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Coexistance of C40 and C54 TiSi2 during the solid state

reaction of Ti／Mo／si system
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Abstract The e圩ect of a 0．9 nm Mo interlayer at t11e interface of Ti矗1m山po新№l
on a Si substrate on phase fo皿1ation of TiSi2 duri“g annealing has been stlldhl

by usiIlg trⅢlsIidssi叫clectIoIlIIlicro—di行ractioIl tecllIlique．wlleIl Ti／M()／si was aIp

ncalcd a¨ow temperatllre as 550。C士0r 30 min in Ar amhi锄t，a metastahlc p11as【、，i川．，

hex89011．1l C40 TiSi2，and the。quilihrillm p11ase，i c}orthorhomblc C54 TiSi?，wmp

botll detected．The elperimental patterns of the C40 aⅡd C54 compare well witll tllt-

simulated ones．
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1 INTRoDUCTIoN

T11e so caUed“mle line e艉ct”would raise the temDerature of the C54 TiSi々fornla—

tion in subrrⅡcron si 1ine(<O 5 pm)，in which the density of nucleaton sites is 10wer LhⅢl

that in bulk Si mate订a1．It was weU established口～剐that the introduction of refractorv

m“als(RMs)such as Mo，Ta，Nb，w into Ti·si system can eur血nate such“丘ne lille ef

fect”of C54 TiSi2 f曲mation by reduciIlg the formation temperature of C54 TiSl2 p11aso

by 100．150。C．However，the mechanism of the eIlllancement ofrefractory metals rema№
to be unck盯．Intensive studies姐’7】of the enhancement nlechanism were carried out儿1

the past several ye盯s The template mechanjsm proposed based on sheet resistance mea—

surements in combination with XRD【1，2 J has become one ofthe most Drobable candidates

f．or the efFect of refractory ITletal on C54 TiSi2 based on the si瑚narity of cryst胡logr“pllic

structure between C54 TiSi2 and C40 or C11b(RMz，Til—z)Si2，which acts as the seeds

for the direct formation of C54 TiSi2 C54 is a TiSi2-type orthorhombic structure with

unit_ceu dimensions(in o 1 nm)of口=8 27，b=4 8 aIld c=8 55，c40 is a crsi2一type hexag-
onal of。=4 43 and c-6．38 and C11b is a MoSj2一type tetra90nal of口=3 21 and c=7 83【3l
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The most characte“stic features of the C54，C40 and Cllb structures are the“cIose

packed”hexagonal plane of atoms． If the hexagonal plame is stacked with di竹brent se—

quences of ABCDA·一，ABCA．．，ABA ，respectivel y’the cTystalline structures of C54，

C40，C11b wiU b。generated【圳Tlms the gr。wth of C54 TiSi2 on C40 or C11b(RM。，

Til一。)si2 is expected．Ap甜t from the observatjon of direct forma“on of c54 Tisi2【)Il

c40(RM。，Til—z)si2 interlayer，djrect growth of metastable c40 Tisi2 on c40 Tasi2

or(Ta，Ti)si2 interlayer was also detected by xRD川at lower anneaJing tempera“Ire
of 525。C．Coexistance of C54 and C40 TiSi2 was also observed by HRTEM【7J in the

Ti—Si system with Ta interIayer by rapjd therm“anne出ing at 6500C．The observation

of the C40 TiSi2 atlow temperatllre and the coexistance of the C40‘Ⅶd C54 TiSi2 m

higher temperatwe were both attributed to the template phenomenon mentloned above

since(Mo，Ti)si2 shares the same stTucture as(Ta，Ti)si2，i．e．，c40，c40 Tisi2 and／。r
coexistance of the C54 and C40 TiSi2 shouId be possible also in a Ti—Si systeIn with Mo

interlayer if the ternplate mechanism governs the kinetic process．However，no pTevi011 s

C40 TiSi2 was reported in Ti-Si system with Mo interIayer up to now．By replacing Ta

with Mo interlayer，we will show the coexjstance of C54 and C40 TiSi2 in the viciniLy

of interfacial c40(Mo，Ti)si2 at low temperature of 5500c by cross_sectional transmb

sion electron rnjcroscopy(xTEMl in combination of electron rnjcro．di册action analvs试

TheTefore，the reslllts here co矾rm the template mechanism governing the enhancernent

eff毫ct of the refractory metals on C54 TiSi2 fo矾ation

2 EXPERlMENTS

Inthjs experiment，0．9nmMo矗lm andthen 50nmTjmmwere deposited bymcans

of electron—beam e、raporation without brea_l【ing the vacuum on 1ightly doped Si(100)fbl—
lowed hy{'urnace annealing in puri丘ed Ar at 550。C for 30Ⅱd肌tes Cross—sectionaJ trans—
mjssioIL electron mjcroscopy(xTEM)and energy dispersiVe x—ray spectrometry(EDs)
with an electron beam diameter of 6—25 nm were carried out to deterrnjne the Dhase

of individual crystals and the打composition The crystals haⅣing diarneters of at 1east

20 nm are chosen for a Trdcro·di脏action study．Phase ident讯cation was carried out by

coInparing cxperimentaJ patterns with the simulated ones generated by the plane scction

of出1 the posslble reciprocal 1attices of C49，C54，C40，C1lb and Ti5Si3 phases．

3 RESUIⅡS AND DISCUSSIoN

During aIlneaⅡng Ti／Mo／si at 5500c for 30n订n，the Mo interlayer reacts with si

together with Ti to foTm Mo containiIlg ternary s丑icide at the interface缶stly and tlIen

the formation of binary Ti smcide occurs through continuous si supply from thc Si
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substrate，Fig．1 shows a typical cross—sectional bright一矗eld image for this sample

The layer structure has been deterIrdned to be Ti—rich siⅡcide／Tisi2／(Mo，Ti)si2／si．【。

The EDs result【9】shows that the bright part correspond5 to Tisi2 and(M。，Ti)si2，

wh盯eas the dark part to the Ti—rich silicide． The dark part in Fig 1 is due to higheT

electron scattering aInphtude of Ti comparing to that of Si【1”，

Fig．1 Cr08s—gectioIlm¨gllt一矗eld iInage 8howiIlg t}le 8tructIlrc(汀七hI、_ilici(1e l“ycrs iu f

samplc after annealing at 550。C for 30 miIl

Fig．2a shows a micro—di疗raction pattern obt ained at a particular crystal with 0 l

ator曲c ratio of Mo to Ti located in the region of(Mo，Ti)si2 The two m盯ked di册actI 011

spots in Fig．2a were measured to be 0．19l and 0．234nm wlth an angle of about 65。

between them，corresponding to the re胁nions(2砭)(o 191 nm)and(110)(o 235 nm)nf

p^”。·曾’-‘≯2’。P 3’％’2‘々2

^13。。2∥“-1．。●Ⅷ2’}。。j·

5，?”4-P。3p。20-2’1弘。}2 1j·2

c4012j3∥’4 掣 掣

Fig．2(a)E1cc订ou micro，diffraction palh：nl for a C4【)grai工1 w扎h thc zoIlP axkl2'3
J iIl tht。

Mo_bearillg Mgion close to t11e interface of silicide／Si㈨d(h)it8 8imlllated Imt栅n gcll州a涮hy
tlle I)l砒le sectioIl of C40 reciprocallattico p。rpeIldicular

to tllc clcctron I)canl
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c40(Mo，Ti)si2，respectively，with an angle of 66 06。㈣A si删lated pattem is sllown
in Fig 2b Thus，the pattern in Fig．2a is assigned to c40(Mo，Ti)si2 oriented in the『2i31
direction．The appeaTance of the renection(244)is due to the double diffjaction effect

C儿b MoSi2，which acts as a ternplate for epit a】[ial formation of C54 TiSi2，was detectcfl

by HRTEM血the case of Mo iIIlplantation into Si substTate Prior to Ti depositlon

fbUowed by the rapid thermal aIlnedbng Process．1刮Ho啊ever)no C11b MoSi2 has hePll

found byⅡⅡcro-(h册action patterIl in the(Mo，Ti)si2 region

Two types of TiSi2 crystals，i．e．，C54

and C40 TiSi2 have been found in the

bright re舀on marked in Fig．1． Fig．3a

shows an electron IIlicro·diff}action pat-

tern obtailIed at a crystal 10cated in th8

Tisi2 r89ion near to the c40(Mo，Ti)si2．

T、∞bright spots were measured to be

0 213 run and 0．233nm with an aIlgle of

55．9。．Two possible s01utions to this pat—

tern are c54[011]{(022)0 209nm，(311)
o．230 nm，56．6。p1】and c40[213]{(213)
0．22l nm，(120)O 234m，56 12。}J1 0】
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Fig．3(a)Electron mkro—di册actio“pattern for a c54 Tisi2 grain with thc zonc÷L)cjs[【)1 1]iIl
thp hright reglon of Fig．1 closc to thc interfacial Mo．bearing smcide aIld(b)its sirmll；1L“I

I】矾terll．(c)0tller possible solution to the e。perimentaI pattern is c40[2131 I{tlle(i aI k 8¨Jh
；u1(I thP bright ones arc considercd，c54[011]is the only solu‘ioIl to tlle experiHleIltal p。、th、r】1

withjn the systematic e玎or of micro-di册action(<lo％)．Their simulated patte rIls are
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shown in Fig．3b and 3c，respectively． However，if the whole experimental pattern，in．

cluding the bright and dark 8ports，is considered，c54【011】becomes the only suitable

solution Therefbre，the pattern of the observed crystal is assigned to be C54 phase

onented al。ng[0111 directi。n

TheⅡⅡcro—diff}action pattern sh。wn in Fig．4a obtained in the bright region of Fig 1

is asslgned to the C40 phase along the zone axis．【1，3·4]The marked spots were measured

to be 0．222 nm and 0 201 mn with 78．44。an91e between them，which correspond to the

re跳ctions from the pla工1e(111)(d=o．22lm)and plane(212)(o．191 nm)【l()】with all
angIe of 79 4。of C40 phase oriented along．[1，卅Fig 4b shows the sinmlated pattern of

C40．11’。J T11e metastable C40 TiSi2 was also identi行ed in a simjlar system but with a Ta

interlayerbetween Ti and Si，【78]where the growth of C40 TiSi2 occurred as a result of

epitaxy on c40(Ta，Ti)si2 These results show that in the presence of a o．9nm thick
interfacid Mo，C40(Mo，Ti)Si2 forms矗rst at the interface a工1d then both C54 mld C40

TiSi2铲ow as a result of the temPlate e舵ct，after 550。C annealing．At the same time，
we can not find C49 TiSi2 in the sample．
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Fig·4(a)AIl electron micro—dl仟raction pattern for an iⅡtermediah C40 TiSi2卫raill wi“l“l

zone axis[1 3]i11 thc bright r。gion of Fig l and(b)its siIImlated I)attern

4 DISCUSSIoN

After anneaung the sample of 50nm Ti／0 9nm Mo／si(100)at 550。c for 30 min，

c40(Mo，Ti)si2 was fbund at the interface of silicide／siin th8 Partiauy reacted s atnple
Both metastable C40 TiSi2 and equ诅ibrium C54 TiSi2 were detected near t。the C40
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(Ⅳ【o，Ti)si2 without c49 Tisi2 detected．The obtained 10calJy fhldings here cormrm the

template mecllaIlism．
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