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Principle of WG mode
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Mode charecteristics of WGM

Mode distribution of a Eu-
doped microsphere
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Taper coupled microcavity
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Passive WGM:Add-Dropper
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spectra from
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Passive WGM: High-Order Filter
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Passive WGM: Tunable Filters
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Passive WGM: Polarization Convert
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Passive WGM: Laser Applications

Intensity, a.u
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Narrow diode’s linewidth:

Microsphere as feedback
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WGMR. (a) Linear scale, frequency span 200
kHz, resolution 10 kHz, sweep time 5 s, video
bandwidth 30 Hz. (b) Logarithmic scale,
frequency span 500 kHz, resolution 10 kHz,
sweep time 10 s, video bandwidth 30 Hz. The
dashed curve is the Lorentzian best fit with

The setup for locking of two lasers to orthogonally
polarized modes of the microsphere.
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Transmitted Power
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candidate for frequency reference

Please refer to a review paper written by A. Savchenkov if
Interested!

J. Opt. Soc. Am. B/Vol. 24, No. 6/June 2007 Matsko et al



Passive WGM: Sensor

The ultra-high-Q silica microtoroid is coupled to the

fiber taper waveguide. After being immersed in either
H200rD20, a coverslip is placed on top.

APL 87 151118, 2005
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Sensor for nanopaticles
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Microfluidic system incorporating a microsphere resonator and a coupling fiber.
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Sensor for living things

evanescent intensity
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Microsphere for detection of bacteria.

Opt. Exp. Vol. 15 no. 25, 2007
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Shift of resonance wavelength and broadening of
linewidth of a WGM due to adsorption of E.coli

bacteria. The spectra were recorded in 100 s
intervals. In parallel, bacteria surface densities where
determined from optical micrographs.
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Mechanical Sensor
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Fiber Stem Microsphere

—a— Microsphere Response
—a— Agcoleration Mod Input
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Passive WGM: gyroscope

PHYSICAL REVIEW LETTERS Volume: 96 Issue: 5
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“Slow Light”

Principle of stopping light

P=P( f}}[ 1 + cns{ﬂmdbf - ﬂf?’?dbf_f?}]s

Theoretical model

Interference patterns on surface

PRA 76, 023816, 2007/



Also found in Micro toroids
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Crossed modes with azimuthal as well as radial profiles.



Summary

Biosensor
Gyroscope based on slow light microresonator

Frequency Reference



Active WGM: Nonlinear Effect

Raman Scattering

Kerr Nonlinearity
Parametric Oscillation

—requency Double

Photorefractive Effect



Active WGM: Raman Effect
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Application: Cascade Raman Laser
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Opt. Lett. 28, 17, 2003
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Fig. 1. Typical emission spectrum of the microsphere
cascaded Raman laser. The pump wavelength is at
976.08 nm. Inset: optical micrograph of a microsphere
taper system used in the experiment.
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Stimulated Raman Scattering Parametric Interactions
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Parametric Oscillation Threshold

Pth —

w2Qp? (14 K)? + (Aw/2)? ‘ 2 Rngy 1 (K +1)2

2vAw {CX”'Eff}

Sy Oy K

Raman Oscillation threshold

Pf.H =

2.2

2 14 K)S PARAMETRIC

Tn 1
- Viij ¢
C(I")grApAr Qo

)

REGIME
K

\ 4

—Parametric Regime P

—Raman Regime P,__ (Ao ,K) > Pg_ .

over-coupled
RAMAN REGIME

under-coupled

Coupling {K)

Param (Ao,K)< Pﬁaman 20 40 80 80

Detuning frequency Aw/2x (MHZ2)

wiatts

500

~100

50

100



- s
%ﬁ 30

E =207 Idler Signal 20

=30 40 A
E Mesr uu 10 20 30 40 50
‘W Signal (uW)
2 -40¢ _
= 3
1] i |

=a0

_EG_ "'H--......,....I

1550 1560 1570 1580 1590 1600
Wavelength (nm)

750
g‘ 700} o F
=1 40 x
-~ G50 %
o § 30
600 k!
E £ 20 v
0 ooy e
E < % 10 4
= 500} -
i 500 600 'y
E 450 Pumﬂ :[_I.Iw:l
Q
& 400}
o
m 350t
o
[ [ [ SEID - ; : : : I
Phys. Rev. Lett. 93, 083904 (2004) 55 B3 D1 0 01 02 03

Taper-Microtoroid gap distance ( um)

=Minimum threshold occurs undercoupled



Applications: Toroid of many colours

A demonstration of continuous
sum-frequency generation of
visible light in a microscopic
silica resonator could provide a
light source for on-chip silicon
photonics and applications

in the UV.

nature physics VOL 3 JUNE 2007




Application: Frequency Comb
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Crystalline WGR: OPO
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Crystalline WGR: Photorefractive
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Active WGM: Micro Laser
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Monochromator
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Fig. 3. Experimental setup for the microlaser experiment:
WGMs are excited by evanescent wave coupling with a high
index prism across the sphere—prism gap g, which can be ad-
Justed with nanometric precision. The pump source 1s a diode
laser (Sharp LTO17TMDO) operating at 807 nm. By adjusting
the diode current, resonant excitation of a sphere’'s WGM can
be observed as a dip on the light transmitted to the photodiode
PD1. A 1080 nm probe beam can be superimposed with a di-
chroic mirror (DM) to measure the cold-cavity { factor as a
function of the gap g. The laser light (or fluorescence) emitted
out of WGMs in the fluorescence band and recoupled into the
prism is separated from the reflected pump beam by a second
dichroic mirror and then passed through a monochromator
(resolution 0.02 nm) onto photodiode PD2. The side-fluores-
cence of the doped sphere is measured with photodiode PD3,
after ehmmation of the scattered pump hght with the R(GE50
filter. The microsphere can also be viewed with a CCLD camera
coupled to a stereomicroscope (not shown here).
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Er-Yb codoped microlaser

(a)

microsphers
e i

Fig. 1. (a) Image of the taper in contact with the equa-
tor of the microsphere. (b) Color image of the green
upconverted photoluminescence from the taper-pumped
microsphere, where the pump wavelength is tuned close to
a fundamental (|m] = ) WG mode.

 Taper is tailered so that the 980nm pump light is near critical
coupled into the microsphere.85% pump light is absorbed by

sphere
 From the picture of the upconversion of the Er3+, pumping

volume Is estimated to 1000



Taper coupled

microsphere laser
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that of the main spectra), where the side-mode suppres-
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Sol-gel coated micro

Fig. 1. Schematic of a thin-film-coated microsphere laser
coupled with a fiber taper. The red and green arrows rep-
resent input pump and output lasing waves, respectively.

Fig. 2. Images of the WGMs in the taper—sphere coupling
Opt. Lett Vol. 28 no. 8. 2003 zone: (a)l —m=1, (b))l — m=4. The green rings

are upconverted photoluminescence. The inset shows

spherical harmonies™ Yini#, ¢) for (a) I — m = 1 and
(b) I —m=4.
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High power output via Sol-gel
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aterials and Atoms
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band Er3+-telluite glass microlaser
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FIG. 2. Whispering-gallery modes measured by the fiber taper coupling

FIG. 1. Absorption cross section and emission cross section of the configuration. The pump power is below the threshold. The inset shows the
Er'" -doped tellurite glass. The inset shows the pet cross section experimental fiber taper coupling setup.
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S-band Tm3+-tellurite microlaser
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FIG. 2. Emission spectrum of a Tm**-doped tellurite microsphere laser with
Average Pump Power (mW) diameter of 104 pam. (Inset) OSA emission spectrum.
FIG. 3. Average laser output power against average pump power for a

Tm**-doped tellurite microsphere laser. {Inset) Laser emission spectrum at
average pump power of 4.0 mW.
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Yb3+-doped microlaser@1040nm
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Intensity (a.u.)
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Submicro scale microdisk laser
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Other QDs in Microcavity

CdTe nanocrystal attached to organic
microsphere.

Room temperature HgTe QDs on fused silica
microsphere:Ultralow-threshold (about 2uW)
near communication wave band.

Zinc Oxide film based microdisks:UV laser for
chemical detection.



Highlights in research of microlaser

Toward integration ,to nanoscale
Lower threshold, even higher Q-factor
All kinds of wavelength

Improving coupling methods



Integration
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To Improve Q factor

1.0
p (um)

Fig. 1. (a) Scanning electron microscope (SEM) image of a fabricated microdisk device.
The disk thickness =255 nm and sidewall angle 8 = 26° from vertical are taken as fixed
in the finite-clement simulations presented in the work. The measured average diameter for
this device (i.e., the diameter at the center of the slab) 18 ~ 2.12 ym. (b) Finite-element-
calculated |E|? distribution for the TE,—1 m=11 WGM of a microdisk with a di ameter of
~ 2.12 pm at the center of the slab. For this mode, A ~ 1265.41 nm, Qg ~ 107, and
Vegr ~ 2.8(h/n)°.

Opt. Expr. Vol. 14, no. 3, 2006
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Directional Laser in Deformed Cavity

Fig. (a) Sketched experimental

m.'{:hjc:-_'rlz-.; Mirror Pinhole LPF
- i ﬁ \_ﬂ_ o setup.
e = Pump laser(977nm) is coupled
in deformation microsphere
in free space.
Fig. (b) Sketched the deformation
microsphere.

G80nm
Pump

Fig. (c)- (f) Optical images when the
coupling different points.

In (c) and (d), we can see obvious
green light near points A and B. This
indicates that our deformed-cavity
support two emission directions.

Submitted
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Fig. 3. Scanning electron micrographs of devices after each fabrication
process. (a) Resist pattern by EB lithography. (b) Microgear mesa formed by

Cl,/ Xe ICP etching. (c) Microgear disk formed by HCI wet etching. Fig. 1. Schematics of microgear laser and resonant modes. (a) Microgear
laser with H . standing wave of WG mode matched with the grating. M is the
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Microring Laser as Optical Memory
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Figure 2 A memary element farmed by twa 16 wm diameter micro-ring lasers coupled via
awaveguide an a InP/nGaAsP photonic integrated circuit. Scale bar, 10 wm. The micro- ACW
ring lasers were fabricated in active areas of the integrated circuit containing bulk ke f;gf’:g
1.55 wm bandgap InGaAsP in the light guiding layer. Separate electrical contacts allowed E;Tng
gach laser’s wavelength to be individually tuned by adjusting the laser current. Passive Uasae A Laser B

waveguides connected the micro-ring lasers to the integrated circuit edges.
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Other Applications

Fundamental research on chaos
Opto-electro oscillation
Modulator and switcher

Opto-Mechanics based on light pressure

Surface Plasma

Cavity QED and Quantum Information
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oNng coupling with Cc ANC
crystal and polymer microsphere
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In GaAs QDs
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viodal Coupling together wi
coupling
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Turnstile Device with Microtoroid
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Fig. 4. Intensity comelation
function g“%7d versus time
delay t for individual atormic
transit events, gmh} e hi bits
photon antibunching g*'(0) =
g“*'1), and sub-Poissonian
photon statistics g'“'(0) =
(014 + 0.04) < 1, over an
interval At =& ns (half width at
half maximum) due to the
operation of the atom-cavity
oystem as a photon turnstile.
The med tace & from our
theoretical model.
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Table 1 | Parameters of quantum master equation model

Parameter Viw ] Ko/ 2T Kif 2 TRl g Trad Gsw1/ 21 Duwz/ 2T yYulfin e
((lo/m)*) (GHz) {(GHz) (GHz) (rad) (ns) (GHz) {GHz) {GHz) (GHz)
Value 6.4 0.21 0171 0.91 199 0.25n 1 293 1.21 107 0.55
| |
a —

06- _Ir\zﬁi.g;ﬂ - - - Model
T % —— Data
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Aim of our Group
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Possible Candidate for CQED
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