Extended Abstracts of the 2012 International Conference on Solid State Devices and Materials, Kyoto, 2012, pp554-555

Waveength Fine-tuning of Photonic Crystal Rods L aser on a Flexible Substrate

K. T. Lai'? M. Y. Kud', K. S. Hsd® C. T. Lirf and M. H. Shik*"

'Research Center for Applied Sciences
“College of Photonics, National Chiao Tu

(RCAS), Academia Snica, Taiwan
ng University (NCTU), Tainan, Taiwan

*Department of Photonics, National Chiao Tung University (NCTU), Hsinchu, Taiwan
(mhshih@gate.sinica.edu.tw)

1. Introduction

Photonic crystal (PhC) lasers have been developéd a
integrated with functionality optical or optoelemtic
components as wavelength—scale coherent light ssurc
However most of reported PhC lasers are implantec o
hard substrate and the optical properties are djostble
once the structures are fabricated [1] [2]. In thixrk, we
demonstrated flexible square-lattice photonic @lyst
band-edge rods lasers on a polydimethylsiloxaneMB8D
substrate.

2. Fabrication

The photonic crystal square-lattice structure was
formed by a 240 nm thick InGaAsP rods on a PDMS sub
strate. Fig. 1(a) shows the illustration of theusture. In
fabrication, the photonic crystals were implemenieda
240 nm thick InGaAsP layer on the InP substrates T
GaAsP layer consisted of four strained InGaAsP tyman
wells (QWSs) with an emission peak at 1.pB. A sili-
con-nitride (SiN) layer and a polymethylmethacrylate
(PMMA) resist were deposited on the epitaxial walfar
the dry etching processes and electron-beam lipioy.
The triangular-lattice air holes were defined onNeMby
electron-beam lithography. Followed by RIE and 1@y
etching processes, the patterns were transferréduet&iN,
layer with CHR/O, mixture gases at 20 and further to
the QWs layer with GIN, mixture gases at 180. After
that, we bonded the QWs layer to a 26® thickness
PDMS substrate. The structure was formed by rengpvin
the InP substrate with HCI solution. The scannilegteon
microscope (SEM) picture of fabricated PCs is shomwn
Fig. 1(b)

Fig. 1(a) The illustration of a square-lattice girot crystal band
edge laser on a PDMS substrate. (b) The SEM imageedabri-
cated structure.

3. Measurement and Discussion
The devices were then optically-pumped at room tem-
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perature by using an 850 nm wavelength diode laser
normal incidence with a 1.5% duty cycle and a 3@uise
width. The pump beam was focused on the devicea by
100x objective lens. The pumped beam spot sizepis a
proximately 2um in diameter. The output power from the
lasers was collected from the top of the structbsea mul-
ti-mode fiber connected to an optical spectrum el
The structure achieves lasing with a low threstpaver.
Fig. 2(a) shows a lasing spectrum from the photonystal
band-edge rods laser with 705 nm lattice consiEm. las-
ing wavelength was observed around 1601 nm. Tim-ilig
light-out (L-L) curve of this laser is show in Fig(b). The
threshold power is approximately 1.25 mW. To canfthe
optical modes of the band-edge laser, the strustwiéh
different lattice constants were optically-pumped] ghe
lasing wavelengths were recorded. The normalized fr
quency of the lasing modes is about 0.441.
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Fig. 2(a) The lasing spectrum from a square lapitcetonic crys-
tal band edge rod laser on a PDMS substrate. (b)LFh curve
from the laser.

To understand the lasing modes, the corresponding
band structure for TE-like modes are calculatedh wit
plane-wave expansion (PWE) method. The band steictu
is shown in Fig. 3(a). The band-edge lasing modes a
likely to occur around the high-symmetry points tbg
band structure. The flat dispersion curve neab#rel-edge
implies a low group velocity of light and strong#ization.
Compared the measurement with the simulation, abing
mode of 0.441 normalized frequency correspondshéo t
second I' band-edge point. Furthermore, we have ana-
lyzed the photonic crystal structure with finitexelent
method (FEM). Fig. 3(b) shows the calculated nibde
profile of the I' band-edge mode, which is the observed
lasing mode.
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Fig. 3(a) The band structure of the square-lagtizetonic crystal
with 0.37 r/a ratio calculated with the 2D PWE nmethThe las-
ing mode is shown with a black circle. (b) Thefléld mode pro-
file of thel” band-edge mode.
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After characterizing the band-edge laser on asilait
face, we extended the photonic crystals alonglthé di-
rection with a homemade stage. Fig. 4(a) showlthstria-
tion of lattice extension. The arrows indicate tieection
of lattice extension. Under the same pumping caoomst
and pumping power, the fabricated structure achidas-
ing at various extending lattice constant. Fig.)4ghows
the lasing wavelength red-shifted as the extengergent-
age was increased.
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Fig. 4(a) The illustration of the lattice extensidh) The lasing
wavelength red-shift as the extension percentageisased.

The lasing wavelength of the photonic crystal laser
strongly depends on its geometry. The red-shiftiesghat

References

[1] M. Imada, S. Noda, A. Chutinan, T. Tokuda, M. iétia, and G.
Sasaki, “Coherent two-dimensional lasing actionuin s
face-emitting laser with triangular-lattice photorystal
structure,” Appl. Phys. Lett., vol. 75,pp. 316-31999

[2] Lydie Ferrier, Ounsi El Daif, Xavier Letartre, PedRojo Ro-
meo, Christian Seassal, Radoslaw Mazurczyk and Pierre
Viktorovitch, “Surface emitting microlaser based2in
photonic crystal rod lattices.” Optics Expresspu@ie) 2009
/Nol. 17, No.12

the geometry of the laser would be changed when the

structure is extended. We observed that the lasiage-
length increase linearly with the extension rafigplaotonic
crystal lattices. The lasing wavelength tunabildf the
flexible photonic crystals is approximately 2.69m{fo).
The shift is attributed to small lattice distortiohphotonic
crystals on the flexible substrate.

4. Conclusions

In conclusion, the square-lattice photonic crystal
band-edge laser on a flexible PDMS substrate watode
strated. The lasing action was achieved around 1560
wavelength with a threshold power. The observethdas
mode was identified to be around the symmetry pdint
of the second photonic crystal band by comparingeex
mental results with 2D PWE simulation. The lasimtjan
of the extended photonic crystal lattices was alsserved
at various lattice extension percentages. The dagiave-
length was red-shifted as the lattice extensiorcqrange
was increased, and the red-shift in wavelengtiomidated
by the lattice extension along theX direction.
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