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ABSTRACT

Buried layer of semiconducting iron disilicide has been synthesized by implantation of Fe ionswith an energy of
195 keV and adose of 2x10" Fe/cn?into Si(111) wafers, maintained at 500°C, followed by annealing ina N,
atmosphereat 750°C for 90 min. Rutherford Backscattering Spectrometry (RBS) and X-ray diffraction (XRD) pole
figure have been used to investigate the growth and the structure of the formed iron disilicide, and the depth
profile of atomic composition of Feand Si elements. The precipitatesfavor epitaxial growth with respect to Si(111)
planeswith the epitaxial relationshipsof B-FeSi,(220)//Si(111) and/or -FeSi,(202)//Si(111). Theoptical character-
istics of the obtained samples have been measured at room temperature (RT) by means of Infra-Red (IR) and
Raman spectroscopies, and have been correlated with the structural properties.

© 2012 Trade Sciencelnc. - INDIA

INTRODUCTION

Semiconductingirondisilicide(B-FeSi,) isconsid-
ered asapromising material for silicon based opto-
electronics due to its band gap of about 0.8 eVI[*2,
Thisenergy correspondsto awavelength of 1.55 um,
whichisof grest interest for gpplicationsin optica fiber
based telecommunications, infrared detectors, and
thermoelectronicsdevices*. Theiron dislicide(FeS,)
existsintwo phases. Thetetragonal a-FeSi, (lattice
parameters a=b=0.266 nm and c=0.514 nm) isame-
tallic phase®® and the orthorhombic B-FeSi, isasemi-
conducting phasewithlattice parametersa=0.9863 nm,
b=0.7791 nm, and ¢=0.7833 nm at room tempera-
turd”. Theionbeam synthesis(IBS) iswidely used for
theformation of epitaxia slicided®9.

Theamof thiswork istoinvestigatetheformation
by the IBStechniqueof iron silicidelayer in Si(111)
substrate by means of Rutherford backscattering spec-
trometry (RBS), X-ray diffraction (XRD) polefigure,
and the IR and Raman characteristics of the studied
samples.

EXPERIMENTAL

A buriediron silicidelayer was produced by im-
plantingironionsat T,=500°C with a dose of 2x10*
Fe/cm? and an energy of 195 KeV intoaP-typesingle
crystal Si(111) wafer. The ion source is a
DANPHY SIK high current operated at 20-200 KeV,
with magnetic scan, current [imit< 10 mA, and target
station with apossibilities to move large and heavy
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samples. Theas-implanted sampleswerethen annedled
in N, amosphereat 750°C for 90 min.

Rutherford backscattering spectrometry (RBS) was
performedwith 1.7 MeV He'ionsat ascattering angle
of 170° between the incoming and outgoing beam lines,
using aSi-surfacebarrier detector. The experimental
energetic spectrawere ana yzed with RUM P computer
program(*’l, X RD polefigure measurementswere per-
formedina6-20 geometry using CuK  radiation. The
IR transmittanceand Raman spectraweretaken a room
temperature (RT) in the range of 150-550 cmr* and
150-550 cnrrespectively.

RESULTSAND DISCUSSION

Figure 1 showstherandom RBS spectrum of the
Fe as-implanted Si(111) substrate at T=500°C. The
arrows(labded Feand S) indicatetheenergy for back-
scattering He' ionsfrom these e ements at the surface.
TheRUMP smulation of RBS spectrum alowsto es-
tablish thedepth profile of Feand Si e ements(seein-
s, Figure 1) andto confirmtheformation of thin FeSi,,
buried layer (62 nm).

Energy (MeV)
2 08 09 1.0 1.1 1.2 13
JO [ T 1 7T [ T T T T L T T [ T T 1 7T u T Al |- T I ‘f T 1 T " |-
= Experiment D=2x10"Fe /em’

o, — Simulation E=195 KeV. T =500C

S1

Normalized Yield
T

AbmE Fectin

O_IIWIIIIIIIIIIFl\III
400 450 500 550 600

Channel
Figure 1 : Random RBS spectrum for the as-implanted
samples. I nset showsthedepth profilesof S and Feelements
deduced fromtheRUM P analyss.

Figure2 showsthe RBS spectracf the as-implanted
and annealed samplesat 750°C for 90 min. As can be
seen, theheight of Fesigna dightly decreaseswhereas
the energetic width increases. Inthesametime, the S
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signa around channel 500, corresponding totheburied
FeSi, layer, isslightly extended to the surfacewith a
thickness about 88 nm.
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Figure?2: RBSspectrafor theas-implanted and annealed

samplesat 750°C for 90 min.

Thefigure3(a) showsthe partial polefigureof the
annealed samplesin N, atmosphere at 750°C for 90
min. Thepolesare measured with stepsof 5° of ¢ and
y angles (¢ is the rotation angle around the surface nor-
mal and y is the tilt angle of the sample) in the whole
range of ¢ and in the range y=35-40°. The poleswith
theheightsof 39.17, 38.11 and 34.92 at the scattering
angle20=29.112° are B-FeSi,(220) /(202) reflections.
These results indicate the formation of epitaxia f3-
FeSi (220) and /or -FeSi,(220) on the Si(111) sub-
strate. Thefigure 3(b) presentsthe partia polefigures
of a-FeSi, reflectionsinthewholerange of ¢ and y=35-
45° at the scattering angle 26=37.668° of the annealed
sample. Thesix poles near the centre with heights of
33.05, 37.97, 8.92, 26.63, 9.18 and 26.04 are o-
FeSi,(101) reflections. It isinteresting to note that the
intensities of the three poles of B-FeSi, and o-FeSi,
increaseinthecase of theannea ed samplein compari-
sonwiththoseobtainedintheas-implanted samplewhich
have been reported el sewhere¥, Thisfact attests of
theincreaseintheamount of B and o phases. Theinfra:
red (IR) transmittance spectrameasured at RT inthe
range of 150-500 cm™ for as-implanted and annedled
samplesareshowninfigure4. Thefivemain peskscan
beassgned tothefiveactive IR internal modesof the
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ironsitescharacteristic for B-FeSi,. Thevauesof fre-
guenciesare262.4, 295.1, 310, 345.3and 422.2 cmr
1 and arein agood agreement with those previously
published by Daraktchievaet a.*3. ThelR spectraof
the as-implanted and annealed samplesat 750°C for
90 min are comparableand they reveal theformation
of B-FeSi, phase. The absorption at 310 cm can be
explained by aninitia nuclestion of B-FeSi, precipitates
during theimplantation of ironinto silicon substrate.

(a)

Measured PF 220

Measured PF 101

(b)

Figure3: XRD Polefiguresof 3-FeSi (220) at 26=29.112°
(a), and a-FeSi (101) at 26=37.668° for the annealed
sample (b).
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Figure 4 : IR spectra for the as-implanted and annealed

samples.
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Figure5: Raman scattering spectra at RT for the as-im-
planted and annealed samples.

Figure 5illustratesthe Raman scattering spectra
obtained at RT for as-implanted and annealed samples.
Thecrystalinesilicon hasatypical lineat 520 cm™.
Ascan be seen, noimportant linesaredetected inthe
as-implanted sample, because the amount of B-FeSi,
istoo small. However, in the case of the annealed
samples, the Raman peaks have different intensities
and are associated to Fe-Si vibrational modes!™¥, in-
dicating theformation of -FeSi, phase. Wenoticethat
all experimental peaks are red shifted compared to
those obtai ned theoretically*3. This shift may be ex-
plained by the stress caused during theimplantation
and the heat treatment.

CONCLUSION

B-FeSi, phasewasfabricated by IBStechniquewith
adose of 2x10' Fe'/cm? and an energy of 195KeV in
Si(111) subgtratesat T,=500°C followed by an anneal-
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ingin N, aimosphereat 750°C for 90 min. Theburied
layer isgrown epitaxiadly on Si(111) substrate with the
epitaxid relationshipsof B-FeSi,(220) and/or -FeSi,
(202) //Si(111). A mixtureof B-FeSi, and o-FeSi, is
observed. ThelR transmittance spectrashow thefive
main peaksof B-FeSi,, and the absorptionat 310 cm™*
indicatestheinitial nucleation of B-FeSi,, precipitates
during theimplantation. TheRamansignasfor B-FeS,
aredightly shifted toward lower energies.
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