(CPD)Cu(I)(PEt,)-H,) (cm. Taba. 3).
IloBepxHocTh ocaxnaeMbix ruieHok Al[Cu] OGbu1a 3epkanbHOM, U Meldb
PaBHOMEPHO pacnpeesisiach MO TONIMHE TUIEHKU 110CJie OTXHUra B BO-
nopoge npu 7= 400°C B tedeHue 30 MUHYT. B nieHkax He Habmoganoch
caenos yraepona 1 ¢ocdopa. IapunansHoe pasnenue (CPD)Cu(I)(PEt,)
He OKa3blBaJio BIUSAHUS Ha CKOpOCTb ocaxneHus rwieHokK Al[Cu], Ho oHO
ONpEAENANo KOHLUEHTPALMIO MEAU B IUICHKE aIlOMUHUEBOTO cruiaBa {12].

Inenka Al[Cu] cocTosiia U3 ATIOMUHHUEBBIX 3€PEH ¢ BKIHOYEHUSIMH
dasbi CuAl, KaK BHYTPH, TaK ¥ 110 TPaHULIaM 3€peH. 3epeH MeM He HabJTio-
JaJIoCh, TAK YTO OCaXKAEHHBIE MJIEHKH ObINK peasibHBIM criiaBoM Al[Cul, a
HE CMECBIO 3€PeH antoMUHUA U Meau. B otnuune ot npouecca LP LT CVD
Al (DMAH-H,), B KOTOPOM MNJ€HKA aTIOMUHUS, €CIM HE MPOBOAMTCS
npeaBapuTebHas 06paboTka MOBEPXHOCTH, CEJEKTUBHO OCAXAAeTcsl Ha
npoBoasiuux nosepxHoctsx, npouecc LP LT CVD Al[Cu] (DMAH-H,/
CpCuTEP-H,) He aBasieTca ceIEKTUBHBIM. DTO NPEANOJIAraeT, YTO MJIEH-
Ka MeIM MepBOH 0CaXIaeTcs Ha MOBEPXHOCTb M BBICTYIAET KaK 3apOIbl-
LIEBbIHA co Anst ocaxaeHus amoMuHus. [Tnenku XOI'® crnasa Al[Cu]
VMMEJM YAENbHOE CONMpOTHBJEHUE B Auana3oHe 2,8—4,0 MxOM-cM, Toraa
KaK yIeJbHOE CONMPOTHUBIECHHUE MOXOOHBIX MJAECHOK, MOJYYeHHBIX MarHeT-
POHHBIM PAaCHbUIEHUEM, JICXKUT B AMana3oHe 2,7—3,0 MkOm-cMm [12].

Ocaxnaemble Ha OGapbepHbId €O U3 HUTPpUIAA TUTAHA B MpOLIECCE
LP LT CVD Al[Cu] (DMAH-H,/CpCuTEP-H,) nienku anoMuHueBoO-
ro cIuiaBa UCHOJb30BAIUCH Wit (OPMUPOBAHUS MeXCOeAUHEHMIT (aJiio-
MUHUEBBIX NMPOOOK) U NTMHUIA MeTau3aunu B UMC ¢ cyOMUKpPOHHBIMU
pa3MepaMHu 3JIEMEHTOB. TOMOIOrMYecKMit pUCYHOK B 3THUX IUIEHKAX CO3/a-
BaJIcsi CTaHJAPTHBIM NPOLIECCOM peakKTUBHOIr0 MOHHOTO TpaBiaeHus [13].

12. 3aka3 Ne 1870.
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7.11. MNneHkn megu

CKOpOCTb Mepefayu 3JeKTpHUYeCKOoro curHana B gorudyeckux UMC on-
pelenseTcs ero CyMMapHoit 3aiepxKoii ipu nepexioyeHud MOII tpaH-
3UCTOPOB U NPHU MPOXOXIEHUU MO cucTeMe Metayutn3auuu [36]. Kak yxe
OTMEYaIoCh B pasiese 7.5, WIS JOrHYECKUX MHUKPOCXEM C YPOBHEM HMH-
terpauuu (YT) 250 HM, 0COOEHHO MUKPOTIPOLIECCOPOB, PabOTAIOLIMX HA
TakToBBhIX yacToTtax 1 I'Tix u Gonee, BpeMs 3aaepXKy CUTHaJIA B IIOMUHU-
€BOI META/UIM3aLIUU C U30JISILMEN Ha OCHOBE ABYOKUCH KPEMHUS TNPEBBI-
LIaeT BpeMs 3a0ePXXKH CUTHajla B TPAH3UCTOPAX.

BpeMsi 3amepXky CUrHajga B CUCTEME MCETAIM3aLMU OMNMPEACsi-
eTca Xak T= RC, roe R — cONpOTHBIEHUE CHCTEMBl METAJUIM3AaLMH, a
C — eMKOCTb MeXCJIOMHOM u3onsuum [36]. TTosTomy /isi yMEHbILIEHUS
BpEMEHHM 3alepXKH CHTHajia B CHCTEMax METALIM3aUMH JIOTHUECKUX
UMC c YT 180 HM U MeHee OCYILUECTBISIETCSl ONHOBPEMEHHAs! 3aMeHa
MaTepuasia NIPOBOMSIILIMX CJIOEB C aJIOMHMHMSI Ha Melb (YMeHblleHHe R)
Y MaTepuana U30JupyoLux cioes ¢ SiO, Ha AW3JIEKTPUKH ¢ HU3KOH AU~
ssekTpryeckoit nocrosaHHoi (HAIT) (ymenbiieHue C) (cMm. pasaen 7.5).

Menp MMeeT MEHbIliee yIAENbHOE COINPOTUBIEHUE, YEM ATIOMUHUIA
(1,678 MxOM-cM mipotuB 2,65 MKOM-cM nipu T = 20°C) [6]. OCHOBHBIMU
HEJOCTATKaMM MPpH MCNOJIb30BaHUU TUIEHOK MEIU B KayecTBe MpOBONS -
KX cJioeB cucteM MeTau3aumu UMC aeasiores:

— HEYIOBJIETBOPUTE/IbHBIE XapaKTEPUCTUKU TPOLIECCOB UX TIUIA3-
MEHHOTrO U PEeakKTUBHOrO MOHHOTO TPaBJIEHUS uYepe3 (POTOPE3UCTUBHbBIE
Macku [23];

— cBoboaHoe GopMHUpOBaHUE COOCTBEHHOTO XUMUYECKH HECTAOUIb-
HOTO OKHMCJIa Ha TIOBEPXHOCTH MEIH, YTO MPUBEIET K €€ KOPPO3HH.

TTosTOMy BHeEApeHHE MEIHOM MeTAIM3allMM B MUKPOCXEMBI H
ee MHTErpaUMsi C MEXCJIOMHON H30sAlMEel HAa OCHOBE OUIIEKTPU-
koB ¢ HJIII crano BO3MOXHBLIM TOJIbKO TOCJE pa3paboTKH omnepauui
XMMHUKO-MeXaHuueckoil rnaHapusauuu (XMIT) mMenu u ee 3/1eKTpoxu-
MHUYECKOI0 OCaXICHMUSI B PAMKaX TEXHOJOTMYECKOH CXeMbi JaMaCCKOro
npouecca (cM. pasgen 7.5). Ins obecnieueHMs XOpoLlUeH aare3ud Men-
HBIX TUIEHOK K auaniektpukaM ¢ HIII, npemoxpaHeHUsl AU3/IEKTPUKOB
oT Auddy3uu MEIU U 3aUThl MENHBIX MPOBOAHUKOB OT OKUCJIEHUS UC-
MMONB3YITCS IBYXcHolHbie GapbepHble ciion TaN/Ta (cMm. pasmen 7.8).
Ucnonb3zoBaHue OapbepHBIX CIOEB OTPaXaeTcsi B yMEHbLUEHU U MPOBOAM-
MOCTH MEIHOI MeTa/UIM3alXK, HO JaXe B 3TOM Cjlyuae BbIMTPHILI 110 OT-
HOLIEHHIO K ATIOMUHMIO cocTaBnser 10 40% [8,12].
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Kak BUIHO M3 Nocaea0BaTeIbHOCTH ONepaltil 1aMacCcKoro Hpolecei
(hopMupoBaHUs MeAHOI MeTAIM3aLUMU (CM. pa3aes 7.5), HEOOXOMMO 1L
HOCHTb 3apOAbILLIEBbIH CIOM MEAU HA TOMOJIOTMYECKU I pefibed ANDACK TPIK:
¢ HAI1, nokpwuiTeiii nieHKoi 6apbepHoro matepuana. B UMC ¢ YT 130 unm
acIeKTHOEe OTHOLIEHHe 3TOTO peyibeda AR =3 : 1, ¥ A HaHeCCHU 1apo
ABILLIEBOTO CJI0S MEAU Ucnoab3yloTest mpouecchl @OTD (PVD) [ 1]. Mputien
JUISE TapaHTMPOBAHHOTO CIUIOLIHOIO MOKPBITHS GOKOBBIX CTCHOK PCiihe
(ha TONILKHY 3apOABILLIEBOTO COS YBEAMYUBAIOT A0 100 HM, UTO BLUILIBACT
foJbilIoe HaBMCAHKE TJIEHKH 3aPOJbILEBOrO CJI0S Ha BEPXHHUX MOBCPXIIOC
TSAX penbeda v cozaaer npodaeMbl NPU JaJbHERIIEM 3aMTOJTHEHUM Peiinedil
MEIbIO METOIOM JIEKTPOXMMHUYECKOTO OCaX/AEHHUSs U3 pacTBopa.

B uensix peuerus 371oi npodaeMsl B npousBoactse UMC ¢ YT 90 1im
U MeHbllle, B KOTOPbIX TOMOJOTHYECKUI peabed umeeT AR>4 1 |, juisi
OCaXXACHHS 3apOAbILLIEBOrO C/A0S1 MEAM HAYMHAIOT UCMOAL30OBATLCS 11PO
ueccbl XOT'O [6, 8, 12].

KpoMe Toro, nepcnekTuBbl UCMONb30BaHUsA nipoueccoB XOI'M e
HOK M€Y B TEXHOJOIMYECKUX MapLUpyTa MUKPOCXEM MOTYT ObITh CBsisa
Hbl [12]:

— ¢ ocaxaeHueM cMmayuBalolux (wetting) cioes Cu nepeji tanece
HUEM OCHOBHOTO CJIOSI MEM B TOpSUYMX TIAHAPUZUPYIOLIUX NPOILCCCN
OOI'P (PVD) (aHanornyHo ciioaM aaoMUHUs B pasaene 7.9) s UMC,
B KOTOPbIX MENHAS METANN3ALIUSA MUHTETPUPYETCSA € U30NSALMCH 13 Sil)

— C 3aMOJIHEHMEM KaHaBOK M NEPEXOOHLIX OTBEPCTUH 1ipu (pop
MUPOBAaHUM MEAHOM METANTU3ALMU MPU 3aMEHE MPOLECCOB XHMIlce
KOro OCaXIEHHUS TUIEHOK MedM FMyTeM BOCCTAHOBJEHMSI M3 PactBOpon
(electroless plating), KOTOpbIM MPUCYLIE BKIIOYEHHUE B OCAXKAACMBIC 1LNC T
KUY BOZbI ¥ BOAOPOJA, YXYALUAIOWIEE WX HANEXKHOCTb MPU MOCIC/LYICNTIN
TepMoobpaboTKax.

B nocnenHem ciyyae HeOOXOAMMO TILATENIBHOE 3KOHOMIMICCKOC
00OCHOBaHHUE 3aMEHBI ITPOLECCA XMMHUUYECKOTO OCAXKAEHHUS TLICTIOK MU/
13 pacTBopa Ha npotecc Ux XOI'®D mjisg KOHKPETHOM MUKPOCXCMLL, ‘110
Obl YBEIMYEHHME €€ BBIXO/Ia TOAHBIX U YAYYILIECHHE XapaKTCPUCTHK 3 UM
TTOBBILIEHUE KAYeCTBa MJICHOK MEAN KOMITEHCUPOBAIU YBCAUUCHIIC CTO1I
MOCTH O00OpYI0BaHMS ¥ peareHTOB MpH NpoBeaeHuM npoucccia XOI'Md.

B Hacrosiliee BpeMst CYUIECTBYET JBa KJacca pearcHToB I ocHone
OpraHUYeCKUX COCIUHEHUN MeIM ISl NpoBeaeHus npoucccos XOU'D ¢
MJIEHOK:

1) peareHTbl, B KOTOPbIX MElb OAHOBANIEHTHA, T.€. ODAAAACT HOJNOK I
TeJIbHOW BaJIEHTHOCTBIO +1, U 0603Hayaemblie Kak Cu(l) pearcirrn;

12*
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2) peareHThl, B KOTOPbIX MEb ABYXBaJeHTHA, T.c. 00JagaeT NOJOXHU-
TeJIbHOU BaleHTHOCThIO +2, 1 o603Hayaemblie kak Cu(Il) peareHTnl.

O6uryto dopmyny mis Cu(l) pearcHTOB MOXHO TMpeaCcTaBUTh B
Bune XCul , rme X—nuraHa ¢ OTPMLATEJbHOM BaJCHTHOCTbIO —I1,
L — HelTpanbHbIM JIMraHa Ha OCHOBE JIbIOUCOBCKUX COCAMHEHUHR, n =1
win 2. CyiiectByloT MHoro peareHToB u3 Kinacca Cu(l) s XOI'd re-
HOK MeJU, oTau4atouivecs X uaum L rpynnamu.

B kxauecTBe X MOTYT ObITh HCTIONB30BAHLI CAEAYIOLLINE [3-TUKETOHATHI
(6eTa-nuKeTOHAThl — beta-diketonates): aleTunaleroHaT (acetylaceto-
nate = (acac)), TerpadropaueriiaueTonar (tetrafluoroacetylacetonate =
(tfac)), a B kauectBe L — TpUMeTWJIBHUHWICUAAH (trimethylvinylsilane =
(TMVS)), 1,5-umuxiookraaueH (1,5-cyclooctadien = (COD)), 2-6yreH =
(2-butyne), 3,3-mumetrun-1-6yred (3,3-dimethyl-1-butyne = (DMB)),
TpuMeTHIdochun (trimethylphosphine = (PMe,)) u Tpustundochuq
(triethylphosphine = (PEt,)) [8, 12].

Hawubonee mimpoko ncnonb3yeMblM peareHToM U3 kiacca Cu(l) asns-
eTcs coequHeHUue (rekcagropaleTHIaueToHaT) (BUHWITPUMETWICUIAH)
Menb — (hexafluoroacetylacetonate) (vinyltrimethylsilane) copper (cM.
Tabi. 3), o6o3HayaeMoe xak (hfac)Cu(I)(VMTS), B kotopom X = hfac, a
L =VMTS.

OcaxJeHue IUIEHKHM MeaM M3 3TOT0 COENMHEHUS OCYLUECTBSET-
cs B obopynoBanun tuna SCH SW DSC RP PPSR IND CW u CLR SW
DSC RP (2-4)PPSR RES CW (cm. Tabn. 4) B npoueccax LP LT CVD
Cu ((hfac)Cu(I)(VMTS)-Ar) u LP LT CVD Cu ((hfac)Cu(I)(VMTS)/
H,) (cm. Tabn. 1). XOI'®P mnenok Cu B mpouecce LP LT CVD Cu
((hfac)Cu(I)(VMTS)-Ar) npoucxoguT COMIACHO TMNPSIMON XUMHUYECKOMH
peaKkury OucrpornoplMoHuposanus [12]:

2(hfac)Cu(I)(VMTS) (g) 5 Cu (s) + Cu(Il)(hfac), (g) + 2(VMTS) (g).
(7.35)

INpoiiecc ocaxaeHnsi OObIYHO TPOXOLMUT MpPH CAEAYIOLIMX 3Haye-
HMSX OMepauroHHbIX nMapamerpoB: 7= 170-220°C, p=0,5-5,0 Topp u
pacxozxe peareHTa Meau 0,5—1,0 Mr/MuH, a ocaxiaemble MJIEHKU MEAU
MMEIOT YIeIbHOE COTIPOTHBICHHE MEeHbLIE 2 MKOM'CM, HU3KHE PACTSITU-
BalOLIMe MeXaHUYeCcKHe HaMpsDKeHUs U HU3Koe colepXaHue TipuMeceit.
IMpn T = 180°C mpoucxoaut KOHPOPMHOE OCaXXACHHUE TUIEHKU MEIU TOJ-
uyHoit 50 HM Ha TomoJjioruueckKuil peabed ¢ aceKTHbIM OTHOLUEHUEM
AR=5:1[8, 12].

OOGpaTHas peakuusi B BRIpaXXeHUH (7.35) npousBoouUT cyxoe, CeleK-
THBHOE, HEKOPPO3WITHOE M U30TPOITHOE TPABJICHUE MEHU.
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XOI'®d muenok Cu B npouecce LP LT CVD Cu ((hfac)Cu(I)(VMTS)/
H,) ocymecTpisieTcs B pe3ybraTe peakumu

(hfac)Cu(I)(VMTS) (g) + H, (g) = Cu (s) + 2H(hfac) (g) + 2(VMTS) ().
(7.30)

CreneHb KOHGhOPMHOCTH OCaXAEHMS TUIEHKU MEAM Ha TOMOJOIMUCCKII
penbed, TOKPHITHII 6apbepHBIM MOACIOEM TaHTaIA, MO peakuunu (7.36) 1
BUCEJIa OT TeMIepaTypbl NIPH CJAEAYIOUIMX 3HAYCHHUSX APYTHUX ONCPaInon
HBIX MapameTpoB: p = 40 Topp, Q(H,) = 1000 cM?>/MuH 1 pacxoae peareirea
meau 0,68 mr/mun. Ipu T < 200°C creneHb KOHGOPMHOCTH CTYHCHLKI (¢,
obi1a 6onee 90%, a npu 7> 220°C ee 3HaueHHE pe3KO CHUXaNOCh | 12].

Yactp peareHtoB M3 kiacca Cu(l) Bcerma pnawoTr ceackruBioc
ocaxIeHMe TIUIEHOK MeOM Ha MpPOBOASLUMX TMOBEPXHOCTSIX, Haliph
mep (hfac)Cu(l)(PMe,), mis Apyrux peareHToB, Hanpumcp (hfac)
Cu(I)(2-butyne), xapakTepHO NMOJHOE OTCYTCTBUE CEAEKTUBLIOCTH OCK
JEHUST Ha JIOObIX MOBEPXHOCTSIX, @ HEKOTOpbIE PEarcHTbl, TAKHC Kilk
(hfac)Cu(I)(VMTS) u (hfac)Cu(I)(COD), Moryt npoussounts Kik
CEJEKTUBHOE, TaK U HECEJIEKTUBHOE OCaXXIeHHUE B 3aBUCUMOCTH O YCIO
BUit ocaxneHus [12].

Kax oTMmeuyeHo B paboTax [6, 8, 12] Ha CENEKTUBHOCTL HPOHLCCON
XOI'®D nyieHOK Meau MOTYT BAUATD cieylolire GhakTophbl:

— CMocob OYMCTKU MOBEPXHOCTHU IMJIACTUHBI (MTOMLTOXKH);

— TeMmIeparypa ocaxIeHus;

— KOH(UTypaLus U TeMIepaTypa CTEHKU peakTopa;

— WCIOJIb30BaHME ra3a-HOCUTENS U Ero BUIIL.

CenexTuBHOCTb npotieccoB XOI'D mieHOK Meau O6bSACHSICTCS KaTil-
JIN30M peaKkLUX OCaXKAEHUS MYTEM Tepeaauu 37ACKTPOHA OT MPOBOJISHINIEX
MTOBEPXHOCTEH aICOPOUPOBAHHBIM PearcHTaM M €ro OTCYTCTBUCM 11 110
BEPXHOCTAX IUDJIEKTPHUKOB.

Pearent (hfac)Cu(1)(COD) npu aacop6umnyl Ha METALIMUCCKIIX 110
BEPXHOCTAX AMCCOLIMMpPYET, 00pa3ysl MOBEPXHOCTHBIM MPOMCXKY oI
npoaykT (hfac)-Cu, u3 Koroporo 3areM dopmupyercs ieHka mcjut. la
MOBEPXHOCTH IBYOKMCH KPEMHMUS U3 ITOTO peareHTa oopasylorcsi Apyrie
MOBEPXHOCTHbBIE COEAMHEH S, IO3TOMY MPUUMHON CENEKTUBHOCTU OCIXK -
JEHUS ABJISIETCS pa3jiuuyMe B MOBEPXHOCTHBIX peakLUsX, & HC OTCYTCTRIIC
ajicopbLmm peareHTa Ha nosepxHocru SiO, [12].

Hns pearenta (hfac)Cu(I)(VMTS) 6110 MOKa3aHO, 4TO Ha MOBCPX-
HOCTH ABYOKUCH KPEMHUST UEHTPAMM POCTa MJIEHKU MeAu ObLTY ajicopOH -
poBaHHble OH-rpynnsl, cBf3aHHbIe ¢ aTomamMu Boaopoaa (H-OH), a
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nsonupoBaHHbie OH-rpynmel v rpynnbl Si-O-Si TakMMH LeHTpaMH He
apnsiiorcs. T1o3TOMy CEIeKTMBHOCTh OCAXAECHUS 3aBUCUT OT MaccHUBa-
uuu nmoeepxHocTHeix H-OH-rpynn, kotopast MoXeT ObITb JIETKO NpoBe-
JIeHa TIpeBapUTEIbHON 00paboOTKON NOBEPXHOCTH IBYOKUCH KPEMHUS B
auxnopaumeruincunane (CH,),SiCl, nnu ero BBeieHHEM B COCTaB ra30BOM
cMecu B npouecce XOI'D ruieHOK Menu.

[MpouHocTs cBa3u Cu-L u, Takum o6pasom, nMpupoaa JUraHaa B pe-
areHTe TaKXe BJIMSIIOT Ha CeleKTHMBHOCTH npouecca XOI'D maeHok me-
an. Cnabas cBs3b ¢ Menbio L = 2-butyne JIerKOo AMCCOUMMPYET Ha BCeX
MOBEPXHOCTSAX TMPH HU3KOM TepMUYECKON aKTUBAaLMM U Oe3 mepesayu
3JIeKTpOHA OT IMOBEPXHOCTH, MO3TOMY TpPH HCIMOJAb30BAaHUM peareHTa
(hfac)Cu(I)(2-butyne) maeHka MeIH 0CaXIaeTcs Ha BCeX MOBEPXHOCTAX, B
TOM YHC/IE€ U AUDEKTpUYECKUX [12].

K pearentam g XOI'® rnineHok meau u3 knacca Cu(ll) otHocaTca
Guc(auerunaueronar)menb (bis(acetylacetonate) copper) Cu(ll)(acac),,
ouc(aunvBanonmeranato)menp  (bis(dipivaloylmethanato)  copper)
Cu(Il)(DPM),, M3 KOTOpbIX CaMbiM PpAacHpPOCTPAHEHHBIM SABASETCH
coennmHeHHue Ouc(rekcadropauerunaueroHat)Mens (bis(hexafluoroacetyl-
acetonate) copper) Cu(lI) (hfac), (cMm. a6 3).

W3 3TOro coeamMHeHus MaeHKU MeIu MOTYT ObITh OCaXkaeHbl B 060-
pyaosanuu turma SCH SW DSC RP PPSR IND CW u CLR SW DSC RP
(2-4) PPSR RES CW (cm. Tadn. 4) nMpoin3oM B aproHe Y BOCCTaHOBNE-
HHEM B BOJIOpO/E U B CMECSIX aproH/BOIOPON U Napbl BOAbI/TeNii B Clie-
ayrowmx npoueccax XOI'®: LP LT CVD Cu (Cu(ll)(hfac),-Ar), LP LT
CVD Cu (Cu(Il)(hfac),/H,), LP LT CVD Cu (Cu(II)(hfac),-Ar/H,-Ar) u
LP LT CVD Cu (Cu(Il)(hfac),-He/H,O-He) (cm. Taba. 1).

XOI'® nnenok meau B npouecce LP LT CVD Cu (Cu(ll)(hfac),/H,)
OCYLUECTBIISIETCS COFJIACHO peaKUMH

Cu(Il)(hfac), (g) + H, (g) = Cu (s) + 2H(hfac) (g). (7.37)

TposiBneHue cenekTHBHOCTH XOI'®D rieHOK Meau Ha MPOBOASILINX
MTOBEPXHOCTSIX OTHOCUTEIbHO TU3JIEKTPUUECKHX TTIOBEPXHOCTEI SBJSIETCS
npaBwiIoM s peareHToB U3 kjacca Cu(ll) 3a cuer paznuuusi B roBep-
XHOCTHBIX peakuusx. [Moatomy pearent Cu(ll)(hfac), MoXeT GbITH HC-
T0/1b30BaH ISl TIPOBEAEHUS CEJIEKTUBHOIO OCaXAEHUS TUIEHOK MEOU Ha
TIPOBOISALLME CJIOM B MEPEXOAHBIX OTBEPCTUAX, C(HOPMUPOBAHHBIX B OU-
2JIEKTPHKE HA OCHOBE JBYOKHCH KPEMHMSI.

MoxHO TakXe NMpoBoAUTh cenekTuBHoe XOI'D meHok Cu Ha Tono-
JIOTUYECKUH PUCYHOK NIPEIBAPUTENIBHO C(HOPMUPOBAHHOTO MTPOBOASILIETO



7.11. Maenxu medu 1 83 ))))
N

3apoAbILLEBOro MOACKOs Ha noBepxXHOCTH SiO,. [loacnoit nonxen umern
BBICOKYIO are3uio K MOBEPXHOCTH NBYOKHMCU KPEMHUSI U HE MPUBOANTH
K JIerpagauuy MieHOK Melu 1o MOP(OIOTHM, MPOBOAUMOCTH U HNCTOTC
MpY MOCAEAYIOLMX TEPMUUYECKHUX 00paboTKax.

Temneparypa ocaxneHusl ABASeTCS BaXHbIM TNapaMeTpoM B ohcc
NeYEHUH CEeJIEKTMBHOCTH MpolieccoB XOI®D rieHoK Meau ansi pearciiti
Cu(Il)(hfac),. o temneparypsl 7 = 360°C HabniogaeTcst cCICKTUBIIOCTL,
ocaxiaeHus MieHoK Cu Ha MeTAUIMYECKUE MOBEPXHOCTH OTHOCHUTCIILIIO
MOBEPXHOCTH ABYOKUCHU KpeMHMUS, Toraa Kak mpu T > 360°C mciun nang
HaeT OCaXaaThCA Ha MOBEPXHOCTb Si0, B BUAE CIIOUIHOM TLICIKK 1t
JIOKQJIN30BAHHBIX OCTPOBKOB [ 12].

K notepe cenekruBHocty B npouecce XOI'D nnenok mean LP LT
CVD Cu (Cu(II)(hfac),-Ar) MOryT mpuBoaAMTS Ciieayiowune Gakropn | 12]:

— HaJIMYME IEKTPUYECKU MPOBOASILECH CBA3M Yepe3 CAOM ININCK T -
pHKa, T.e. HAJIUYKUE B HEM MOP U MPOKOJIOB;

— HaJIM4ue MPOBOJISALLIMX 3arpA3HEHU M HAa MOBEPXHOCTH AUIICKTPHKL;

— TOBbIILIEHHE paboyero JaBlieHUs WIU TEMIIEPATYPbl CTCHKH PCilk-
TOpa B MIPOLIECCE OCAKACHUS;

— TMPUCYTCTBUE HA NOBEPXHOCTU JUIJIEKTPUKA YTACBOAOPOIILIX 3it-
rPA3HEHUH.

Heb6onbias nobaeka napos Boab K peareHTaM (hfac)Cu(l)(VMTS) it
Cu(Il)(hfac), kak yBeaMYMBAET CKOPOCTb OCAXACHMA TMUICHOK MC/IM B
npoueccax LP LT CVD Cu ((hfac)Cu(I)(VMTS)-Ar) u LP LT CVD Cu
(Cu(IT)(hfac),/H,), Tax W yayywiaer NOBEPXHOCTHYIO MOpHONOINIO N
YMEHbILIAET YAeJbHOE COMPOTUBIEHUE 0CaXIAaeMBIX MeHOK. bonce Buico-
Kue KOHLEHTpaluuy napos H,O MOTyT IpMBOAMTD K TTOBBILIEHHIO YACALHOIO
COMNPOTHUB/ICHMS TJICHOK MeIH M3-3a OpMUPOBaHUS OKHcH Meau [12].

VaenbHoe conpotusiaeHue XOTI'D niaeHOK MeIM BO BCEX YKa3aHbIX
Bblllle Mpoueccax JiexKUT B auanazoHe 1,7—7,0 MKOM-CM, a CKOpPOCTH
OCaXIeHVs BapbUPOBAJIUCH OT Haubonbiueid 500 HmM/MuH B npouecce LP
LT CVD Cu ((hfac)Cu(I)(VMTS)-Ar) no HauMmeHbIieit 90 Hm/Mun B npo-
uecce LP LT CVD Cu (Cu(II)(hfac),-He/H,0-He) [12].

ns peanuzauuy ykaszaHHbIx npoueccoB XOI'® nyieHoK Mciu o6bIu-
HO MCIOJIb3YeTCsl 000pYyIOBaHUE C TEPMUYECKUMMU PEaKTOPAMU MOHUXKEH-
HOTO A2BJIEHUS U XOJIOJHOM CTEHKOM, OIHAKO B HEKOTOPBIX CJIy4asX MOFYT
OBITH UCTTOIL30BAHbI PEAKTOPHI C TEILIONM U Tropsiueii CTEHKAMU LTS Peao-
TBpAILEHUS OCaXNEHHUs MPOAYKTOB PeaKIUii ¢ HU3KOI JIETy4eCThiO, a TaK-
K€ peaKkTopbl ¢ TIa3MeHHO! 1 (POTOHHON aKTUBalue# (cM. pasaen 5).

K coxaneHuio, B HacTosliee BpeMs 10Ka OTCYTCTBYIOT MPSIMbIE TPO-
MBIILUIEHHO TNPVMEHUMBIE MPOLECCH ATOMHO-CJIOEBOT0 XUMMUYECKOTO
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ocaxaeHnusi u3 rasosoii ¢assl (ACO — ALD) (cM. pasumen 6.3) mieHOK
MeIU C XOPOILIUMHM 3J1EKTPOPHUIMIECKUMU U MOPDOTOTHYECKUMU CBOJC-
tBaMH [50]. Cpeau nabopatopHbix npoueccos ACO HaubGonee nepcnek-
TBHBIM siBnsteTcs npouecc LP LT ALD Cu ((hfac)Cu(I)(DMB) {Ar} H,)
(cM. Tabn. 1), peanusyeMbiit Ha obopynoanuu Tuna SCH SW DSC RP
ALDR RAD CW (cM. Taba. 4) no cneaytoiueit peakuuu [S1]:

2(hfac)Cu(I)(DMB) (ad) + H, (g) = 2Cu (s) + 2H(hfac) (g) + 2(DMB) (g).
(7.38)

Tunuunple 3HaYeHUs OTIEPALIMOHHBIX NapaMeTpoB npouecca LP LT
ALD Cu ((hfac)Cu(I)(DMB) {Ar} H2) [51]:

— Temneparypa ocaxaeHus T, — 100°C;

— pacxop aproHa Q(Ar) — 10 cM*/MuUH;

— pacxon Bogopona Q(H,) — 13 cm?/mun;

— nasienHue p — 0,4 Topp;

— pnuTtensHocTh LMKia nogauk (hfac)Cu(I)(DMB) — 3 ¢;

— JUTUTENBHOCTh LMKJIA OJayu aproHa — 6 c;

— [UTENBHOCTD LMKJIA M0auu Bogopoaa — 3 c.

Ipy TakMX YCIOBMSX 0OECTeYMBAETCS LIMKIOBAsi CKOPOCTb OCaX-
nenua V, nneHok meau B amanasone 0,35—-0,54 HM/umka. OcaxaeHHble
rmiJieHKH Cu UMenu yaeabHoe conpoTuBiecHue 3,3 MKOM*CM TNpU TOJLIU-
He B Anana3oHe 30—80 um u 2,0 MKkOM-cM 11pH TosiMHe Gosibuie 80 HM.
CoaepxaHue yrjiepoaa U KUCJIopoia B IUIEHKAaX ObI/I0O HUYTOXHO MaJTbIM
(monn at. %). IIneHKU Meou UMeny TNAAKYI0 MOBEPXHOCTb U CPEIHMI
pa3Mep 3epHa okosio 580 um. Ilpu ocaxnenuu rieHok Cu B yKa3aHHOM
TIPOLECCE B OTBEPCTHUST AMAMETPOM 85 HM M TITyOMHOM 2,5 MKM (acnekT-
Hoe oTHouieHue AR = 3(), CTEHKM KOTOPOTro ObUIM MPeABAPUTENbHO MOK-
PBITHI TUIEHKOM HUTPUIA TMTaHA, CTENEHb KOHGOPMHOCTH MOKPHITHS o
(cM. dopmyiy (2.3)) coctaBnsina 90%.

HUHTEpECHO OTMETUTD, YTO OCaXKIEHUE NJIeHOK Meau B npouecce LP
LT ALD Cu ((hfac)Cu(I)(DMB) {Ar}) 6e3 nmogauu BOIOpOAa COMJIACHO
peakuuu [51]):

2(hfac)Cu(I)(DMB) (ad) = Cu (s) + Cu(II)(hfac), (g) + 2(DMB) (g),
(7.39)

MPOUCXOAUIIO € LIMKIOBOM cKopocThio V), B imanasone 1,0—1,12 HM/unki
MpU TaKUX Xe ONepalMOHHbIX MapaMeTpax. [Ip1 3TOM TUIEHKN Meau co-
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nepxanu 2—3 at. % yriaepona v KUCIOpoaa, UMeJIM CpeHUIA pasMmep 3epHa
250 HM, a cTeneHb KOH(MOPMHOCTH MOKPBITUA o OTBEPCTUS AUAMETPOM
85 HM M rayGuHoii 2,5 MxM coctaBisiia 54% [51].

Takum oOpazom, nobaBka BogOpoAa TPUBOAMT K 3(hEeKTHBHOI
OYMCTKE MOBEPXHOCTH OCAXKIAEMBIX TNIEHOK MEAU OT YIJIEPOAO- U KHUCJIO-
poiocodepXallyx MPOMEXYTOUHBIX MPOAYKTOB peakLUii, YTo crocobce-
TBYET YKPYNHEHHUIO 3€PEH U YBEJIMUEHHIO MOBEPXHOCTHOI nucbdy3uu an-
COpOMpYEMBIX aTOMOB MEIU.

7.12. NMneHKN KpeMHUAOPraHU4eCcKux
coTopesucros ana rnybokoro
ynbTpachmoneta (DUV photoresists)

[TnazmonoaMMepu30BaHHbIE MIEHKH, OCAaX/aeMbBIE B T1a3MOAaKTUBUPO-
BaHHbIX NMpoueccax XOI'D HU3KOro AaBJICHUS U3 KpeMHHITOpraHU4eCKUx
COEMMHEHUH, Takux Kak Tetpameruncunan Si(CH,),, TpumeTuicunan
SiH(CH,),, terpastuncunan Si(C,H,), ¥ T.0., 5KOHOMUYECKM U TEXHO-
JIOTUYECKH LEenecoodpa3sHo UCMOJb30BaTh B KayeCTBe (DOTOPE3UCTOB B
obnactu rinybokoro yasrpaduoera.

HewcrutensHo, c momowbio npouecca LP PECVD PPMS (Si(CH,) )
nonyyatotcs 6onee Tonkme 0,1-0,3 MKM o cpaBHEHUIO ¢ HAHECEHUEM Ha
ueHtpudyre (>0,5 mxm) Oe3nedekTHbIE TNIEHKU MIa3MOTOMMEPU30BaH-
Horo MmeTuiacuiaaHa (plasma polymerized methylsilane — PPMS) ¢ xopo-
u1eit KOH(GOPMHOCTBIO IMOKPLITHS TOTIOJIOTHYECKOTO pejibeda.

B npotiiecce 3KCMOHUPOBAHUS TIYOOKHM yibTpadpuosetroM (A = 248
u 193 HM) B aTMOCdepe KUCTIOpOAa TIPOUCXOAUT pa3phiB cBsi3eit Si—Si u
BCTpavBaHHE aTOMOB KUCJIOPOAA, B PE3yJIbTATE YEro Ha 3KCMOHMPOBAH-
HBIX y4acTKax oOpa3yercd mieHka okuciaeHHoro PPMS (PPMSO). danee
MPOBOJUTCSI CYXO€ MPOSIBJIEHUE B MJa3Me XJI0pa, KOTOPOE yAausieT MICH-
Ky PPMS ¢ He3KCMOHUPOBaHHBIX YYaCTKOB, a MOC/eAylolass 0opaboTka
B KMCJIOPOJHOM IJIa3Me npeBpaiacT octapluytocs maeHky PPMSO B aBy-
OKHCb KpeMHUs (Si0,). YKazanHbiii npouecc GopMUPOBaHUS HEOPraHHU-
4YECKOM MacKu UMEET pellaloliiee IPeuMYIHECTBO MO CPABHEHUIO C TPaIy-
LUOHHBIM TMPOLIECCOM C MCIIOJIb30BaHUEM OpraHu4veckoro goropesucra
M TIPOMEXYTOYHOTO ciiost SiO, u npumeHsetca s nonydenus UMC ¢
ypoBHeM TexHonoruu (¥YT) 0,18 mxm u MeHee [52].



3aknwoueHue

TpanuunoHHbIC M aTOMHO-clloeBbie npoueccel XOI'P HaxoaaT Bce bosee
IUMPOKOE MPUMEHEHHE B TEXHOJIOTMYECKMX MaplipyTax MpOM3BOICTBA
MHUKPOCXEM M0 Mepe IMOBBILLIEHUS CTENEHU X UHTETPaLUH, YBEINYEeHHUs
acCleKTHOro OTHOUIEHHS TOMOJOTMUECKOro peaseda U YMEHbLUEHUS pa3-
MEPOB 3JIEMEHTOB, YTO B OOLIEM BHUAE XapaKTEPU3YETCS YPOBHEM TEXHO-
Jsoruu (YT).

B nornueckux UMC ¢ VT (800 — 250) uM npouecchl XOI'D ucnosnb-
3y10TCsl 1St (GOpMUPOBAHUS NMPUCTEHOYHOIO AMANEKTPUKA (creiicepa —
spaser), Bonb(hpaMOBbIX MEXCOEIMHEHUH (TIEpEMBIYEK, MPOOOK) U cUCTe-
Mbl U30JISILIUHU.

B nornueckux UMC ¢ YT (180 — 90) HM Cc moMoLIbIO MPOLECCOB
XOTI'® pononHUTEAbHO GopMUpYeETCs LueieBas usonsaumsa Mexay MOITI
TPaH3UCTOPAaMK W aIAre3uOHHble, OapbepHble U CMauyuBaiollMe CJIOU B
KOHTaKTaxX ¥ MEXCOCIUHEHUSX.

B noruueckux UMC ¢ VT 65 HM 1 MeHblle chepa npuMeHeHHUs Npo-
ueccoB XOI'D pacuiupsiercs: Ha GOPMUPOBAHUS IMUTAKCUATILHBIX CJIOEB
Si, Ge, cioeB OU2MEKTPUKOB C BHICOKOW QMI/IEKTPUUECKON MOCTOSH-
HOM, 3aTBOPHbIX 3J€KTPOJOB HA OCHOBE META/UIOB M UX HUTPUAOB U MeJ-
HbIX MEXCOEAMHEHHWIA U WUH MeTa/UIU3aluM.

B UMC namsitu ¢pOpMHpOBaHHME 2IEKTPOAOB U IMDJIEKTPUKOB KaHa-
BOUHbBIX KOH/JEHCATOPOB MOXET MPOBOAMUTLCS TOJALKO C MOMOUIBIO NPO-
ueccoB XOI'D,

[Mpu oxupaeMoM B Giuxaiilluee AecSTUIETHE NIEPEXOAE OT IUIaHAp-
HbIX MHKpocxeM K UMC ¢ TpexMepHO#t MHTerpauueir ¥ oT OObIUHBIX
MOII Ttpau3ucTopoB K BepTukadbHbIM MOII TpaH3uCTOpaM 3HauyeHUE
npoueccoB XOI'D 6yneT HenmpepblBHO BO3pacTaTb, a UX HOMEHKJIATypa
YBEJMYUBATHCS.

B 3akntoueHHe Mbl XOTUM UCKpeHHe nobGnaronapuTbh Bcex Tex, 6e3
KOro 3Ta KHMra HuKoria Obl He yBugesa cBeT. Bo-nepBblx, 310 (PUPMBI,
pa3sMECTUBLLIME PpEKJIaMy CBOEH NPOAYKIIMM Ha CTpaHHULAX KHUTHU:

1. ®upma Leica Microsystems Wetzlar GmbH (Jleiika MukpocuctemMc
Berunap ITM6X), 4ybM NpUOOpPbl M YCTAHOBKM IS KOHTPOJSI M U3MeEpe-
HUS XapakTepucTUK (yHKUMOHanbHbIX cioeB UMC u3BecTHBI BO BceM
mupe. [IpuMeHUTENbHO K U3MEPEHUIO TONIIMH M ONTUYECKUX MapaMeT-
POB CBEPXTOHKHX JUINIEKTPUUECKHX IUJICHOK, OCAXAAEMbIX B MPOLECCaX
XOTI'd, ocobeHHO MepCHEeKTUBHA MOCeIHAS pa3paboTka 3Toit hUpMbl —
ycranoBka APECS 3020.
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2. Kommnanus NT — MDT (HT - MT), pazpaGaTbiBatoLuasi u iipo
M3BOASLIAs caMble MEPCNEKTUBHLIE MPUOOPHI LJIs1 HAHOEKTPOHMKIL
aTOMHBIE CUJIOBble MUKPOCKOTBI (atomic force microscopes), 6¢3 Ko1o
PBIX HE/b3S1 UCCe0BATh NMOBEPXHOCTHBIN pesibed U U3MEPSITH PCaihiylo
TOTOJIOTUIO MUKPO- U HAHOCTPYKTYP.

3. ®upma ESTO — Vacuum (OO0 «3CTO — Bakyym), KoTopasi pas
pabotana cBepX3(PHEKTUBHBIA pPeakTop € BBICOKOIUIOTHOM I111A3MOIT,
MPEBOCXOASIILMI 10 CBOMM XapaKTEPUCTHKAM W3BECTHbIE UMIIOPTIILL
aHaJIOrU, ¥ NPOU3BOIMT Ha €ro OCHOBE OOOPYAOBAHUE A TPABJICHIIN,
OCaXAEHUS M UMIUIAHTALIUH.

4, Yeuwckas pupma SCR Engineering, KoTopass noctaBasict 1o jio
CTYIMHBIM LIEHAaM Ha MUPOBOW PbIHOK «I1O[ KJTIOY» YYACTKH ¢ 0DOpy10hi
HHUEM W TEXHOJOTUEH TNpel- ¥ MOCENPOLECCHON OUMCTKU KPCMIINCBLIX
MJaCTHUH, BKJIOYasi O30HHYIO M MEra3ByKOBYlO, Ha 6a3ze maTepuanon n
KOMIIJIEKTYIOIIMX BEAYLLMX KOMIaHKH.

Bo-BTOpbIX, 3TO COTPYAHMKM U3aaTeabcTBa «TexHocdepar, une i
roXenarenbHOe OTHOLIEHUE, NPOPECCHOHANBHOE MAaCTEPCTBO U JICJIOH:IS)
MHULMATHUBA CITOCODCTBOBAIN CKOPENIUEMY BbIXOAY 3TOMH KHHUTH.
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