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UV irradiation effects in Al chemical vapor deposition on titanium nitride
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UV irradiation effects on Al chemical vapor deposition on titanium nitri@éN) was investigated

by using dimethylaluminum hydride at 150 °C. Al films grew thermally at a rate of 6.3 nm/min,
while the UV light generated by a deuterium lamp reduced the rate to 5.2 nm/min. When TiN
surfaces were oxidized, Al films started to grow only under UV irradiation. Using Xx-ray
photoelectron spectrosco¥PS), we showed that the adsorbates formed on the oxidized surfaces
could be dissociated only when the UV light was irradiated. The XPS results also suggested
involvement of photoinduced desorption in reducing the growth rate1986 American Institute

of Physics[S0003-695(96)00829-7

Currently, Al chemical vapor depositiqQ€VD) is under  Si(100 substrates by reactive evaporation in a stainless-steel
active investigation as a technique for fabrication of variouschamber filled with nitroger{99.995% at a pressure of 5
metallization structures of advanced microelectronics dex 104 Torr. We used a tungsten melting pot to evaporate
vices. As the source gas, dimethylaluminum hydride99.5% pure Ti metal at 1500 °C for 80 s. The electrical re-
(DMAH) is often used. It can produce carbon-free Al films sistivity of TiN layers was 10QuQcm. TiON layers were
above 230 °C. The temperature required for the Al deposiformed by exposing the TiN films to 1 atm pure oxygen
tion can be lowered below 230 °C by coating the substrat¢99.995% for 1 h atroom temperature in the evaporation
with catalytic materialé=® As an alternative, we have used chamber. The Ti @3/2 XPS peak was observed at binding
photochemical vapor depositiofphoto-CVD.5 The UV  energy of 455 eV in agreement with literatdr@he peak
light generated by a deuterium lamp or an ArF laser helpeghifted to 458 eV, after exposing to oxygen.

to lower the substrate temperature required for Al CVD to Al films were deposited in a CVD chamber that was
about 100 °C. separated by a gate valve from the evaporation chamber de-

In the present work we investigated experimentally Alscribed above. The chamber, 270 mm long and 152 mm in

photo-CVD on titanium nitridéTiN). TiN serves as a barrier diameter, was evacuated to a base pressure >0105°
material that reduces interfacial mixture of Si with Al, and Torr by a turbomolecular pump. Throughout the present ex-
active investigations are under way to develop techniques tgeriment the substrate temperature was maintained at 150 °C
deposit Al films on TiN? Al CVD on TiN had been investi- DY an electric heater. DMAH2 Torr at room temperatuye
gated by other grougs’ but the effects induced by UV irra- Was blown toward the center of the substrate through a 1/8
diation remained unknown. We showed in this letter thatn- Stainless-steel tube without any carrier gas. We set the
DMAH was dissociated thermally at 150 °C owing to cata- DMAH pressure at 4.5 10_5. Torr, which was low enough
lytic activity of TiN, while irradiation of the UV light gen- {0 warrant the surface reactin.

erated by a deuterium lamp reduced Al growth rates. On the __AS In our previous works, the UV light, generated by a
other hand, after exposing TiN to oxygen, Al films started to1°0 W deuterium lamgHamamatsu L1833with two broad
grow only when the UV light was present. emission bands near 160 and 240 nm, was introduced into

The experiment was carried out at a low DMAH pres- the CVD chamber through a CaHens. We focused the UV

sure in order to emphasize a surface reactidcording to light to a spot size of about 5 mm in diameter on the sub-

x-ray photoelectron spectroscopyPS), the adsorbate that strate to increase the power density at the center of the fo-

plays a key role in the surface reaction was not identical Or%‘used light to about 140 mW/(ﬁ'rfnr the 160 nm_band. Hy-
the surfaces of TiN and its oxidized lay€FiON). Then, drogen gas was blown against the Gans, which served

. L : as an optical window, in an attempt to reduce contamination
subsequent dissociation of the adsorbates differed on the tw the lens surface. Then, the total pressure in the CVD

surfaces. XPS spectra showed thermal dissociation at 150 ° . ,2 :

. . . . . Chamber increased to about X.50" < Torr during the Al
on TiN, while the adsorbates on TiON could not be dlssou—de osition. We used an XPS instrumésWw Scientific In-
ated unless the UV light was present. The XPS study als P '

gtrument}; equipped with an AlKa characteristic x-ray

showed that photoinduced desorption of adsorbates on Tilgource(1486.6 eV/ in another vacuum chamber connected to
competed with the dissociation at the initial deposition stage, he CVD chamber and evacuated to-20Torr. With the slit

We explained the observed UV-induced suppression of A f an electron energy analyzer set to 4 mi® mm, energy

growth rates on growing Al layers by the photoinduced de'resolution was about 1.3 eV, full width at half-maximum.

sorption as well. Thus, XPS studies helped us to explain th?he takeoff angle for photoelectron was adjusted to 30°.
evolution of film thickness observed by a profilometer. First, we show in Fig. 1 how Al films grew in thickness

TiN layers, about 15 nm thick, were deposited ongp, TiN |ayers. The film thickness was measured by a con-
ventional stylus-type profilometer. The Al growth was com-
dElectronic mail: hanabusa@eee.tut.ac.jp pared at the center of the irradiated area and outside the
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FIG. 1. Evolution of Al film thickness observed {g) the irradiated area and 65. = .70. - '75' - .80. —

(b) the nonirradiated area on TiN layers at 150 °C. Binding Energy (eV)

iradiated area on the. Same SUbStr?te' In bF’th cases the ﬁb 3. XPS spectra showing Alp2peaks observed on TiN layers without
films started to grow right after the introduction of DMAH. uyy irradiation at 20, 90, and 480 s. The broad signal observed at 90 s was
The growth rate, measured by the slope of the straight line idecomposed into two peakdotted curvel as explained in the text. The
Fig. 1, was 6.3 nm/min for CVD, which was reduced to 5.2 metallic Al position is marked at 72.9 eV. The magnification factor is also
. shown.

nm/min for photo-CVD.

On the contrary, Al grew on TiON layers only with the
help of UV irradiation, as shown in Fig. 2. The Al films while a single, strong peak was observed at 72.9 eV at 480 s,
became detectable with the profilometer only after 6 minwhich coincided exactly with the signal observed from me-
Similar evolution of Al film thickness was observed in Al tallic Al films.!® We assigned the 74.1 eV peak to Al con-
photo-CVD on Sit° Si0,, 112 Ti0,,'% and Pd'* During this  tained in adsorbates formed on TiN. We subtracted the 72.9
initial period, Al islands started to appear on substrate sureV peak(after adjusting the peak height properfyom the
faces and grew in size, according to a scanning tunnelingroad peak observed at 90 s, and obtained a second peak at
microscope study® On TiON the Al islands were formed 74.1 eV. Thus, at 20 s the undissociated adsorbates existed
only when the UV light was irradiated, thus initiating the Al together with metallic Al on TiN.
film growth. The Al films deposited on both TiN and TiON Next, the Al 20 XPS spectra observed under UV irradia-
were highly conductive with the electrical resistivity of about tion were taken for comparison. As shown in Fig. 4, we
6 u) cm. observed the 74.1 eV peak at 20 s again. On the other hand,

XPS Al 2p spectra observed at the initial stage of the Al
deposition of TiN without UV irradiation are shown in Fig.

3. At 20 s the Al D peak was observed with binding energy —— T
of 74.1 eV. The spectrum changed to a broad peak at 90 s, Al-AlL
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FIG. 2. Evolution of Al film thickness observed {g) the irradiated area and  FIG. 4. XPS spectra showing ApZeaks observed on TiN layers under UV
(b) the nonirradiated area on TiON layers at 150 °C. irradiation at 20, 90, and 480 s.
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TiON, which shifted by 1.0 eV and therefore differed from
those formed on TiN. The adsorbates formed on TiON can-
not be dissociated so easily, even under UV irradiation, as
w those on TiN. Without UV irradiation they remained undis-
sociated even at 20 min. The UV light helped to dissociate
AAL the adsorbates on TiON and form metallic Al at 10 min. An
additional peak observed at 75.5 eV coincided with the sig-
nal we observed from AD;. The reduction of TiON was

x1(c) confirmed from the shift of Ti @ binding energy back to 455
20 min ev.

In summary, we studied Al film growth on TiN and
10 min x2(b) TiON surfaces, using DMAH at 150 °C. Al films grew ther-
mally at a rate of 6.3 nm/min on TiN, which was reduced to

a lower rate of 5.2 nm/min under UV irradiation from the
5 min x2(a) deuterium lamp. On TiON, Al did not start the growth with-
out the UV light. XPS studies showed that the adsorbates
P N S T formed on TIiON differed from those on TiN. Part of the
65 70 75 80 adsorbates formed on TiN was lost through photoinduced
Binding Energy (eV) desorption, which explained the reduced growth rates under
UV irradiation. On the other hand, the adsorbates formed on
FIG. 5. XPS spectra showing Apdbserved under UV irradiation on TION  TiON could be dissociated only with the help of the UV
layers at(a) 5 min, (b) 10 min, and(c) 20 min. The spectrum observed light h by the thick d XPS studi
without UV irradiation at 20 min is shown ifd). Ight, as shown Dy the thic r_1ess an ] st I_es' .
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