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The aging processes of A3B® epitaxial light-emitting structures have been shown to
reduce acoustic emission (AE) intensity, AE count, and to raise the AE onset threshold
while an increased change rate of the direct current through junction results in that AE
onset threshold becomes shifted towards lower currents, the failure currents drop, and AE

intensity and AE count increase.

IloxasaHo, YUTO TIPOIECCHI CTApPEHUs SNUTAKCUAIBHBIX CBETOM3JIYUAIONINX CTPYKTYP HAa
ocHoBe coequuenuii ASB® YMEHBIITAI0T WHTEHCUBHOCTh aKyCTUYecKoii smuccuu (AJ), cymmap-
HYI0 AO U HOBBIIIAIOT OPOT BOBHMKHOBEHUA AD, a yBeJIUUYeHVE CKOPOCTU M3MEHEHUS IIOCTO-
SHHOTO BJIEKTPUYECKOI'0 TOKA 4Yepe3 Iepexol, — K CMEIeHWI0 IIOPOoTa BOSHUKHOBeHUs AJ B
00J1aCTh MEHBIINX TOKOB, YMEHBIIEHWIO TOKOB DaspyIIeHWsd, a TaK)Ke BO3PACTAHUIO MHTEH-

cuBHOCTU AD ¥ CyMMapHO! SMUCCHUU.

The short-time appearance and break-
down of mechanical stresses in local do-
mains due to an external loading results in
a spontaneous chaotic acoustic emission
(AE) of the materials [1], including micro-
domains of semiconductor crystals [2, 3].
The AE source can be induced in this case
by thermo-mechanical stresses caused by di-
rect currents passing the light-emitting diode
LED structure due to inhomogeneity of the
epitaxial structure resistance [3] The active
AE source is in fact a source of internal ul-
trasonic vibrations as well as a local domain
where the material structure is subjected to a
dramatic rearrangement [1].

Previous studies [3, 4] of acoustic emis-
sion in epitaxial light-emitting structures
based on A3B® solid solutions, namely, in
Gao_7A|0_3AS and Gao_65A|0_35AS p+-p-n struc-
tures and Gag gsASg 15 n-n-p ones as well as
in GaP:N p-n structure, have shown that in
some samples, the direct current density J;
can exceed the producer-declared nominal
value J,,, by a factor of 10 to 20 during
first two or three years after manufactur-
ing date, neither the sample failure nor AE
being observed in this case. For other sam -
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ples, however, the AE was observed even at
Ji < Jnom‘

This fact evidences directly differences
in initial concentrations and distributions
of active AE sources (structure defects)
arising in the growth course, in spite of the
strain energy decrease caused by the system
elastic relaxation. That is, the major part of
dislocations in structures of inhomogeneous
composition remain to be nonequilibrium
defects [5] fixed at weak stoppers, including
point defects. In fact, as the growth process
is over, the heterostructures can keep a
complex metastable non-relaxed state at a
high level of internal mechanical stresses
inhomogeneous over volume of crystal. The
purpose of this work is to study the effect
of prolonged natural aging of those struc-
tures on the AE dynamics.

The AE signal was recorded using piezo-
electric sensors within the 500 to 1000 kHz
frequency range. The electric signals of con -
tinuous AE were recorded by a specialized
AF-15 instrument while the discrete high-
energy AE signals were taken from the AF-
15 output using a chart recorder. The com -
pound fixing the crystals in industrial LED
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was used as electric insulator and acoustic
buffer. The direct current was passed
through samples with 500x500um?2 crystals
at the density J; = (0.2 to 20)105 A/m?2.
The current density was increased in step-
by-step mode as in [3, 4], each J; ;=
(2...1.5...1.2)lJ;. To ensure the Kaiser law is
met, AE was registered till the guaranteed
activation of all AE sources potentially ac-
tive at the respective J;, that is, till the AE
was over. Therefore, the time periods be-
tween the current variations At; was 3 to
10 min.

As compared to the studies [3, 4] carried
out in time intervals about 2.5108 s (about
8 years), the typical threshold current den -
sity J;, corresponding to AE onset thresh-
old has been found to increase substan-
tially. During the LED storage time (about
16 to 18 years), the J,, value has been
changed from (0.2 to 2)10% A/m2 to (6 to
16)10° A/m2 and exceeds considerably the
Jom  for  those  structures (about
0.40005 A/m?2). The failure current density
Jp > Jyy, is about (16 to 20)105 A/m?2 for
the structures under study.

The AE dynamics was observed to vary
considerably. In fresh-made samples, the
discrete AE at every J; > J,, step (inde-
pendent of the structure type) looks as a
chaotic sequence of pulses (Fig. la) damp-
ing in time and is accompanied by a low-en -
ergy continuous AE. In naturally aged
structures, burst AE at J; > J,;, looked for
most samples as seldom single pulses with
amplitudes attaining at every Iy (Fig. 1b).
The AE count and AE intensity (pulses per
second) decreased considerably (by a factor
of 3 to 10), the current increase parameters
being the same. At accelerated current vari-
ations (large steps J;,; =(2.5 to 3)lI; or
short time intervals At; = 0.5 to 2 min) AE
count rate and AE count increased sharply
while J,;, decreased considerably almost
down to fresh-made sample level. This indi-
cates that the relaxation process character
depends on the number of AE sources acti-
vated simultaneously.

The large experimental values of J; at
substantial changes in AE dynamics (e.g.,
its absence at J,,,) evidences the absence
(or the presence of very small number) of
AE sources having relatively low activation
energy. Since the existence of an AE source
is related explicitly with a material struc-
ture distortion in a local domain, this
points that during aging, the number of
defects capable of change their state under
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Fig. 1. Burst AE at the onset threshold (a);
typical structure failure (b). |, the current
establishing moment.

weak external influences is reduced. It is
the dislocation motion that is believed to be
among AE mechanisms in semiconductor
crystals [2, 6]. Thermal annealing (artificial
aging) is asserted to influence significantly
the AE dynamics in dislocation-containing
crystals under thermal and current factors
[6]. Since the defect structure of A3BS epi-
taxial layers is much more complex [5], the
set of active and passive AE sources cannot
be restricted to non-interacting dislocation
only, it is necessary to take in account the
formation and displacements of microinclu -
sions of gallium, uncontrolled dopants, as
well as of large number of surface and vol-
ume defects associated with technological
treatments.

It is obvious that under such conditions,
the relative increase in J; may be associ-
ated with the aging processes resulting in
essential changes of the material internal
defect structure in a time of about 5108 s.
During the aging, the relative smoothing of
local densities of point and linear defects
over volume of sample competes with the
predominating binding of points defects and
dislocations into clusters. In this process,
2D and 3D structure defects are of a consid -
erable importance. Due to the latter, at the
total structure defect density being the
same, the number of potentially active
sources of low-energy continuous AE is de-
creased considerably under simultaneous
formation of complex defects (new sources
of high-energy burst AE) requiring a high
activation energy [1, 3, 7]. Properly speak -
ing, the appearance of burst AE at super-
high current densities may be related to re-
arrangements in local internal domains hav -
ing as centers one or several neighboring
3D defects. The low-energy continuous AE
is a consequence of dislocation motion [1]
where the point defects of studied struc-
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tures (N atoms, Zn—-O complexes, etc.) are
also of importance.

Thus, relaxation of AE sources (reduc-
tion of active number of those) in epitaxial
LED is related to the natural aging proc-
esses, that is, to transition into a new me-
tastable state where, due to defect redistri-
bution in local domains and changes of the
defect states, AE count rate and AE count
decrease, the AE onset threshold increases,
the actuation dynamics of AE sources and
the AE type are changed. In the same time,
increasing J; variation rate results in a Jy,
shift towards lower currents, a decrease of
Jy, increase of AE count and AE count
rate, thus pointing to recovery of a metas-
table state of the defect structure including
a large number of active AE sources.
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Penakcanisa aKkTMBHMX JiKepes aKyCTHYHOI eMmicii B
Ipolleci MPUPOTHOTO CTAPiHHA emiTakciiiHmx crpykryp ASB®

B.Il . Benewyx, O.B./lawenko

IToxazaHo, 1110 IIpoIleCcH CTApPiHHA eHiTaKCiAHMX CBITJIOBUIPOMIHIOBAJILHUX CTPYKTYp Ha
ocuOBi cmonyk A3B® smeHIIyOTH iHTeHCHBHiCTH axycTwuHOi ewmicii (A€), cymapuy A€ Ta
OiABUINYIOTh HOPir BUHUKHEeHHA A€, a 30iJbIlIeHHA MIBUAKOCTI 3MiHM IOCTiIHOrO eJIeKTpUY-
HOTO CTPYMYy uepe3 Iepexis — 10 3MillleHHs MOopory BUHUKHeHHA A€ B 00JacTh MEHIIHX
CTPYMiB, 3MEHINIeHHSA CTPYMiB PYHHYBaHHSA, 3POCTAaHHS CcyMapHOi emicii Ta iHTeHCUBHOCTI

Ac€.
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