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l.Introduction
In sub-0.lpm ULSI interconnection, Cu metallization

is recently developed. However, Cu metallization has an
issue on filling capability to sub-O.lpm holes. .This is
because the sidewall barrier is required to prevent Cu
diffusion into interl4yer dielectrics. One shoulil recognize
that, in sub-O.lpm hole-filling, the resistance of Al wilhout
sidewall barriei is much less-than that of Cu with sidewall
barrier In this scene, Al is continued to be employed in
sub-O.lpm era instead of Cu. AI sputtering method cannot
be applied to sub-0.1pmhole-filling becausE of its poor step
coverage.. Aluminum chemical vapor deposition (Al CVD)
is a promising method for filling plugs with a hilh aspeci
ratio. We have invesligarg{ thiAl CVO technoligy uiing
{melhylaluminumhv4:ile [(cHt?AlH, DMAHI anii'n, 
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The features are (1) filling-capability of 0.3pm0/1pm-die'p
contact holes, (2) selective deposition bn 

'cohductiv-e

Ir-aterials, and (3) Single crystal Al growth on H-terminated
Si surface. Hbrlev4 ttr main iss-ues are its low growth
rate of 0.02pm/min and its poor morphology of thickElm of
over 0.3pm. Although high depo3ition?te of lpm/min
using .a liquid masf floiv co'ntroller is reportbd [2],
small-diameter tube in the liquid mass flow cbntrollei ii
choked up by high viscosity liqirid DMAH.

In this work, we repoit the Al CVD with high
deposition-rate usin-g direcf liquid injecrion (DLD systdm
and Al surface morpfology impiovement by Cd doping.

2. High deposition rate
For the high growth rate of lpmimin on l2inch-diam.

yqfer, the required delivering flow rate of liquid DMAH is
2Jcc/min Ih this work, w! have employeb direct liquid
injectio.n (PLI) system (rig. 1). The- feitures are li{uid
delivering 

^bV 
forygq pumprng and controllability of liriuid

flow rate from 0.006 to Z.Sic/min. In the CVn svsiem
config]ration-rrqing DLI, the requirements are that the iiquid
DMAH p_ -fqlly vaporized ih the vaporizer, and 

-the

vaporized DMAH is delivered from the- vaporizer to the
deposition - chamber without re-liquefying. For this
pyrpose, the - distance between the vhpolizer and the
chamber should tote-as short as possible;-in our apparatus,
the vaporizer and the chambei are connected^ wittr ;
ll}-inch$ l.Ocm-long tube. Furthermore, the DMAH
partial pressure in reaction chamber should be hieh because
the Al is deposited with the surface reactiSn fimited
condition regime.

_ - _ Figure 2 shows Al deposition rate as a function of
DMAH pa11ia! pressure._ ftrg deposition rare (DR)
increases witll _increase in DMAH partial pressure (pona"n}
DR =--Pq"*o'. It is noted'ttrut'oipoiition trt.t cd; 66
controlled by the DMAH partial pressure.

Figure 3 shows Arrlienius blots of Al deposition rate.
The flow rate of liquid DMAH-and the partiai pressure of
DI\{AH are kept at Z.Scc/min and 3.0ton, r6spectively.
The total pressure of reaction chamber is 4.0Torr. Tlie
growth rate of Al exceeds lpm/min over Z40oC. The
activation energy has been found to be 0.35eV, which is
coincides with that obtained by the bubbling method. This
means that DLI and bubbling methods -have the same
surface reaction model. The high deposition rate of

Lpm/min has been obtained with the control of DMAH
partial pressure using DLI.

3. Surface morphology improvement
An addition of a small amount of Cu is known to be

greatly effec_tive for improving electromigration (EM)
endurance [3]. The Cu addition to CVD Al has become
one of the major concerns. In this work, we have found
that the Cu additior! i4proves the surface morphology of Al
film. CpCuTEP [(n'iCrHr)Cu P(CrHs)rl ii used--as Cu
precursor without oxygen. DMAH, CpCitTEP and H2 are
delivered into the febction chamber at the same time.
DMAH is vaporized by the conventional bubbling method.

Figure 4 shows the XPS spectra on TiN surface with
Cu-doped Al. The growth duration is 20Sec. The Cu
peak is clearly observed on the TiN surface, while the Al
peak is not observed on the TiN surface. This means that,
before formation of Al, Cu nuclei or layer is formed on the
TiN surface.

Figure 5 shows the surface micrographs of (a) pure-Al
and (b)-Cu-doped Al. The growth driration is ab(eL. For
pure-Al growth, Al islands are formed. On the other hand,
the continuous film is formed for Cu-doped Al. Cu layer
formed prior to AI formation has enhanCed the continu6us
Al film formation.

Figure 6 shows the surface and cross-sectional
qicrograplt qf (a) pure-Al and (b) Cu-doped Al films.
The growth duration is 20min. The thickn-ess is 0.5pm.
lhe ingorporated Cu concentration in the Cu-doped AI is
O.lvfiVo. The surface morphology of O.5pm-thick pure-Al
films is poor: , The Cu-tloped--Al filnis have s'uperior
slrface morphology. The reflectivity of 0.5pm:thick
Cu-doped_Al films is found to be over 225Vo at wavelengths
of 300-600nm when the reflectivity of Si is I00Vo. The
Cu layer formed prior to Al film formation is effective to
depgqi_t O.5pm-thick Al with mirror-like surface morphology
on TiN surface.

4. Conclusion
We have discussed the Al CVD technology for high

deposition rate using the direct liquid injection (DLD systern
and surface morphollgy improvernent with Cd dofin!. It
has been experirirentafly codfirmed that high deposition rate
of Lpm/min-is,obtained with the control of DMAH partial
pressure, and that the Cu layer formed before the formation
o-f Al glgatly improves the surface morphology of thick Al
film. The combination of high deposiiion rat-e technology
and Cu addition is promising for Al CVD technology -iir
ULSI multilevel metallization.
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Fig. I Schematic of direct liquid injection system.

Fig. 4 XPS spectra on TiN surface with Cu-doped Al.
20sec growth. (P.ro,urt lTorr, Pun.rHt l2mTorr, Pcpcu'rsp.

0. I mTorr, Ta"o. :2 I OoC)

Fig. 5 Surface micrographs of (a) pure-Al and (b) Cu-doped
Al. 40sec growth. (Pro,"rr lTorr, PoM.cHr l2mTorq Pcpcuree:

0.lmTorr, To*:210oC)

(b) Cu-doped Al{The relative reflectivity is over 2257o}

Fig. 6 Surface and cross-sectional micrographs of
(a) pure-Al and (b) Cu-doped Al. 20min growth.
(P..uorr lTorr, Puu.ur: l2mTorr, Pcpcu'ry,p. 0.lmTorr,
Ta"o..2lOoc)
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Fig.2 Al deposition rate vs. DMAH partial pressure.
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Fig. 3 Temperature dependence of Al deposition rate
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