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ABSTRACT
In n-type GaP:S samples the thermally populated excitonic luminescence bands envolving deep sccepton
are studied, as fanction of donor concentration, Ga vacancies aad defects trapped at disiocations.

1. INTRODUCTION

In lightly doped a-type GaP:S {ap = 5 x 10'*cm=?} samples besides the shallow green domor-acceptor
{D-A) ($,C) band |1] » broad unstructured band peaked st 1.08 ¢V was fonnd with an exciton-like behaviour
3] In heavly doped GaP:S samples {mp = 3~ 4 X 10'7em™%) besides the (S,C) pairs with the presence
of acarest pairs, two maain bands peaked at 1.70 eV and 1.5-1.56 ¢V ai 11K are found. While the last one
preseats a typical D-A behaviour the 1.79 ¢V band is not dependent on the excitation intensity, does not
shifts with increasing delay time and does 20t follow a power low decay {3].

Time resolved spectroscopy (TRS), ODMR aad CL-SEM are powerfull techniques to study the broad
wastroctured baads thet occur in m or p type GaP samples [4.5.6).

The broad red lumimescence band in hesvly doped a-sype GaP:S samples is sivongly depeadent cn
temperature. For temperstures above TOK a new band peaked at 1.63 ¢V appears with a loag exponential
decay time r = 18s. The band maxima shifts to higher energies when the temperature is incressed. CL-SEM
analysis show thas the red baad emission occurs st dislocations. |

In this work, the broad emission bands in bearly doped a-type GaP:S samples are studied as functions
of tie, temperatare and CL-SEM images. The influeace of Sulpbur, Gallinm vacanvies and dislocations on
the defects are discansed. A comparison with bands that occur in the same spectral region in a-type GaP
doped with tramitica metal ioas, aamely Mn (3] aad Cu [6] is made.
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1. EXPERIMENTAL RESULTS
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a-type lightly aad heavly doped GaP:S samples are shown.
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Figure 1 - Steady state luminescance at 11X: (a) Bghtly
doped sample (b) heavly doped sample.

Besides the (S,C) pair in lightly doped saaples & broad eastractared band peaked at 1.96 eV is observed
{3} while in heavly doped samples the red 1.79 ¢V and a near infrared L5-1.56 ¢V band are detsected. The
1.79 ¢V baad peeseats a biexpouential decay sad is corvelated with excitons bounded to complex defects. It
is identical with the band found in GaP:S:Mn samples [8].

The 15-1.556 ¢V band shows a typical D-A behavicur, as indicated by the sligth shift townrda lower
eacrgies with increasing delay thme and temperature {Figure 2). The decsy alsc follows a power lww decay
{imoet Figure 2).

The intonsity of the 1.70 ¢V band is quenched sbove UK. However, for temperatures above 70K & aew
baad peaked at 1.62 ¢V appears with a lifetime, r = 185, at TUK. Time resclved spectra, due to the dilerest
 decxys of the 1.7 eV and 162 £V band separate the two amissions as shows aleo in Figure 1 A farther
increase on temperaiure fuvours the shift of the 1.63 oV baad to kigher enargies. This shift s simllar for sy
delay aad window of cbeervation, indicating that is due o thermalisation betwoen two excited lrveb in the
same cestre. This shift of the high temperature band was aleo obeerved from C1L-SEM messwremente {T].



Materials Science Forum vols. 117-118 377

' 1710 80K
10/50 80K
3 10750 100K

IR
Tim efms)

Logl

A

A

..........
,,,,,,

~
. -

Intensity {au)

16 7 18 1§ 2 2
Energy {&V)

,._
Wy

=d

-

U]

Pigure 3 - Time rescived spectra for differeut times and temperaturs.
Inset: decay time at of the 1.66 oV D-A pale.

From CL-SEM amalysis the highly doped sample shows the characteristic dot aad halo contrast which
has beea associated with the presence of dislocations (7], While the emissios from the halos with the electron
beam focused is mainly greea, corresponding to the (S,C) paim, the red band is observed at the center of
dislocations pits. The red band prodle is similar to the peoflle of the wacaacy comcentration along the
wader diameter and is izverse of the green luminescence profile{9). This indicates that the vacancies act as
competitors of the {S,C) pairs. The observed profiles are consistent with a model of a vacancy-domor complex
h&ei@tﬂpﬂhﬂndlme\' baad.The CL spectra of a heavly doped GaP:S sample is showa in
Figure 3a.

In Eghtly doped samples the CL-SEM spectra are in agreament with the photoluminescence results
where 20 red band s observed with the beam focused or wafocused, the spectrs correspoading to the 1.96
eV band. Witk the beam unfocused s aligtly broadning of the band is detected and can be explained by the
presence of the shallow pairs {Figure 3b).
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Figure $ - CL spectra oft (a) heaviy doped sumple (T7K)
(b)heavly doped sampile (RT), (¢) lghtly doped sample (90K).
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Figure ¢ - Intensity and 1/r dependence on 1/kT.
3. DIBCUSSION

ﬁmdedm“ohmeMthudthNWhndnﬂthm
temperature 1.02 ¢V band are aheest in lightly doped samples. For higher comcentrations of the domor the
ndunisinnbudludade—Am&mpmAbﬁendeMkm&eM-d&e
waler is silmilar to the vacaney prodle [0

nennbﬁdthmdbudmhwhmwm In the low temperature range
thendl.’fOeVhndpmhumhoﬂcduﬂqhmtiﬂhpmmuha&?:smm
similar § coscentration 8]. The 162 ¢V obeerved for temperatures above TUK presents & behaviour similar
wuemohmdhrmewmhdmdvﬂm[ﬂaﬂmm where broad wastructured bands
wﬂl&ﬁmdsoﬂudmbmhtmpﬂuu%ﬂ%ttwﬂsh@uuuﬁnu
increasing temperature. They are correlated with the acceptors that give rise to levels located between 0.4
aad 0.7 ¢V above the valence band.

Toh#ﬂﬁmhﬁmhdhnbﬂm&etwmﬂtdh&nmﬁﬂﬁeﬂhhuhmn
gxumian line shape with strong vibronic coupling as expected from broad unstructared baads. The At to
mm'hhluﬁnuul.neVudl.nerﬁhWthdﬁmeVndeeVWm
made for differeat temperatures and times of obeervation. The ratio of the two band inteusities is shows ia

Figure §. In inset the &t to the two gaussiany is exemplified for 140K.
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Figure § - Rnthdthcmhndhtculﬂ-(h,m/h,w). Inset: 8t $0 two gaussians.
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From this plot, aad sssuming o simple thermal oquilibrium low

1 w

L ~ Wsay P -AFAT) "’
we obtain & value of 30 meV for the energy difarance of the two levels (AE) and gWirsev /Wiesev =878,
Wirev mad Wy gy ﬂt‘!mmm&.“'ﬁ!uﬂﬂ'm.ﬂlﬂe\' band
otiginates and ¢ o the degenazacy facior. .
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for the two levels ia acceptable due to the differsat vibeomic coupling in the two emissions, s shown by the
different widthen of the ganssinas.

Under the sssumption of thermal sqeilfbrinm the comunon decay, 7, is givea by:

1+ gep(—AR
) = o Wi Wy Tl 2] ®

with 1, = 18¢ (st TOK) the radiative decay of the Jowest energy level.

To account for the intemsity behaviour with temperature we have to comsider both the processss of
therrmal population of the centre and nonradintive processes, shown by the departure of the decxy behaviour
given by equatioa 2 (dotted line in Figure 4). From the decay time depeadence on temperature the parameters
of the noursdiative process may be determined in a classical modd from:

Ky = xnllT) + Lﬂ{-‘lm (3)

The theoretieal At 1o equation 3 is shown by the solid line in Figure ¢ with Keay = 1/7(T) gives by equation
3 sd Koy = K exp(—E, /XT), with K¢ = 145 x 1055~ snd E, = 100meY. As the deep D-A 1.55 ¢V pair
shows & maltistage nouradiative decay, the kypothesis that ome of the iomization processes of the pair is
respomaible for the popuistioa of the 1.02 eV centre was tested. Under this assumption the mtensity mcrease
will be givea by:

UT) = I(T) x g — 0

UT) = gy B ®)

whete Wy, are the temperature independent frequescy factars for the sonradiative decay of the deep pairs
and W, stands for the competing deexcitation rate that we amsume to be 10%~! in comparison with
previous resulta for the same donor concestration of the (S,C) paies. A £t to equation 4 sssuming that it i
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thdowp.th'ithh=l°&neVMpoplhhthl.GzonkdmbymduhdlhehFigm
4, giviag good agresmest with experimeat. |

It in interenting to note that taking into account aemmpwmmmmm
uwﬁemrldhﬁwm&h;mwbem-tdm.m'ﬂhwﬁnﬁmwdu
meY in agreamment with previows resits from CL J4]. It is ouly TRS that reveals the complexity of the
lamincscence processes.

4 CONCLUSIONS

nemdnbuddmwmhhﬂydqdbwwﬁmph,ﬂaiﬁumny
mhu..dﬁmumupmuhmmm(m-lm)mm
feature of theme sampies. IuMMdemmMdewuﬁepmud
mbnhh&emum-bmhmewdqdmm[ﬂnd&ﬂ The data from the
lidﬂy-dhuv!ydopodGaP:Smphlnonutom&uhmwvthedmudmm
behwhdaﬂedebﬂﬁﬂimﬁb&eh&emupmndm. The eahancement of the
mmm&huﬁmpmummmwmmwummwm From a
mwhvﬂﬂdhﬂdhndmmmm“mmuw&emddm
originates a level close t0 .6 eV above the valence baad.
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