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Structure design and optimization of high fineness ring resonator
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Abstract: Resonator is the core sensing element of resonant optical gyroscope, its fineness is an important
parameter of gyroscope. Fineness F directly affects the size of the sensitivity of fiber-optic gyroscope
(FOG), so research on the characteristics of optical fiber ring resonator and its fineness is the key to
optimize the design, manufacture and improve its performance. In this paper, the working principle of
ring resonator was introduced in detail, including the coupling principle of the coupler structure and the
transmission mode of light in resonator. Each influenced parameters of sensitivity and some parameters
between coupling coefficient and loss were analyzed. Finally by considering the resonator of high
precision and high Q, when the cavity size is 21.4 cm, the fineness can reach 170, the Q value can reach
3.34x10°, and at this point, the sensitivity is 0.48 (°)/h. Moreover, the R-MOG closed loop experiment
system was established and closed-loop response of a two-way rotation system was tested, which provides
theoretical and experimental basis for the construction of gyro system.
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Fig.1 Schematic of directional coupled ring resonator

FE A SO I IR 4 A9 B . FL fD F2
HPBLATGEF , C NG A%, LPM G35, Py
SE FRA AR M O, B O Gl A A A8 Ao Y
IR, SGH PL g A ST, &0 Gl #8451 P3
it 15 S HH O s KR4 e AT P4 i 1 RE A i AR IE
PRI, B — AP A BT IR B A 2% C Y 22
PERES BON R ARE, 1 A A 15 3 — 4 o
(6 T R 6T 4 A C TR s A, B R
LW

¥==101g(Poi/ Pir) (3)
oA,y 2 T A I AR AR ; Pow 250 1
a4 g 00 3 1 6 D AR 5 Py 2 A S 9 06 D R

“pdfFactory Pro" FEH PPy 4 H# = www.pdffactory.com



http://www.pdffactory.com

3690 oGk 1A

% 43 %

(B, YL FrEs iR LS E mAR G A C /Y
YERIBRA K i TREE I ABURE | JCLr R e &
T AT P B DR RE R AR o ARBEOL BB CHE
A HIS AT A EIRE S &% C RBG v 1 A% 5 g 1 4l AY
FL 373 ) R 1) A

E:==V(1-%) [V1-k E;+jVk E] (4)
E=V(1-v) [V1-k Ex+jVk Ei] (5)

HAEA L IR E N AE T — A, B TR e E,
A E, ZRIFFTE X LR
E=e = @A, (6)
K.k A G ARG BB v ARG S8 046 A i
FE 5 o HOCEF IR IR I 10 PR 4K P A0 15 i 0 °E 5 B
RCAERE TR L O ER
Jr DL, 27 38 3 B A PR 45 08 i 11 P3 it a5 B
ROBER N O, B ik =T 45,

pL=m2w (7)
k=l-(1-y)e (8)

WG AR ATAE v, PE SR
[ELHEL (9)

1_ 0:
WTIE+IES
T2 34 (8) ~ (6) T 75 , i 25 Sk 1488 25 3k 14 0 14
51

E ' 2000-k)(-cospl) (g
Ei | " 1+(1-k/)?-2(1-k,)cospL

E | (1-1)k,

E: | 1+(1-k)*-2(1-k;)cospL (11)

(2) ZE XA A

R T S GET RG] G2 I IR Ik (UL 2)
M TP #E A, KHR 73 HE A 2E A S 1 P4, 4505
3O P3 MG, HEANG T P2 YRS EI P3 4k £
T A B R IR [ %, M3 1P Al 11 P2 ik A i
FIP3AYG, 7 AR AR T 5 M 1P s 11 P2 3#E A iy
F1P4 B)E7= A AT T8, BRI b HE A 11 P4 A 3R

*El P3_=~
———
Coupler C
_/P\

Fiber loop

P 2 52 Sl IR 18 IR 1 7 A

Fig.2 Schematic diagram of cross coupled ring resonator

KA TG RIE LA B 52 2 4K0H . AE

SESFIE B A R UG, FE I AR YOt & — BRI 3]
IR PFESE T Mt 1 PL By A B D%

E==V(1-v) [V1-k Ei+j\Vk Ej (12)

E=V({1-y) [V1-k E;+j\Vk Ei] (13)

e "~ eiE, (14)

[RH 76 238 O GCEF IR I IR s B 5 20k 3] i

IR 214, D\ P4 v 1135 B B9 BE o 0, W il |-

A1,

BL:mzw-“zl (15)
k=l-(L-y)e (16)
JIT LA 325 555 it VR 6 i 40 WREL 23 300 A
Es 2_ (L-w)(1-k) (17)
B (Lekp-disine| B .z
E, 2_ 1- (1-w)k
E | T @y aksine BT | (19)

F T BRI, R B [ B A O
ARG RBOOLL B E RO LR, R
SETEIR B R IR AR IF T RO S A RORR B R R 1A
E2wr N i S N o A U= T AN P S L RS
WA A 2ER, RGP RE WS BFESIE R
RGN Q E A PE IR R BUE MR,

2 (hESMREIRIT

PRI 1 4R s o 1 Uk O 2 R IR 1 B O AR A, 2
FEIRF S, JELF IR O 722, CW
CCW A il AL 1) 1 IR i 2 23 A7 — R YIS 2k 98 B, %
AT FWHM KR, FRZ R iR s AR ik 3% 26 5
JEE . TAR 4 B (SUPRI A E ) , A 0 PR MR P RE AR — 4>
BRI IV 0 AR AR R ) A
B R R G540 TS AT R K, RAEAALE
TRETE L, O A R T S o e A A U,
AN FROR/NERZ DL FEIR 1 R AU, K4l
JE R EHOR TR AR FE . OB FE RLARHE 5 A% i i
PUFE AN 42 FR I TR, BSOS RS L T8k B K&

I ARG R A FE, F AR kU TR e,

_ FSR
F= FWHM (19)

A B S PSR Sy A 408 T A 3 4 3B K (16 )
22 T B 2 4 T FWHIM g 78 5 IR 06 1) 74 0

PDF #fi % ffi *'| "pdfFactory Pro" = 454 I www.pdffactory.com



http://www.pdffactory.com

% 114 XA A AR IR T U R G 2

& # R R A 3691

TR W T % I P O B K 25, 330 — 0

Hep 3k 3007 oy

250 ——9=0.10

_C — —
FSR_I (20) o 200 7030
_ 2 ko 150
FWHM= L (2\/1—k ) (21) 1004
AT LA 4 2 BN
F= T (22) % 01 02 03 04 0.5
. K %
2arcsin| = | {5 R 30, F B oo 1075 65 R
& 3 E?/%j\j*%éﬁifﬁ“ = Eﬁ%égﬁ k E/‘J?‘é/%lgo Fig.5 Relation of F versus a,
150 73107
300¢ 6x107
2500 R
. 200} E 4x107
150f E 3x10°
100t 2x107
50} 1x107F
% 02 04 06 08 1.0 %0z 04 06 08 10
k k
E 3 EAIE F SR KMER [l 6 - 45 FWHM BEHE & R 5K 281k e R E

Fig.3 Relation of F versus k

Fig.6 Relation of FWHM versus k

Hi & 3 TT A5 BE % k 340 K 4 B e =2 T+ 3.3x10°
S A 2 (8) T A5, B A% A 2 0 9 A RRE A 3.2410°
B I P SRR AT 0, BRI S R [ A B 5300
HE o AN [ B0 K BE IS SRIRE a0 IV F A7 1K 56 2 E”m“
T 1508, 2 R E 4~5 FioR = 2.9x10°)
M & 4 TR 5 WA Bl o FI1 oo BOBE N, K 20 2.8x10°

R SRR R AV, 356 2 DRy 25 5066 9 28K, BB 4 0 A 2710

PRI W IR I I/ R A M 05 400 2 ol i 2 o
%o ARG A ZL(20) AT AR Y, 2 i 2 50 5 I L A
FRBKHEA R, T R R A 2 O

7 24298 FWHM

20 30 40
L/m

Bl L AR Al e 2R

50

Fig.7 Relation of FWHM versus L

25 — — A5
BRI WIEAT T 4307, W 6~8 s, | “hetoeton |
300 002 20 lll |I || I| || 24
Z o 22;8:82 L | Ir' II S
-- ,=0.08 o | I H
i o q~0.10 L SRR A ‘\! D qreT
L™, zL s . ' ;]
: 0.3 K __/-—.I | / \ ; L]
g E T
L AL
0 02 04 06 08 1.0 P 8 L=13 m Hh k4R Jis 9 125 S 33 48 B 2 35 1l 4%
F 4 Rl a F.LF Fﬁ;q% {9725 4k 3 2 Fig.8 Transmission and reflection curves of resonator

Fig.4 Relation of F versus 7, for L=13m

2 E 4T FWHM 584 25k MER LY
KR KNS FEE K L RS, FWHM 5 3126/

PDF #fi % ffi *'| "pdfFactory Pro" = 454 I www.pdffactory.com

JE ARy, 24 L=13m B} ,FWHM f/]N, h2.72MHz
PRI R 40 (& 4 A&l 5 1y 05 45 R Al 15 B 0,=0.02,


http://www.pdffactory.com

3692 B D

% 43 %

¥%=0.01,L=13 m B} iEHRIE 9 Q ik 7.12x107, Tt
RG240 3 HA 5.8, AT JE B BRI o RS B 22K, IR,
T TR R F R QSO B T LT B g, B
FSELMEAXLR,QELMAXRM K FLEE
dQ Ffi L iy A8 fbtadh 25 J 4 Sl an 151 9~10 Fw

350 o
300} |
- 16x107
250 -~ Fineness 7
200} —Q value e
. 14x1071Q
150}
13x107
100} 1>
50} 1
. )
o 2 4 6 8 10°
L/m
K9 F 5 QWL MAS LR
Fig.9 Relation of F and Q versus L
1200 3.5%10°
1000} “13.0x10°
i 8
800+ e
N 12.0x10°
5 600} S
5 11.5x10°
400t B
11.0x10
200F oo
% 2 4 6 8 10 12 14 "

L/m
5 10 FL* 5 dQ B L 7B fL ¢ &
Fig.10 Relation of FL? and dQ versus L
Hi /&l 9 AL 10 AT A%, BEEL (938N, Q & ¥
WKL F BEEUN, B FL2 S dQ MY kT UL i %5
L ARSI Mg ey o i 220 M (2) il 73, FEIRAY R
TRE AR i o BT DL SRR A R R |, 75 2 [
A7 = ) FE A Q A, AL, >4 L=0.214 m, LAY, F=
170,Q=3.34x107, B #2 11 & fUEE 2y 0.98 (°)/h, [ i i
AT F R QU REUE, 1B 11 Jy L=0.214 m Wil

1.0 60
0.8 150
140
o 0.6F «i — Transmission spactral _
5 — Refection spectral 130 E
< o4 ~ =
120
110
0.2
[ S
00 3 6 9 12 15
BL

P4 11 L=0.214 m i 3 4R M 1035 5 i 2 B S S il 2
Fig.11 Transmission and reflection curves of resonator

for L=0.214 m

R B 37 ) T AR S S S R

3 LG MR

RIS LR RO B T p Sk kL, Soh g T
B SRR A 2 S 967 5, IFEAT TR L A o DI
e &, ZRRE Y 1SO Eil 43l AY CL &
W, PRG35 2 B 25 2% 1502 AT 1SO3 i A AR
P &% PM1 Al PM2, 38 £ PR JE 4% C2 1 C3 7 Jill ik
ADGCER IR PTG L 336 B RO, 20t C2 ik AER
P 1R 35 B T I SROFE PR TS 9IR  PHL I 38 e i2E A C3,
PR 8K PD2 3], 7E 285 BAH B K A% LIA2 i
A PI I FR ORI AT 0O 28 0 TS I 6 114
AR ] B S Y AN 24 i 3 PDL, LIAL, X4 i
e i, th T CCW S, WIFE o 11 1 4R 45 1 15 5 /i
HBEERAE T R 22155 . AH I Y S 00 7 SR kT an 1112
JIE 7, S5 I3t il e an el 13 B

| Chut —

Gyro signal s———] L1l |—@—] pD1 |

12 58T R A

Fig.12 Experimental scheme

0T
S ] A
: 1~ S|
g LI 1 A
‘£ Dy | | | FET modulation voltage
H | i | Dremodulation curve 1
= 0ap || i
=] N ! | ] Demodu lation curve 2
T ozf Resonance curve |
= Hi Hesonance curve 2
= 0 1l 4
g i i
= | — ur—; B, S
5 — ] = J
o 300 A 10 e 107 B=1F 1= 10"
Sampling poinis
Pl 13 Sl I A i ith £k 14
Fig.13 Curves of experimental tests
)
4 %

SCHRTEAAA 7O PR IR A PERE SR AR, kXS
FC I T PR OIR A [ 5 e 45 A RO R 5 BB, 3R
Geor A TR SO0 PR IR 2R Gt R AU R IR O %

PDF #fi % ffi *'| "pdfFactory Pro" = 454 I www.pdffactory.com


http://www.pdffactory.com

# 11 4 ) A3 . AR IR U R R G 2 A 3R RAR AL 3693
. TR ZEAE B R NI IS RS &S [J]. Light Wave Technology, 2000, 18(1): 66-72.

;}é&ﬁﬂ El‘]?é/% ,LQ'TI“@IE“ZT R-MOG ,%éﬁl?l(] I%%ﬁo [71 Loren F Stokes, Marvin Chodorow, Herbert J Shaw.

B 2 AE TR I 2 1 3] 36 08 T 100 75 65 40 P R Q R Sensitive All-single-mode-fiber resonant ring interferometer

e ’ RN s K ] SF Y 21.4 cm B ’ *ﬁtéﬂ]l}fﬂj [J]. Journal of Light Wave Technology, 1983, 1(1): 288 -290.

170.Q fﬁj{l 334){107,1&5# ,iﬁigﬁ 0.48 (°)/h, 3? [8] Wang Kunbo, Feng Lishuang, Wang Junjie. Alternative

. . method for design and optimization of the ring resonator

i 57 R-MOG MIFRSEH R G, ) 2 G WU % 5l . : -

used in micro-optical gyro [J]. Applied Optics, 2013, 52(7):

4 PR R R I AT T I, BB IR RS A E fe it T 1481-1486. (in Chinese)

fﬁi’ﬁ%ﬂig/ﬁ%ﬁtﬂo [9] Francesco Dell’ olio, Caterina Ciminelli.  Theretical

%%iﬁﬁ: investigation of in.dium phosphide bu-ried ring. reso.nators for

new angular velocity sensors [J]. Optical Engineering, 2013,

[1] Suzuki K, Takiguchi K, Hotate K. Monolithically integrated 52(2): 1-7.
resonator microoptic gyro on silica planar light wave circuit [10] Caterina Ciminelli, Francesco Dell’ Olio, Mario N Armenise,
[J]. Light Wave Technology, 2000, 18: 66-72. et al. High performance InP ring resonator for new

[2] M™Ma H, Zhang X, Jin Z, et al. Waveguide-type optical generation monolithically integrated optical gyroscopes [J].
passive ring resonator gyro using phase modulation Optics Express, 2013, 21: 556-563.
spectroscopy technique[J]. Opt Eng, 2006, 45: 1-5. [11] Hansuek Lee, Tong Chen, Jiang Li, et al. Chemically etched

[3] ali Vv, Shorthill R W. Fiber ring interferometer [J]. Applied ultrahigh -Q wedge-resonator on a silicon chip [J]. Nature
Optics, 1976, 15(5): 1099-1100. Photonics, 2012, 6: 369-373.

[4] Ma H, He Z, Hotate K. Reduction of backscattering induced [12] Pascal Del’ Haye, Scott A Diddams, Scott B Papp. Laser-
noise by carrier suppression in waveguide-type optical ring machined ultra-high -Q microrod resonators for nonlinear
resonator gyro[J]. Light Wave Technology, 2011, 29: 85-90. optics[J]. Applied Physics Letters, 2013, 102: 221119.

[5] Hotatek. Fiber sensor technology today [J]. Optical Fiber [13] Yoshihiro Ohtsuka. Analysis of a fiber-optic passive loop-
Technology, 1997, 3(4): 356-402. resonator gyroscope: dependence on resonator parameters and

[6] Suzuki K, Takiguchik K, Hotatek K. Monolithically integrated light-source coherence[J]. Journal of Light Wave Technology,

resonator micro optic gyro on silica planar light wavecircuit

1985, 3(2): 378-384.

PDF #% ffi ™' "pdfFactory Pro" & &4 # *F www.pdffactory.com



http://www.pdffactory.com

