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Abstract. The interaction of Co (30 nm) thin films on Si (100) substrate in UHV using solid state mixing
technique has been studied. Cobalt was deposited on silicon substrate using electron beam evaporation at a
vacuum of 4x 1078 Torr having a deposition rate of about @ A/s. Reactivity at Co/Si interface is important

for the understanding of silicide formation in thin film system. In the present paper, cobaltikcide films were
characterized by atomic force microscopy (AFM) and secondary ion mass spectroscopy (SIMS) in terms of the
surface and interface morphologies and depth profile, respectively. The roughness of the samples was found to
increase up to temperature, 300C and then decreased with further rise in temperature, which was due to the
formation of crystalline CoSi, phase. The effect of mixing on magnetic properties such as coercivity, rema-
nence etc at interface has been studied using magneto optic Kerr effect (MOKE) techniques at different tempe-
ratures. The value of coercivity of pristine sample and 3C annealed sample was found to be 66 Oe and
40 Oe, respectively, while at high temperature i.e. 748, the hysteresis disappears which indicates the forma-
tion of CoSi, compound.
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1. Introduction understanding of the properties of cobalt silicide at the
Col/Si interface is of technological interest. Klasgeal
Silicides have been studied extensively during the past decadere shown that the integration of magnetic layers in Si
owing to their importance as contact materials in micrdased devices motivated Fe and Co growth on Si (Bulle-
electronics. As the size of the device scales down to theeuwma 1993; Livet al 1993). The Co/Si interface has
submicron level, an improved electrical conductivity iseceived spédal attention because of the existence of co-
required for contact and high temperature stability is essdwalt silicides, which have a wide range of applications in
tial for fabrication of devices. The possibility of preparingmicroelectronic devices due to their low electrical resisti-
high-quality metal silicide microstructures on semiconvity and small lattice mismatch with silicon (Aboclfotob
ductor substrates with high application potential has beeh al 1994). The magnetic properties of the ultra thin
attracting considerable scientific and technological intereSto/Si film grown at 300 K have been investigated by
all over the world (Lawet al 1978; Van Gurget al1978; Tsayet al (1998). The aim of the present work is to pro-
D'Heurle and Petersson 1985; Lehal 1987). Metal silicides duce a smooth Cogthin interface having low resistivity
find important applications in semiconductor industry aand high conductivity using the concept of the silicide forma-
ohmic contact, Schottky barrier, gates and interconnetibn during annealing at different temperatures. The depth
(Murarka 1980). Silicide involves the diffusion of eitherprofile measurements have been carried out using secon-
metal or silicon or both the species across the interfacedstry ion mass spectroscofyIMS) for all types of sam-
elevated temperature. Of all metal silicides, GoiSi ples and the magnetic properties and morphology were
widely used as gates and interconnects because of its liowestigated by magneto optic Kerr effect (MOKE) and
resistance, its silicon compatible lattice structure and catomic force microscopy (AFM), respectively.
be used as a conductive and magnetic material in many
electronic applications. Due to high spin polarization 0f. Experimental
carriers at the Fermi level, cobalt plays an important role
on the properties of the fabricated magnetic devicesl Sample preparation and annealing
(Vantommeet al 1994). Cobalt silicide has greater thermal ) ) ) .
stability and uniformity over other silicides. Therefore,] € substrate was one-side mirror polisiredype Si
(100) wafer having an area of<11 cnf and of thickness,
500um. The silicon (100) substrates were first chemically
*Author for correspondence (ipjain46@sify.com) cleaned by a conventional procedure (TCE, acetone,
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methanol) and then dipped into a diluted HE10) solu- rature have been carried out. Figure 1 shows the depth
tion to remove impurities of any oxide layer present befoqarofile of pristine Co/Si system and the calculated value
loading into vacuum evaporation chamber. Pur&@®)

Co metal was deposited on Si (100) substrate using elt

tron beam evaporation technique at IUAC, Delhi, at rool m_ pristing Co/S
temperature. The thickness of the films was kept at 30 n L2000 o
using quartz crystal thickness monitor. Deposition wz
carried out under UHV conditions at a vacuum of 4 s /C"
10°° Torr with a deposition rate of aboufl0A/s. oo
Cobalt disilicide, CoSi was formed by the solid phase ,,
reaction between cobalt and silicon in the phase sequel 5 soo ]
of Co,Si, CoSi, and CoSiusing thermal annealing at 3
temperatures, 30C and 748C, for 1 h in a 3x 10°° torr i
vacuum using facilities at IGCAR, Kalpakkam. i) _-"\{1
2.2 Characterization 0 e —— —
0 100 200 300 400 500
The SIMS, CAMECA IMS 4f instrument was used to ob Vima {Sect)

tain the depth profiles across the interface at IGCAR, _ o _
Kalpakkam. The primary Csgon beam with an impact Figure 1. SIMS depth profile of pristine Co/Si.
energy of 5 keV was used for sputtering with the beanm

current of %6 nA. The primary ion beam was rasterec 300°C Anneaied Corsi
over an area of 158 150um and the secondary species el

CsCd, CsSiand CsO, were collected from the central i Co

region of 60um diameter in order to keep the sputtering —

rate constant at @ A/s. The depth calibration of the
SIMS profiles was achieved by measuring the depth

the sputtered craters using Sloan DEKTAK instrumen 5 ]
The SIMS parameters remained same for all the samp S 40000
annealed at 30C and 748C. 2 S
Pristine and annealed samples at “8@&nd 748C 20000 - 4 g
were studied using MOKE technique at CSR Indore, 1 iy B \
measure the magnetic hysteresis loops. The magneto-o 0 i N —————mmeee
Q 100 200 i} 400 =00

Kerr effect measurements at 683m wavelength were
performed by modulating the polarization state of th.
InCIdFT'm light .Ufsmg a photo-elastlo modulotor and employ.ml%gure 2. SIMS depth profile of Co/Si system annealed at
lock-in amplifier for the detection of signal. Magneticygp
measurements were carried out at room temperature. The
highest applied magnetic field was 1500 Gauss. In tF~

Time{Sec. )

present work, the longitudinal MOKE measurements ¢ e 748°C Annealed
Co/Si system have been carried out with Stanford R g
search System, Model SP830, DSP lock in amplifier ha  #%004 .
ing 1 amp current. 35000 4 f,,':’“
Surface morphology of samples was mvestlgated USI 0000 ]
AFM technique at CSR Indore, performed in tappin . s
mode, using silicon tip. On each sample, several are 3 |
were analysed to ensure the reproducibility of results. Fr¢™ 2000+ P
the acquired images, root mean square (RMS) roughne¢ 150} 4
»
was calculated. 10000 18 s
. ~
5000 -
3. Results and discussion uf '
... T T T e p—
o S00 1000 13500 2000
3.1 Secondary ion mass spectroscopy (SIMS) Time(Sec )

The SIMS depth profile measurements _Of Co (30 nNM)/Sigure 3. SIMS depth profile of Co/Si system annealed at
(100) system under heat treatment with increasing tempetg°C.
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Figure 4. GIXRD of Co/Si system: (a) pristine and (b) annealed afZ48
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Figure 5. MOKE hysteresis loops of Co/Si pristine system. Figure 6. MOKE hysteresis loops of Co/Si system annealed at
30C°C.

of intermixed region was found to be 16 nm. As the anmeasurement is a beneficial tool that indicated that Co
nealing temperature of the system is increased up was well diffused in Si due to annealing. This can be calcu-
300°C, Co partially interdiffuses in the Si resulting in thdated and it was found that as temperature increases the
formation of silicides as shown in figure 2, which indi-interface layer thickness increases causing strong mixing
cates mixing at the interface and the calculated value wasthe interface. To confirm the diffusion of Co in Si, the
found to be 35 nm. The pristine and the 30@nnealed GIXRD measurement has also been made on pristine and

samples have a small splitting in Co peak at a place frord8C annealed sample and results are given in figure 4.
where the interface has its strong part, this may be due to

the fact that entire thin cobalt outer layer gets converted

to the oxide form when exposed to the atmosphere duridg?2 Magneto optic Kerr effect (MOKE)

sample preparation. But we could get no splitting of Co

peak due to removal of high temperature, as the annealifiggures 5 and 6 show the data obtained from the magneti-
temperature is further increased, the calculated depth widtation measurements BMJOKE technique for both pristine
was found to be 48 nm as shown in figure 3. SIMS and annealed Co/Si thin film samples, respectively. Hys-
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Figure 7. Morphology of Co/Si pristine sample.
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Figure 8. Morphology of Co/Si sample annealed at 300

teresis loop measurements have been characterized bydheemanence of pristine Co/Si and annealed atGGle
coercivity, He, 080 and M8, respectively.

He = (MCy + MCy)/2,

whereMC is magnetization at Curie temperature. Fron3-3 AFM measurement

recorded hysteresis loops, it has been observed clearly

that all the samples showed well-saturated magnetizatidorphological changes of silicide surface during high
with applied magnetic field. The coercivity value determinetemperature annealing have been investigated by AFM in
from MOKE hysteresis curve for the as-deposited samplerms of the RMS surface roughness. The scanned area of
has been found to be 66 Oe, for 300annealed, 40 Oe the samples is & 1 pm?. Figure 7 indicates quite a uniform
and no hysteresis was found for annealed sample distribution and RMS roughness @l4 nm for as deposited
748 C. At higher temperature there is complete intermixingample. With annealing at 300, the RMS roughness

of the Co and Si and due to this the Gg8iase formed increases to@5 nm as shown in figure 8. This sharp rise
after annealing at 748 could be non-magnetid@his in the roughness value may be due to the restructuring
disappearance of the ferromagnetism of the film is imterface resulting from silicide reaction. Finally with
good agreement as viewed earlier (&flal 2001). These annealing at 74&, the RMS roughness becomé853nm
measurements show that as the temperature increasesatishown in figure 9 implying the decrease in interface
coercivity decreases and remanence increases. The vahidskness due to crystallization, which is applicable in
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Figure 9. Morphology of Co/Si sample annealed at 7@8

micro devices, because the interfacial roughness and floe providing MOKE fadity and for useful discussion.
homogeneity of the layer is of fundamental importanc&incere thanks are due to IGCAR, Kalpakkam, for provi-
Since our sample shows smaller roughness on the tdipg annealing facilities.

surface, further application oriented investigation is re-

quired in the field. References
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