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Abdtract : A 9 pt-n diode withP - FeS, particles embedded in the unintentionally doped S (p~ -type) was designed for
determining the band off st at3- FeS,-S heterojunction. When the diode is under forward bias,the dectrons irjected via

the 9 mp~ junction diff use to and are confined in the3 - FeS, particles due to the band off set. The storage charge at the3-
Fed,-9 heterojunction inversely hamper the further diffuson of eectrons giving rise to the locdization of dectronsin the

p -9 near the S junction ,which prevents them from nonradiative recombination channds. This results in eectrolumr

nescence (EL) intendty from both 9 andB-FeS, quenching dowly up to room temperature. The temperature dependent
ratio of EL intendty of - FeS, to S indicatesthe lossof dectron confinement following thermal excitation modd. The conr
duction band off set between S andB- FeS; is determined to be about 0. 2eV.
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1 Introduction

Semiconducting iron dislicide 3-FeS5) has been
widely investigated as one of the promisng materias
for S-based optodectronic components,epecialy for
S-based light emitters at about 1.5 mt*?. S far,
room temperature eectroluminescence (EL) has been
observed for B-FeS, embedded in slicon matrix
grown by ior-beam synthesis (IBS) ,reactive depos-
tion epitaxy (RDE) ,and magnetron-puttering depo-
stion® ' regectively. However ,the band off st be-
tweenB-FeS, and S ,which has great effect on the
hetero-junction diode performance ,has not been made
clearly. The experimenta band gap energy of B-FeS,
obtained from EL and PL as well as absorption spec
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tra variesin a wide range from 0. 8 to 0. 9eV and the
conduction band offset between S andB-FeS, varies
from 0.1 to 0.26eV[**® ™ Thes different values
may be due to the introduction of defectsinB3-FeS,or
itsinterface ,as well as the &fect of doping in the S
substrate during various growth processes. In order to
diminate the extringc dfect ,a sample withp3-FeS,
surrounded by intringc S was prepared.

In thiswork ,a S p7t-n diode withB - FeS, parti-
clesembedded in theintrindgc 9 (lightly p type) was
investigated. TheP3-FeS, particles were grown on the
unintentionally doped S to eiminate the effect of
dopingin the S substrate. The injected electrons are
mainly distributed in B-FeS, and unintentionaly
doped S region near the junction due to the band off-
st at 9B-FeS, heterojunction ,which improves the
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EL intendty from both thef-FeS, and S. The tenm-
perature dependent ratio of EL intensity fromp-FeS,
to S indicates the loss of eectron confinement in the
B-FeS, following thermal excitation mode and the
conduction of band off st isinferred.

2 Experiment

Samples were grown usng an ion-pumped MBE
system equipped with S and Fe electron gun evagpora
tion sources. Initialy , 250nm unintentionally doped
dlicon buffer layer was deposted on the thermdly
cleaned nrtype epitaxial 9 (001) substrate at 850
A 10nmrthickP - FeS; epitaxial layer was deposted on
the unintentiondly doped S buffer layer at 470 by
reactive depogtion epitaxy. Samples were then an-
neded in dtu at 850
qudity of B-FeS,,which agglomerated into idands
during this process. Consequently , an approximately
0.4 mrthick , unintentiondly doped S
grown at 500 . Finally ,a boron-doped S cap layer
with doping concentration of about 10'®cm™* was
grown at 700 with the growth rate of 4. 5nm/ min.
The samples were then anneded at 900
gphere for 14h to further improve the crysta quality ,
resulting in-FeS, particles embedded in uninten

for 1h to improve the crysta

layer was

in Ar atmo-

tionally doped S matrix!*?). The crysta quality was
characterized by double crystal X-ray diffraction and
onlyB phase FeS, withP-FeS,(100)/ S (001) orien
tation was observed.

The device was desgned as a mesa type diode
with about 1. 5mm X% 1. 5mm mesa area made by wet
chemical etching. An Al figure-type contact was made
on the p*-9 mesa by standard photolithography and
sntered at 450 for 20min. AuSb was deposited on
the backsdeof S substrate to form the other contact.

EL soectra of diodes were measured by usng a
pulse current source with 200Hz frequency and about
1/2 duty cycle. The device was mounted to a copper
holder in a cryostat. L uminescence was analyzed by a
25cm focal length sngle monochromator ,detected by
aliquid nitrogen cooled InP/ InGaAs photomultiplier
(Hamamatsu Photonics R5509-72) and amplified by

the lock-in technique.

3 Resultsand discussion

The cross sctiona schematic of the device struc
tureis shown in Fig. 1. The unintentionally doped S
grown in the chamber shows p-type with the doping
concentration of about 10*°cm™ *and theB- FeS,isin
tringc p-type, which conssts of p-p heterojunction
betweenf3-FeS, and S. Temperature dependent EL
soectrafrom 8 to 300K are shown in Fg. 2. The for-
ward current used for the EL gectra is 50mA. EL
spectra show two bands,i. e. thef3 - FeS, luminescence
at near 0.8eV and dlicon band edge luminescence at
1.1eV. The peak energy of EL fromPB-FeS, as a
function of temperature is shown in Fig. 3. The de
pendence of peak energy on temperature can be well
fitted by applying the semiempirical Varshni’ slaw!**!
with parameters of 0 = 2.3 x 10" *eV/ K B = 230K
and the peak energy isabout 0. 808eV at OK. Thisre
sult indicates that the emisson could be assgned as
being due to the recombination of eectrornhole pairs
asociated with the conduction and vaence bands of 3 -
FeS».

B-FeS
le @000

Ausb electrode

Fig.1 Cross sectiond schematic of S p7t-n diode withB-
FeS, particles embedded in the unintentionaly doped S

When the diode is under forward bias,electrons
injected viathe S nrp~ junction to p- S diff use toP -
FeS; particles and are confined in them due to the
large conduction band offset. The charge storage in
theP-FeS, inversdy hampers eectrons further diffu
gon ,which locaizes the dectronsin thep -S ,pre-
venting electrons from nonradiative recombination
channels. Furthermore 3-FeS, being grown on the
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Fig.2 B ectracf the S pit-n diode withB- FeS, par-
ticles embedded in the intrindc 9 at a current of 50mA

Fg.3 Peak energy as afunction of tenperature The
wdl fitting by Varshni’ s law shows that the emisson
should be related to the interband transtion of - FeS,.

unintentionaly doped S buffer layer is deposted at
higher temperature ,thus the formation of norrradia-
tive recombination centers possble due to Fe and
dopantsinteraction in S is oppressed. Strong EL in-
tensty both fromPB-FeS, and S is observed and the
guenching rate becomes dow.

As the temperature increases ,the confinement of
dectrons by the p-p B-FeS2/ S heterojunction be-
comes weak. The déectrons surmount the potential
barrier to contribute to S radiation. This behavior in-
creases the EL intendty ratio L g/ Lp-reg,Of the radiar
tion from S to the radiation fromB-FeS, ,as shownin
Fig. 4. The data can befitted to an expresdon such as
Ls/ Lp-res, exp(- Ed kT) ,with Ea=0.2eV. The
temperature dependence of L s/ Lp-reg, indicates the

loss of dectron confinement inP-FeS, is condstent

with the model of therma excitation over the hetero
structure barrier. The conduction band off st atf3- Fe-
SS9 heterojunction of 0. 2eV isinferred.

Fg.4 HE intensty ratio Lg/ LB.Fegzasafunctionof tenr

perature

4 Conclusion

With a S pt-n diode withB - FeS, particles emr
bedded in the unintentionaly doped S ,EL intendty
from both S andB-FeS,isimproved due to the carri-
er localization. The conduction band off st atP-FeS,-
S heterojunction is measured to be 0. 2eV usng the
temperature dependence of EL intendty ratio of the
radiation from S to the radiation fromf3-FeS».
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