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Fig. 11.3. Four photonic crystal light emitters:
(a) point-defect laser;

(b) band-edge lasgr

(c) VCSEL

(d) light-emitting diode
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Fig. 11.4. Localized modes at various defectsin a 2D photonic crystalof
triangular lattice holes. The modes were calculated by the FDTD method.
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Fig. 11.5. Fabricated photonic crystalaser andlasing characteristics:

(a) SEM of aGalnAsP photonic crystaslab andpoint-defectcavity;

(b) room temperaturkasing characteristics observed by pulsed photo-pumping.
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Fig. 11.6. Influence ofsurface recombinatioan light emissioncharacteristics:

(a) theoretical estimation ointernal quantum efficiency with injection current fora pillar-type
semiconductor photonic crystal;

(b) experimental resultsf carrierlifetime and photoluminescencatensity in a Gal nAsP/InP pillar-
type 2D photonic crystal.

Closed circles and dotted lines indicate as-formed structuresyhile open circles and solid lines
indicate those afteCH , plasma irradiation.
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Fig. 11.7. Photonic band diagram for2® photonic crystal and schematicagtftical
feedback at variousoand edges.

M. A. Mansouri-Birjandi Lecture 11: Photonic Crystal Devices 14



yyd &9 VCSEL 5 X8
&S Sl J|9l59,5.3.o

& owpwd el
S50 Gy Seud

-0 Gy Jlows 5

‘M’” S ey 09.&

S dos sauYus

11.8. Schematic illustration achieving a VCSEL by using a fiber
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11.2.4 High Extraction Efficiency LED
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Fig. 11.9. Enhancement dfght extractionefficiency measured and i
calculated fora Gal nAsP/InP 2D pillar-type photonic crystal
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Fig. 11.10. GalnAsP/InP LED structure withsurface grating 2D photonic crystal:

(a) schematic structure and obserzear-field pattern;
(b) measured and calculatethancement in total efficiency of LED
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(b) (c) (d)

(a)

Fig. 11.11. Variouswaveguide structures based aimc line defects:
(a) photonic crystal slab type

(b) pillar type;

(c) 3D wood-pile type;

(d) auto-cloningype
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Fig. 11.12. Near-fied
patterns observed from the
top of the photonic crystal
dab type
fabricated by
GalnAsP/InP film on top of

theInP/S O, hostsubstrate.
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Fig. 11.13. Photonic bands of @ngle line defect in a photonic crystad ab:

(a) TE-like polarization; p) TM-like polarization
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Fig. 11.14. Fabricated singléne defect waveguide and propagatioipss:
(a) pictureof waveguide fabricated on SOI wafer;

(b) measureghropagation losspectrum
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Fig. 11.15.
Modified bend
structures in a
phC crystal
waveguide and
their
transmission
spectra
calculated by
the FDTD
method
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Fig. 11.16. Comparison of silica waveguide, Si photonic wire (PW) waveguide and
Si photonic crystal (PC) waveguide for high-density photonic integration

27
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[nm] | [%] | [dB/mm] | [mm?] | [mm] | [piece]

Silica| 50 |03 | <0.01 | 50* | >2 50
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Si PW
4 |45%| 04 >12 1 0.002 | 20000
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Fig .11.17. Cross-sectional structureswfotonic crystal fibers:

(a) holey fiber;
(b) photic band-gap fiber,
(c) Bragg fiber
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(a) holey fiber;
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(a) holey fiber;
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11.5.1 Resonant Type Filter (1)
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11.5.2 Diffraction Type Filter

Fig. 11.20. Beam collimation parametef/p,
wavelength sensitivity parameteq and
wavel ength resolution parameten/p,

which are calculated for@iangular lattice 2D photonic crystal
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11.6 Polarization Filters
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11.7 Dispersion Compensators
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11.8 Light Control Devices (1)
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11.8 Light Control Devices (2)
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11.8 Light Control Devices (1)

(a) (b) (C)

Fig. 11.21. Numerical demonstration @fght deflection device by thé-DTD method,
where thesuperprism phenomenon in 2D photonic crystal of holesis utilized:

(a) normalized frequency @f.55; (b) 0.61; (c) 0.70
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11.8 Light Control Devices (2)
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(b)

Fig. 11.22. High-efficiency input/output interfacdor light transmission through a 2D
photonic crystal oholesin atriangular lattice:

(a) schematics oprojection type and normal interfaces;

(b) photonic band diagram arichnsmission spectra calculated by the FDTD method.

M. A. Mansouri-Birjandi Lecture 11: Photonic Crystal Devices 39



11.9 Harmonic Gener ation
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