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Abstract

In this thesis, we calculated the photonic'band gaps, resonance spectra, and defect mode
profiles of symmetric two-dimensional circular photonic crystal lasers by using 2D
finite-difference time-domain method. These help us to optimize design of circular photonic
crystal lasers. And, these designed two-dimensional circular photonic crystal micro-cavity

lasers were fabricated.

In order to analyze the basic characteristics of two-dimensional circular photonic crystal
lasers, we measured these lasers by a micro-scale photoluminescence system. We identified
the lasing mode by comparing the measured results with the calculated results. Then, the side
mode was reduced by adding central air hole. Finally, by comparing the lasing characteristics
of circular photonic crystal lasers with these of 12-fold quasi-photonic crystal lasers, we
found that the circular photonic crystal lasers have good lasing characteristics, such as

ultra-low threshold and high quality factor.
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Simple examples of one-, two-, three-dimensional photonic crystals. The different
colors represent materials with different dielectric constants. (P.1)
This is TM band diagram of two-dimensional triangular lattice photonic crystal.
“TM” denotes light with electric field in the plane of crystal. There is a photonic
band gap between the first band (known as dielectric band) and the second band
(known as air band). (P.3)
(a) Point defect (b) Line defect. (P.4)
The typical structure of two-dimensional photonic crystal laser. (P.5)
Photonic crystal cavity geometries with different symmetries. (P.6)
Six smaller air holes are added to increase side mode suppression ratio. (P.6)
(@ The illustration of electrical pumping single defect photonic crystal
micro-cavity. (b) The L-I curve of this photonic crystal laser. (P.7)
The photonic band edge effect occurs in the circle. (P.7)
Schematic structure .of the surface-emitting laser has 2D triangular-lattice
structure embedded=by the wafer fusion technique. The inset shows the SEM

photograph of the triangular-lattice structure. (P.8)

(a) Schematic graded-structure. Fhe inset'shows the SEM photograph. (b) The
L-L curve of this photonic ¢rystal band edge laser. (P.9)

Yee’s unit cell. The E components are in the middle of the edges and the H
components are in the center of the faces. (P.16)
Temporal division of E and H components. (P.16)

(a) The schematic of a circular photonic crystal micro-cavity laser. (P.20)

(b) The lattice geometry of circular photonic crystal. (P.21)

The symmetry of circular photonic crystal. (P.21)

Transmission spectrum of circular photonic crystal. The five different incident
angles from (@) to (e) is 0, #/18, /12, /9, and # /6. (P.22)

The transmission spectrum of circular photonic crystal with r/a= 0.38, 0.4, 0.42,
and 0.44 at a fixed lattice constant = 520 nm. The inset shows the simulated
structure and the position of the source and the monitor. (P.23)

The photonic band gap shifts versus r/a ratio at a fixed lattice constant. (P.24)
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(@) The spectrum of D2 circular photonic crystal micro-cavity simulated by 3D
FDTD method. The right and the left inset show the structure in the x-y plane and
x-z plane.(b) The spectrum of D2 circular photonic crystal micro-cavity simulated
by 2D FDTD method. The inset shows the structure in the xy plane. (P.25)

The resonant spectrum of D2 circular photonic crystal micro-cavity. (P.26)

(a) Calculated resonant mode frequencies of circular PC micro-cavity. Gray area
indicates calculated photonic gaps of A in Fig. 3-3. (b) The mode profiles
correspond to their symbols in Fig. 3-8 (a). (P.27)

The resonant spectrum of D2 circular photonic crystal micro-cavity with and
without central air hole. The inset shows the mode profile and the structure with
central air hole. (P.28)

The epitaxial structure with compressively strained/unstrained MQWs for photonic
crystal lasers with membrane structure. The thickness of the membrane is about
220 nm. (P.31)

The PL spectrum of the MQWSs with highest gain peak at 1550 nm. (P.31)

(@) Side view SEM and (b):top:view SEM of circular photonic crystal lasers.
(P.33)

The overview of fabrication processes-of two-dimensional photonic crystal lasers
with membrane structure. (P.34)

The top view SEM of two-dimensional circular photonic crystal laser array with
five different electron dosage. (P.35)

The top view SEM of two-dimensional D2 circular photonic crystal laser. (P.36)
(a) The setup of micro-PL system. (b) The photo of real micro-PL system. (P.37)
Measured resonant spectrum with 200 nm span and the calculated magnetic field
distribution of each resonant mode. (P.38)

The lasing spectrum in dB scale. (P.39)

L-L curve of the WGM (k=6). The threshold of ~0.13 mW was observed in the
inset and the rolling-off effect occurred as the input pump power was larger than
5.5 mW. (P.40)

Lasing spectrum above threshold of the WGM (k=6). The lasing wavelength is
1574.35 nm. The inset shows lasing spectrum below threshold with 2 nm span.
(P.41)

4-12. The lasing wavelengths of a row lasers with varied lattice constant form 490 nm to

550 nm and a fixed r/a ratio. (P.42)
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Fig. 4-13.

Fig. 4-14.

Fig. 4-15.

Fig. 4-16.

Fig. 4-17.

Fig. 4-18.

Calculated resonant mode frequencies of circular photonic crystal micro-cavity.
The white circles denote the measured lasing frequencies. Gray area indicates
calculated photonic band gaps of A in Fig. 3-3. The inset shows the calculated
magnetic field distribution of WGM (k=6). (P.43)

The lasing spectrum of circular photonic crystal with and without central air hole.
The top view SEM of real device and the side mode profile are shown inset. The
side mode is effectively reduced by adding central air hole. (P.44)

L-L curve of D2 circular photonic crystal micro-cavity laser with and without
central air hole. (P.45)

Top view SEM of (a) circular photonic crystal laser and (b) 12 fold quasi
photonic crystal laser. (P.46)

Lasing spectrum above threshold of the WGM (k=6). The lasing wavelength is
1574.35 nm and 1571.66, respectively. The inset shows lasing spectrum below
threshold with 2 nm span. (P.47)

L-L curve of the circular and 12 fold quasi photonic crystal laser. The thresholds
are estimated to be 0.131 and 0.208 mW, respectively. The rolling-off effect is
observed at 5.5 mW and 3.3:mW, respectively. (P.48)



