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Properties of Y-Silicides Synthesized Layer by Y
Implantation and RTA Annealing
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Abstract: Synthetic silicides with good properties were prepared. as Y ions were implanted into
silicon using metal vapor vacuum arc (MEVVA) ion implantor and annealed by Rapid T hermal
Annealing (RTA). The structure of synthetic silicides has been investigated with the analysis of
channeled low angle emergence and TEM. T hree layers could be observed in the implanted re-
gion as the implanting ion flux is selected as 254A/em”. The thickness of the silicide layer is
about 60—80nm. The defect density Naand sheet resistance R. decrease with the increase of the
ion flux. After RT A annealing of the implanted sample, the N4 and R. decreased obviously. R.
decreased from 54Q/00 1o 14Q/0. The minimum of resistivity is 84pQ * em. It is evident that
electrical properties of the Y silicides can be improved by RTA. The formation of the silicides
with YSi and YSiz are confirmed by X-ray diffraction (XRD) analysis. With the analysis of low
angle emergence, important information exposed from the depth profiles of atoms and lattice dis—

tortion in an implanted region would be used to study the synthesis of silicides.
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1 Introduction

There is a great interest in studying the formation of metallic silicides for the intercon-
nects and ohmic contacts on very large scale integration (VLSI) circuits' " . Synthetic sili-
cide technology of metal ion implantation is a suitable semiconductor process technique of
VLSI. When 64-Mbit RAM is fabricated, the depth of a P-N junction is about 0. 15um,so a
rather thin ohmic contact layer is required. It is difficult to fabricate extra-thin silicide us—
ing conventional technology (PVD, CVD et al.) and to control the thickness of silicides.
T he silicide film is easy to break. However, extra thin silicides with good quality have been
fabricated using metal vapor vacuum arc (MEVVA) ion implantation'™" . The silicide layer
is uniform in thickness and controllable. T he electrical properties are perfect. Large beam
point of 1 meter in diameter can be obtained using MEVVA ion implantor. To measure the
structure of thin silicides, analytical methods with a high depth resolution are needed. T he
depth resolution of low angle emergence channeling (LAEC) would be satisfactory to this
requirement. T he structure of the implanted layer has been studied by LAEC for first time

5.6 m
5 The structure

in this paper. The details of LAEC technology have been given elsew here
of cross section of the implanted layer was observed using 1000kV TEM. The annealing

behavior of implanted samples will be given.

2 Experiments and Methods

The MEVVA ion source was operated in a pulsed mode, with a pulse width of 0. 3—
0. Sms and frequency from 25 to 50s” . Y ions were implanted into P-Si( 111) or N-8i
(100) at 60keV to dose ranging from 2X 10" to 5X10"/em” with ion flux from 25 to
50uA/em’. The experimental arrangement of Rutherford Back-Scattering ( RBS) and
LAEC is given in Fig. 1. Detector 1 is used as a normal RBS at the scattering angle of 168°

(see Biin Fig. 1). Detector 2 is used for LAEC analysis at the scattering angle of 97°, so the
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3 Results and Discussions

FIG. 1 LAEC Spectra of Y Implanted

P-Si( 111) (60keV.4X10"7/em?). Curves: 3.1 LAEC Spectra

detailed structure of the silicide thin layer would
be obtained' . The anneal of the samples was
carried out by irradiation under halogen lamps in
temperature ranging from 750 to 1200°C with
various annealing times from 20 to 60s. The
cross-section structure of the sample was ob-

served with 1000kV TEM.

a 25u/em’; b S0uA/em?. LAEC spectira of Y implanted P-Si( 111)
(60keV,4X10"/cm®) are given in Fig. 1. Derived from Fig. 1, Y atom concentration pro—

files are obtained and given in Fig. 2. It is found that
the highest concentration of Y atoms appears close to
the surface. That is to say that the outdiffusion of Y
atom takes place truly. The Y/Si atom ratio is 40% in
Y implanted layer when ion flux of 25uA/cm’ is
adopted (see Fig. 2(a)) and metal-rich silicides can be
formed under this condition. The Y atom concentra—
tion decreases obviously when the ion flux is 50uA/
em” as indicates that some Y atoms would be diffused
out, instead of accumulating in the implanted region.

The Y/Si atom ratio decreases from 32% to 22% (see

FIG.2 The Y Atoms Concentration Profiles of
Y lons Implanted into P=Si(111) Using LAEC.

Fig. 2(b)). Therefore, the silicides are silicon-rich
products in this condition. Figure 3 is the depth pro-

file of the lattice distortion derived from Fig. L. It is

Cll]'\"(“.H: (:—25;:!\/:1"3. !]_SULI'-'\/('IIIE,

interesting to see that a threedayer structure can be observed in the Y implanted silicon

with ion flux of 25uA/cm”. These layers can be distinguished from the difference between

their lattice distortion. The first layer is a continual silicide layer with thickness of 60—

100 200 300 400
Depth/nm

FI1G.3 The Depth Profiles of Lattice
Distortion of Y Tons Implanted into P-Si( 1n

Using LAEC. Curve: ﬂ-?jp.r’\/('me; fJ—SUp.r’\fr-ms.

80nm. The lattice distortion ratio is from 13% to
16% . The second one is a layer with high density of
defects, whose thickness is about 120nm, and lattice
distortion ratio about 34% . The third one is a lattice
distortion layer with low density with thickness be-
ing 120nm, and lattice distortion ratio from 5% to
8% (see Fig.3(a)).The profile was changed greatly
when ion flux of 50uA/ecm” was used. And the lattice
distortion ratio in the second layer decreased from

34% to 28%. The shape, corresponding to the first
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layer, was changed from a staircase to a platform one. It indicates that the quality of Y sili-
cides implanted with ion flux of 50uA/cm’ is better than one with ion flux of 25uA /cm’.
The depth profile of the lattice distortion is near a rectangle with a long tail for the case
with ion flux of 50uA /cm’.
3.2 TEM Observation

In order to determine the lattice distortion in the implanted layer, the structure of
cross-section of the sample was observed under 1000kV TEM (see Fig. 4). It is found from
Fig. 4(a) that the first layer is a continual silicide layer with thickness of 60—80nm. T he
second layer is a damage region of 120nm in thickness with high-density defects. Further—
more, it can be divided into two sub-ayers: a lattice damage (defect points) layer and a
dislocation layer with high density. The dislocation loops with low density appear in the

third layer. If the ion flux of 754A/cm” was used in implantation, the multiple layer struc—

ture would disappear, and the silicide layer would be creased, as shown in Fig. 4(b).In or-

der to avoid the crease of silicides, low ion flux and annealing are needed.

2 30nm [P Si(111)

FIG.4 TEM Photo of CrossSection in Y lons Implanted P-Si{ 111} . lon Flux: a) 25uA/emi b)) T5uA/em’.

3.3 X-Ray Diffraction (XRD) Analysis
Evidence of compounds formed in an im-
planted layer can be provided with an analysis of
XRD. The XRD spectrum of Y implanted
(40keV, 3 X 10"/em®, 25uA/cm®) Si layer is

shown in Fig. 5. It is found that silicides of YSi

and YSiz are formed. The preferred growth orien-
tation of YSi and YSizare (111) and ( 101) orien— 20 10 60 80
tation respectively.
3.4 Relation Between Sheet Resistance and Ion

FIG.5 XRD Spectrum for Y lons Implanted

Flux . . 2 ,
PSi(111) with 50uA/em” at 40kV to
The variations in resistance of the implanted a Dose of 3% 10" /em?.

layer can provide some information about silicides
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formation process. The relation between the sheet
resistance R« and ion flux J is shown in Fig. 6. It
is seen that R. decreases with the increase of ion
flux when J is below 254A/em” and it drops to the
minimum 54Q/[J, compared with the sheet resis—
tance of 450Q/0] for non-implanted silicone.
When J is greater than 25uA/cm’, R. would keep

constant. So nice Y -silicides can be synthesized at

40 60 80 jon flux of 25uA/em”, but the electrical properties

JipA e emT ) . . ) )
are not improved using higher ion flux.

3.5 RTA Annealing
FIG. 6

Relation Between Sheet Resistance . .
o o According to above analysis, due to the for-
R-and lon Flux J is Shown in Y lmpluut(-.rl -

Silicon (92keV, 5X 10'7/em?) . mation of high-density defects in the silicide layer

and high sputtering ratio during Y-implantation at
high ion flux, we would not obtain nice Y-silicides without annealing. In order to improve
the quality of silicides, the sample should be annealed using RT A from 750°C to 1200C for
20s. When the sample was annealed at 750C for 20s, the R. decreased from 54Q/0 to
320/ U If the temperature of 1050°C was selected to anneal, the R- would decrease to 16Q/
0. After annealing at 1200°C for 20s, the R- decreased to the minimum of 15Q/[(see Fig.
7(a)). When the annealing temperature of 1050°C retained constant, and the annealing
time was changed from 20s to 60s, it was found that R. decreased from 16Q/0 to 14Q/
U(see Fig. 7(b) ). The minimum of resistivity is about 84uQ * em. The optimum of anneal—
ing is that the annealing tempearture range is from 1050C to 1200°C, and the annealing
time from 20s to 60s. It is evident that the electrical properties of the Y silicides can be im-
proved extremely by optimum annealing. With the analysis of low angle emergence, impor-
tant information exposed from the depth profiles of atoms and lattice distortion in implant-

ed region would be helpful to study the synthesis of silicides.
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FIG.7 The relation between sheet resistance K. and annealing temperature Tain Y implanted silicon is shown
£ I I

(92keV, 5% 10" /em?). a) Curve of R«—Ta, annealing time is 20s: b) Curve of R«~, annealing temperature is 1050°C
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4 Summary

Y silicides were formed using MEVVA ion implantation. The depth profiles of lattice
distortion and Y atom concentration were single Gaussian distribution using normal chan-
neling and RBS. The structure of Y implanted layer was observed using LAEC and TEM.
M ain conclusions are as follows:

(1) If J of 25uA/cm” was used to Y -implantation, the minimum of R. could be ob-
tained. It means that the Y -silicides have been synthesized in Y-implanted silicon at this
ion flux. The depth profiles of atoms and lattice distortion density show that the Y im-
planted layer consists of three layers with the different structures and thickness.

(2) If Y implanted at ion flux of 50uA/cm’, near a rectangular depth profile of lattice
distortion is formed with a lower defect density, compared with the case of ion flux of
25uA/em’. The qualities of silicides are improved. The outdiffusion of Y atoms is more ob-
vious as Y implanted at ion flux of 50uA/cm” than that at ion flux of 25u4A/cm’.

(3) The multiple layer structure of TEM micrograph of cross section is very clear in
implanted silicon with ion flux of 50uA/cm’, if the ion flux of 75uA/cm” was used to im—
plantation, the multiple layer structure would disappear, and the silicides be creased.

(4) XRD analysis shows that the silicides of YSi and YSiz are formed. The preferred
growth orientation of YSi and YSiz are (111) and ( 101) orientation, respectively.

(5) R:-of Y implanted silicon decreases with the increase of ion flux when J is below
25uA/em? till it drops to the minimum of 54Q/[].

(6) After RT A annealing of the sample, the Na and R: decreased four times. T he nice
Y silicides can be obtained by RT A annealing. The optimum of annealing is that annealing

temperature is from 1050°C to 1200°C, and annealing time from 20s to 60s.
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