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The aim of this work is to study the importance of minority carrier transport in double barrier diodes
(DBD). We propose a theoretical model capable to describe the photoluminescence properties observed in
GaAs— Alg 35Gag gsAs double barrier diodes with the increase of temperature. In this model, we considered
that the minority carries (holes) photocreated at the contact of the structure diffuse, drift and then tunnel to the
well. To study the influence of previous transport mechanisms, we solved the continuity equation under the
influence of an applied bias and an excitation laser light. The theoretical photocurrent and photoluminescence
calculations agree quite well with the experimental observations. Within the approaches of our model, we are
able to simulate the minority holes mobility from the photocurrent measurements suggesting the use of the
experimental technique as a probe of the carrier mobility.
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I. INTRODUCTION

Photoluminescence (PL) is a powerful technique that has
been employed to characterize bulk materials [1] and as a
probe of transport processes, which take place in double bar-
rier structures. This technique has been used to study the
charge build-up in the quantum wells [2], transport and ac-
cumulation of optically excited minority carriers in the same
device [3] and more recently as an imaging spectroscopy to
map out the center-of-mass wave functions of an exciton con-
fined in aGaAsquantum dot [4]. The PL signal, which pro-
vide the most important information on the mechanisms of
operation of resonant tunneling diodes, arise from recombi- 745 285 370 300
nation between electrons, which tunnel into the quantum well < bt — |
(QW), and holes photocreated in the GaAsregion of the X (nm) 445375 360 0
structure and then tunneled into the QW. Therefore, the trand=ig. 1 Schematic diagram of conduction and valence band of the het-

; ; (IpL). The curly-dashed arrow represents the incident laser light. The
photoluminescence of resonant tunneling structures. electron-hole pairs are generated at the contact with e3rated di-

In the present paper, we have studied transport and optiectly in the well with rategly. The photocreated holes drift and
cal properties ofzaAsAlGaAsdouble barrier diodes. As it diffuse @pn) toward the barrier and tunnel into the well. The double-
is well-known, the PL intensity should decrease as temper ine arrow represents the PL emission due to the recombination of
ture increases because the nonradiative mechanisms becoRfd! YPe of holes.
dominant [5]. We have observed an unexpected enhancement
of the measured PL intensity with increasing of temperature
for biased diodes. In order to simulate the PL emission spec-
tra, many methods had been developed using different ap-
proaches. In this work, we developed a model that take into
account two different contributions to the hole population in  As it is well known [6], the PL intensity is proportional
the well to simulate the integral PL intensity as a function ofto the total generation rate of holes in the quantum vg#l,
temperature and the applied bias in order to reproduce thand to the quantum efficiency; thus,lp. ~ ngP. There are
anomalous behavior of the PL spectra obtained experimenwo different contributions to the total hole generation rate in
tally. This model agree quite well with the experimental meathe well: holes directly generated in the wagl,, and holes
surements. photogenerated in the contact that tunnel inside the gfell

The rest of this paper is organized as follows. In section In order to develop a model that describe appropriately the
Il, we present the theoretical model developed to describe thehenomena involved in the photoluminescence processes, we
observed PL anomalous behavior. In sections Il and IV weconsidered that, in steady state, all the holes that reach the
present the results and the conclusions respectively. barrier surface tunnel inside the well.

Il. THEORETICAL MODEL
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A schematic representation of these processes and the con-It is worth noting that as the doped layer is five time greater
duction and valence bands of the heterostructure are shown than the spacer layer, we considered only one type of mobil-
Fig. 1. ity for both. The hole mobility temperature dependence in

To obtain an appropriate expression for the tunneling holesjopedGaAswas measured for temperatures ab80k given
we first calculate the photogenerated holgs,X in the con-  an approximatelyT ~! dependence [9]. Nevertheless, mobil-
tact. To do that, the continuity equation in one dimension fority would be expected to decrease as temperature goes to zero.
the excess of carriers at the collector within the drift—diffusionThus, the following semi-empirical temperature dependence
approximation (expression (1)) must be solved in the steadfor the hole mobility was assumed
state regime with the appropriate boundary conditions (ex-
pression (1)).

a -1
Hp(T) = (ﬁ‘i‘bT) (7)
_0p_g_Lp_ 9Ap Ap
0="3 =G Tp HoE 5 + D5 1 wherea andb are fitting parameters in our model.
Ap = { Grp x=0 (1) Assuming that all the photogenerated carries tunnel inside
0 x=o the well
In expression (1) the parameters are: the particle lifetime

Tp, the hole mobilityp, the hole diffusion coefficierdp, the o = Gon )

applied electric fielde and the electron-hole pair generation
rateG.

) o ) The holes directly generated in the well can be calculated
A solution for this kind of problem can be written as [7]:

using the expression

_ —AX
Gph = Ge (2) gh =Ge ™ with x=360nm 9)
whereG is the generated electron-hole rate calculated using ) _ )
the Beer’s law [1] The PL integrated intensity can then be calculated as
G=(1-RF(x)e ™, 3 leL=n (gh+af). (10)
F is the incident photon fluxR is the reflectivity coefficient, Here, the temperature dependence of the quantum effi-

a is the absorption coefficient which temperature dependenceiencyn was took as~ p; T~ P2 with p; and pz (> 0) been
was took as been proportional tbv — Eg)l/ 2 with hv been fitting parameters.

the laser excitation energliy the GaAsband-gap [8] and is In order to simulate the experimental results, the expres-
a characteristic length that depends on the hole mobjligy, (  sions (2) and (10) were used to describe the temperature and
the diffusion lengthl(p) and the applied electric field applied bias of the photocurrent and PL integrated intensity
respectively.
1 E\? E
A= A, <Ec> - (4) l. RESULTS
with The samples used in this work are symmetrid-n
GaAg/ Alp 35Gag s5As double-barrier diodes grown by mole-
L cular beam epitaxy. The heterostructures consist in two
Lp=/TplpkeT and E= —P (5) i—Alg3sGagesAsbarriers (Onmthick) and an — GaAswell
HpTp (5nm width).  The double-barrier system is enclosed by a

The electric fieldE represents the critical field for which the 60nm i— GaAsand a300nm n" — GaAs (10%cm3) lay-
minority holes will drift under an applied bias a distance equalers grown on both sides of the structure. Annular contacts
to the distance it diffuses due to concentration gradients. Aand an optical window ofl.420x 10-3cn? in the top of
this critical field, both drift and diffusion are equivalent mech- 50Qumx 60Qum mesas allow photocurrent and optical mea-
anism. There are two transport limiting cases: only diffusionsurements under applied voltages. The samples were mounted
(E <« E¢) and only drift € > E;). For each case the charac- in a close cycle cryostat. The spectra were recorded by a
teristic length is different Spex500M single spectrometer. A coheret™ ion laser
was used as excitation source to create minority holes and the
1 E<E PL signal was detected by a photocounting system connected
A= { E <Ee ) (6) to a thermoelectrically cooleR5108 Hamamatsu photomul-
T E>E tiplier.
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Fig. 3. The solid line represents the theoretical simulated minor-
Fig. 2. Measured (points) and calculated (solid line) photocurrent fofty hole mobility. The dots are experimentally measured data from
an applied bias 060.2V and5.1W/cn? excitation intensity. In the Lovejoyetal (Ref. [9]).
inset, a dark current-voltage characteristid @«.
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Thel (V) characteristic of the structure in the dark is pre- g 100 - 3
sented in the inset of figure 2. The electron resonance peak is g o S S e
observed af.47. We have measured the photocurrent under § 75r o Energy (V)
low laser intensity (to avoid deformations in the/) charac- g
teristic) as function of the temperature. In figure 2, we show § 50F L.
the experimentally obtained photocurrent and the calculated 2 .
using expression (2) &2V near of the onset of electron reso- é’ 25 e I
nance. A_s in our model we are pnly considering the |.nfluence 0 20 20 60 80 100 120 140
of minority carrier transport, it is necessary an applied volt- T(K)

age low enough to avoid the tunneling of electrons. When &;g 4. Experimental and calculated integral photoluminescence in-
higher voltage is applied, the electrons begin to tunnel and thensity as a function of temperature for different applied bas-
holes photocurrent is screened and the decreasing expectg@mV, V, = 250mV andV; = 300mV, respectively, ang.1W /cn?
temperature dependence behavior is obtained. The points fcitation intensity. In the inset, a typical QW PL spectrum.
the figure 2 were calculated from the difference between the
measured current under the laser ligh) Gnd the measured A typical quantum well photoluminescence spectrum for
current in the darkijg). Experimentally, we have observed an the structure al0K, excited at2.7eV, is shown in the inset
increasing of photocurrent with temperature which is in goodf figure 4. The PL spectra are obtained with the structure
agreement with our theoretical model. biased with the same voltages of photocurrent measurements.
It arises from recombination between electrons in the lower
In the calculation ofgpn, we used the expression (7) to confined level of conduction band well and holes in the lowest
simulate the temperature dependence of the mobility in théeavy-hole level of the valence band well. We have measured
n*t — GaAslayer. In figure 3 we show the simulated minority PL spectrum for different temperatures. In figure 4, the ex-
hole mobility. In order to get an estimate of the mobility val- perimental and calculated integrated PL intensity are shown.
ues obtained, the experimental measured data from Ref. [9)/e have observed an unexpected enhancement of the mea-
are also shown in the same graph. As can be seen from isured PL intensity with increasing temperature and a shift in
the method used to obtain the temperature dependence of tktiee peak position when the applied bias is changed. All the
minority hole mobility from the measured photocurrent givestheoretical curves in figure 4 were calculated with the same
satisfactory results. This shows the possibility to use this techmobility obtained from the photocurrent and different values
nigue in order to determine indirectly the minority holes mo- of the applied bias. The dashed line in the figure 4 are the cal-
bility. Nevertheless, it is worth noting again that the appliedculations in the two transport limiting cases considering only
bias has to be low enough to avoid the influence of tunnelingone transport processes at a time: pure diffusion or pure drift.
electrons on the photocurrent. Only photocurrent measureFo calculate the characteristic lengths in each regime, the ex-
ments done at low bias are available for minority holes mobilpression (6) was used. In both cases, the individual calculated
ity determination. value of A are2 to 3 order of magnitude greater than when



346 I. Camps et al.

considering both mechanism acting together. Due to the higintegrated photoluminescence intensity which take into ac-
values ofA, the temperature dependence of the exponentiatount the diffusion, drift and tunneling process of photocre-
term appearing in expression (10) is neglected compared withted holes in the contact. Within the approaches of our model
the temperature dependence of the quantum efficignd@he  we are able to reproduce qualitatively the temperature behav-
theoretical model agree quit well with the experimental meaior of the experimental photocurrent and photoluminescence
surements and reproduce the shifting when the applied voltageeasurements. In particular, the anomalous enhancement ob-
is changed. This indicate the importance to take into accourgerved inGaAs— Al 35Gag s5ASs double barrier diodes with
the effects of the photogenerated carriers in the contact arttie increase of temperature was predicted in our model. Fur-
both transport mechanism, i.e. diffusion and drift. thermore, we are able to simulate the minority holes mobility
from the photocurrent measurements suggesting the use of the

experimental technique as a probe of the carrier mobility.
IV.  CONCLUSION

We have studied the influence of minority carriers transport
mechanism in the optical properties of double barrier diodeAcknowledgments
We have proposed a model to calculate the photocurrent arlFAPESP and PIBIC/CNPq/UFSCar for financial support.
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