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The influence of the dwell-time in focused ion beam synthesis has been investigated. Cobalt
disilicide layers have been produced by 70 keV2Tdémplantation into silicon and have been
investigated by Rutherford backscattering spectroscopy and scanning electron microscopy. At an
implantation temperature of about 400 °C it is only possible to form continuous, Gy®rs using
sufficiently short pixel dwell-times. This result is explained by an enhanced damage accumulation
for longer dwell-times. ©1998 American Institute of PhysidsS0003-695(98)03421-4

Cobalt disilicide is one of the promising silicides for present letter will present a clear indication of such a dwell-
future device metallization and the development of newtime effect and discuss it in terms of damage accumulation
metal-semiconductor devices. Co& perfectly suited for and dynamic annealing.
silicon technology due to its cubic Cakttice structure with Implantations for CoSiformation have been performed
a mismatch of only-1.2% relative to the silicon lattice. It with the IMSA-100 FIB systerhusing a mass separated 70
shows metallic behavior with a resistivity of only 282 cm  keV Cd&* beam with a total ion current of about 0.7 nA,
and has a Schottky barrier height of 0.64 eV in contact tcextracted from a C@Ndg, liquid metal ion sourcgLMIS)
n-type silicon. To our knowledge the production of high- and focused to a spot size of about 300 nm. The correspond-
quality buried CoSilayers on Si111) and S{100) is only  ing current density is about 1 A crA. The tilt angle was 0°
possible by ion beam synthegi8S)* or allotaxy? Allotaxy  and the target material wasSi(111) heated to a temperature
is a combination of epitaxial growth of the host material of 400 °C. The beam was scanned meanderlike on an area of
(silicon) and the controlled deposition of a precipitating 40x 40 wm? using subsequent pixels with a distance of 80
compound by coevaporating a second compokesttal) at  nm. The total dose was about1@ons/cn?, corresponding
a substrate temperature of about 500 °C. Subsequent anne@-3x 10" and 3x 10° frames at dwell times of 100 ands,
ing leads to a continuous buried layer, but the patterning hagespectively. The switching of the beam between subsequent
to be done after the layer preparation, e.g., by locabixel positions takes 0.ks. For characterization, Rutherford
oxidation® When using IBS, at sufficiently high ion energy a backscattering spectroscop§RBS) of the as-implanted
high dose cobalt ion implantation results in a buried distri-samples has been performed with a nuclear microfrabe
bution of CoSj precipitates. To avoid target amorphization aing a 3 MeV L#" beam with a spot size of aboutsn. The
substrate temperature of about 400 °C is required. Duringinnealed samplg$0 min at 600 °C and 30 min at 1000 °C
subsequent annealing, the precipitates ripen and coalesceijipa nitrogen atmospheréave been investigated by scan-
form a continuous buried CoSayer. For a detailed descrip- ning electron microscopySEM) after the silicon top layer
tion of the IBS process, see, e.g., Ref. 4. In the case of IBad been removed by GFeactive ion etchingRIE) for 6
the patterning of the layer can simply be done by implantamin. Exact knowledge of the thickness of the silicon top
tion through a mask. However, e.g., for prototyping of newjayer is not necessary because Ga®its as an etch stop for
devices, a maskless implantation is also possible with a focF, RIE®
cused ion beamFlB) SyStem. The FIB offers the additional As seen in F|g 1, the SEM images of the annealed
possibility of changing the implantation parameters, like thesamples show that continuous Ce3ayers can only be
dose or the energy, on any single area of the silicon wafekormed using sufficiently short pixel dwell-times. When the
Aoki et al® showed the possibility of forming CoSlayers  gwell-time is increased, the layers exhibit holes and are com-
by high dose implantation using a FIB. Later Bischeftfal® pletely disintegrated at a dwell-time exceeding 109 To
formed CoS;j layers with a FIB successfully. decide whether this effect is due to annealing, SEM analysis

However, broad beam and FIB implantation cannot beyf as-implanted samples has been performed. The results
directly compared due to the large difference of the characprgye that the disintegration is already present in the as-
teristic current densities. For conventional implantation typi‘implanted samples. To obtain more information about the
cal current densities are about A& cm % compared 10 ag.implanted state of the samples RBS measurements have
about 1 Acm® and more for FIB. For the extremely high peen performed, as shown in Fig. 2, revealing a deeper dis-
current densities associated with FIB, one might further anyipytion of the cobalt atoms for the short dwell-times than
ticipate dosg-rate effects in the case qf continupus writingoy the long ones. The change from continuous to disrupted
and dwell-time effects for the patterning by pixels. The|ayers is correlated directly with a shift of the as-implanted
profiles of the cobalt atoms.
3Electronic mail: hausmann@fz-rossendorf.de The reason for the shift of the cobalt profiles can be a
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FIG. 2. RBS spectra obtained from a nuclear microprobe of as-implanted
samples fabricated with different dwell-times. It can be seen that the cobalt
distribution shifts deeper into the silicon with decreasing pixel dwell-times.
Of special interest is that only the deeper cobalt distributions result in a
continuous layer formation.

ferent target damaging. To determine whether damage ef-
fects are responsible for the different layer formation
channeling RBS measurements have to be performed.

A direct measurement of the lattice damage by channel-
ing RBS was not possible for our layers because of the lim-
ited FIB implantation area using stoichiometric doses. The
application of the nuclear microprobe with a small spot size
for channeling RBS measurement is not possible because of
self-damaging effects.

Instead, low cobalt doses ¥10'® cm™?) were im-
planted into larger areas with a diameter of 3@® using a
35 keV Co" beam and a substrate temperature of 430 °C to
investigate the early state of the layer formatidRor this
energy, a slightly higher temperature is required to form a
continuous layer for lus dwell-time at sufficiently high
doses, in accordance with results from broad-beam
experiments®) The total implantation time for every pixel
was 250us. Implantations were performed using.4 dwell-
time and 250 repetitions, and 25@s dwell-time in one
cycle. RBS and channeling RBS spectra were measured with
a van de Graaff accelerator using a 1.7 MeV'Hezam with
a spot size of about 1 mm. In order to suppress the signal
FIG. 1. In this series of plane view SEM images the influence of differentfrom the unimplanted area the wafer was masked with an AZ
dwell-times is shown. The first image shows a Gd&yer fabricated witha 4562 photoresist after implantation, a hole with a 52®
short pixel dwell-time of 1us. The layer is continuous and smooth. On the diameter was opened at the irradiated area using standard
B et osgece e e s e peacea s 1gRical Ithography. This reduces the size of the unimplanted
us the layer is totally disintegrated as it can be seen on the last imagelliCON Which contributes to the measurement. For the evalu-
Experimental parameters are:i(Bil) substrate, dose of 1bcm™2 beam  ation of the spectra a constant helium beam profile was as-
spot size of 300 nm, current density of 1 A cfn sumed across the 5Q0m hole. The results are shown in Fig.

3. A comparison of the measurements shows that the use of
different damaging and dynamic annealing behavior of theshort dwell-times results in a lower damage of the target.
silicon target for different dwell-times. If the use of short Additionally it can be seen that for the implantation using 1
dwell-times results in a less damaged silicon target, channejs dwell-time the silicon surface layer remains crystalline.
ing of the cobalt atoms occurs and sputtering is reduced. Ifror a dwell-time of 25Qus the surface layer is amorphous,
this case the reason for the insufficient formation of thewith respect to channeling. Thus, we conclude that different
CoSj, layer is a too high degree of damage of the silicondwell-times result in a different degree of damage due to
matrix for the formation of a continuous CgS3ayer at long  dynamic annealing.
dwell-times. Another effect could be pure diffusion of the There are some further arguments which support the idea
cobalt atoms, and then the transition from continuous or disthat the different behavior of the layer formation is due to the
rupted layers would be due to kinetics of Ostwald ripeningfact that the different dwell-times result in different degrees
and coalescence. The combination of both effects is also posf damage of the silicon target. Jebasifskias shown for
sibie, e.g., that the diffusion behavior is changed due to difbroad beam experiments that channeiing implantation of co-
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rable to broad beam ion implantation where the thermally
induced defect annihilation prevents an amorphization of the
silicon wafer. It is also helpful to compare the present results
to ion beam induced crystallization and amorphization ex-
- yp— silicon periments performed by Linnrost all” with pulsed ion

——— 500um ———— beams. As explained by JacksBat a low pulse frequency
the results are comparable to experiments with a constant
beam with the same current. For high pulse frequencies the

(@

600 results correspond to experiments with a constant beam but
500 2 shicon aurace - with the averaged current of the pulsed beam. If this knowl-
‘“‘I\quf-;', S \/'\..\_ i WJ‘ WA s I edge is transferred to our results, although the conditions are
400 - b o . B H
v vy | 0 rather different, this means that for short dwell-times the
5 300 . ,..f’ "’\_ L effective ion arrival rate per pixel is reduced. In comparison
_f"\ﬂfﬂr.m_ \P At ,-JW \A A with long dwell-times, when the steady-state case is as-
07 N y V\ 4 Y il sumed, the effective current density for thex40 um? im-
1004 —=—random L planted areas with short dwell-times is a factor of>218°
T Alened iy smaller(for 1 us). This means that the effective current den-
(b o - - P ~ B sity is now on the order oftA cm~2 which is comparable to
. , channel | . the current density of broad beam ion implantation.
w00 B In summary 70 keV Co was implanted with a focused
. siicon surtace ion beam system into a heated silicon target to form continu-
" '\r\j\,/'y.,\/"‘-f\vd\(-\;-g_wj\w YT ous cobalt disilicide layers. A strong influence of the dwell-
- ¥ g’ y i o I . . . ..
: ‘Mk\ time on the CoSilayer formation was found. For sufficiently
gm-, A i i short dwell-times it was possible to form continuous GoSi
e T T T R 1 A \é- layers while for long dwell-times it was shown that the in-
| N""‘Wh M *} creased damage accumulation of the silicon target prevented
R o : on of & cont . P
o mne Iy the formation of a continuous CgSayer.
0 T r - v The authors would like to thank the Deutsche For-
{c) 420 440 460 480 500 520

channel schungsgemeinschaft for their financial support under Con-
FIG. 3. (@) Schematic view of the sample preparation with small implantedtraCt No. Te 250/1-1. They gratefully aCknOWIedge the SEM

areas using a conventional RBS/channeling setypRBS/channeling spec-  investigations by E. Christalle and Dr. R. Mer and the
tra of an as-implanted sample. Implantation with a low dose 35 keV Co technical assistance by |. Beatus.

FIB into Si(111) at 430 °C and a dwell-time of &s. The aligned spectra is
multiplied with the ratio of the total area of the opened hole in the resist to
the implanted area=f 25/9). (c) Same as ir(b) except a dwell-time of 250
wus. The damage level for &s dwell-time implantation is reduced in con-
trast to that of 25Qus.
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