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The effect of superlattice adding on the luminescence properties of heterostructures
based on (Al,In,Ga)N was investigated. It is shown that using structures with two superlat-
tices: the InGaN/InGaN under active region and the AlGaN/GaN as a top p-layer gives the
best effect. The elastic stresses on heterointerface of these structure are compensated
optimally. As a result they are the most effective and stable functionality.

WcenemoBano BANAHNE BBeJeHUA cBepxperreTku (SL) Ha JOMHHECIEHTHLIE CBOMCTBA Te-
TepocTpyKTyp Ha ocHoBe (AlIn,Ga)N. IlokasaHOo, UTO HCIIOJB30BAHUE CTPYKTYPHL C ABYMS
ceepxpemerramu, INGaN/InGaN nog akTusrO! obaacteio m AlGaN/GaN B rauecTse BepxHETO
Pp-ClIos, MPUBOIUT K HAMIYUYIIEMY Pe3yJabTaTy. Y IIPyrrue HANPSKEHUSA Ha TPaHUIle pPasiena B
reTeporepexone dTUX CTPYKTYP KOMIIEHCHPYIOTCSA ONTHMAJIBHBIM 00pasoM. ITO HPUBOLUT K
X MaKCUMAaJIbHOU 2P(EeKTUBHOCTA U CTAOUIBHOMY (PYHKI[MOHUPOBAHUIO.

HocmigxeHHA TIOMiHECHEHTHHX BJACTHBOCTEH TeTEPOCTPYKTYP HA OCHORi HIiTpHmy, mo
MicTaTe HaarpatTky. E.A.Menvrxosuyu, A.B.Conomonos, C.A.Tapacos, 11 A IOpzin.

Hocrim:KeHo BIJIVMB BBeMeHHA HAATPATKU Ha JTIOMiHECIIEHTHI BJIACTUBOCTI TeTEPOCTPYKTYD
na ocuosi (AlLIn,Ga)N. IloxaszaHno, 1[0 BUKOPHUCTAHHS CTPYKTYyPU 3 ABOMAa HAATPATKaMU,
InGaN/InGaN mix aktusHoio o6aacrio i AlGaN/GaN y akocti BepxHBOro p-mapy, NPuUSBOAUTH
I0 HaWkpamoro pesyJabrary. IIpysKHi Hampyru Ha MeXi posmisy B rerepomepexomi mux
CTPYKTYP KOMIIEHCYIOThCA OITMMaJbHuUM obpasom. Ile mnpuspoaurh g0 iX MakcuMaJbHOL
edekTUBHOCTL Ta cTabiabHOr0 QYHKI[IOHYBAHHIO.

1. Introduction

One of the important problems of modern
science is the development of energy-efficient
appliances and devices. Today the solid-state
lighting products light-emitting diodes (LEDs)
are developed with success. These products
have a number of advantages in comparison
with traditional. They are less energy inten-
sive, more reliable and cost-effective in use.
However, improving the LED luminescence ef-
ficiency is actual problems in nowadays.

The LEDs heterostructure which are used
in the illumination typically are based on
semiconductor solid solutions of nitride
(ALIn,Ga)N. It is known that their crystalline
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structure usually has a lot of defect. This is
due to the large lattice mismatch between
epitaxial layers and standard substrates on
which these epitaxial layers are usually grown.
The presence of such lattice mismatch gives
rise to elastic strain that can relax to form
defects and dislocations during operation of
the LED structure. These processes lead to sig-
nificant changes in luminescence properties of
LEDs heterostructures, and deterioration in
their performance.

In this paper is proposed to reduce the
impact of stress on the elastic properties of
luminescence heterostructure based on
(AlLIn,Ga)N by adding different types of su-
perlattices (SL) in them.
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Fig. 1. The structure of the studied samples.

2. Experimental

Previously, the authors investigated the
effect of the addition of superlattices
(In,Ga)N on the luminescence properties in
the structures of (ALIn,Ga)N [1, 2]. In the
present paper heterostructures were based
on the same solid solutions, some of which
included two or one of the SL based on
other nitride solid solutions (Fig. 1).

In general, the test samples, except for
the last p—GaN epitaxial layer had a similar
sequence of epitaxial layers. The n—GaN
buffer and contact layers were grown on the
c¢—Al;,05 substrate having 4 pm thickness.
The SL consisting of 15 Ingy1GagggN and
Ing 001Gag g9gN layers each having 1 nm
thickness were added before the active re-
gion for improvement layer homogeneity.

POWER SYSTEM

= m
e T EELEERREEY 4

Closed-cyde

I

I

I hdiumayostat Therrostat
I

I

Probestation

THE MEASURING UNIT

Ammeters, voltmeters,
oscilloscopes and other.

The active region comprised one 2.5 nm
width Ing 15GaggsN quantum well. Further
the low alloyed 50 nm thickness i—GaN
layer was grown. The final p—GaN layer was
of four types: the first type represented SL
comprising 9 pairs of Aly 15Gag gsN and GaN
layers of 1.5 nm thickness (Type 1), the sec-
ond type — p—AlGaN layer with 15 % alu-
minum fraction (type 2), the third type —
p—AlGaN layer with 10 % aluminum frac-
tion (type 3) and the forth type — p—GaN
layer (type 4). The final Al, B2, C3, D4
layers thickness was 27 nm.

The nano-heterostructures study was
conducted by means of the author’s elabo-
rated diagnosis test system for the investi-
gation nano-heterostructures operating pa-
rameters (Fig. 2) [3—-6]. The system allows
determining all general features of the
solid-state emitters and products on its
base: spectral, watt- and volt-ampere char-
acteristics, luminescence intensity and effi-
ciency. Moreover, it enables temperature de-
termining of the nano-heterostructures ac-
tive region. For this purpose a new rapid
non-contact method for the active region tem-
perature determining is used [7]. In general,
the diagnosis complex provides the most sig-
nificant optical and electrical characteristics
measuring of any LED chip, LED and prod-
ucts on its base within the following ranges:
radiation wavelength 200-1100 nm, current
1078—10 A, voltage 0—-250 V, temperature
10-500 K.
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Fig. 2. The test-system for express quality control LEDs.
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Fig. 3. Wavelength peak dependence on the
operating current. Curve 1, 2, 3, 4 — type
structures.

3. Results and discussion

According to [1, 2] the structures failing
to comprise superlattices under low cur-
rents (up to 10 mA) demonstrated the sig-
nificant shift up to 10 nm spectrum lumi-
nescence maximum forward to short-wave
region. The authors suggest that the shift
of the luminescence spectrum at low cur-
rents in these structures due to the influ-
ence of elastic stresses that causes the lat-
tice strain at the heterointerface and the
built-in electric field. The active region and
wells located there are influenced by three
main components: p-n junction built-in
electric field; built-in field induced by de-
formations; external field conditioned by an
applied voltage. Despite the major impact of
the p—n junction on the light-emitting prop-
erties of heterostructures, it may not be the
main cause of the above effects. The value
of this field in the active region structure
which contain SL is very close to the volt-
age values attained in structures without it,
since the composition of the emitting layer
and the total thickness are similar to each
other. However, in a structure with SL the
significant shift in luminescence spectrum
isn’t observed. Very small external voltage
drops on the active region of the structure
at low operating currents. On their back-
ground contribution of the built-field-in-
duced deformations is particularly notice-
able. Under his influence the shape of the
well is greatly distorted and a quantum-size
effect of the Stark is appears [8]. This sig-
nificantly reduces the distance between the
quantum levels. External voltage increasing
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Fig. 4. The optical capacity dependence on the
current. Curve 1, 2, 3, 4 — type structures.

is reduce the impact of built-in field and
shift decreases.

SL addition to the nanostructure type 1
allowed to partly compensate elastic stresses
thereby the discussed effect was not ob-
served (Fig. 8). Nevertheless, relatively
long-wave shift remained as it was and con-
sists about 2.8 nm in length. Its length
equaled 1.8 nm for the type 2 structures,
4.3 nm — for the type 3 structures and
3.4 nm for type 4 structures. This mean
incomplete elastic stresses compensation at
the single quantum well interface and
higher layers lying in the type 1 structure.
Probably, the residual elastic stresses
within the structure relax without crystal
lattice defects formation, therefore it had
higher steadiness and operation efficiency.
Furthermore, this assumption is confirmed
by a lower luminescence efficiency of the
type 2 structures where the influence of
elastic stresses regarding the wavelength
shift is decreased due to the dislocations
formations and luminescent efficiency de-
creasing.

Comparative analysis of 1, 2, 3, 4 type
structures also allowed studying of the final
barrier electron intended layer structure in-
fluence of the regarding the radiators’ lu-
minescent and other operating features
(Fig. 4,5).

Considering the achieved optical power
and efficiency values the addition of super-
lattices (type 1) 8.5 % and 2.7 mW, corre-
spondingly, under the current 20 mA pro-
vides the best effect. A more weak effect is
provided by the usage of p—AlGaN layer
with aluminum portion 10 % (type 38)
(2.4 % and 1.6 mW, correspondingly). Fur-
ther increasing of Al concentration makes
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Fig. 5. The dependence of the efficiency on the
current. Curve 1, 2, 3, 4 — type structures.

the parameters of obtained samples (type 2)
(1.7 % and 1.8 mW, correspondingly) sig-
nificantly worse. In this case appears that
negative influence of the lattice periods
mismatch and increased defect formation
associated both which exceed the advantages
resulting from improved charge carrier con-
finement. Apparently, in this case, the
negative influence of the lattice mismatch
and the associated increased defect exceed
benefits. This effect strongly proved itself
so that optical power of reference type 4
structures with the barrier layer without
aluminum be higher than the samples of
type 2 (2.6 % and 1.7 mW, correspond-
ingly). This effect could be reduced in the
superlattice structures due to voltage rear-
rangement in thin layers consisting in su-
perlattices.

Also it was demonstrated that all studied
nanoheterostructures are operable up to the
currents exceeding 150 mA. The optical
power saturation was not observed in the
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type 1, 3, 4 structures except the type 2
structures which had the lowest efficiency
proving their high imperfection. The optical
power dependences of the type 1 and type 3
structures coincide while the efficiency is
distinguished. The addition of superlattice
results in relatively small number of dislo-
cations that doesn’t affect the device opera-
tion efficiency.

4. Conclusions

The structures based on (Al, In, Ga) N
were examined. The SL (Al, Ga) N and (In,
Ga) N were contained in these structures,
and also had a different structure of top
p-layer. It was found that the structure
with two SL has a high operation stability
and best performance. Adding superlattice
InGaN/InGaN near the active region in the
vicinity of the heterointerface optimally
compensate elastic and piezoelectric stress.
That compensation reduces the formation
of dislocations in these structures. As a re-
sult, the luminescence intensity was rised.
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