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Ti-ion irradiation is performed through a
stencil metal rnask at 600 eV before
conseeutive processes of laser CVD and Lp-
CVD. A low-acceleration energy is applied
to ensure that Ti is not implanted into the
SiO.' Iaver. Laser radiation is
indispensable for initiating deposition

IMRODUCTION

The maskless metallization process is
one of the most attraetive interconnection
techniques for fabricating future
LSI s 1, 2, 3 ) . The aim of the present
research is to achieve patterned CVD of W

films on SiOr.

In conventional LP-CVD with WFO and

HZ, W films are selectively deposited on Si
but not on SiOZ. Such selectivity
originates in the reduction reaction of WFO

by Si, not by Siora). To deposit metal
films, two different types of ion
irradiation have been adopted and they are
performed before the CVD step5,6). Hennessy

et aI. has demonstrated seleetive CVD

tungsten on Si implanted SiOZ in whieh Si
acts as a reducing agent of wru6). In their
proeess, however, etching of the SiOz
surface has been necessitated to expose the
Si layer to the reactant gases, because Si
has been implanted into the SiO2 layer at
25 KeV.

In the present research, in order to
achieve patterned CVD of W films on SiO2,

Patterned chemical vapor deposition (CVD) is performed to deposit tungsten
(tt') films on silicon dioxide (Sior). First, titanium (Ti)-ion irradiatiQn
through g stencil metal mask is peiformed at 600 eV for a dose of 1.1 x 10ro
atoms/emo. Second, Argon-fluoride (ArF) excimer laser-CVD with tungsten
hexafluoride (WFn) and hydrogen (Ho) is earried out for 40 seconds at 400 K.
Finally, low-preXsure (LP)-CVD is -earried out at 600 K. Metallic feature ttl
films appear only on the Ti-ion-irradiation pattern. Without the laser CVD
step, no W film deposition occurs. Therefore, Iaser radiation has essential
roles in our experiments.

reactions.
monolayers

beam system, and

shown in Fig. 1.

Our results indicate that a few

of Ti-ion irradiation and laser
CVD enable the eontrol of W deposition and

the maskless I{ metallization on SiOr.

EXPERIMENTAT

The experimental apparatus consists of
a stainless steel reaction chamber, &tt ion

an ArF exeimer laser, &s

Si wafers were thermally
oxidized in steam at 11?3 K. The SiO2-
covered wafers were etched with a solution
of 5 % hydrofluoric acid to remove surface
contamination just before they were
introduced into the reaetion chamber.

The first step of patterned CVD was Ti-
ion irradiation through a stencil metal
mask. The mask pattern was transferred on



the SiO2 surface. The total
dose of ion irradiation
corresponded to a few
monolayers of Ti.
Background pressure during
ion irradiation was 5 x Lo-3

Pa. The second step was ArF

excimer laser CVD with WFo

and HZ at 400 K. Total
pressure was 53 Pa. A laser
beam controlled by pulse
mode was magnified about six
tines. The wafers in the
reac tant gase s hre re
irradiated perpendicular to
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the rectangular laser beam for 40 seconds.

Arrangement of the substrate, stencil mask,

ion beam, and Iaser beam has been

illustrated in detail elsewher"T). The

final step was LP-CVD at 600 K. Total
pressure was raised to zLO Pa by reducing

the pumping speed of the reaction chamber.

The experimental conditions are summarized

in Table I.

Table I. Experimental Conditions

Ti ion irradiation

Systeml

Fig. l- Experimental apparatus.

Results of Patterned CVD

The results of the patterned deposition
of the W films are presented in Fig. 2. The

ion-irradiation pattern is not cIear, &s

shown in Fig. 2(a). After the laser CVD,

the pattern in Fig. 2(a) beeame a littIe
more clear, but metallic features (gloss)

still do not appear. At the beginning of
the subsequent LP-CVD, the ion-irradiation
pattern once faded but did not disappear
completely. Then, &s shown in Fig. 2(b), a

metallic pattern appears, but only on the

Ti-ion-irradiation pattern.
It must be noted that, without the

Iaser CVD step, the ion-irradiation pattern

disappears during LP-CVD and no W deposition
occurs. This fact implies that the laser
radiation initiates deposition reactions.
However, Ionger laser CVD times cause non-

selective W depositions on the entire laser-
irradiated SiOz surface during LP-CVD. It
is thought that these non-selective
depositions were induced by the photon

absorption of WF.S) in the gaseous phase or

on the SiOZ surface.
Fig. 3(a) shows an edge structure of

the pattern. A machining burr of the
stencil mask was also transferred as a

fimbriation of the pattern. This result

Ion energy
Dose
Substrate temperature

Laser CVD
FIow rate of WFU

H2
Ar*

Total pressure
Substrate temperature
Laser energy density
CVD time

LP_CVD
Flow rate of WFU

H2
Ar*

Total pressure
Substrate temperature

600 eV
1.1 x 1016 .r-2
R. T.

LG ccm
200 cem
200 cem
53 Pa

400 K
330 mJlm2s
40s

16 ccm
200 cem
200 ecm
2lO Pa
600 K

*Ar is also fed into the reaction
chamber near a laser introducing window
to avoid undesired deposition of
reaetion products on the inside of the
window.

Excimer
Laserl

Ti-ion

Stencil Metal Mask
(Pattern width

500 rz m)



(a)
Fig. 2 Patterned

SiOZ. (a)Af ter

(b)
of W film on Ti-ion-irradiated

irradiation, and (b)after LP-CVD.

fieId. On the other hand,
secondary nucleation has already
started on the continuous film in
the bright fieId. Hence, initial
nucleation density in the gloomy

field was lower than that in the

bright field.
The gloomy field corresponds

to a penumbra (a partial shadow

outside the complete shadow of
the stencil mask at the ion-
irradiation step). It is thought
that the smalI amount of ion

cvD
ion

(a)

Fig. 3 SEM micrographs. (a)b0O-micron W

pattern, and (b)edge of the pattern.

indicates that the deposition of a 10-micron

pattern is possible.
In Fig. 3(b), a gloomy field is

observed at the pattern edge. The border

between the gloomy and bright fields is
examined in more detail as shown in Fig. 4.

These two fields exhibit different stages in
the film formation pro""rrg). Coalescence

of islands is progressing in the gloomy

irradiation in the penumbra resulted in low
nucleation density at the laser CVD step.
Therefore, we strongly believe that the
amount of Ti-ion irradiation can eontrol the
nucleation density at the initial stage of
the fitm formation process.

Fig. 4 Magnified SEM micrograph of the
border between the gtoomy field (feft)
and the bright field (right) in

Fig. 3(b).

DISCUSSION

A mechanism of the patterned CVD of W

films on SiOZ is explained by eonsecutive
reactions of a H, reduction of TiO2 and a Ti
reduction of WFU during laser CVD.

Auger electron speetroscopy (AES) showed

that the material deposited by Ti-ion
irradiation was fairly well oxidized Ti,
i.e., TiOz. In the case of skipping the
Iaser CVD step, TiO2 reacts with WFU during



LP-CVD. This reaction is given by,

Tioz(s) + 2wF6

where WOF4 has a boiling point of 459 K and

vaporizes into gas. Consequently, the ion-
irradiation pattern completely disappears.

On the other hand, in the case of the

regular process, a HZ reduction of TiOz

given by,

Tioz(s) + 2H2G) -> Ti(s) + 2H2O,

beginning of LP-CVD by the reaction (1).
Therefore, the ion-irradiation pattern once

faded at the beginning of the IP-CVD.

ST]MMARY

Patterned CVD of W films on SiOZ has

been achieved using consecutive processes of
Ti-ion irradiation, ArF excimer laser CVD,

and LP-CVD. Ti acts as a reducing agent of
WFO. Laser radiation is indispensable for
initiating deposition reactions.

As described, a few monolayers of Ti-
ion irradiation and laser CVD control the

deposition of W films and enable the
maskless W metallization on SiOr.
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(2)

is induced by the photon absorption of TiOZ

at the early stage of the laser CVD. The

positive sign of the free energy change

(+93 KcaI/moI at 400 K) predicts that the

reaction (2) does not proceed spontaneously.

However, TiOZ is an n-type semiconductor and

can absorb ultraviolet photons which foree

the reaction (2). Therefore, the laser
radiation is indispensable for the reaction
(2) .

The reaction product of the reaetion
(2), Ti, immediately reduees WF6, i.e.,

2WF6(g) + 3ri(s) -> 2w(s) + 3TiF4(g). (3)

This reaction does not occur in pyrolysis.
Broadbent et al. reported that reaction
products of WFU and Ti are W and nonvolatile
TiFB which renain on the substratel0). In
the present experiment, no TiFx layer was

detected by AES after the Iaser CVD.

Therefore, laser radiation was able to
change the reaction path. In addition,
fluorine atoms could be vaporized as

volatile TiF4 molecules. As a result, W

nuclei are selectively formed on the Ti-ion-
irradiated SiO, surface.

FinaIly, during the LP-CVD, a H2

reduction of WFU Biven bV,

l|rF6(g) + 3H2(g) -> I.l(s) + 6HF(g),

occurs on the surfaces of W nuclei and

continuous W films appear only on the Ti-
ion-irradiated SiO2. The TiOZ not reduced

in the laser CVD step is etched off at the

(4)


