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Refractory Metals and Silicides for Si MOS VLSI’s

5. Iwata
Central Research Lab., Hitachi, Ltd.

Kokubunji, Tokyo

Various properties of refractory metals and their silicides are first compared.
Then, some of the problems encountered when using metals like Mo and W are discus-—
sed. The stability of metal/SiOz/Si at high temperatures is compared for these
metals, showing W to be superior to Mo as a gate metal. It is also shown that mo-
bile ion contamination can be made extremely low in vacuum-melted sputter targets
of these metals, making these refractory metals very attractive for VLSI use.

I. Introduction cides is 1-100/m. However, it is considered im-
With the increase in the integration density perative that silicides without poly Si under-
of LSI's, refractory metal silicides are begin-— neath or refractory metals will be used for meg-

ning to be used in place of poly Si for MOS gates abit-level VLSI'S?}Some of the problems associ-

and interconnects. This is due to the increase in ated with using these metals will next be dis-
the RC delay, if poly Si, which has low electri- cussed, since their eventual use is inevitable,
cal conductivity, is to be used. Furthermore, in there are many problems for these metals, and
the near future when VLSI's of megabit level ap- many studies have already been reported on sili-
pears, it is expected that pure refractory met- cides.])_3)

als, with higher conductivity, will be used, re-

III. Probl f £ g 1
placing poly Si and metal silicides. ® e J0F welzackary mekele

To 58 paper, various properiles of thess The sheet resistance well below 1 Q/p is pos—

ible 1 ,} 5)-1)
metals and their silicides will first be compared sible if such metals as Mo and W are used

: : 2 However, there are mar, problems to be solved be-
as materials for VISI epplicaticns. Then, some ’ Wk

f . used,
of the problems encountered when using such met- ore they can be used. Although these metals

als am Mo and ¥ will be discusssd. have high conductivity and high melting point,

II. Materials for future VLSI's Table 1 Comparison of materials for VLSI
Many requirements must be satisfied if a mate-—
rial is to be used as MOS gates and interconnects. mletisl il polycide | silicide pure metal
i ; {— MoSip/palySi | MaSiz,
Among the properties to be considered are electri — - TaSipolySi | Tasis Mo "
cal conductivity, heat resistance, adhesion to [WSigpolySi,ete. | WSiy etc.
: efectrical . )
8iC,, oxidation resistance, gate material/SiO,_/Si resistance paor fair tair good | good
2 2 (a/a) (-30) (1~10) (-10)  |C<t)|C=<1)
stability, and low impurity content. A comparison
. adhesion god G54 good fair | 30od
of some of these properties for refractory metals, to SiC, ~good ﬁ“ﬁ
their silicides, and poly Si is shown in Table 1. material/Si0, /5 oed good (aif i -
At present, silicides/poly Si("polycide")/3102 stability ~good - good
" gy . axidation fair 5
i d t
Si MOS structures using such silicides as MOSlE, e goo e air poar poor

WSiz,
VLSI'S.I)_3)The sheet resistance for these poly-

etc. are being considered or used for MOS




i) they cannot withstand high-temperature oxidiz-—
ing ambients, ii) they cannot be used as mask a-
gainst ion channeling during ion implantation
for a self-aligned gate process, and i1ii) many
studies regarding reliability =re still required.
A number of studies have been reported on the
sclution of the first two problems.s)’7)ln all
these studies, sputtered Mo or W is used, because
3102
metals can be pre-

of the fairly good adhesion to obtained by
sputtering. Cxidation of these
vented if annealing is carried out in an inert
or reducing ambient. However, Si cannot be oxi-
dized in this ambient, as is done in the conven-—
tionzl Si process. A new heat treatment using a
Hz/Hzo ambient makes this Si oxidation pessible

D)

without oxidizing these metals. ‘ITon channeling

during ion implantation can be prevented by form-—

ing a layer of PSG or WUX on wz)or by nitriding
6)
Mo,

The problems connected with reliability, name-
ly, the stability cof the metal/SiDz/Si structure

will now be considered.

(1) High-temperature stability of metal/SiOz/Si

As gate oxides become thinner, the stability
of metal/SiOz/Si becomes extremely important,
since any reaction involving the metal, SiOZ,
znd Si may result in the degradation of MCS char-
acteristics. Accordingly, the stabilities of Mo/
and ¥/$i0,/Si were compared as follows:

First, these two structures were annealed at
500-1100°C, and their surfaces were examined by
ESCA. The analysis indicated the presence of Si
on the surface of Mo/SiOQ/Si after annealing in
N2 at 1100°C (1000°C in HZ)’ whereas no Si was
detected on the surface of W/SiOZ/Si.

Secondly, surface analysis of SiOz, after
chemically removing the metals, showed the Si02
thickness to be decreased for Mo/SiOQ/Si after

annealing at 1000°C in E,, vhereas no such

changes were observed foi W/SiO2/Si, as shown in
Figs. 1 and 2. This thickness was obtained from
the intensity ratio of oxidized and unoxidized
Si peaks (by ESCA). This thickness decrease is
believed to be due to localized reduction of
5102, rather than a uniform decrease in the SiO2
thickness.

Corresponding to these results, the breakdown
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Fig.2 Si2p spectra for SiC, surface in W/SiOE/Si

voltage of the W/SiOE(ZO nm thick)/Si structure
was found to be about 6 V, as compared with 1 V
for the Mo/SiOz/Si structure, after annealing at

1000°C feor 1 h in H2.

that adhesion to SiO2

MOT) show W to be more suitable for a gate metal
than Mo.

These results and the fact

was better for W than for

(2) Mechanism of metal/SiO2/Si reaction

It was first thought that the above results
were due to meta1/8102 reactivity. However, this
conclusion became doubtful when the following
points became clear:
i) si, found on the surface of Mo/SiOZ/Si, was
all oxidized Si, even if annealing was done in
vacuum (lxlO-SPa), where $i is usually not much
oxidized.
ii) Si0

o could be reduced to Si in H2 i i HZO con-

tent was less than a few ppm. This reduction be-
came less

so if the

if there was Mo on the 8102, and less
metal on the Si02 was W.
iii) When any instability of the Mo/SiOE/Si

structure was observed, more changes were found

inside the SiC, nearer to the SiUZ/Si interface

2
than at the Mo/8102 interface Fig. 3 shows the



difference in the SiZp ESCA spectra at a dis-
tance of 5 nm from the 5102/51 interface after
annealing in H, and in N,. For Mo/SiOZ/Si an—-
o the 3102 was found to be partially
reduced to 5i0_ (x<2), indicating Mo/SiOE/Si to

nealed in H

be less stable in H2 than in N2.

ported by the result shown in Fig. 4, which in-

This is sup-
dicates that, after annealing in HE’ the 0-to-Si
ratio in the oxide becomes less than that for

810, as the SiOz/Si interface is approached.
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Fig.3 Comparison of Si2p spectra for SiC.(5 nm

from SiC /Si interfacejsee Fig.4) after
annealing in N2 and H

2
A
. [0]:01s peak height ‘ /f.
[Si-01:Si2p (ox)peak height ,;L’Sioz
g 4 °Hz, 1000“(:'”'\ /?'
LA *N, 1000C-1h , //
s
S )
S
3
15 10 5 0

DISTANCE FROM Si0,/5i INTERFACE(nm)

Fig.4 Depth profile of Ols/Si2p(oxidized) BSCA
veak ratio inside Si0, in Mo/SiOZ/Si

iv) ¥oC_ or WO_ is found at the metal/ 810, in-

terface after deposition.T)This l\CoOx can be
2 at 1000"C
for 1 h, but the WOx cannot be reduced by this

partly reduced to Mo if annealed in H
annealing., This oxide possibly has an influence

on the stability of the metal/Si0,/Si structure.
v) Thermodynamic data show that both Mo and W
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are not reactive with Siog

the study of Fretorius et al.9

2 as also expected from
They also show
that a reaction between 5102 and Si to form SiO,

or that between 3102 and H2 may ocecur at around
1000’0.8)
These data suggest that a reaction between

510, and Si to form $i0 (or SiOx) or that between
SiOZ and H2 may be more important than a metal/
SiO2 reaction. Furthermore, metal oxides, pres-—
ent at metal/SiO2 interfaces, are considered to
provide an oxidizing "atmosphere" for the various
reactions which may occur in the metal/SiO2/Si
structure, making 3102 more stable by their pres-

ence,
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Fig.5 Comparison of breakdown voltages for
W— and Si-gate M(S

Finally, the breakdown voltages are compared
for W* and Si gate NOS diodes with 10 or 20 nm-
thick 3102 in Fig. 5. The figure shows the supe-
riority of W as a gate material for use in VLSI's

with thin SiOE.

* annealing done in N2 with a few ppm of 02



(3) Mobile ion contaminztion in metal/SiOQ/Si
Mobile ion contamination must be kept low if
a metal is to be used as a gate material. It is

lo)that Nz and U con-

reported by Amazawe et al.
tents as low as 30 and 5 ppb, respectively, are

realized in a vacuum-melted sputter target sup-

plied by Nippon Mining Co. )

Low Na and U contents can also be achieved
for W (also by the same company). The results of
chemical analysis for this W target is shown in
Table 2, together with those for a commercially

available conventional target. The table also

Table 2 Comparison of conventional and high-
purity W targets

impuritiesippm) s Vipl V " 1
t o
arget Na | K U [3Myem200C-30min
conventional |10-100 0.1 0.5~ 2
) 005
high-purity 9852 <0.05 88007 0

+ no PSG on W; error £0.02 V

shows the change in the flat-band voltage Avfb

after a BT (bias-temperature) test for MOS di-
odes with W sputtered from these targets. Fig. 6
shows the C-V (capacitance-voltage) curves be-
a BT (3 MV/em—200°C-30 min)

conventional and high-purity tar-

fore and after
stress for the
the MOS diodes fabricated using
0 V, compared with 0.5 V for the

gets, Avfb for
the latter was

former.

CsCox -

-5 4 -3 -z - ]
BIAS (V)

(1) Conventional target

(2) High-purity target

Fig.6 Comparison of C-V curves for W-gate MCs
before and after a BT stress (3 NV/cm-
200° C-30 min)
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III. Ceonclusions

Various properties of refractory metuls and
their silicides for VLSI applications were dis-
cussed with emphasis on the stability of gate
material/SiOz/Si in regard to high—temperature
anrealing and mobile ion contamination. It was
shown that W/SiOQ/Si was more stable than lo/
3102/31 during this annealing. Regarding mobile
ion contamination, such impurities as Na in ko
or W can be made as low as 30 ppb or less, so
that no shifts in Vfb are cbserved after a BT
test.
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