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Fig. 1. (color online) Gyro resolution dependence on

D and @ in terms of level curves. Log scale has been
used for both axes. Fabricated microspheres’ limited

resolutions are marked by red dots.
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Fig. 3. (color online) microspheres with different diameters: (a) 420 um; (b) 650 um; (c) 960 pm; (d) 1150

pm; (e) 1600 um; (f) 2200 ym.
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Fig. 4. (color online) Diagram of the experimental setup.
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Fig. 5. (color online) (a) Representative transmission spectrum with 1.5 GHz frequency range; (b) TE modes

with Lorentzian fits to the data; (¢) TM modes with Lorentzian fits to the data.

*1

AFEA D PR AR5 R Q

Table 1. Diameters of microsphere cavity and the corresponding quality factor values.

D/um 300 320 420 440 500 550 650 700 760 800 820 920
Q/107  0.27 0.76 3.23 3.88 4.08 4.94 5.27 6.46 4.59 8.52 6.45 9.23
D/um 960 1000 1060 1150 1260 1350 1500 1600 1750 1850 2000 2200
Q/107  8.04 7.83 4.84 6.46 7.18 4.04 5.38 3.61 3.94 2.96 2.04 1.32

154206-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 64, No. 15 (2015) 154206

A BEAMERE Q5 DQ Fe b BA% D 1
AR A 0 5 P s (S 4o 2 T AL A 2K,
A ULE M EREEAE D < 800 um i, Bk Q1A
B B4R D HC 3G I TR B K, 1K 5 SR [20] B4R
AR FF A 800 um < D < 1000 um B, BR &
QLR H A (18 x 107); D > 1000 pm ff, ER
JiE QA B8 B A2 D[ 39 hn i g8 ;AR L DQ e
FALE 1200 pm < D < 1400 pm 38 B K & K (4
8 x 10* m).

10 T T T T T T T T T m 10

DQA /104 m

4 1 1 1 1 1 1 1 1 1
400 800 1200 1600 2000
B /pm

6 (MTIRE) BRALE S EES DQ FARbE BT M
R (=M ATIN Q 18, IEJ7 T A DQ Teff, &
22 WA k)

Fig. 6.(color online) @ value and DQ production ver-
sus diameter D. Tested @ are marked by triangles;
DQ@ productions are marked by squares; Line is poly-
nomial fitting of Q and DQ.

S BT 4% (BRI B 42 D 7E 1550 nm I B
DX > 15 (D > 20 pm) %Ak, 720 Qun gy X
Q M2, 38 AN [F) BLAR RS 1 5 COD S A i
Fr(B3) FTLAE W, BRI BLAR AR OB/ i A 4l 14
ToA BT HARTH DG, BE D 1Y R i A 3 T A2 45 40
fE, D > 1000 pm B HILSE 5 245, D > 2000
wm, BRAE A ERGREE 2y PR i (9) 2 ) A ik
FRFRE B o 45 DR 2R 1 0 I Qust 5 D/3 g EH
K F&, WK 1 (b). i D < 800 pm i, AR H+4
i B RS, BRI Q (55 A D IS N
GG K. [FIRE  (9) 20T 15 3 T HURES B2 o 3 KAl
13 Qupyy NBE, WEI1(c), FTELD > 800 pum J5, H
TR TS 2 o 922K Q 1B BE D 1 K 3 AS 1 1]
. D > 1000 pm i, R o 4k 22 B AR
PNITEFNERRRSF PN EE LT &% (@l
 HAR RGO RE I K. A (8) 2 AT KIS R A
o FYBE RATAF Qg SURI R FE, B 1 (a), X Q ZF
Quyy 5 Qupgy MIFLFFZIR, K D > 1000 pm 5 Q
{EBE D (138 K50

3.3 BkEzPRUERHEMTE

KR —hHERE N ER D5 QESHMRAN (9)
AT LS BUAS [F) AR ek i A 340 BB MR AW B R A
B 2 B R R T IR R o A DR 1 B
WE AR RIS SR 1 23 A 1 0L, BB J 4 B4R D H
R, BRI H BE A IR R U S Th i Ja BRI, 2 BRE
WRIE B 600 um < D < 2000 pm i, JFLFEIER
TR B BRI AL 602 < 30°/h 41 (KR B £R), 1A%
SRR IR D = 1260 pm i, 3R 55 R 5L
Q = 7.18 x 107, B 15 2 F AL FE MR A IR R B 2
9 11.54° /h, 35 A2 T Mk 2R ) 75 K

4 % B

SXoF 1 e 2 B R s 2 1 R s 1) B R R R AT
WL AT, @S AL DQ FeAR 1) 7 AR PR R B
FE. SR A Rl 2% 7 AR B4R (3002200 pm)
IBRTEAE IR I, 7 P BB IR I Q i DQ AR )
BR RS 5 R I EAR D 1 ok R K LR 3k
15 5 12 B THI ) 38 40 O 5 B R (0 BROE 1 % i
UK IT. B IR B D MR R IE Q 1E.
DQ TR STt Ja AR, BER R B STt a5 TR
D = 1260 pm i, BRI &R EQ = 7.18 x 107, 13
Bl B e PR RRAR B R B 11.54° /h, 78503 2 ik
G N BT SR N G Rk AR AR (1 2 1
P IO PR FU BT 1 S50 L.

SE

[1] Kolkowitz S, Jayich A C B, Unterreithmeier Q P, Ben-
nett S D, Rabl P, Harris J G E, Lukin M D 2012 Science
335 1603

[2] Deng S S, Xiao Z S, Yan L, Huang A P 2012 Physics 41
0 (in Chinese) [XS/Z A%, M &Ef, M, 2P 2012 P
41 0]

[3] Graydon O 2012 Nat. Photonics 6 12

[4] Hotate K, Harumoto M 1997 J. Lightwave. Technol. 15
466

[5] Ciminelli C, Dell’Olio F, Campanella C E, Armenise M
N 2010 Adv. Opt. Photonics 2 370

[6] Dell’Olio F, Ciminelli C, Armenise M N, Soares F M,
Rehbein W 2012 Indium Phosphide and Related Mate-
rials (IPRM) 2012 International Conference on IEEE,
August 27-30, 2012 p124

[71 YAN Y Z 2012 Ph. D. Dissertation (Taiyuan: North
University of China) (in Chinese) [[Z#% 5 2012 {# 42247
B (A k)]

154206-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1126/science.1216821
http://dx.doi.org/10.1126/science.1216821
http://dx.doi.org/10.1109/50.557562
http://dx.doi.org/10.1109/50.557562
http://dx.doi.org/10.1364/AOP.2.000370

¥ 12 Z R Acta Phys. Sin.

Vol. 64, No. 15 (2015) 154206

(8]

[10]

[11]

[12]
[13]

Zhang J H, Xu PF,Li X F, Xue CY, Liu J, Yan S B
2013 J. Appl. Opt. 34 1057 (in Chinese) [TKEHE, M5
K, ZE/MI, BRRRE, KR, ERR 2013 RLA DA 34 1057
Guo Z B, Tang J, Liu J, Wang M H, Shang C L, Lei L
H, Xue CY, Zhang W D, Yan S B 2014 Acta Phys. Sin.
63 227802 (in Chinese) [FREAM, HZE, XK, WM,
BRIE, B IE, BRI, SKOCHR, EROR 2014 PHE AR 63
227802]

Hong L F, Zhang C X, Feng L S, Lei M, Ma Y J 2011
Chin. J. Laser 38 103 (in Chinese) [t R 3E, 5kFHF =, 14
WIEE, HU, Sag 2011 HEEOL 38 103 ]

Ma HL, Jin Z H, Ding C, Wang Y L 2004 Chin. J. Laser
31 1001 (in Chinese) [533%, &M, T4, EEM 2004
HE o 31 1001 ]

Ezekiel S, Balsamo S R 1977 Appl. Phys. Lett. 30 478

Ilchenko V S, Yao X S, Maleki L. 1999 Opt. Lett. 24 723

[14]

(15]

[16]

[17]

(19]

[20]

154206-7

Grudinin I S, Matsko A B, Savchenkov A A, Strekalov
D, Ilchenko V S, Maleki L 2006 Opt. Commun. 265 33
Vernooy D W, Ilchenko V S, Mabuchi H, Streed E W,
Kimble H J 1998 Opt. Lett. 23 247

Yan Y Z, Ji Z, Wang B H, Yan S B, Xiong J J, Ma J
2010 Chin. J. Laser 7 1789 (in Chinese) %% &, &,
EFAE, FRGR, BB4EE, B3 2010 T EB0E 7 1789
Ward J M, O’ Shea D G, Shortt B J, Morrissey M J,
Deasy K, Chormaic S G N 2006 Rev. Sci. Instrum. 77
083105

Knight J C, Cheung G, Jacques F, Birks T A 1997 Opt.
Lett. 22 1129

Cui J M, Dong C H, Zou C L, Sun F W, Xiao Y F, Han
Z F, Guo G C 2013 Appl. Optics 52 298

YanY Z, Zou C L, Yan S B, Sun F W, Ji Z, Liu J, Zhang
Y G, Wang L, Xue C Y, Zhang W D, Han Z F, Xiong J
J 2011 Opt. Express 19 5753


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/abstract/abstract61863.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract61863.shtml
http://dx.doi.org/10.1063/1.89455
http://dx.doi.org/10.1364/OL.24.000723
http://dx.doi.org/10.1016/j.optcom.2006.03.028
http://dx.doi.org/10.1364/OL.23.000247
http://dx.doi.org/10.1063/1.2239033
http://dx.doi.org/10.1063/1.2239033
http://dx.doi.org/10.1364/OL.22.001129
http://dx.doi.org/10.1364/OL.22.001129
http://dx.doi.org/10.1364/AO.52.000298
http://dx.doi.org/10.1364/OE.19.005753

) I8 % 48 Acta Phys. Sin. Vol. 64, No. 15 (2015) 154206

Optimization of microsphere’s D(Q product based on
resonant micro-optical gyro*

Liu Jian-Hua Tang Jun Shang Cheng-Long Zhang Wei Bi Yu Zhai Chen-Ting
Guo Ze-Bin Wang Ming-Huan Guo Hao Qian Kun Liu Jun! Xue Chen-Yang

(Key Laboratory of Instrumentation Science and Dynamic Measurement, Ministry of Education; Science and Technology on
Electronic Test & Measurement Laboratory, North University of China, Taiyuan 030051, China)

( Received 25 November 2014; revised manuscript received 16 February 2015 )

Abstract

Based on the development of high sensitivity, low cost, high integration and miniaturization demand of the resonant
micro-optical gyro(R-MOG), and in order to achieve a resonant micro-optical-mechano-electrical integrative gyro having
high sensitivity, a microsphere optical resonator key sensitive element for producting a cavity with high quality value
(@ value) and large diameter in the field of integrated optical micro resonator is proposed, for making a resonant
micro optical gyro. Microsphere optical resonator is made by means of water-hydrogen flame melting, and the SiO»
microspherical cavity is formed under the natural cooling and contraction surface tension. Microsphere optical resonator
with its diameter D ranging from 300 pm to 2200 um is fabricated by melting method with hydrogen flame as a heat
source through controlling the hydrogen flame’s area by regulating the flow of hydrogen gas. The resonator serves as the
key unit of the resonant optical gyro sensitive parts, its @ value and diameter D have direct effect on the performance
of the resonant angular velocity sensor. Affect parameters on the performance of the microsphere optical resonator with
different diameters is tested and processed to obtain the result. The corresponding relationship among @ value, DQ
product, resonant micro-optical gyro’s sensitivity and microspherical cavity diameter D is analyzed, and the reason for
them is given. With the increase of microspherical cavity diameter D, the @ value and D@ product reduce after rising
first, while the gyro sensitivity goes to rise and fall. Based on the microsphere optical resonator D@ product optimization
research, the resonant micro-optical gyro’s key sensitive unit with best parameters is obtained. When the microspherical
cavity diameter D varies from 600 to 200 pm, the gyro sensitivity can meet the condition that §¢2 < 30°/h, which arrives
at the tactical level. When the microsphere cavity diameter D is 1260 pm, the @ value of microsphere optical resonator
is 7.18 x 107 and the corresponding optimal limited sensitivity of the resonant micro-optical gyro is almost 10° /h, and
this result adequately meets the requirement of business level gyro applications. This work can serve as an experimental
foundation in the research of new type resonant micro optical gyro at chip level, high accuracy and low cost, and will

also provide a technical reference for further study of high integrated and high precision resonant micro optical gyro.

Keywords: microsphere cavity, D@ product, sensitivity, micro optical gyroscope
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