i= mogtly 3 function of the laser scan speed. The nincleated ling is 50 thin and discomtinsous
that it conbd not be used Mo any practical purpose: When the substrale is uniformly heated 1o
150 *C und exposed lo DMEAA (reagens panal presoure 008 toer, reactor pressare 40 toer), Al
sLasts to deposil selectively on the nockeatod area,  Aficr 3 mimates of selective deponition by
thermal CVD, the thickness of (he (ully developed line hag reached | pm as shown in Figure
dfe}, The width of the line remains nearly the same as in nocleated sate. Thas this techniqoe,
may bie wsed to write thick. numow lines. The structure of the developed line ts shown in the
cxpandezl presure, Figore 4{d).

SUMMARY

We have demonsirated pyrolytic laser ©VWID of high gqualiny Al lises From
dincihiplethyiamine alane. The resulting Al deposits had no meassrable O 2and C impurities,
and the fesisitivity was-about 1.5 times that of bulk Al Deposition rates wire sironply
depenmiont on ke satere of e substrate, supgesting thal necleation was a eritical cloment
the depasition process. The prowth rates on ™Moand A surfaces were higher than thote on 5i
This differenie in prowih rates was exploited in a two siep fast writing procesa - fascr
nuclemion follow by sclective growth by thermal CVD
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THE REDUCTION oF cull COMPOUNDS BY EXCIMER LASER
IARADIATION FOR COPFER METAL DEPOSITION

WM.SUYS, B.MOFFAT, M.-H.BERNIER, AIZQUIERDO, S.POULIN, M.MEUNIER and
E.SACHER

Ddpariament de gére physique and Groupe dos Couchas Minces,
Lot Podplachnique do Mortrdal, Mestréal, Cuebec, Canada, HIC OAT.

ABSTHRACT

Thie shart (UV) wavalength and the large beam cross-soction of excimer lasers
arg expocted to permil high resslution projoction pafierning and, lor this reasan,
excimer laser deposition of Gu lrom organometallic precursors appears Lo Do an
inleresting alternalive tor molalization in ULSI circuils. Unlorunately, the phalakylic
docompasillon ol thase precursors leads 1o slrong carban cenlamination of the
duposils. Howowar, tho valence slate of 1he Cu in such daposits is unknown, i this
papor, Mo roduction of iwa Gu (1} compaunds, Culhmacly and Culhlacky. undor
pacimar lasas ipadialion in o hydeogen ambiont i3 discussod, 1L is shawn, with X-ray
Phatasteciron Speclroscopy, that, under our gxpanmontal conditions, Cuthmac)z is
reduced 1o a Gu (1) compound whilo same of the Cufhlac); appaars 1o be reducod
io the metaliic state. Furlhormone, reaction of the SiCe sulisirato wilh the catbon
fram the Culhmac)s precursor is obaonnd,

INTROOUCTION

Coppor 15 known 1o havo a high elociromigroion resistance, lewe rosslivily and
high meling painl compared (o e commonly wsod mojorinls for inlgreonnocions,
Al and Al-Cu, Howoevar, sinco it eilfugos rapidly [n Sllicon [1], Cu s a good candidalo
maternial only for upper [Eve! metallization, Ta achieve this motalization, sevoral
groups have discussed the Chemical Vaper Dopositien (CVD) of Cu, using a vanaly
ol Gu (1) and Cu (1) organametallic precursars [2-12] chasan for 1hair valafilily at
moderale emperalures, thermal stabilily, ease of roduction o metallic Co and
valalile organic products, and low laxicily [13], Given 1ho difficully in olching copper
with submicronic résolulion, solective processes are an altractiva allermalive, Lasor
CVD of Cu, using some af (hase same précursors, |5 such o seleclive process and
has boen reporod Dy 4 few authors [I4-26], From (haso ropars, it appoars thal a
pyrolylic reduction ol tha peocursors, using a visible laser baam, leads 10 pute Cu
while a phatolylic reduclion, using o UV beam, leads 0 deposits sirongly
cantaminaled with carbon, Howewer, the shor wavolenglh ol an excimer laser is
advaniageous in that it would permil large surlace projection pafteming o high
resolution intarcanneclions.

To achieve he doposition of a pure metalic Cu film wilh an excimer aser, i s
therefare essential 1o gain a battor undorstanding of the reaction aclually laking
place and 10 dalerming the nature of (he non-volalile carbon species confaminating
Ihe dapasits. We prosent nere resulls chiained from the study of the reduction of two
Cu (1) precursars, Cu(hfaciz and Cufhmac)z, under KrF excimar lasol imacalion at
248 nm using hydragen as bolh the carrier and lhe reduoctant gas.
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Table I; Typical expermental
candiions for the deposition with
Culhmac)y

n H
/f\: n/.,.__\ KrF excimer lases:
e, . 1....:: L =248 nm

‘.__. \ E._Fm_..w"m:u_._u
| n:ﬂwmﬂu_ucwmm.:ﬂi._néﬂa
[ V&/ / enengy density: ~100 mlicm?
:....,.. ; Deposition condiions:

\p base prossure; 10°7 torr
" /.. d precursor tomperalure: 50-80 °C
Ha fiow: 20-B0 scem

Fig.t1! Struciure of Cu {l} precursors.
pporating pressure: 2.10 tor

Culhaclz: B =T Culacaciz: A =H,
Cuihmac)s A = CHy. =

EXPERIMENTAL _

Tho oxcimar loser [Lumerics TE-8615) was oparated with a KiF gas mixlufo
amithng a1 248 nm, and at a typical repetition rate of 10 Hz The enorgy refleciod
oll 1 guarz wintdaw wos moasured by n Genlec ED-200 Joulemater 1o doterming
the erergy densily incidont on the subsirate. Altor a shghl ftocusing, tho beam
trnched o cubstrate by passing through a UV-grade fused silica windaw

The lwo procursars, copper () bis-hoxalluaroacelylacelonalo {Cufhlac)y) and
gopper (11 bis-hoxamethylacolylacelonata (Cu(hmac)s} were purchased from Slrem
Chemienle, Thi structute ol such compounds is lusiraled in Fig, 1. whate wa can
s that oaly tho group in e Mol pOEINon vanss from one precursof 10 the othod

A small guanily of M dozired procursar was transferred 1o A chambor wheeh
eowid 1hon be heated to o siable tomperalure. Shor axdposute (0 QiF wWas
unavaidablo during the leading ol the precursor, and the formalion of hydrlos
tho surface ol the cxposed Culhlacly is possible. Novertheless, prévious repons
sugmest 1hat this does nol altect the purnity of the doposi bul, rather, the depasition
rale 15,12], wiich 1s not a concern of 1his study. Hydration of the Cu{hmac); is not
mapectod, based on tho dala givon by the manudnciurer indicating that this matesial
in alr ned mossture-slatdo,

Films ware deposited on o 0.6 pm thick plasma-grown 505 layer ovet sihoon
Substrates were firs! degroased in spocessive balhs ol not inchicrocthane, acetons
and 2-propanal, rinsed in doionized wator and dried in fiowing Nz. Aher insortion of
the. subsirate inlo the slainless sieal reaction call, (ho Sysiam was purged with-a
confinsous Now of argon and heated 1o the desired oporaling temporature 1o parmst
the ramoval ol confaminants thal enlored the sysiem during the transter It WS {heén
pumped to a base pressure of 1073 torr with & rolary mechanical pmp, During the
exponments, care was taken lo hoat all gas distnbution pipes ardd the reaclion n_....u_
1o a shomly higher temperature than thal of the solid precursar, o gvoid
congensation. Typical condiicns lor deposition with Cufhmac)s ars given in table L

The shapa of the deposils was examined with 2 Dextax proflometer and SEML
Tha composition ol both the deposits and the solid precursnls wers studied by X-ray
Phaotasloctron Specttoscopy (XPS) on a VG Escafab MEIL using the Mg Ke ling
{1253.6 eV). The samples wore transiemed in air |o the preparation chamber ol the
spactromeler. The precursor powders werd finely crushed and prassed into an
indivm sheat fo permil their mounting on the sample holder; ihay were exposad very

3]

briafly to air balore enlering the preparation chamber. All samples wore degassed
ig a pressure of 10°8 mbar before measurements.

RESULTS AND DISCUSSION

Since both precursocs absorb at 248 nm [16,25) there is no dould that the
photochemical contribution plays an imparlant part in the reduction. This
photochemical reacten and its products have not yel been cleary idantifled, and it
was our purpase, theough thie use of XPS analysis. to gain a betler understanding of
this UV laser-induced docomposition. To our knowledge, no repons have been
made concerning the chemical siate of the Cu in excimar laser-depasited Nims:is i
metallic or i a highar valonce stale?

In order to identily tha fren and bonded chamical spocies in the depogils, i was
lirsl necassary o oblain XPS specira of the pute solid procursors, Fig. 2 iltustrates
the Cu 2p binding energy region lor the Iwe precursors sludied and for copper bis.
acelylacelonata (Culacac)z), also purchased from Strem Chamicals. Although afl
three compounds are Cu (1), we nole the absonco of the fypical Cu {ll) shake-ups,
griginating trom the d® eloctronic conliguralion ol Cu24, on the spoecira of both
Culhmag)z and Culhlacz. This can lomatively be expiaingd by the inductive ollect
al the Bgands shown in Fig.1, 1t 1% known that the CHy group has a sireng eleciron:
danating olfoct thal pushes elecirons loward tho Gu atom, giving il more ol a g1
confiquration, Hydrogan has a similar indiective olloct, althaugh nol as strong, S0 we
can slill datoat shako-ups on [ho Guiacacks speclium, Fluoang, on the ot hand,
has a strong electron-withdrawing ollecl, imparing & b conligusation (Cu (1) @ 1he
Cu ttom in Cuihlac)s, hus oxplaning the absence of shako-ups in e spectoum,

As roperiod by athers, the carbon contaminalion was high in all deposited fiims
{CACE=13 lor Culhmaeg)y and C/Cu=0 for Cuihiac)a), but it should be noted that the
dopasits ohinined wore always 160 thin amd discontinuous o allow spullenng ol the
surtace contaminnnts belore XPS maasuremenl, These conlaminins orginale rem
unreactod and panly-reaciod spocies adsorbed on the fim alter lager exposute, and
fram ale exposurg disting tha eanslor of 1he samiplos o Ihe spoctramotaer. For Ihoso
resons, ©, O and F {in the ease of Culhlack:) signals dolpcted wilh XPS
belevad lo ba graatar 1han their aglual eoncestrations in the bulk ef the doposig, i
was nlso noted, as repenoed by athorg [14], ibat ol spols were surrounded by o thin
halo, It % of interast 1o poinl aul (hat some ol 1he doposils show (hick {3000 A) island
slructures, consequent with provious reports that Cu deposilion is enhanced on
metallic surlaces [12). Once Cu stars lammlng on the S0 surlace, || acls a8 o soed
jayer where further growth is promated. The "ilms® ara thecelore constiluled of areas
(islands) with thick deposits and olhers where no gormination has taken place.

The XPS Cu 2pas peak for lyplea! nser-deposited Hims lrom the two precursors
are shown on Fig.d, Wao geo (hol no shioke-ups are detected (Iho small peak ot
nigher binding anorgy belng the Ke satelite of (ho 2pyp peak), which is indicative
that the lager and He exposure hove reduced the inilial nominal Cu (1) molecules 10
Cully or metalie Cu. Calculated Auger parameters (o) roinforce [his observalion. 1
can also be seen thal the Ou #pas peak s much narrowar in the case ol (he
deposits made with Culhlac)a, as found lor metalic Cu, suggesling thal 1his
malecule is maore offeclively reduced (o melalie Cu under our experimental
condibons:

One ol the mast inferesting resull is revealod when one compares the G 1s and
5i 2p spectra ol lhe laser-deposied Co(hmac)y with thal of the adsorped
Culhmac)z (Fig.4). In 1hi% tatier case, only parl of the samplo was irradiated with the
heam, but XPS measuremenls were made bath on thal region and the unirradialed
region. I can be clearly seon that the laser exposurd provoked a reaclion batwoen
the Si0z subsirale and the carbon from the precussor, resulling in a 5i-C compound
which appears as a peak al lower binding ancrgy on the carbon XPS spacirum, and
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as a corresponding peak, al lower energy than thatl of the 502, on the silicon
spactrum, Calcutation of the aroa of the siicon carbide peaxs gave & CfSi ralio very W”_
cioso 1o 1. Others have previcusly reporied the formation of W-C from thermal
MOCVD of Cu on lungsien with Gu{hlac)z as ihe precurser [2], and the thin hako
surraunding the laser induced depesils obsernved by Houle et al. [14] were =ad 10
he mostly composed of carbon. These resulls and ours indicate a reaction of tha
subsirate with 1he precurser which conlaminales the interface between the Cu
metallization layer and the subsirale, resulling, amaong other things, in poor conlac

resislivity with vias connecled Lo tho lower level inlorconnechons. c-C
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CONCLUSION

Wa hove studied 1he reduction of Cufhlac)s and Culhmacls compounds undar
areimer laser irradiation in the prasence of Ha. Il appears from those resulls that the
reaciion taking place is enough 1o roducs those Cu (I} precursors 1o Co ([}, but Bl
roduction 1o motallic Cu is only panially achioved under our gxpetimonial
conditions. Wi have aloo shown the Jormation of SiG in ihe case of the Cufhmacls
precuisar reacting with the substrale. Such 2 contopmination ol the nierizce |
bilween subsirate and deposil would Increase conlall resistance in crcals and A
should therefore be eliminated, possibly by using an cxidan! cunng ihe doposiBan. T T T 1 = i T T

Furiher rodox studies aro necessary if one hopes to deposit pure, contaminant. 10T 062 1046 109%  101F 1642 1100 10780 056 1004 10L2 Gaa
free; Cu fiims with an excimer laser. The problem of he tnckness and unilormity of Hineing Eneray (oV) Binding Enargy (eV)
ihe deposils also needs (o be addressed more thoroughly. The advent of new Cu (1) Y
precursors mighl prove 1o ba an interesting alternative lor the photochemacal
generalion ol Gu thin lims, since their decomposition lo retalic Cu proceeds
{hrough a disproporicnation reaction rather than a reduclion.

Fig. 4: XPS specia of: a) G 15, adzorbed Cufhmach; b) C 15, depost
e) Si 2p, adsorved Cuihmac),; d) 5i2p, depesil
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LASER-INDUCED SELECTIVE COPPER DETOSITION ON POLYIMIDES AND
SEMICONDUCTORS

Mﬁﬂmw.ﬂan ltwang', 8. 5. Kher', I. T, Spencer” and P A, Dowhen®
' Depariment of Physics, Syracwse University, Syracuse, New York, 13244-1130
! Department of Chemistry, Syracuse University, Syracuse, New York, 132444100

L ABSTRACT

Tt has been demonstraled Uil copper can be scleotively deposited on a variety of
substrates including Teflon (polytetrallucoethylene or FTTFE), Kaplon (polyimide resin), silicon
and pallium arside from solution by photo-assisted fnitiated deposition. A copper containing
solution was preparcd from a mizture of copper{l) chioride (CuCLY and decaborane (15,10 in
diethyl ether andior THF {ietrahydrofuran). The copper films were fabricated by ultraviodel
phatalytic decomposition of copper chloride and polyhedral borane clusters. This liquid phase
deposition has 3 gas-phase cluster analog it also resulls in copper depasition via pyrolysis. The
approach of depasiting metal thin Rlms selectively by pholysis from solution is a novel and an
underutilized approach 1o scleclive area deposition,

L INTRODUCTION

Laser-induced melal depositions on semiconductor surfaces lve received mued alieation
for possible use in electranic device fabrication. Also, metalfpolyimide inlerfaces are importan
in micreclectronic applicitions. Copper 5 one of the csaentlal conducting melals in the
microctectronic industry, Laser-mduced eopper depositinn has recently been reporied [1-14]
Thete investigations involve both LIV lasgr photolysis [1=1] as well as laser pyralyss [1,5-7)
from the gat phase, A few laser assisied deposition sudies of copper rom solution bave also
been reporied (8- 14], 1 s been demonstrated tal copper (from salution of Cu,CL 4+ BHL)
can be deposiled on Tellon (palyleiralluoreethylene or FTFE), Kapton (polyimide resin), silicen
and gallium arsmide substrates using a pulsed nitropen fsee,

In our work, copper was deposited on substrales via pulsed nitropen laser irradiation of
a3 copper salulion in contact with the subdtrole surface, Copper deposition was foud 1o aocur vin
a UV photolytically induced reaction in solution between the subistrate and the copperil) chlanide
mediated by the borane cluster, The sclema 35 wnlque, Doe primarily to it physical propenics
(15} deaborang (B H, ) was found 1o be the borane of chobos, “The postulated eliemical reaction
lor deposition from this solufion 15

v
CuCl, + DI, s 2Cu(5} + B H,C1 + HCI {13
MH0°C

The mll of the U,¥. photolysis is that the extremely inlense pulses can supply o
sfficiently high density of ircoming photons to initizle and sustain reaction (1) Since ULV,
phoiolysis is not known as a thermal process, the localized light provides coough cnergy o
deposil copper o plastie sehstrates such as Teflon and Kapton which lave low thermal
conductivilies without hesting the subsimte. This may  also be advantageous for cerain
applications where edther high tenpemures can result in for conventionad altoying or otherwise
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