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ABSTRACT

MBE (Molecular Beam Epitaxy) grown p-i-n laser heterostructure, based on InAs/InP Quantum Dashes with
quaternary InGaAsP Quantum Well, were investigated through electroluminescence (EL) measurements.
Bipolar injection set on just of forward bias,Vy, 1.3 V, resulting an emission of long wavelength laser light,
peaking of 1550 nm. This value was consistent with thermal energy band gap, deduced from current-voltage
measurement in space charge limited regime where mobility of injected carriers followed Poole-Frenkel type
conduction.
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INP/INGAASP/INAS/INP LAZER HETROEKLEM P-I-N YAPININ ELEKTROLUMINESANS
CALISMASI

0z

InAs/InP lazer heteroeklem p-I-n yapisi MBE yontemiyle iiretilmis ve elektroliiminesans oOl¢limiyle
incelenmistir. Farkli iki tiir yiik tastyicisinin rekombinasyonu yaklasik olarak diiz beslemenin 1.3 volt
degerini astig1 gerilimde gergeklemis ve neticesinde dalga boyunun tepe noktast 1550 nm noktasinda olan
lazer 15181 emisyonu gozlenmistir. Elde edilen deger, uzay yiikii snirlamali akim-gerilim dlgiimlerinden elde
edilen aktivasyon enerji degeriyle ortiismektedir. Ayrica, bu bolgedeki yiiklerin mobilitesi Poole-Frenkel
tiirlindendir.

Anahtar Sozciikler: EL, kuvantum noktasi, rekombinasyon.

1. INTRODUCTION

Long wavelength (1.3 and 1.55 pm) semiconductor laser diodes in p-i-n heterostructure have
attracted much attention in recent years. The semiconductor laser with p-i-n heterostructure
consists of doped InP cladding layers and InGaAsP injector quantum well (QW) separated by a
thin InP barrier from InAs elongated quantum dots (known as quantum dash, QDash). The
structure is sandwiched in between cladding layers, forming p-i-n laser heterostructure. Overall,
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by designing InP/InGaAsP/InAs/InP structure, a laser light is seeking for emission of 1.55 um at
room temperature. The working principle of such tunnel injection (TI) structure is that injected
carriers from the cladding layers are captured by a quantum well (injector) and subsequently
tunnels from QW to QDash though a thin InP layer and finally radiatively recombine in QDash.
As a consequence of that 1.55 pm (0.8 eV) laser emission is achieved [1-8]. Within this context,
transportation of electrons and holes though QW and QDash and finally meeting in QDash where
annihilation occurs can be studied though electro-optical system like electroluminescence (EL)
measurement. Because in EL measurement, opposite kind charge carriers are injected from the
contacts (front and back) into the active region of device in which recombination occurs and light
is produced from radiative recombination.

In this work, InP/InGaAsP/InAs/InP p-i-n laser heterostructure was investigated though EL
measurement to further verify the recombination issue in QDash by current-voltage measurement
[9]. The onset of luminance was observed for the forward bias greater than 1.35 V and the
emerged light had a peak wavelength at 1550 nm: the former corresponded to bandgap of InP
film while the latter was attributed to bandgap energy of QDash layer (InAs film) where light
electron-heavily hole transition took place by radiative recombination, hence produced a laser
light operating at 1550 nm.

2. EXPERIMENT

The present InP/InGaAsP/InAs/InP structure was built though molecular beam epitaxy
(MBE) system in form of p-I-n diode. Thickness of each layer was 165, 354 and 1000 nm,
respectively. Details of the growth conditions is given elsewhere [9]. EL measurements were
carried out by using Keithley 2400 voltage/current source meter, equipped with a Oriel
Cornerstone 260 monochromator and InGaAs photodiode, produced by ThorLabs.

3. RESULT AND DISCUSSION
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Figure 1. Current-voltage measurement on InP/InGaAsP/InAs/InP p-i-n laser heterostructure at
room temperature. The inset shows the schematic band diagram of the structure.

256



Electroluminescence Study of INP/INGAASP/INAS ... / Sigma J Eng & Nat Sci 34 (2), 255-259, 2016

Fig.1 shows dark current-voltage measurement on the structure at room temperature in both
reverse and forward bias conditions. It is obvious that diode (rectifying) property is eventual.
Moreover, in here and temperature dependent current -bias voltage measurement (not shown)
approved that the bias greater than 1 V was attributed to space charge limited regime in which
carrier transport within InP/InGaAsP/InAs/InP p-i-n laser heterostructure was Poole-Frenkel type
hopping transport and recombination current mechanism that took place in QDash with a thermal
energy gap as 0.8 eV (1.55 pm). In this respect, this study can be considered as complementary
work to further verify the recombination issue in QDash by electroluminescence measurement
(EL). Fig.2 displays the EL measurement performed at room temperature under forward bias
voltage (2 V) condition. As shown in Fig. 2, the onset of light begins around 1.3 V and becomes
sharper with increase in forward bias and finally saturates for the bias voltage around 4 V. The
emerged light from p-i-n heterostructure was collected and directed to the entrance slit of
monochromator by using lenses.
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Figure 2. EL measurement on InP/InGaAsP/InAs/InP p-i-n laser heterostructure at room
temperature.

At the exist slit, InGaAs photodiode is used to detect the wavelength dependence on light
shines on the photodiode. Therefore, wavelength dependence of the light is characterized and
illustrated in Fig. 3. Clearly, the light has a peak value of 1550 nm that corresponds to 0.8 eV
energy. This value was attributed to radiative recombination of light electron-heavy hole
transition and consistent with other values in literature [1-8], surveyed though
photoluminescence, photoreflectance and PL excitations. Furthermore, it coincides with the
previous work [9].

257



K. Bozkurt / Sigma J Eng & Nat Sci 34 (2), 255-259, 2016

0.010

0.008

0.006

0.004

Intensity (a.u.)

0.002

0.000 ~

T T T T T T T T T T T T T
1520 1530 1540 1550 1560 1570 1580
Wavelength (nm)

Figure 3. Wavelength dependence of light produced from InP/InGaAsP/InAs/InP p-i-n laser
heterostructure.

4. CONCLUSION

Radiative recombination of electron hole carrier, injected from the cladding layers into active
region in p-i-n laser heterostructure annihilated within QDash (InAs), yielding emission of laser
light at 1550 nm and approved by electroluminescence measurement equipped with a
monochromator.

Acknowledgments / Tesekkiir

The author is grateful to CNRS-LPN for the sample production and Prof. Dr. Orhan Ozdemir
for the fruitful discussion and critical reading of the work. Also, to Neslihan Ayarci for helping in
performing experiment.

REFERENCES / KAYNAKLAR

[1] Rudno-Rudzi'nski W., Sek G., Andrzejewski J., Misiewicz J., Lelarge F., and Rousseau
B., (2012) Electronic structure and optical properties of 1.55um emitting InAs/InGaAsP
quantum dash tunnel injection structures, Semiconductor Science and Technology 27, no.
10, pp. 105015.

[2] Raisky O. Y., Wang W. B., Alfano R. R., Reynolds C. L., and Swaminathan V., (1997)
Investigation of photoluminescence and photocurrent in InGaAsP/InP strained multiple
quantum well heterostructures, Journal of Applied Physics 81, no. 1, pp. 394.

[3] Rudno-Rudzi'nski W., Kudrawiec R., Podemski P., Sek G., Misiewicz J., Somers A.,
Schwertberger R., Reithmaier J. P., and Forchel A., (2006) Photoreflectance-probed
excited states in InAs/InGaAlAs quantum dashes grown on Inp substrate, Applied Physics
Letters 89, no. 3, pp. 031908.

258



Electroluminescence Study of INP/INGAASP/INAS ... / Sigma J Eng & Nat Sci 34 (2), 255-259, 2016

Rudno-Rudzi'nski W., Sek G., Ryczko K., Kudrawiec R., Misiewicz J., Somers A.,
Schwertberger R., Reithmaier J. P., and Forchel A., (2005) Optically probed wetting layer
in InAs/InGaAlAs/InP quantum-dash structures, Applied Physics Letters 86, no. 10, pp.
101904-1.

Podemski P., Kudrawiec R., Misiewicz J., Somers A., Schwertberger R., Reithmaier J. P.,
and A. Forchel, (2006) Thermal quenching of photoluminescence from InAs/Ing 53Gag 23
Alg,4/As/InP quantum dashes with different sizes, Applied Physics Letters 89, no. 15, pp.
151902.

Sek G., Poloczek P., Podemski P., Kudrawiec R., Misiewicz J., Somers A., Hein S.,
Hofling S., and Forchel A., (2007) Experimental evidence on quantum well-quantum
dash energy transfer in tunnel injection structures for 1.55 um emission, Applied Physics
Letters 90, no. 8, pp. 081915.

R. Kudrawiec, Sek G., Motyka M., Misiewicz J., Somers A., Hofling S., Worschech L.,
and Forchel A., (2010) Contactless electroreflectance of optical transitions in tunnel-
injection structures composed of an In0.53Ga0.47As/In 0.53Ga0.23A10.24 As quantum
well and InAs quantum dashes, Journal of Applied Physics 108, no. 8, pp. 17.

Mitchell D. B., Robinson B. J., Thompson, D. A., Li Q., Benjamin S. D., and Smith P. W.
E., (1996) He-plasma assisted epitaxy for highly resistive, optically fast InP-based
materials, Applied Physics Letters 69, no. 4, pp. 509.

Ayarc1 N., Ozdemir O., Bozkurt K., Ramdane A., Belahsene S. and Martinez A., (2016)
Discrimination of Carrier Conduction Mechanisms of InP/InGaAsP/InAs/InP Laser
Structure Through J-V-T Measurements, IEEE Transactions on Electron Devices 63,
no.5, pp.1866.

259



