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Semiconducting iron disilicide B-FeSi, has recently attracted considerable attention from both scientists and engineers
due to its remarkable optical and electrical properties. We fabricated B-FeSi/Si heterojunctions to be employed near infrared
photodiode. Thier hetrojunctions showed typical rectifying actions. However, their current-voltage (I-V) characteristics ex-
hibited large leakage dark current. We believe that the main source of its large leakage current is the high carrier density, o
B-FeSi, epitaxial film. In previous study, we found that C-doping for B-FeSi, might be an effective for reducing the carrier
density somehow. In this study, extended X-ray absorption find-structure (EXAFS) measurement was employed in order to
investigate the local-bonding structure of C-doped B-FeSi, As a first step of the EXAFS evaluation, a change in the EXAFS
spectrum for the substrate temperature was studied in order to verify the availability of EXAFS analysis for C-doped
B-F eSiz.

C-doped B-FeSi, films were epitaxially grown on p-type Si (111) substrates with an electrical resistivity of 10 Q.cm
and thickness 260 pm at a substrate temperatures of 500 °C, 540 °C, 560 °C, and 600 °C by Radio Frequency Magnetron
sputtering (RFMS). EXAFS measurements were performed in conversion electron yield mode at beam line 6 of Saga Light
Source, Kyushu Synchrotron Light Research Center, and the spectra were analyzed using a free software (Athena).

Fourier transform magnitudes of Fe EXAFS, which was transformed from k-weighted EXAFS data, for3-FeSi, films
deposited at different substrate temperatures were shown. K-range was set from 3 to 10 to get the results with minimal noise.
The second peak due to the second neighbor coordination shell (Fe-Fe) is gradually strengthened with an increase in the sub-
strate temperature and the peak position obviously approach the bulk value with increasing the substrate temperature. These
indicate that atomic ordering in [-FeSi, lattices is evidently enhanced with increasing substrate temperature. This is well
consistent with the results of X-ray diffraction measurements. An enhancement in the atomic ordering in -FeSi, lattices
with increasing substrate temperature was confirmed by the EXAFS measurement. The availability of EXAFS spectroscopy
for evaluating the local bonding structure of B-FeSi2 was experimentally proved. At present, the EXAFS measurement is
employed for studying C-incorporation effects on the structure of B-FeSi, and the result will be reported at the conference.
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ABSTRACT

Semiconducting iron disilicide B-FeSi, has recently attracted considerable attention from both scientists and engineers due to its remarkable optical and electrical
properties. We fabricated B-FeSi,/Si heterojunctions to be employed near infrared photodiode. Thier hetrojunctions showed typical rectifying actions. However,
their current-voltage (I'V) characteristics exhibited large leakage dark current. We believe that the main source of its large leakage current is the high carmier
density, of B-FeSi, epitaxial film. In previous study, we found that C-doping for 3-FeSi, might be an effective for reducing the carrier density somehow. In this study,
extended X-ray absorption find-structure (EXAFS) measurement was employed in order to investigate the local-bonding structure of C-doped B-FeSi, As a first
step of the EXAFS evaluation, a change in the EXAFS spectrum for the substrate temperature was studied in order to verify the availability of EXAFS analysis for
C-doped B-FeSi,.
INTRODUCTION

* B-FeSi, defined as a ecofiiendly
semiconductor is regarded as one of
the 3-1d generation semiconductors
after Siand GaAs.

Near Infrared Rays
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by Kyushu university
beamline(BL6) at SAGA-
LS

In this study, we present several B-
FeSi, films formed on Si(111) by RFMS
and clarify how growth temperature

. B- i : Tigure RNrimitive unit influence the film quality and the . .
B FeSl‘Z has a large abe)IpﬁOl’l cell of orthorhombic f- Ao promets oF i meme [ X}onwuv}nvnt metho d:<
coefficient, and po indirect FeSi FoSi./o- . . n N Aleketode Conversion Electron Yield

L 5 eSiy/p-Type Siheterojunctions. (CEY)
and direct optical band gaps of 0.74 B Tigure M§chematic diagram of n-type p- -
eVand 0.85 eV, respectively. ol FeSi,/p-type Si heterojunction photodiode.

+ B-FeSi, can fabricate a variety of |%.!
devices as energy devices, solarcells | .. / | | mFesi, | Al | Pd_|
and thermoelectric generator can b'e [s Shulbysieziie 600°C - 500°C R RT
plo@uced and as optoelecm?mc e temperature (20°C step) o -
devices, photodiodes and light Hr r e
emitting diodes both operating near Tigure TNAbsorption Pressure 2.66x10-'Pa 6.65x10-'1Pa 2.66x10-! Pa
infrared (NIR) -up to the wavelength ™™ ofPFest: Electric power 20W 100 W 50 W
of 1.55 ym- can be made. ] A ) .

+ Previously, B-FeSi, have been | ! Film thickness 300 nm 250 nm 250 nm
epitaxial grown on Si(l1Dsubstiates =il Ao o
at a substrate temperature 600 °C by ¢ | y ate 15scem Sscem Sscem
f%g(;tg)lgets ::;thiﬁ%t_gz:ﬁﬁ N \ Table 1. Conditions of sputtering for the film, and electrodes.

300K
magnetion sputtering (RFMS) to form | "=+ 4 27 Mgast.g;ment dE:itrj:t:\nglyze
n-type R-FeSi,/p-Type Si Ligure W using Athena an mis
0 . : I-V characteristics of th software
heterojunctions diodes. iype B-Fess‘izlpiypee
Si heterojunction diode.
RESUILTS and DISCUSSION J-V measurement e — XAFS measurement
XRD measurements » We confirm that the rectifying action is Eﬁ g‘ﬁ a =
. . . . exist at 600 ~ 540 °C substrate i
To investigate the epitaxial growth and crystallinity of the temperature.

deposited films, they were characterized by XRD (Rigaku,

RINT2000/PC) using 26-6, 6, and pole figure measurement * With reducing the temperature than

540 °C the rectifying action is

techniques. . .
q dramatically decrease, that it showed -
an ohmic behavior at 500 °C substrate T i ot g
temperature. Which we believe it's Valtage (V) Figure . FeSi2 distance between
because of the degradation in the Figure Y J-V characteristics, neighboring atoms simulated by Artemis
A . which measured in the dark at
crystallinity with reducing the 300K, of n-type B-FeSi,

deposited on Si (111) Substrate
with different temperature.

| - The B-FeSi,
| deposited on Si

Trierlty (a.0.)

(111)  Substrate

k] 40 [
18 degree) i o o
with ’Ibmp. 560 °C Tigure R . The distance between the absorbing
Figure Q (a) 26-6 XRD pattern of R-FeSi, thin film epitaxially grown on Si(111) substrate heterojunctions and scattering (Un-doped & 0.5%at C-doped BleSiy
with different temperatures, and (b) 26 XRD pattern of B-FeSi, thin film epitaxially grown showed a at 500C)
on Si(111) substrate as a function of temperature P =
significant ==

+ The 202/220 peak of B-FeSi, was observed at 29 ° unti
560 °C.

+ For 26 method, Except B-FeSi, film of 520 ° C, the
diffraction peaks were observed at all substate

improvement  in
leakage  current
and high
et crweel “wvmrwisd pesponse  under
Figure Z J-V characteristics of n-type p-FeSi,/p-type Si(111)  {llumination of 1.3

temperatures.

_-. ¥ @ « At 600 °C, the substrate, with different Temperatures, heterojunction diode . :
= @ . S X N 202/220 peak of - in the dark and illumination states. . pm light. Hio T8 The dieaney Eommee e mosorbing
2 2 3 FeSi, was [O\[]USION and scattering. (0.5%at C-doped B-FeSi, at different
sing R i observed. + B-FeSi,/Si heterojunctions were fabricated by RFMS at different temperafiros.
* Forthe 580 °C and  + The film was formed at 600 ~ 560 °C substrate temperature, but B-FeSi, film included
MTT 560 °C  state multi-crystalline component.
patterns the peaks + Due to the defects, lattice mismatch, and Fe atoms diffusion in the Si substrate we
are not separated. found low directivity, and high leakage cumrent which showed high improvement for
The peak of the B- 560 °C deposition temperature. Depend on the above results 560 °C deposition
FeSi, was not temperature is confrmed as an optimum deposition temperature for B-FeSi, /Si
L observed 500 °C heterojunctions for the ongoing research.
il BT sy and 540 °C  + As a resultof changing the conditions of thin films, there is a change in the portion of
Figure WPole figure patterns of B-FeSi, thin films substrate the vibration on Fe-Fe.
deposited on different substrate temperature. tempelatme. AclﬂlOWledgne ment ) ] ) )
XAFS measurements were performed at Kyushu University Beamline (SAGA-LS /BLO6) with the

proposal of No. 2013IIK018.
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