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Mogenb Tepmuyeckon Auddy3un As CTPOUTCA C yUETOM HENWHEWHOCTU npouecca, KnacTepoobpa3oBaHus, BANSHUA TO-
YeyHbIX AeeKTOB. PellieHne NOCTPOEHHBIX CUCTEM AuddepeHuUmnanbHbiX ypaBHEHUA HaXOAUTCH Pa3HOCTHLIM METOAOM.

BBepexue

B coBpeMeHHbIX TEXHONOrUAX CO34aHWUA aKTuB-
HbIX OONacTen 3NeMeHTOB WHTerpanbHbIX CXeMm Uc-
NONb3YITCA TEXHONOrMYeckue onepauuu  HU3KO-
3HEPreTMYECKON UMNNaHTauuu B COYETaHUU C KO-
POTKMM TEPMUYECKUM OTXUroMm. Takoro poga npo-
ueccbl NO3BONAIOT WU3roTaBnueBaTb NpuboOpbLl €O
cBepxMenkumu p-n-nepexoaamu [1-4]. Nonyvaembie
npu 3TOM Npocbunu NpUMeceit CNOXHON KOHUrypa-
uuu [5, 6] He yaaeTcs MoaenvupoBaTb C 4OCTAaTOMHON
TOYHOCTBIO C MNOMOLLbID W3BECTHbIX NPOrPaMMHbIX
cpeacTs, Hanpumep, SSUPREM-4.

B pabotax [7-9] Hamu uccnenoBaHbl pa3nuuHbie
acnekTbl MOAENnUPOBaHUA Aupdysuu MbibsKa B
NPUNOBEPXHOCTHbIX 0BNACcTAX KPEMHWUA B YCNOBUAX
HU3KO3HEPTEeTUYECKON UMNNAaHTauMu U KOPOTKOroO
TEPMUYECKOro OTXUra, u3ydeH u obocHosaH adhdekT
Bocxoaswen aucdyaun, Habniopaembin 3kcnepu-
MeHTanbHo [5, 6].

B Hactoswen paGote cTpoutcs  pusnko-
MaTeMaTuyeckas MoJenb MurpauuM uoHoB As B
cucteMme SiO/Si, npeanaraeTca YUCNEHHbIA METOoJ,
pacyeta npocuns npumecu. Moaenb yuuTbiBaeT
BNUSIHUE HEPABHOBECHBLIX Ae(EKTOB, @ TAKKe BO3-
[eNCTBUE 3NEKTPOHOB Ha KnacTepusauumio.

fpeanaraembii HAMU YUCNEHHLIN METOA NO3BO-
NAET KOPPEKTHO CTPOUTbL anroput™m 6e3 TpaauuvoH-
HO BBOAWMOrO Ha rpaHvue pasgena cpej UCKyccT-
BEHHOro napameTtpa — ko3dduumeHTa macconepe-
Hoca (transport rate). Bbibop 3storo napameTtpa
BeCbMa 3aTPyAHUTENEH ANA PasnuyHbIX cpea, npu-
Mecen U TemnepaTyp npouecca. [aHHble no ero
3HAYEHUSIM B Pa3NUYHbLIX UCTOYHUKAX CyLIECTBEHHO
pasHATCA.

flpeanaraembii nNoaxoa MOAENUPOBAHUA NpO-
unen npumecei MOXHO UCNONL30OBATb U ANA ApPY-
WX, HE HA OCHOBE KPEMHUS, CNOXHbIX CTPYKTYP.

Mopenb

DduU3nKo-MaTeMaTUyeckylo moaene audhysuu
MbIWbAKA B CUCTEME KPEMHUIN-OKUCEN PACCMOTPUM
B CneayroLlen noCTaHOoBKe.

flonaraem, 4to npouecc murpaumn As Npoucxo-
avt Ha otpeske [0, /] 3a Bpemsa fr. flyctb x*e[0,/] —
TOYKa pa3gena AByx Cpej: OKCUAa KPEMHUA U KpeM-
HUA.

Audbdysus npumecu B SiO2 onucbiBaeTca ypas-
HEHUEM

ac
ot ox
Ha noBepxHOCTU OKUCNa nonaraem

'D(T)—é;’ xe(0,x), te(t] (1)

ox
3nece C — koHueHTpauma npumecu, D(T) — koad-
duvuvent anddysun. Koaddpuuvent D(T) sasucut
OT TemnepaTtypbl omkura T u ycnoesun gopmuposa-
HUA oKucna.

B KpemMHUM yuuTbIBaEM BNUAHWE Ha NEpPeHoC
aToMOB As TOUYEYHbIX AedeKTOB, 3NMEeKTPOHOB, Kna-
cTrepoobpa3sosanus. Npeanonaraem, 4To auddysus
MbIlWbAKA NpoucxoauTt Gnarogaps popMUPOBAHUIO,
MUrpaumMm u auccouvauum nap “As’D’’, roe As’
D' — aToM MblWwbsAKa B NONOXEHUN 3AMELLEHUA W
CODCTBEHHbIN TOYEYHbIN AedheKkT, COOTBETCTBEHHO.
Mpu nocTpoeHun mogenu 3BONIOLUUU TOYEYHbIX Ae-
eKToB caenaeM HekoTopbie npeanonoxeHus. Bo-
nepebix, npeanonaraem, 4To A y3ua MbllbAKa
NPOUCXOAUT B OCHOBHOM NO MEXJ0Y3eNnbHOMY Mexa-
HU3MY a audbdysua No BaKaHCUAM MeHee CyluecT-
BeHHa. loatoMmy, panee paccMaTpusaeMm eauHCT-
BEHHOE ypaBHEHWE ANA ONUCAHUA MUrpauun Toued-
HbIX AedeKToB, BbI3BAHHON nepexoaamu cobcTeeH-
HbIX MeXJOy3enbHbix atomos. Bo-sTopbix, npeano-
naraem, uTo Apeidom cOBCTBEHHbIX MEXAOoYy3enb-
HbIX aTOMOB U BaKaHCWUI B NONe BHYTPEHHUX yNpyrux
HaNpPsHXKEHUA MOXHO NpeHebpeYb.

TepMoauHaMUUECKUIn NOAXOA, OCHOBaHHLIN Ha
NOKanbHOM PaBHOBECUW MeXAy PacTBOPEHHbLIMU B
NONOXEeHUU 3aMeLLeHNUst aTOMaMUu MbilbAKa, Touey-
HbIMU AedeKTamu U napaMu «aTom-gedeKT» npuso-
OWT K cnegytowen cucteme anchpy3noHHbIX ypaBHe-
HUA:

[D( )[ d(CC) +CC 1544
at° ©axl oM Tax Ty ax

@
xe(x',1),te (0],

3

ax: It )

rae (2) — ypaBHeHue audbdy3um aToMoB NpUMEcH u
(3) — ypaBHeHue authdy3Mn TOUEYHLIX AEdEKTOB;
D(x) — adektuBHbIi kodhDULMEHT Auchdy3un

aTtoMOB NpUMECH B none BHYTPEHHUX YNPYrux Ha-
NPSKEHUIA NO MeXaHU3My o0pa3oBaHWUA BAKAHCUOH-
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Cexyun 2. ©

HO-NPUMECHDBIX KOMMNEKCOB;, U ™ =«v t. -— KOH-
UeHTpauuA npuMeceid, CBA3AHHLIX B KnacTepbl, rae
k — xapakTepHblit napameTp knacrepusaumu, y, —

obulan KOHUEHTPauna 3NEeKTPOHOB, HOpManNu3oBaH-
Han K COOCTBEHHOM KOHUEHTpauun 3NeKTPOHOB:

Ne — COBGCTBEHHAA KOHUEHTPauMa 3NEeKTPOHOB,
C — cymmapHas KOHUEHTpauua npumecn nNpoTUBO-

nonoxHoro Tuna; C — acdeKkTMBHAA KOHUEHTpa-
uma pedektoB; [ — cpeaHsas anuHa npobGera To-
yedHbIX gedektoB; C? — addekTuBHas CKOPOCTb

reHepauumn TodeYHbIX Ae(beKTOB.

YpaBHeHue (2) gononHaem Ha rpaHude x =/
KpaeBbIM yCNOBUEM

\[3(C0) . cC oy
D 5%~ 5 ox

Ans nedekToB Ha 3TOW Xe rpaHuuUe nonaraem
| =

Wnpn x = x’ 3apaem ycnoeue

aC
—é; = ((IC + B)‘
rie o U B — napameTpsbl.

Ha rpaHuue pasgena cuctembl kpemHUR-okucen
YUUTbIBAEM HEMPEpbLIBHOCTb MOTOKA NPUMECU U yC-
noBue cerperauuu:

acl ace
baT) ox _D(X)[ ox X 0X o
+C*) ../ Cl...=m,

3pecb m — ko3 ULUMEHT cerperaumum.
HavanbHoe pacnpepeneHwe npumecu 3apaertcs
npocdomnem NOHHOK umnnaHTauum [10].

YucneHHbi anroputm

MpnbnuxeHHoe pelweHne NOCTaABNEHHOW 334a4m
HaxO4UM C NOMOLLBIO METOAA KOHEYHbIX PasHOCTEN
[11]. Beeaem ceTku y3nos

={t;=j vj=01...jnl-T=t},
o,={x;=1-hi=01..,NNN-h=1}.
CeTky ©, CTpPOMM Takum obpa3oM, 4Tobbl TOYKa
x* 6bina yanom cetkn: x" =ih, 2<i, <N-2. 0bo-

3HaYeHWs [ANA Pas3HOCTHbIX COOTHOWeEHUA Oyaem
Bpatb u3 [11]. MycTe y,y,Z — NpuBNUXEHHbIE 3HA-

yeHna ana C,C M y COOTBETCTBEHHO.

YpaBsHeHue (1) n kpaesoe ycrnosue npu x = 0 an-
NPOKCUMUPYEM COOTHOLLIEHUAMM

Y; =aysl., a=D(T) - const, (T - const),
I=12,..,i,-1, =12,

1 .
ay, = 0,5hy; L, 1=12,..,J,

Ansa (2) cTpoUM KOHCEPBATUBHYIO CXEMY

(y+k2‘y2)7|: =((a(2)(y y)5), +(a,(z.y.¥)Z;)

hpexmoi @ meepoom mene”

i=i 4 1i+2. N=1, j=12,.. /o
a,(z,) =0,5(D(z(x,)) + D(z(x,_,)))
a,(2,,¥:,¥,) = 0,5(D(z{x, )y (x,)y(x;)] z(x,) +
+D(Z(X,_ Ny (X, Dy )/ 2(x.))

Ha rpaHuue x =/ nony4yaem pasHOCTHOE COOT-
HOLIEHME Buaa

-0,5h(y +kz'y?)

| = @@y +

+az(zvy1y)zi):vv j= 1v21---1j0'

PasHOCTHble ycnosua Ha rpaHuue pasgena
x = x" cnegywowme

0.5h(y; +(y +kz'y*))| = (a(2)y s +

]
i

‘V,', =Yia

-az(Z,y,y)Zi) -a

(y+kz“y2)_ /y,f' =m.
B AaHHbIX cbopmynax onpeaeneHo v. =y .

BenuunHbl z u y cCBfi3aHbl COOTHOWEHNEM

1
Z__._.
2n,

YpasHeHne gna gedextos (3) annpokcumupyem
PasHOCTHbIM ypPaBHEHUEM

CQ

re

+ =0. i=1+1.i+2.. ,N-1

W YCNOBMSMM Ha rpaHuuax y,| =oy, +o,,

¥l =1.r18e o,0, - const.

PeweHne MOCTPOEHHOW CUCTEMBI HENUHEWHbIX
Pa3HOCTHLIX YpaBHEHWIA HAXOAWUTCA UTEPaAUNOHHDLIM
METOAOM.

Pe3ynbTatbt M 06CyaeHwe

PesyneTaTthl MoAenupoBaHusa ObICTPOro Tepmu-
YecKoro omkura npueeaeHbl Ha puc. 1. PacudeTbl
nposoAMnNUCbL Ans As, UMNNaHTUPOBAHHOMO B CUC-
Temy SiO2/Si ¢ aHepruen 10 kaB goson 7x1 cm2
TonwmHa cnos SiOz coctaesnana 11 HM. [anee
npou3BoAMNCS OTKUr 5 ¢ npn Temnepatype 1000 °C.
Pesynbtatbl pac4eTtoB C AOCTATOMHOW TOYHOCTbIO
COOTBETCTBYIOT M3MepeHHOMy npodunto [12], Bknto-
Yyas NpUNoBEepPXHOCTHYO obnacTe.

Mo Hawemy MHeHWO, HEpaBHOMEpHOEe pacnpe-
AeneHne ToveyHblXx AedekToB UrpaeT rnasHylo ponb
B «BOCXxoaswWeit» ancdodysum u popMmupoBaHum no-
KanbHOro makcumyma s6nvM3an NOBEpXHOCTU pasaena
SiO2/Si. Y noBepxHOCTU KpeMHUA MPOUCXOAWUT pe-
KOoMOMHaUMs COBCTBEHHBIX MEXA0Y3€ENbHbIX aTOMOB,
4YTO MPUBOAUT K MOSBNEHWIO AONOMHUTENBHOMO NOTO-
ka npumeck (M. ypaBHeHue (2)). Mbl cuuTaem, 4To
Habniogaembliit MAKCUMyM NPUMECKH HA MOBEPXHOCTU
KpEMHUA He nABnNAeTcs OCOOEeHHOCTbIO MeToAd
BWUMC, nockonbky 3TOT MaKCUMyM OTCYTCTBYET Ha
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MNpeanoxeH YMCNEHHbIA anropuTM pELLEHUA CUCTe-
Mbl auddepeHumnanbHbix ypaeHeHui. Mpueeaersbl
pe3ynbTaTel pacyeTos, COrNacyloWnecs ¢ IKCnepu-
MEHTOM.
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As the lateral dimensions of modern integrated circuits are scaled down to the nanometer range, the need for accurate
models of silicon doping is increased.The manufacturing of modern microelectronics products involves operations leading to a
formation of complex systems in near-surface regions of a processed material. The rapid thermal processes are highly tran-
sient and are governed by the diffusion and reaction of dopant atoms and defects, and especially by the dynamics of their clus-
ters. Earlier, we have studied various aspects of the modelling of arsenic diffusion in silicon surface regions at rapid thermal
annealing. In the present work, we consider model of low-energy implanted As diffusion in the Si/SiO; interface region of oxi-
dized silicon substrate. The model is taking into account influence of nonequilibrium defects as well as clustering dependence
on impurity and electrons concentration. The offered approach allows one to simulate the experimentally observable “uphill”
diffusion. We suggest that arsenic diffusion occurs due to the formation, migration, and dissociation of the “As*D"” pairs, where
As® and D" are the substitutionally dissolved arsenic atom and intrinsic point defect, respectively. At a construction of the model
of point defects evolution we assume that As diffusion occurs substantially by the interstitial mechanism, and diffusion by va-
cancies is less significant. Therefore we consider only the equation describing diffusion of point defects induced by transfer of
intrinsic interstitial atoms. A thermodynamic approach based on the local equilibrium between the substitutionally dissolved
arsenic, point defects and the pairs leads to the system of two diffusion equations: the equation of dopant atoms diffusion and
the equation of diffusion of point defects. In the present work we used special approach to the consideration of the impurity
transport through Si/SiOz boundary which allows to get rid of artificial parameters such as “boundary transport rate” and con-
sider the impurity concentration to be continuous. Consequently, the proposed model allows simulation of high concentration
transient enhanced diffusion of As implanted in Si, although this transport process differs substantially from the diffusion proc-
esses described by the Fick's second law.
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