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Annealing behavior of ultratllin Mo layer 10cated at

interface or on surface of Ti-Si system
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Abstract Anneallng bchavior．at di肌reIlt annealmg temperatllres，。f an lll Lmt㈨L

M．o 1ayer located between a Ti Hlm and Si趴1bstrate or depos．ted on the top of F11卜

hce of a Ti矗Im was investigated by Rutherford backscatte川19 8peftroIIlr L。y(RBS)．

cr。ss—sectional transHussion electr01l microscopy(TEM)aIld ene。gy dispersive x一1“y

印ectrommry(EDs)In a Ti／Mo／si s“ucture，partiaIly react刊行1m wlth laycr smIf_

ture of Ti—rich silki山／Tlsi2／(Mo，Ti)si2 0II a si substrate was form剐a扎P r 55¨。c

aIlIlcallIl譬for 30 Inin．The ratio of Mo to Tl i11(Mo，Ti)Si2 1aycr decreases from ncm

si sllhsf ratc upward8 aIld becoInes zero at about 20 nnl awaⅣ111 a Mo／Ti／Si 8tnl(tllIf、．

the surface Mo laⅣer enhanccs thc Si di何jlsiuIl froI Jl the substrate dunng anllerlIirlE

Mo bearinE Ti ri曲silicidP{|xists or1 tlle surface un‘il 6(】(】。c and then convens“)(M()

Ti)S12 aner 650。C annealing，and the atomic ratio of Mo to Ti dccrcases froIIl thP“】p

surhce iIno Ti siIicide矗lm．and becomes zero at ahollt 30 nm away f1 urTl thc sLl“af⋯

In hoth fascs of intcrface Mo aIld surface Mo Iaver，the atomic ratio of Mo to T1 11I

thc rczion uf(Mo，Ti)Si2 was found to be ve。y low wlth柚avPra卵valllc oflcss‰Ⅲ

0 2 Low contcIlt of Mo iIl Mo co工ltaining temary smcide leads ea矧y to f hc f。rmatl。I L

of the乱able phase of c54(Mo、Ti)Si2．whidl矾协矾a teIIlplak扎r妇e formatLon(1f

C54 TjSl2 bcIlcmh wlleIl Mo is deposited on the surface
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1 INTRoDUCTIoN

Tisi2 has been widely used 1n si-b狮ed very large scale integratjon(VLsI)tecllnuI_

ogy owi】19 t。its low resistivityjⅡ吐thermal stability and tec主lIlological nlaturity
1⋯

TiSi2 usually e血sts in tw。phases One is the metastable base—centered。nh。rhom”

bic crystauogr印“c structure(c49)with Tesisitivity of 50～70 pncm and the other is the

equjhbrium face．centered st丌1cture(c54)with resistivity of 15～20 pncm．The c54 Tlsj2
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of low resistivity is desjred in microelectro工lic devices Metastable C49一TiSl，forIlls矗rst

at 300。C～550。C and hi曲er temperature of about 700。c is needed for the formatlon

of equ主librium C54 TiSi2 through transition of C49一C54 However，the temperatllre for

the tr甜lsition of C49一C54 wm be increased in narrow si Une with width smaller than

O 5“m due to reduced density of C54 TiSi2 nucleation sites【引 It is weU known that t11e

fomation of C54 Tisi2 wiu be enhanced by the introduction of refractory met“(such
as Mo，Ta aIld Nb)into a Ti—si system，either by jon implantatjon into si prior t。Ti

d。p。sition，by deposition as aIl interposed 1ay目between Ti and Si，。r by co—dep。sitl。n

with Ti as an aUoy mm【4““ Intensive stu山es including experimental and theoretlcal

works have been fbcused on mechamsms of the enhamcement efkct of refractorv nlet以

on the formation of C54 TiSi2【5'8～1川 Template e髓ct was pToposed to account for the

enhaIlcement e艉ct by refractory met“on C54 TiSi2 formation，in which the fornlatlon

of c40(Mo，Ti)si2 is invoked for the direct formation of c54 Tisi2 since c40 and c54

lattices share the same atoITlic arraTIgement in their stackiIlg pIanesp-圳 It is obvious

that the struct砒e of(Mo，Ti)si2 is the cntical factor for its Tok as seeds for c54 Tisi2

nucleation．The thermodyn锄ic eqlnnbri眦phase of(Mo，Ti)si2 is either c40 or C54，
whjch is related to the atoⅡdc ratio ofMo to Ti[12 1引．Both C40 and C54 fMo，Ti)Sl，wm

enhance the fomation of C54，TjSi2 due to the template eff色ct，even a Mo laver locate8
at surface【9，1川．On the other hand，phases of Ti rich sihclde，sudl as Ti5Si4，Ti5S13 and

TiSi，e)【istiIlg in partiaⅡy reacted丘lm formed at low temperature，are also important for

the formatlon of TiSi2【14—1 6|．

By invest咤ating the anneahng behavior of Mo 1ayer witllin the Ti—si 8ystem，thc

present paper fbcuses on the】讧o redistribusion after anneahng The result here wiU bo

beneficial to shed a light on the fbrmation of j讧o contajlling ternary si】icide

2 EXPERIMENTAL

In this experiⅡlent，Ti and Mo丘lms were deposited with diffbrent sequences on

lightly doped si(100)by electron_beam evaporation withoutbreaking the vacuum Two

sets 0f samples with di艉rent structures were pr印ared One is 50脚Ti／0 9 mn Mo／Si
whj出is denoted as sample I(Mo at interfacel a11d the other js 1m Mo／44 nm Ti／Si
which is denoted as s锄ple S fMo on surfacel． A 48nm Ti on Si subst『ate withoIlt
Mo deposition was also prepared as a reference sample denoted as sample N AU the

samples were aImea】ed in a difhlsion胁nace in purmed Ar at 550。C to 650。C for 30 I证Il
SoUd．state interactions of Ti，Mo and Si were then characterized mainly by Rutherford

backscattering spectrometry(RBs)with a 2 MeV 4He+beam with large incident a119les，

such as 50。，70。，to improve depth resolution and avoid the plane channeUng e舵ct By

resort血g to cross—sectinal transI工1ission electron n正croscopy(TEM)and energy djspersiVe
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x—ray 8pectrometry(EDs)with an electron beam of 6～9 nm in diameter，a study of the

10cal change 0f the atoIllic ratios of(Ti+Mo)to si and of Mo to Ti hside the silicide

矗hn was carTied out．

3 RESUI』S AND DISCUSSl0N

Dtlr洫g annealing ofthe Ti／Si sample，

formation of the Ti riched s血cides begins，

foUowed by the growth of TjSi2，through

the continuous山frusion of Si atoms fIom

the substrate．Ti silicide formation in the

thIee sets of saⅡlples(N，I and S)with re一
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During annealing of sarnple I，the Si at。ms diffhsion fTom the Si substratc thr。ugll

the jnt钳face Mo la”r to feact with Ti kd to the c。nsecutive shifts of乇he M。peak t。

10wer energy(Fig．2) The change of Mo peak shape is due to the redistributiun。f Mo

during tlle formation of M。cont村njng terna‘y s山cide

En●rgy／MqV

Fig．2 Partlal RBS spcctra whic}l is thc Mo

signa】o!F培lb曲。wing Mo red诂tfmlnjon m

saIIlplP I“ter a11Tlcaling at 550。C aIld 600。C

for 30 r血n

Eneqy，M“

Fig．3 Partlal RBS spcff ra sh。wing M¨

rPdAtribu“oIl anP】annealing f，1)^r

550
o C～65I)。C凡r 30 Inin 7ro ellll cLIl(⋯tll

f1叩th resolutluIl for the Mo sigIlt L1 rLIl

incldent a119ic of 70。was use({

IbT salnple S，Si a11d Tl are believed to have Teached the toP surface since thelf

sj印出s stem矗om their s址face posⅢons after annealmg，but the Mo pe a工c leaves away a

little fr。m its smface p。sition to 10wer energy(Fig 3) Ttle phen。menon itldicates thaL a

verv thin 1ayer cont aining Si and Ti but free of Mo was formed on the surface，which was

con疗rmed by XPS results，whereas the oxidation layeT consisting of Si02 and T102 but

free of Mo element was formed on free surfaceil⋯ The shape of Mo peak als。indlcates

the Mo redistrlbution in tlle surface Mo contailling tern甜y siucide after anne出iTlg The

Mo disⅢbution is found to keep出most steady after 600。C‘Ⅶneahng

Fig 4 shows the cross．sectional tran5面ssion bright舶ld morphology。f partlaUy

reacted丘lm of sample I after 5500C anneabn只 The whole siUcide fllm is measued to be

about 90 nm．An EDS measurement waS performed verticaUy and 1ateraUy in the矗LHl at

the p。sitions maTked by the white points in Fig．4 to obtain the corrlposition infbrmatlon，

as summarized in Table 1．It is found that Sj content in the entiTe s订icide layer reduces

consecutjveIv fronl the interface near to Si substrate to the top surf．ace IIl the bTlght

re譬ion from A to C of about 60nm thick)TiSl2 f曲mation has been“rnost compIeted，

wmcll is in a盯eement with the RBS result prese砒ed above The Ti rich sihcide Layer

exists above the TiSi2，i．e．，in the dark region in the最1m in Fig 4 exists the Tl“ch

smcide laver At position A，the eH色ct from the Si substrate kads to a smaUer value of
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rich silicide layer close to the surface oxidation layeT A Ti5Si3 ph越e has been detected

by glancing angle XRD in the s锄e sample[1“．Therefore，the value of 1 25 of the ratio

of(Ti+Mo)to si at position c indicates that about 10m(Mo，Ti)5si3 remaills at the
region close to the smface o】【idation 1ayer．

The ratio of Mo to Ti between position B and C is low，i．e．，0．08～0．09，and reduces

drasticaUy to be 0．01 at position A．Therefore，while most of Mo locate in met al nched

sihcide just beneath the s11rface o】【idation layer，a sman amollIlt of Mo is imbedded into

underneath TiSi2

Ⅱthe aIlIIealing temperature is raised to 6500C，the change of Mo content has a

sinlilar tendency as that of sa棚pk S annealed at 600。C (see Table．1)However，the

atoInjc ratio of(Mo+Ti)to si becomes 0ver 0．4厅om A to C，i工ldicating the conversion of

the rem血dng(Mo，Ti)5si3 layer at 600。c to(Mo，Ti)si2 at 6500c．At positions from c to

D，the ratio of Mo to Ti reduces obviously丘om 0 16 to O．08．This result is iIL agreement

with both the RBS reslllt presented above and XPS reslllt．Similarly，“l v“ues of Mo

to Ti ratios measured、张re found to be Very low，whjch possibly makes the(Mo，Ti)si2

with C54 structure a stable phase due to therrnordyna面c reason【1引． Once fbrmation
0f C54(Mo，Ti)Si2 occllrs如stly，transition。f C49 to C54 TiSi2 is expected to take

place downwards induced by the s11rface c54(Mo，Ti)si2【11】 c54(Mo，Ti)si2 acts as a

templete for the enhanced transition of C49 to C54 TiSi2．

4 CoNCLUSIoNS

Di艉rent efrects of an 1lltrathjn Mo layer locatedbetween a Ti 6lm and Si substrat8

or on the free surface of a Ti矗hn on the di开hsion of Si and on the anneaJing behavior

of the Mo layer were inVestigated by Rutherf。rd baclcscatteriIlg spectroⅡletry(RBs)，

cross_sectional trans血ssion electron面croscopy(TEM)，and en盯gy dispersive x—ray
spectrometry(EDS)．It was found that the interface Mo layer hmders the diffhsi。n of si

during a皿eahng，whereas the surface Mo layer enhances the(hfhlsion of si．In Ti／Mo／si

stmctllre，p盯tiauy reacted mm with a layer st九lctllre ofTi—rich sihcide／Tisi2／(Mo，Ti)si2

on Si substrate was f0Ⅱned批er 550。C anneahg for 30 r血n．The ratio of Mo to Ti in

(Mo，Ti)si2 layer decreases continuously fTom near Si substrate upwards in the region

of(Mo，Ti)Si2．In Mo／Ti／Si structllre，Mo beariIlg Ti-rich silicide exists on the surface

1Intil 6000c and then converts to(Mo，Ti)si2 after 650。c annealing．The atomic ratio of

Mo to Ti decreases contirLuously丘om the surface into Ti siHcide film and becomes zero

at about 30 nm￡rwav{lom the slⅡfhce In both cases of interface Mo and surface】蛆o

lay盯5，atoⅡ1ic ratio of Mo to Ti in the region 0f(Mo，Ti)si2 was folmd to be yery jow，
with average value of kss tha工l 0．2．
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TBble 1 Atomic ratios of Metal，i-e，(Mo+Ti)，to si，aIld ch08e of Mo to Ti obtained by EDS

measurements vertically and laterally at positlons marked by le‘‘crs froⅡl A to D aIld Arahif

numeral8 from l to 3 of sample I at 550。C shown ilI Fig．4．Ratiog of Mo to Tl in a stlec Le(1；Lr(、“

close to the surface of sample s at 6000 c as 8hown in Fi95 and at the siImla。positions iIi a

selected area close to the surface of salllple S at 650。C were aIso obtained by EDS
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