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Measurement of a micro-sphere using whispering gallery mode resonance

Michihata, Masaki
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A sphere is frequently used as a reference for calibration in the
3-dimensional metrology because of its isotropic shape. For micro-scale 3D metrology, size of the
reference sphere is also micro-scale from several hundred micrometers to a few tens of micrometers,
which has to be measured with accuracy of better than 10 nm. Therefore, we proposed the new
measurement principle of a diameter for the micro-scale sphere. As a measurement principle for the
diameter of a microsphere, a new method using whispering gallery mode (WGM) has proposed. WGMs are
the light propagation mode inside the sphere, and the light propagates along the equatorial line of
the sphere. Based on the WGM wavelengths, it is possible to estimate the length of circumference,
that is, the diameter of the sphere. A diameter of glass microsphere was experimentally measured by
the proposed method. The estimated diameter was 65.244 p m with maximum variation of 10 nm.
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Fig.1 Whispering gallery mode resonance.

Radial mode number, q

Azimuthal mode number, m

Fig.2  Azimuthal and radial mode of WGM. m, q and ¢
indicate azimuthal, radial and angular mode number,

respectively.

BHEG DIR Y P b/NSWE— FE KT
—F (M29Dg=1, m=C DE—F) LIT5,
Flo, B ORIGIRAEIZIS U T Transverse
electric (TE) #! & Transverse magnetic (TM) %!

DPFAET D,

(1) ERFRRER
AFETRO DERET, HDHFRERNZE
FE#ET 2 OB E, DFVHEENGE
HT 2 FBEEZICHEY T 5. HIERE L ERE
BOBBRIZILL T X Y IcBE b5 08 %
Ao,

a(1+ ) aj[(pl))=1+ P (p,)
VACHINT h°(p,)  9p, 1)

=77 L, p XA ART A—H pm:ndn],z/ko
ThD. WMIELEFONIE, dITEROERE,
nTEITER, RFEO 1,213 1 RN, 2 2385k
ZEWET D, j(pIEER~ Y 2B, W) s
1 FEER N VB TH D, IRTIIAS Rk
BOR¥AEEBE®L, ZZClIAEE—NES
CTHD. a lJRLITHERAFT HEET, TE
MR ZNFNn/n? 1 Thb.
BREZHEET D72 DICHEZ WGM Db
Tk E IR EZRET D FiEEdR 5. K
e cid, 77— N7 7 A N K DA%
HWT WGM Z bk 9%, WGM LIRS R4
TONBREERBET DO AR N EZHRERS
T 5. EMESLMT, HFT— T 7 A
ZiFEimT 5 0loxk L, HEEE Tk <
WA LERNTHIET 2720, 77— 7 74
NOFZBWBHITE L BDT 5. £OHRE—
M CHIREEZHETES.

DX T =T 7 AN KD EREEH
VAT AEMEE L, WGM IR E ST IC X
D~A 27 vaEROBELHNEIT,

(2) JehEAic X 3 IR E o fdhr

WGM LB B, Bk (B, ik, &
PR L) ICLD0HTIEHARL, BEICL-
THLEEBINS, 2V, KHEAICHWD X
T 7 A NOEEDRFREEOELLE /2y | 4t
RBREOENESZIND, TI T, 1D
AT LD, ARERELSHWVWE WGM
Bl OBMEMATICID #A T, 7 7 A3 E
WNERDOFESET VEER L, WGM RO
WEARGTES, 20X ICHIEREOL
{bzET 5,

(3) MEPHRICKH 5 o0&

WGM R R 2R Ed 5o (K1) %
HIHT D, MROFEEFEERM X O
PREFEL WD, —FH T, @fEE T
AT D IIX B AT ERRJEIT RN — R TR UVER
W2t L CHIBHEN COBRETN A N E B
MDD EBRINZFI T 2 L E R H Y | FDT=
DIITBGRET N EE LV, LrL, DOk
IIRBENTRRIZIFEA B LN TELT, 20
PO MESIME &t 3~ <L BRD B [RlEEFE



EA~DET NALR 2 I T,

4. WFIEEE

(1) ERFH

FI, EREEOMKXAZX 3 TR, KT
FANZaDFRIOT 7 ) VRV FTEE S
N, =N oHE AT 5. AP 50nm D
W R&iPE (1520 — 1570 nm) % 0.01 nm D%y
ERE T IR Al A 2R AN AL R AR B A L — 1
(EAMRYE, #E 2 kHz AF) 2. &
H L7263 B CIRE 26l L -1%, —
TANIREESSED. T A MR TIE, &
WEDIRE & W EREE 1 pm O EFHCRHI
T8, TN T 7 A NNIT — N ERE 1
pm, 7—NEN2mm ThDH. HETDH~A
7 v ERIZENCE Y i Hd, SAFIZEEI
EHESIND. X7 7 A NOMLEILXYZ~A 7
ORXA—H AT —, <A 7 aERONE L5 iE
AE 9 nm O/ 3l XYZ vy 25— THl

TS,
Wavelength mete
Y %_‘ Sphere
- =
z

r
XYz
micrometger piezo
stage
Holder d
1/2A plate apered area
z
é—» X
Y

stage
Coupler
(a) Top view.

E Microscope
Holder Sphere
Optical fiber|
XYZ micrometer, vz ggm
e

(b) Side view.
Fig.3 Experimental setup.
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Fig.4 Measured micro-sphere.
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Fig.5 Experimental data of measured WGM spectrum.

Table 1 Result of diameter measurement.

TE
Resonant wavelength, nm Diameter, pm
1527.07 52.1669
1537.08 52.1669
1547.23 52.1671
1557.52 52.1675
1567.95 52.1680
Average 52.1673
Variation (max — min) 0.0012
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Fig.6 Model for numerical simulation.
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Fig.7 Simulated result.
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