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Comparison of light-microresonator coupling in both side-grating and end-
grating structures to control the excitation of higher radial order WGMs

H. Nadgaran®, S. Owshani®, R. Pourmand®
@ Physics Dep. Shiraz University, Shiraz 71454, Iran
@ Physics Dep. Estahban Higher Education Center, Estahban, Iran

Abstract- In this work for the first time excitation of higher radial order WGMs has been investigated using a metallic grating
coupler located on the side of optical fiber (side-grating). The results have been compared with another structure in which
grating is put on the end of fiber (end-grating). The results which is understood by phase-matching conditions, show that Q-
factor in both side-grating and end-grating is 1.03x10* and 1.7x10* respectively. The noticeable point is that excitation of a
specific radial mode is controllable in side-grating structure while it can’t be controlled easily in end-grating structure. The
reason stems from the fact that in end-grating structure, light diffraction and reflection from end-grating itself remarkably
reduce the excitation control of WGMs. Since some photonic applications require a particular mode to be excited, the side-
grating structure is more preferable than the end-grating structure.

Keywords: coupling, WGM, side-grating, end-grating
AN
2ib g yiws BBWWW.OPSLIE colu jo a8 cul jLael slls b,90 50 alie oyl


http://www.opsi.ir/
http://www.opsi.ir/
http://www.opsi.ir/article-1-1592-fa.html

[ Downloaded from www.opsi.ir on 2025-11-11 ]

VAP oo VooV Gl Sgigd (69l g (qwiige (il JiST (e 5 Sgish g Sl uil 1235 (e laz g S

O lgiwl bl 18 0,59,S0n (el slode a5 Lxs]
99 30 (Gilwdcd (yim yoo Slowlxs (gl gl oo Sl
oy 5l A Lae oy el 435 sll aw
gt g o ooliial 055K sl 4 Sy
3,8 SBl jeg e VO (Seken) St Soe
b S oad @l Saup Koo s Sy o8 (5, b
L (Gogee Dad b cnlite) ()0 olg a5 coel (s

S 0 s S oill Zae Job cons

SaiS olad slase sl s pe 99 (oSSl Y JS s
ool =Y A e b ad o pl el oo canlie WGM
Sazg S0 (993 3 5elusl S 50 g Wload
e Sl imie Sy o9 shie sl L
(3,5elusl) Sy Son (39,0 4 odbdr e ,Lacil

Voo of Cubs g yieg,See VY L ply (6595 090
2 S See 5 68 O lgp BB abl e yegil
yogl YO (Sl Gfdmu&}) d9> digy <l
Giead b (qwsS anizr II cnl o el oad Q5]

Ll 0030 5 oolazwl TE

—

0
0.5+

Power transmission through monitor

5 ke ks 0k 1k ke b s ke 16
wavelenght (um)

ghw Seop ead 4 el Sl e OlF Slages Y S
)5 A 3 zae Job s 5 Siang S

Sy See el glaae I (S sl Jless
by b ogd car Gily §l ool a5 L@=1.2,.00)
55 3 1y brd ol IV 008 e ms 556 3l
WS (o0 gy Mo Fhe cupd gdae e Gl
Al &> 50,0 (Mwem) WGM ss 5o o jloges
Fho s oge ailie B 5l el oad drlne
flgo Cud 4y 5 abaly Gl 5l Ay sleas e
nk:‘nisine—k%‘ )

doddo =)
SlglS" yjae Job L WGM coaS , slassines See
stz JB gk 4 SasS gae e S8y SYob
seb a4 g oole molidl 1y cole 5 ye8 o slo iiSen

059> ;o shes oo 5 5 polan Sldlas (los s
DT el osls 13 sleadloss |, Sigish Sl

el WEM slavaie YL jlws Q S 925
bt wais bl g ooldlgsd 655 S Jya
b gl as el ala Sy ez Sedee Sk
Sl Selnog iU Y YT leynds S (ol
WS s [# 0] o Kus glail 5 [0 F] ogilys

el 00,5

g9 a4 axy b YL glaad e elad slode ool
WA g5 S e B, T o as b mf oo )l
0% g LA b SO 4 Yaol widb o ) aiin
slagilesl 5o Js el 5l YL glaas,e slase
2 yame sbao)liy S (59, &5 (leard (5 Kw>ge
oo 28 YL ol (sl 0 pdy o0 plol S0

IVl el pilclasl WGM o YU elats sloas e

A Sl =¥
Gl gl Gaseine (V) USG5l a5 el les
28 aibige Olb) 658 il 6,8 S ol jsles
Slag Ss Cawl 00l 00ld )13 eSS (6,85 juud 0,0
S ablar gly b sl A8 5 Gl 5,85 YL 5
O 3l 0sd LS Wb 089K 9 g p (S
@ LS o) A e g prhe Al e (il i slaas e
B walg> Celu gladsyae S Cyx o Sadcas

I Single Mode Fiber

ncident ight |

B, Sl o g (Sabcdr gangs Glale ) S5

a3l g yiws BBWWW.OPSLIE colu jo a5 cul jLael glls )90 5 allio oy


http://www.opsi.ir/
http://www.opsi.ir/
http://www.opsi.ir/article-1-1592-fa.html

[ Downloaded from www.opsi.ir on 2025-11-11 ]

VAP Goge VoY (0l Sigish (655L8 5 (qwaige il JiST (aedd 9 Sigigh 9SGl Guil a8 e slez g G

v'[
Monitor

X

Single Mode Fiber ]
0

incident light p \
0

3 o Sabiir o Lihis,s Sl samss Salel F UK

)

Ao ol =V A e i 4 ik g,e LSl o -l
Py e b SdgySn (ol glase b 5 o +)
g odd Cud elad do gl b Bl ) e g8l 0
b lad pgw g pgd ddpe lade b +) aS e
e 1y 6098 gl Bl s o8 (izren 005 o
V) by Gk 5l Slaslre wig) (plply 285 s

Pedss S

G5 3l Gl 5l w9 095 Lk, LS le o -0
Jisle o a8 b o 00l e s dalng S b
&b 5l (evanescent) LLL slaglace (obl-(5,6

Nigh oo Cad Sewdg Sow 318 4 (5,98

(69 by gn Sl bskgg Sl s 2
JB S 3 g 00l K00 slade (Sl el
2 I s wjleies deime 1) Wl gos U8
b g 205 352y Lulul elSinl ol olomis,5 L
Bl o sl JS BB slase s s

Ngd Sz Sawdg S

LLL sloslaws b aolomcs 59 Jbsle o a8 Ll 5l —s

O Slgfs 5 (09 Bxd 4 azgi b e ld g 5w
Wasie g K ol 5 Cds Z gliwly (o LQ.ST
ol o a8 g walys Lk ,e tsbe 5l iy e
L_.;)im? <5‘)-.’ &M..loa)iyo VPR WWY-E S ¥ 095

g o o3l
=l awslio -Y-)

G dw Lk g,8 Sl jo il oylil &5 ek les

> p Olg jloged gy Gal 5l 0gdge So o eleds
S &5 wdlboe Sy aw s OJSS) ze Job

2505 0 (58958 Lo St o po Mi alaly pl 50 a5
G55 0y9> N g zse Jsb A el a,e K g5g,8

@55 wB b olsls ol @l (V) alal) 6,55 4 L
Sy Ly o8 i )0 jho |y (6998 sl Olgise
il o 3T (gogas jsb 4 LayE (g5 4 LLL (o

g dale> 133 Do 4 (V) Aol
n =% ™)

5 WGM el loae 51 Bl ogon ¥ ISS o

ol 00l o0ld yioled Neff 4y az g5 b« bl s2ie a5 yo

Degrasine q=1 q=2 o Q=3

wavelength (um)

WGM )L._‘>L..J d‘f X 4......:[.7LA S )JB.A w‘),.o )‘\)944 Ay JS...A

Hlr =) Ay S50 oo 5 wadd glagge Job yo

O ad Soop bl asie VS 5l aS ek les
el peo e bl Gl sl sbagse Jsb
S5l ¥ USS 2ol b dlS a5 al e ials lagas
Mk (Gomie (lgice «5)98 0599 10 poid b o]
plaS’ o (Sadiz )5 (nlb a5 (Soe ooy ol s
GBS Ojgo 4 ol pe0 b5 Jgl 4 e slaos

sl cogas JB

MLM -y

S5 ol o aS Gl L) eas S8 Lsle asils
g sl asyy L5 (P JS8) o8 b sleml o
plxl bl Byb 4 Sy Ko b 95 (Soblax

(] 53 JB 550 )lee cpuiS A lie g

a3l (g yiws BBWWW.OPSLIE colu jo a5 cul jLael slls )90 5 allie oy


http://www.opsi.ir/
http://www.opsi.ir/
http://www.opsi.ir/article-1-1592-fa.html

[ Downloaded from www.opsi.ir on 2025-11-11 ]

VWA age V)Y

LoLLL slglaw  Sadscas 5l eolaiwl o

&=y

[1] Farnesi, D., et al., Long period grating-based fiber
coupler to whispering gallery mode resonators.
Optics letters, 2014. 39(22): p. 6525-6528.

[2] Kreismann, J., S. Sinzinger, and M. Hentschel,
Three-dimensional ~ limagon:  Properties  and
applications. Physical Review A, 2017. 95(1): p.
011801.

[3] Wang, Y., et al., Tapered optical fiber waveguide
coupling to whispering gallery modes of liquid
crystal microdroplet for thermal sensing application.
Optics Express, 2017. 25(2): p. 918-926.

[4] Huet, V., et al ,.Millisecond photon lifetime in a
slow-light microcavity. Physical review letters, 2016.
116(13): p. 133902.

[5] Zhou, Y., et al., Fano resonances in metallic grating
coupled whispering gallery mode resonator. Applied
Physics Letters, 2013. 103(15): p. 15. 1108

[6] Humphrey, M.J., et al., Calculation of optimal fiber
radius and whispering-gallery mode spectra for a
fiber-coupled microsphere. Optics communications,
2007. 271(1): p. 124-131.

[7] Zhou, Y., et al., Controlled excitation of higher
radial order whispering gallery modes with metallic
diffraction grating. Optics express, 2015. 23(4): p.
4991-4996.

[8] Bumki M., et al., High-Q surface-plasmon-polariton
whispering-gallery  microcavity. Nature, 2009.
457(7228): p. 455-458.

L

Oln! SEged (5,9L8 g (qwiige il IS uedd 9 Sigied 9 SUbl il A e slez g S

sl s (KXl (ol -) e (Sodcd> (uke
Ao go HLiS 1) (olad pom 5 pgo lase (S5l )
- Y WU PR ] B ‘515)910 L aS col JPTERY
Sy 9 095 Sl j0 1 il atils (6555
oS J 50 w0gh e eddly ()5 4 0,95 0 bt
(8 GLLE plae (oilr-(g,95 (Sadcdx jLsls o

Dy oo ol o

5 « ——A=1200nm 6=7°
= 1
s
o
£ 1:(
£
g’ st
3 1
-
£
=]
c
9
1
L]
E
1)
c
©
: d
2 - 2nu
o 3
T T T
1.54 1.56 1.58

Wavelength (um)

SHEEx )3 e Jsb s p eile Sl e Ol 0SS0
IV] el olyon sl slane 5l adpo ¥ 5,20 b 45 s3g0e

sk )y (Sadcdx o oy jlogel Sy az S
by sl i Sl s,5 (Sabidr 4 e
> Gl Q &5 s Q oS [l Al
g S Gly g VYT Lk
sl e a8 b opl b cpiomes el VoYX LT
P e S sl gl debgyg Soascas
agly Slpess Bld g 0)l0 0929 (650 Joe 03]
gy il ol oleal LB, g093
Sl 0 o 055 ket s b g5 aul;

Dy R

SpSams -f

Lld 4 k6,95 9 (lm,95 ,tislo g0 )5 0pl jo
o pdde Wb dglie Lol sloas SiSil, S
ooy las JLisle g0 ol o cudS oS ol 50l
Sy it el Ly le a5 as

b4 o slow) iz (sl slade (i3Sl

2l o yiws BBWWW.OPSLIE colu jo a5 el jlael glls (590 50 allie oy


http://www.opsi.ir/
http://www.opsi.ir/
http://www.opsi.ir/article-1-1592-fa.html
http://www.tcpdf.org

