EINDHOVEN
e UNIVERSITY OF
TECHNOLOGY

Large asymmetric Stark shift in Gaxln1-xAs/InP/InAsyP1-y
composite quantum wells

Citation for published version (APA):

Aneeshkumar, B. N., Silov, A. Y., Leijs, M. R., & Wolter, J. H. (2003). Large asymmetric Stark shift in
GaxIn1-xAs/InP/InAsyP1-y composite quantum wells. Applied Physics Letters, 83(14), 2838-2840.
https://doi.org/10.1063/1.1616664

DOI:
10.1063/1.1616664

Document status and date:
Published: 01/01/2003

Document Version:
Publisher's PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

* A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOl to the publisher's website.

* The final author version and the galley proof are versions of the publication after peer review.

* The final published version features the final layout of the paper including the volume, issue and page
numbers.

Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

» Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
* You may not further distribute the material or use it for any profit-making activity or commercial gain
* You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:

openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 04. Oct. 2023


https://doi.org/10.1063/1.1616664
https://doi.org/10.1063/1.1616664
https://research.tue.nl/en/publications/5e05957c-ec23-41b2-bf38-3a18ec8225c9

APPLIED PHYSICS LETTERS VOLUME 83, NUMBER 14 6 OCTOBER 2003

Large asymmetric Stark shift in Ga  ,In;_,As/InP/InAs ,P;_, composite
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COBRA Inter-University Research Institute, Eindhoven University of Technology, 5600 MB Eindhoven,
The Netherlands

(Received 12 June 2003; accepted 12 August 2003

Strong asymmetric Stark shift in excess of 115 meV of the lowest energy transition has been
experimentally observed in composite ,@a_,As/InP/InAsP; _, quantum-well system. In this
structure, we can independently control the confinement of electrons and holes by controlling the
strain. The photoexcited electrons and holes are confined in spatially separated regions without the
application of an electric field. Due to the large asymmetry in the structure, we observed large
blueshifts and redshifts of the absorption edge with an applied electric field. All our measurements
agree with the calculations within the framework of the Bir—Pikus strain Hamiltonian20@8
American Institute of Physics[DOI: 10.1063/1.1616664

Asymmetric Stark shifts were found in structures with can confine electrons and holes in spatially separated regions
spatial separation of electrons and holes. In these types @ifithout the application of an electric field. The highly asym-
structures the blueshifts and redshifts are determined by thmaetric structure allows large tuning of the absorption edge to
direction of the applied electric field. In recent years, therethe blue or red side of the spectrum with an applied electric
has been a great deal of interest in structures with spatiallfield.
separated electron—hole systems. They are especially used to The composite QW structures used in our experiments
realize a two-dimensional exciton conden&atand for ex-  were grown by chemical-beam epitaxy on InP substrate, mis-
ploring the blue shifting potentialities of the absorption oriented 0.8 towards the[111]B. The QW sequence was
edge® Multi-quantum-well (MQW) structures based on grown in the intrinsic region of an—i—p structure and con-
quantum confined Stark effe¢€QCSB* have been widely sists of 4 nm thick Ggn; _,As and InAsP, _, separated by
used in self-electro-optic effect devicé€SEED.® In a con- a 1 nm thick InP barrier. We have studied two sets of
ventional SEED, to assure the positive feedback, the exissamples; in one set, a reverse bias causes a redshift of the
tence of the sharp excitonic peak is essential. One drawbackbsorption edge and in the other it causes a blueshift. The
of this method is that it suffers from large residual absorp-blueshifting structures have an inverted QW sequence com-
tion. SEEDs based on blueshift are less reliant on sharp expared to the redshifting structures. The IpRs_, layers
citonic peaks and offer significant improvements in terms ofwith y=0.42 are always in compression with respect to the
on/off ratio and insertion loss over the usual redshiftinP substrate, while the Gla, _,As layers were grown ei-
devices” To enhance the blue Stark shift, several theoreticather lattice matchedx=0.47) or in tensionX=0.67; strain
and experimental proposals were made by differenbalanced sample The resulting composite QW structures
groups’~** However, the largest blueshift was achieved in ahave a highly asymmetric potential profile due to the oppo-
(111) Ing 133 oAS/GaAs MQW structur€ and was limited  site weighting of their band offset parameters. At the
to 22 meV at a field of 85 kv/cm. In that case, an electricGaln,_,As/InP interface the conduction band to valence
field is applied opposite to the piezoelectric field, essentiallypand offset ratio is assumed to be 43%@nd at the
compensating the pre-biased state of the structure. A buiIt-ilmAsypl_y/mp interface it is taken to be 70:36Due to this
field, which is canceled by an external field, can also beeverse band offset ratio, an antisymmetric potential profile
achieved using either asymmetric coupled QWsr graded s formed with a shallow-deep conduction band and a deep-
gap QWs:* shallow valence band. The photocreated electrons are con-

In this letter, we present the experimental realization of &jned within the InAgP; _, well, while the holes are col-
large asymmetric Stark shift of the ground state transition inected at the Gdn,_,As part of the composite QW. This
Galn;_,As/InP/InAgP;_, composite QW structures. In a results in a zero-field separation of electrons and holes, and
strain balanced structure, the magnitude of the total Starihe situation is rather analogous to the effect of pre-biasing a
shift is 117 meV, of which 35 meV is blueshift. We can Qw with a static field. The QCSE will start out as a blueshift
independently control the confinement of electrons and holegt the |owest electron—hole transition as the applied electric
in this structure by careful strain engineering. This structurgig|d reduces the separation of electrons and holes.

The spatial separation of electrons and holes in our
dpermanent address: International School of Photonics, Cochin Universitptructures allows us to study the blue Stark shift without
of Science & Technology, Cochin-22, India. making any electrical contact to the structures. The blue shift

YAuthor to whom correspondence should be addressed; electronic mai{l'vaS studied using photoluminescendéL) measurement
a.silov@phys.tue.nl ’

9Present address: Inter-University Microelectronics Center, B-3001 Leuven,sm_Ce the QW sequence Is In the intrinsic region of an
Belgium. n—i—p structure, the spatially separated electron—hole sys-
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FIG. 1. Low-temperature PL spectra. Par@): Ga 44AngsAs lattice- FIG. 2. Panel(a): Stark shift of the lowest hh—electron transition with
matched samples; solid line for INf\sP, s¢/INP/Gg 44Ny s4As and the respect to applied electric field in @alngsAs lattice-matched sample.

dashed line for GgyAng 5AS/INP/INAS) 4P, 58 Sample. Paneb): strain bal- Panel(b): Stark shift of the lowest Ih—electron transition for the strain bal-
anced samples; solid line for Inf\gPy 55/ INP/Ga AN 3sAs and dashed  anced sample. In both panels, the inset shows the PC spectra for the blue-
line for Ga gANng 33AS/INP/INAS, 4P, 55 SamMple. shifting samples.

tem will experience a built-in electric field of 28 kV/cm. In nously pumped dye laser, which is used to excite the sample.
one QW sequence this field pulls the electrons and holes t®he tuning range is from 1185 to 1670 nm.
opposite sides of the structure resulting in a redshift of the  Figure 2 shows the asymmetric Stark shifts observed in
ground state transition energy from the zero field value. Irthe Galn,_,As/InP/InAsP,_, composite QW structures.
the inverted sequence the field pushes them close to eadfhe inset of Fig. 2a) shows the PC spectra as a function of
other resulting in a blue shift of the transition energy. applied electric field for the GaAngsaAS/INP/INAS) 4P 55

The PL measurements were done at 5 K in a He-flonQW structure. The right top side of Fig(é2 shows the blue
cryostat. Samples were excited using a 532 nm second ha®tark shift of the ground state heavy-hle)—electron tran-
monic from an Nd:YAG laser and the estimated excitationsition energy as a function of the applied electric field. The
density was 400 mW/cfn Figure 1a) shows the intensity degree of polarization of the PL from the cleaved side of this
normalized PL spectra of the @glngssAs lattice-matched sample demonstrates that the ground state is indeed hh in
samples. The PL from these composite asymmetric QWsharacter. The observed blueshift was 22 meV for a maxi-
even though via an indirect real space radiative transitionmum applied field of 93 kV/cm. In the strain balanced
show strong PL bands with full width at half-maximum of Ga, g4Ang 3AS/INP/INAg, 4Py 55 Sample, the valence band
less than 16 meV. For the @aingsAs lattice-matched ground state becomes light-halka) in character. The inset
samples, the shift between the two PL peaks is 15 me\of Fig. 2(b) shows the photocurrent spectra at different ap-
Figure 1b) shows the intensity normalized PL spectra of theplied fields and the right top side of Fig(f shows the blue
strain balanced samples. The shift between the PL peaks $tark shift of the Ih electron transition. In this structure we
50 meV, which is increased by three times compared to theealized a larger blueshift of 35 meV compared to the
shift in the Gg 44ng 53AS lattice-matched samples. The total Ga, 44N 54AS lattice-matched case.
shift includes both blueshift and redshift of the transiton  We have also measured the red Stark shift in structures
energy from the zero field value. with the inverted layer sequence. At low fields we observed a

We used photocurrentPC) spectroscopy to study the linear Stark shift. This is a clear indication of the separate
external electric-field-induced blueshift and redshift in theseconfinement of electrons and holes in real space. From the
structures. Annealed Zn/Au and Ge/Au contacts were madslope of the linear redshift, we calculated the electron—hole
to the p- and n-type layers, respectively. The PC measure-separation. The redshift is also shown in the bottom left of
ments were done at 100 K in a He-flow cryostat. A tunableFigs. 2a) and 2b). For the INAg 4Py 5dINP/Gg 44Ny 5AS
near infrared light is generated by mixing a 1.06-mkmsample the observed redshift is 62 meV and for the

Nd:YAG laser beam with a visible output from a synchro- InAsg 4P 5dINP/Gg gANg. ;AS sample it is 82 meV. Thus,
Downloaded 02 Jan 2008 to 131.155.108.71. Redistribution subject to AIP license or copyright; see http:? apl.aip.org/apl/copyright.jsp
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000 @ ] ————0l2 electrons to the InAg, Py s Well. The calculated nonzero
—_ S ~————el1 ] dipole moment is 7.2 10”28 Cm. Due to the increased ini-
> 800 ¢ B tial charge separation, this structure shows large blue Stark
E Ga ,In  As ' ] shift of the lowest energy transition.
> 6002 | InAs P, T If we analyze the blueshifting part in Fig. 2, the experi-
§ 0 a —~ i‘-hh11'; mentally observed values for the blueshift deviate from the
T Y, SE—— hh2] theoretically calculated values at higher fields. For the strain
3 balanced GggAng 35AS/INP/INAS, 4P, 55 Structure, the maxi-
L — h2 mum value for the theoretically calculated blue shift is 70
1000 F ' . : ——— meV at a field of 196 kV/cm, and for the @gaingsAS
o) [ ————¢l12 lattice-matched case it is 42 meV at a field of 194 kV/cm.
800 F ~~——— o1 ] The theoretically calculated values for the maximum blue-
S ] shift are higher than the experimentally observed ones. The
g Ga In As { ] experimentally observed blueshift shows saturation behavior.
T 600p 067 033 I InAs P, .. F This saturation is caused by the electric-field-induced break-
g oF ' ' ] down in the system, which is evident from a rapid increase in
s N th11: photocurrent at the beginning of the saturation behavior in
-200¢ 1h2 ] both samples.
b : D hh2 ] In conclusion, we have experimentally realized a large
-400 ¢ : : : . : — asymmetric Stark shift of 117 meV of the lowest energy
0 5 10 15 20 25 30 transition in a strain balanced composite
Thickness (nm) Gadln; _,As/InP/InAsP; _, quantum well system. By care-

FIG. 3. Calculated potential profile and electron and hole wave functions forfu"y adjusting the strain, we have realized optlm_al pqnflne-
the blueshifting structures. The wave functions were calculated numericalyN€nt characteristics for the electrons and holes individually.
for a temperature of 100 K. The redshifting structures have a similar profile The spatial separation of electrons and holes in this system

but with inverted QW sequence, compared to blueshifting structure. Pane}|owed us to measure the blue Stark shift without applying
(a): Potential profile and wave functions for Ealng sAAS/INP/INAS) 4P 58 t | electric field
sample at zero bias. Pan@l): Potential profile and wave functions for the an external electric neld.

strain balanced n s/InP/InA sample. . .
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