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Room-temperature electroluminescence of a Si-based p-i-n diode
with B-FeSi, particles embedded in the intrinsic silicon
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A Si-basedp-i-n light emitting diode for 1.6um operation at room temperature has been realized,
with B-FeS) particles embedded in the unintentionally doped Si prepared by reactive deposition
epitaxy. Room-temperature electroluminesce(ite at 1.6 um was observed with the diode under

a forward bias current density of about 2.0 Afcand its intensity increased linearly with the
current density. The temperature dependence of EL showed that luminescence was due to interband
transitions in thep-FeSj particles and the loss of electron confinementpap B-FeSh/Si
heterojunctions follows a thermally activated process with activation energy of about 0.198 eV, the
conduction band offset aB-FeS}/Si heterojunction. ©2005 American Institute of Physics

[DOI: 10.1063/1.1855397

I. INTRODUCTION molecular beam epitaxy system equipped with Si and Fe
, L s N . lectron gun evaporation sources. Initially, 250 nm uninten-
Semiconducting iron disilicidg(8-FeS}) is a promising € .

material for Si-based optoelectronics, which gives rise totlonally doped S'(“gh“y .p-type 5) buffer layer was plepos-
light emission at about 1.5am, a minimum absorption win- ited on then-type epitaxial S001) substrate, which is ther-

o 0
dow of silica optical fibers~® Various techniques have been mally_cleaned at 850 C 4.8 nm of 99,99@ Fe was
adopted to grow-FeSp on Si substrates and room- deposited on the umntentmnqlly dope_d Sl_ bu_ffer layer at
temperature electroluminescen€¢EL) has been observed 470°C to form a 15nm thicks-FeS, epitaxial layer.

from B-FeS}, particles in Sip-n junction grown by reactive _Samples were then annealed situ at 850 °C for 1 h to
deposition epitaxfl, ion beam synthes%? and from 'mprove the crystal quality of thg-FeSj, which agglomer-

-FeSj thin films deposited by magnetron sputterfriyin ated into i'slands. d“”f‘g this process. Consequently, an
5” of tﬁese light emit?ing diodé,s@—FgSE Was e%]bedgpgd in ~0.4 um thick, unintentionally doped Si layer was grown at

relatively heavily doped Si to fornp-n heterojunctions to 500 Ci Ftl'nally],c ab botrgr;cigfsed _83' cap layer Wt'tglogcf%ng
obtain high injection of carriers. However, photolumines—concen ration of abou cm ~was grown a

cence measurement indicated thatFeSj grown on a with the growth rate of 4.5 nm/min. Samples were then an-
heavily doped Si substrate would have weak emission. Irpealed at 900 *C in an Al atm(_)sphere fqr 14.h o further
addition, Suemaset al’ attributed the large threshold cur- improve -the CWS“%' qual_|ty, resulting mF.eS!Z p"?‘”'c'es em-
rent density to the defects in the materials system. Thes edded in the umnte_ntlonally doped Si matrix. Th? cry§tal
results implied that high doping concentration in the sur-quallty was characterlgeq by douple crystgl x-ray Q|ﬁract|on
rounding Si of3-FeS} would introduce unacceptable nonra- and OT)IyB phdase Fegiwith f-FeS}(100/Si(001) oriented
diative recombination centers during tgeFeS} formation. wasT% sc(ajrve_ j desianed fruct 415
In this work, B-FeS} particles were introduced in the Y15 emj_ev'ce was e&gge bas atmﬁsa S r?c ;Jr:. an A '
unintentionally doped Si of g@-i-n diode to eliminate the - Mt mesa were made by wet chemical etching. An

effect of doping in the surrounding Si. Room-temperature EL
from such a diode was observed at low current density. With
the temperature dependence of the ratigddgfeS) to Si EL
intensity, it was indicated that the loss of electron confine-
ment atB-FeSh/ Si heterojunctions followed a thermally ac-
tivated process with activation energy of about 0.198 eV,
which was thought to be due to the conduction band offset
between Si ang-FeSj.

Il. EXPERIMENT
Details of the growth procedure have been described 20 -15 -0 05 00 05
previously’'® Samples were grown using an ion-pumped Voltage (V)
FIG. 1. Current-voltage characteristics of a Si-bagetn diode with
dElectronic mail: lich@xmu.edu.cn B-FeS} particles embedded in the intrinsic Si.
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FIG. 2. EL spectra from a Si-basgdi-n diode with 3-FeSj particles em-
bedded in the intrinsic Si from 8 to 300 K. The spectra are recorded unde
forward bias at a current of 50 mA.

FIG. 4. Intensity of theB-FeS} EL at 8 and 300 K as a function of the
current density.

aluminum figure-type contact was made on tHeSp mesa  peak energy of EL as a function of temperature is shown in
area by standard photolithography and sintered at 450 °C fdrig. 3. The experimental dependence of the peak energy on
20 min. AuSb was deposited on the backside of Si substratiemperature can be well fitted by applying the semiempirical
to form the other contact. Varshni's law? with parameters ofv=2.3x 104 eV/K, B

EL spectra of the diode with th8-FeSj active region =230 K. This result indicates that this emission is originated
were measured by using a pulse current source with 200 Hy a band-to-band recombination of carriersgeSh.
frequency and about 1/2 duty cycle. The device was As is well known, EL at near 0.8 eV is also reported in
mounted to a copper holder in a cryostat. Luminescence waSi-based diodes with dislocations and porous Si, usually re-
analyzed by a 25 cm focal length single monochromator, deferred to asD1 line, which is attributed to the dislocations in
tected by a liquid nitrogen cooled InP/InGaAs photomulti- Si.>** In this case, although we cannot completely exclude
plier (Hamamatsu Photonics R5509) #hd amplified by the the contribution ofD1 line, the emission fromg-FeSj
lock-in technique. should play a major role, because of the few dislocations
observed in the samples, low leakage current, and the small
ideal factor of the diode. In fact, the origin of 0.8 eV emis-

. - sion from samples of3-FeS} particles embedded in Si has
Figure 1 shows the current-voltage characteristics of th%een clarified to be mainly due t@-FeSj rather than
diode at room temperature. The ideal faatoand the value dislocations16

of potential barrier are estimated to be 1.4 and 0.72 eV for Integrated EL intensity of3-FeSj scales linearly with

:he plg diode thth f'F_?hSh part||(|:Ies_dem|bfed(;Ied 'fn the in- e injected current peak densities at 8 K and room tempera-
dr_mé,lc _L,hr:ahspe?vse_ Y- t'el sma ebr ' dga q _acﬂ? ro t‘m‘_” Si ture, respectively, as shown in Fig. 4. At room temperature,
lode wi e5-FeSh particles embedded In the Intrinsic Si the current peak density, at which EL signal appears, is about

implies low density of interface states between B&eS 2.0 A/cn?. This current peak density is much smaller than

particles and Si. In addition, no obvious dislocations are ob: . -~ . o . .
served near the interface betwegFeSh and Si of the that of light emitting diode with3-FeS} particles embedded

les by t o lect . red in heavily doped Si at thep-n heterojunctions, about
samples Dy transmission electron miCroscope, as reported i A/cn?, which is attributed to the defect recombination

Ref. 11. and therefore the superlinear current dependence of EL is

Terr_1per_ature dependent EL spectra from 8 o 300 K %bserved’ Both the linear relationship of EL vs current den-
shown in Fig. 2. The forward current peak density used for,

sity and small threshold current density indicate that nonra-
the EL spectra are 2.2 A/cnEL §pectra show two_bands diative recombination centers are drastically reduced with
from 8 K to room temperature, i.e., thg-FeSp lumines-

X ; -FeS) embedded in the unintentionally doped Si. Further-
cence at near 0.8 eV and the Si luminescence at 1.1 eV. T ore, a narrow full width at half maximufEWHM) of EL

Ill. RESULTS AND DISCUSSION
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FIG. 3. Peak energy of thg-FeSj EL as a function of temperature. The FIG. 5. EL intensity ratioLSi/LB_FeSb of the radiation from the Si to that
solid line is the fitting by Varshni's law with the parameters=2.3 from the B-FeS} as a function of temperature follows the thermal radiation
X 10*eV/K, =230 K. model with the activation energy of about 0.198 eV.
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