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Figl-1 Fabry-Perot cavity
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Fig1-2 Left: Total-internal reflection of light in a microsphere and at a prism. Right:

whispering gallery

St. Paul Cathedral

Acoustic ‘Whispering Gallery’ in St. Paul’s Cathedral, London.
[F. Vollmer and S. Roy, “Optical resonator based biomolecular sensors and logic
devices,” J. Indian Inst. Sci. 92, 233-251 (2012).]
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Figl-3 endering of an ultrahigh-Q microtoroid resonator and a scanning electron
micrograph of a crotoroid resonator consisting of a thin silica layer upon a silicon post
and substrate. [K. J. Vahala,“Optical microcavities,” Nature 424(6950), 839—-846
(2003).]
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Fig1-4 Performance of several microcavities
The microcavities are organized by column according to the connement method used
and by row according to high Q and ultrahigh Q. Upperrow: micropost[8], microdisk[9],
semiconductor[10], polymer[11] add/droplter, photonic crystalcavity[12].Lower row:
Fabry-Perot bulk optical cavity[13],microsphere[14], microtoroid[15]. n is the material
refractive index, and, V , if not indicated, was not available. [K. J. Vahala,“ Optical
micro-cavities, "Nature 424, 839-846 (2003).1[16]
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Figl-5 Excitation of an equatorial WGM of a microsphere by evanescent coupling
to a guided wave in a tapered optical fiber.

[F. Vollmer,S. Arnold &D. Keng ,Single virus detection from the reactive shift of a

whispering-gallery mode, Proceedings of the National Academy of Sciences, 105, 20701-

20704,(2008)]
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Fig.1-6 Simulated CRUS performed every 150 ns, for a 75 nm radius nanoparticle
with refractive index n=1.5 crossing the evanescent field of a 10-MHz WGM at a speed
of 1 m s, with distance of closest approach of 150 nm (measured from the particle
centre to the resonator surface).

[Rosenblum, S., Lovsky, Y., Arazi, L. et al. Cavity ring-up spectroscopy for ultrafast sensing

with optical microresonators. Nat Commun 6, 6788 (2015).]
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Fig.1-7 A system consists of two directly coupled whispering-gallery-mode resonators (WGMRs)
and two fibre-taper waveguides. WG1: fibre-taper waveguide with ports 1 and 2. WG2: fibre-taper
waveguide with ports 3 and 4. uR;: active Er’**-doped silica microtoroid. uRy: passive silica
microtoroid. Piv: pump laser in 1,460 nm band to excite Er** ions that provide gain in 1,550 nm
band. Sin: probe light (signal) in 1,550 nm band.

[Peng, B., Ozdemir, S., Lei, F. et al. Parity-time-symmetric whispering-gallery
microcavities. Nature Phys 10, 394-398 (2014).]
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Fig.1.8 Burned toroid
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Fig2-1 A coupled system consisting of a resonator and an external waveguide.
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Over coupling
Critical coupling
Under coupling

Fig2-2 Distance between fiber and microresonator

and binding changes
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ZnSe

Fig.2-3 Internal structure of Attenuator
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Fig.2-4 Rotation angle of Brewster window and damping rate
LALen b FRRoMomEy, AEY LEBREOFRRISERND D Z MR ST,
FEMMRENENOHGREL —7 ThY, 7ry NRERETH .

19



Irradiation power (W)

Fig.2-5 Difference between theoretical value and actual value of Attenuator
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Fig.2-6 Relationship between chip size and irradiation intensity and

irradiation density
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Fig2-7 sub spot made by Attenuator
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Fig2-8 Bird's eye view of reflow system
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Type4 : Si Z#ifgFE O 77 Av K CTamdigtb L7 O T, OH K&, @B HyE b
IZEA RO TOR VSN S 5.

AR LTS SiO2 BRI TH Y, SinOMIRENEE D Z LIck» TERES

o, YU aryz— EOBREORE, R Si-Si0: OFEStH, BB T D%

BIZBW TR 2 REfwmA R Z > T, NI~ A b, ZURARIMTA |, a—H Ak
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OIFELTWA. Si OBEREEOREIZE LTI Si o 2 7 —#H%23001), (111, (110),
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Fig2-9 Structure of the boundary surface of Si-SiOz grow on Si(001)
[Takayoshi SHIMURA, Masataka UMENO, “The Crystalline SiO2 in the Thermal
Oxide Layers on Si Substrates”, Z¢4#/F : Journal of the Japanese Society for
Synchrotron Radiation Research”.10(3) .286-298.1997.]

DEIZ Si(110) ED SiO2 12 2W TR 5. (001) & [AIREIC Si D& Z#ERF L7- £ £ SiJR

T O OJRAN 1 ONADLEEIZRVUTORO L HI1Z/s. ZOMEER N U~A
F OB TN D LW B,
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Fig2-10 Structure of the boundary surface of Si-SiO2 grow on Si(110)
[Takayoshi SHIMURA, Masataka UMENO, “The Crystalline SiO2 in the Thermal
Oxide Layers on Si Substrates”, 7¢#/7f : Journal of the Japanese Society for

Synchrotron Radiation Research”.10(3) .286-298.1997.]

Si(111) £ SiOz i DWW TahR% ., ZofEEITZ S MU U~ A FofEEICEITEY,

Fig2-11 Structure of the boundary surface of Si-SiO2 grow on Si(111)
[Takayoshi SHIMURA, Masataka UMENO, “The Crystalline SiO2 in the Thermal
Oxide Layers on Si Substrates”, 7¢4#/7f : Journal of the Japanese Society for
Synchrotron Radiation Research”.10(3) .286-298.1997.]
2.5.2 SiO2 M1RERTE
IO OFRE, MY VFIUTOX I IHER AL 229, a—F A1, AT+
Ya A MIEALTERELRICBIT DIRETH L7280, FreKIZBWTIXEHA & 72> T
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Fig.2-12 Calculated phase equilibrium relations among g-quartz, *- uartz, tridymite,
cristobalite, and liquid silica [V. Swamy and Surendra K. Saxena “A thermodynamic
assessment of silica phase diagram” JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 99,
NO. B6, PAGES 11,787-11,794, JUNE 10, 1994]
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Fig.3-1 Configuration of reflow system
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Fig.3-2 shutter

Right figure is quote from EOPC official website
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Fig.3-3 attenuator
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Fig.3-4 N2 Purge
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Fig.3-5 Fabrication process of silica toroid resonator

ENGIRC 7+ NV Y757 4, Vxy hzmyF o7, XeFemvF 7, COzL—HY
Ta—D4ONHRD.
T4+ NIV TT T4

9, BLEEZSumEERE Sy ) av iR bicTy+r NIV YT T o EiL, T
MUY A NEMEONRSE— THIRES 5,
Vv hmyFT

N7 vBERANTY 2y hmyF UV EEL, LUANORWE{LEE Yy F T
T5.
NIy F T

ZZIZXeFe ZIWT RIA =y F 7 %179 2 & TY U 2% LT Si02 @ 1000 fi%
EBINIZE Ty T SE, ) aROBEDO~YA I aT 4 A7 BERT 5.

30



COL—HV 7m—

BB EE S COe L—HIZ kD) 7r—%2{7H5 2 LiIck v ar v hox
OBV L BLEOAIZENZ B Y, RIAZyF 7o TEUREOM
XEMET D L LB, BRISSEAEL, REENIZE > TR RoEER kK E
BY, huA FERHKR ERS.
3.3 UAh bAA MM ERIRSFDQIERITE

3.31 T—/IRT 7 A NS

E—F—2HWTY U ITNVE— R 7 ANRNEZEL RN oT v a a2t Tl 2 i
FOT TN E=RT 7 ANEERT D, BIKCEICEY) —EAVTFE—RT 74T
HIe®, NU—A—=FZHEw L, fHllT52Taré sy RBR—RRIZRDEAI T
ZIIMmAD. TOXICLTTELT =T 74N, T4\ K EeareniL, JEHE
DERE T 7y ReRIpd Z LT, R~ ARy MNEEZANLD.

Fig.3-6 heater to make tapered fiber
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Fig.3-7 Instrument for measurement

UFTDXos7%tyT 4 v 7 TQEMEEITo72. WEAZL—V QLT TSLOKE %
1550nm fHE&HLICHEI 35 Z &2k o T, WROZ(RIZHE S BHFEOLEZ /T — X
—HTHMETDHIENTED., T—_XT 7 ARV U bud FEHEREZT ST D Z LI
Lo CREDMEEIT- 7.

TSL O ERMSIHEE OR/IMEIL 0.5nm/s, /37— X —Z OISR EIX100ps THDH Z &
5, 7uv hOR/NERIX 0.5pm BRELRY. QEOWIERPE & L CiX107 BREE TL A
5. AREQIEDRKITI0 FRETH L=, HHNICIE->THDHENZD.

Micro resonator
rFPC O
TSL |-eee PWM

Fig3-8 diagram of the experimental setup for measurement of quality factor.
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Fig.3-10 Measured transmission spectrum of edge toroid microresonator (left).
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Fig3-11 Relationship between Q value and reflow time at 25W irradiation
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Table3-1 Reflow time and shape of silica toroid resonator

Reflow time

Sample 1 Sample2

(ms) p p
1500

EODRRRD0 (i 100 200(um)

A G e SN

2000

100 ‘_!I'ml“m 0 100 200(um)
2500

100 200(um! 100 200(um)
3000

100 200(um)
3500

100 200(um)
—_—

100 200(um)
I

TNENDORAFE b FOEEORSZFHLIZE ZALUTORD L S IZho7e.
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Fig.3-12 Reflow time and silica toroid resonator diameter and post size
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Table3-2 Target output and actual output

Target output (W) 17% Attenuation value (W) Guess output (W)
10 1.62~1.85 9.563~10.9
15 2.50~2.83 14.7~16.6
20 3.35~3.50 19.7~20.6
25 4.21~4.40 24.7~25.9
30 - 30(Max)

ZNTNOY 7 a—%OKRFIFZUTORDEY THD.

Table 3-2 Irradiation power and shape of silica toroid resonator

Laser

power (W) Sample 1 Sample2

30

25

100 200(um

20

100 200(um)

15

100 200(um

10

0 100 200(um;

FROREIYONAEBEY 2 ) VT EANVICRKEIRERDY, RARNE A ROBER
WRNZARA MZxFT D baA ROBEROEGIZLLTOXOEY Thb.
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Fig.3-13 Relation between irradiation power and size of toroid and post after reflow
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Fig.3-14 Change in ratio of toroid to post diameter with irradiation power
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Fig. 3-15 Relationship between COz laser output and Q factor after 2.5 seconds

reflow
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Fig. 3-16 Relationship between Q value and reflow time at 30W irradiation
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Table3-3 Reflow time and shape of silica toroid resonator

Reflow time

Sample 1 Sample2
(ms) p p
500
100  200(pm) 100 200(um)
1000
100 ‘:!DH(‘um 0 100 200(um)
- Ee—)
1500
100 200(um
2000
100 ‘:!DH(‘um 0 100 200(um.
;
2500

0 100 200(um)

0 100 200(um;
T

335 BHR/N—VIZLKBHQENDEIE
ZEREL 0.15MPa, 20C, 10L/min IZHETELZW\WH 2T 7u— LR, LTFTOK
DX D RQIEDZEALB BT,
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Fig.3-17 Difference in Q factor with and without N2 purge
Lower : non N2 purge, Upper : N2 purge
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Fig.3-18 Difference in cavity size and size relative to post with and without N2 purge
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