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Abstract

In this research, the design of plasmonics interference using micro PANDA ring
resonator as the source of single photon and entangled photon generation from the
four-wave mixing process was studied. The coincidence of photons from Hong Ou
Mandel effect between a wave guide and a micro PANDA ring resonator layer was
detected. The whispering gallery mode of interference at the central top inducing the
plasmonics signals at the outer nano gold coating PANDA layer was used to analyze from
micro particles. Its quality factor was found at 10° of order magnitude and became

appropriately to apply this plasmonics interference to be biosensor.

Keywords: Micro Ring Resonator, Plasmonics Interference
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D
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1Y

JUN 2.2 Anuliddaszvasidmuniudinduiuguaresnsauamnzd IAmisdnestiudn
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3.4 MswdauNUBIUslivasauasdauiuATulanEh

ﬁmummé’ﬂlﬂé’fﬁmimﬂmﬂ%qﬁmmé‘@mmmLLazLLaqsuamﬁTaél’uLLﬂdaLawwﬁs‘ﬁ!ﬂ
Tunausleudraatiogiduieniu HlosaniFlalume Sadyanameansaesvesaunulniives
Immﬂ‘%gﬁiﬁLﬁummé'hé’ml,ﬂdmwwﬁ %Qﬂ’ﬁm?{am’fauﬁuﬁuL%QU%QﬁizwdwqﬁgymﬂmLLaaLLaz
Frduwnisameifinnudidunn W ¢ Wunswhendeuiususeninanisduamnsditu

auasdyann fdukniaamznulseanidudedun el
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anuasdeyay1ad aun1s (66) wagauns (67) ansneyrimssslugasdlun la Ae

4, (t) :%{ém(t)ﬂés M}, (81)
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a,(t)= %{iéﬁo (0 +a (b}, (82)
aL(t) = %{afo (t) +idg ()}, (83)
ai(t) = %{iéfo (0 +a5 1)} (84)

T Y
v

U FanduNSNangesduNn e ludIunsR nkazadunvuuluaa uslaBsun 39
Weuladn
o (t) = Eae™, (85)
A, =1-Eae™, (86)
o o v 1 p=]
ANUAITU ANSIVDIANUAIIRINTELA LAY A

S (8:0)=ES,  (8,0)+(1-&)SL, (5,0), (87)

mono mono

e

S, (8,0)=8(C| @y, | X D(5,0)), (88)

mono mono

Tae X™@ fe dyanusuniumsinsiaosveduavuiu@min)iuimdulnisamsd Weewin
anuzidesnsyihfeaausgyanamneidniduns X dwlu awnesuidiunfndives

AnuLaneensealnil adeuladuy

S (6,0) =4EX (X (6,0))* +1-& (89)

v

Feanansavenglugnsdlgaaniadudanamyidonnudy L deunivsaniswnnsindudyqyuls

'
[

Tueele annsumasnuniualdndeulain

A

S__(8,0)=4C*(X (8,0)) +1-C, (90)
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g ¢ =(1-L)& o Yadeduuse@nanisnsiadu Uil 3.3 uanspuduiusseninannsy
Maway 0 wavesiduuniauamzn Wemsndwestudn r=03 aA@anmfiavuoaiuls
£=0.95 wagAnmsgade L=0.2 a1n1stiudngsan (-1.7 dB) wazAsianunsduda (+2.0

dB) gndunalalagnisuuamlavesiduuniuanizn dunadisedunisludaanas 0.9 dB

[y

(=2.6 dB — 1.7 dB) vauefiszunsresunistusnanaiies 0.6 dB (=2.6 dB — 2.0 dB) A5

[y

Judniadinnulmenisgadevemaniniitseuiuunnniinissedunistudn
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o 3 antisqueeze
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g 2
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—
b
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-
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X

<>2;+,,/2>=% (=2x(0]%;]0)) (92)

AINAITU NE1IBNeE1e seRunsludauaznisnesunstudnvesanusgyuiniadudn Ao -

A [

3.0 dB uag +3.0 dB AU meSenilsvesgaanianisiudagnaanfuuasdayaiusuniy

A

4

gayanAgnandildaniuzaesun (3.4) dyanusuniumeinsiaasivisuwdasen il

<)”(;>—>O.5xl+0.5xl:i, (93)
8 4 16

A 1 W

(%50 ) > 0.5%=+0.5x ==, (94)

puEdU nandnedis seiumsTudauagsefumslusauesanuzanainmeasunin -1.2
dB waz +1.8 dB mudsu vaeiisdunistudadeuwta 1.8 dB sedunsdunstuse
anaafiss 12 dB evuwensnafisdudsedunsTusaduiulidgand  seduaniugge
gayanadudaiinnulensgaydesgienn anmsiiansan mstudauinndt -3 dB

aasausIalacien1silagvesnisady 50%
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X2 Xorr2 X472
1/2
3/8
(20 o) 1/4(0 dB) (+1.8 dB)
1/8 2 + 05 1/4 P 3/16 2
(3.0 dB) ¢ OdB) ¢ (12c8) ¢

JUN 2.4 lassunsunisgade aouggyaniatuda -3 dB denisgade L=0.5 %dwin

Y Y

[y [

NIRANaUSEAUNITIUERT wneldanaady -1.2 dB

N5TuegveINITiuaLazNsaRuNsTUSRatansaduUsEanEN1nTI9Tu  wansly

JUN 2.5 dgmilwesnisduda r=0.3

3 3 antisqueezing
o}
2
5
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(%2}
5 0.4 0.6 0.8 1
o -1
g
® -2 !
£ squeezing
S 3
=

UN 25 wassenuduiussyisaUnasumaayUszansnmnsnsadu ¢ el

Y

1 a [ a o
ANNIFIULADINITUUDR I =3

3.5 nsadeanuzgyINATUdnR 83T LSl uwuu

q

Y Y 1 A A I3 ! o oA o ¢ )
NNSETNEN UL VUDNILHDUIALATDINBDDALUUY 2 dIUNAN A AULUADT LAy MAIYeNe

WU BTEAFITUIR) Fedpfnwnguiiaumansligududidunaadlulng
3.5.1 lassadenisuivasnauludanansdaigadu

WonuuaInnnIENUAMINaNnaUaU R auaILUU LTy wasazlumtenili
mnanufninanlsietuiy Fwsludndiuivssdvrnaidemsegenitvesaunulii  falu
Iwanlsiwtuialsznousmvdesdiuran fAe diufinovauowolauuBudy P uasuuud
mevaussrouasldidudadu P, Inelwanlsiwdusin wWeuldi

P=P +P, (95)

Tne
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P =&x"E, (96)

Po=¢6x? EE+g,y" EEE+... (97)

ey fe Armnuseulmmaliiadun i Fdeemluldumuwesddun i+1 310
[ I3 1 a 1 =3 Y I~
dunsuiineiad nsunvesrdukimaniniiludinais Ae

0’E o°P,
V’E - Hof =5 = Hy at;“ (98)

09 & =g,(1+ 7)) wraulaiiswaasyesnnuliidudaduvesiinardluddud 2 Wity
duuiiisaulaeniznanasiuuaaussuURTnalsgauuuInay X Wity dagrdunas
WNlUmULILAY z PNl o, @, 4ag o, Al

E“(z,t)= % E (2)e"“"™” +cc., (99)
E)(z,1) =%E2(z)ei(“’2“"2” +cC., (100)
E“"”(z,t)=%E3(z)e““’3“k3” +cC., (101)

(% Y

Taoil E, Ao wonndgaidadouiiuusietnaing uazisldasiisduiitufunanvessiusie athy
auiliiindrvae fe

E(z,t)= E®(z,H)+ E“)(2,t) + E“)(z,1) (102)
WoTlgaruauurinalsflidadu 5euiin o =0 +o, wasiEdld 7 Ju
USuaanans wag P Ravisvuiunuwny X @unns (96) 3adisulnulan

O’E(z,t 0*
VE@ ) e T = ) o (EED) (103)

‘ﬁl £ v a 1 v = ¥ 49) a
disldnsussanalineundauusatuinguaznisuszanaula Jelaaunisiugiuesung
DUNTNSLNAPUN 2 A

dEl ia)l Hy (2) * (ks =k, —k

— /—g E,Eje oo, (104)
dz >\ 2 X Eib,

dE;< i(()z Hy (2) * —i(Ky+ky +k

—2=— /—g E,Eje(eriorz, (105)
dz 2 \¢ o =25

dE3 i0)3 Hy ) —i(ky+ky+k
S o /—g E E e trkon, (106)
dz >\ & X EE
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3.5.2 NSHANTISUDUNLTILEIAIAUN 2

AN LS sEGsfe Ul TAd UL aNTEAUMELALARD SO ENA U Tkas iU U
inliAnAduasludnaiudl 2 nszuaunisilesuielameaunis (104) - (106) ANAUAS
WugIuAe @ uazueuUAgRA B datlu 39 @ =@, =0 uay B =E, =E uawsluin

v A

a1Aufl 2 Ais B, =E®” waz o, =20 auns (106) wlastuilu

EC® . , :
d - ——iw &507((2) (E(w))z gidke (107)
z &

lnedl Ak =k, —2k, Wieduiinsnaunisiaglaveuuagavesuasasiuidnddui 2 iRmihves

Nan z=d Ao

iAkd
E®(d) =-iw /ﬂgo ZOE9PE_— 1 (108)

& 1Ak

uaydanaewiymeseniluindiui 2 fe
I (2w) (d) — %CEO | E(Zw) |2
Y7 =X sin”(Akd / 2)
=| =2 we, Py (1Y d? ——m——= (109)
(ej St SO /2 (Akd /2)?

o w a o o a [ o | v o W & =2 a o a £
ﬂ?ﬁﬂ%@ﬂLLﬁﬂ@?ﬁNUﬂﬁ?@‘Uﬂ 2 L‘Uuaﬂﬁ'JUIWEJG]i\‘iﬂ‘Uﬂ’]ENﬁENGUENLLEQW‘U;%S'TU UL dUUTEEAND

ANSHUNEU A9l

n= % . (%jm (wey ) d? —si?;((ﬁljdéf) (110)
wazflgnudadenisanudeainnisiundu Ae
5= [ o =(&jw (e, 7@ )T (w)dZW (111)
NG 4 (Akd /2)*

3.5.3 n1ssigudLaiau

wavasnistnanlswduliwaduidudmevun 2k uazvespduluiimsuun k, @
Ak =k, -2k, f9 Anumainvssavaauvesinatlseduldidsduanaaulai e 2k, =k,
wawalithlugadutuneuy  Reulvigndreindumsiieuma  luvaeianuduvesauy
Wi dudndiunn 22 We Ak =0 flsiduvesanuduausiidnwazidunuio Ak £0
v O Y & 1A
Aaly AuuAliEeuaaly

v A v a X ! a v ! = a8 £ a a = & aa

AiinuuuesUniduAi o wie k Tuidagldvatinvesesid Fuduisveinis
Jieuwa  Iegldndnnliiludadundvinsuegaswuuiiaudugaeglnenisdouiirniaves

wnuanegiaduau dudseanslidadu @ (2) ansanszangluglveseunsunsies fe
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7P (2) = Zéz)[ Zw: a, exp[im% zﬂ, (112)
el
(6
IZ (2()2) ( m—” zjdz (113)
Ay A

way A Aemured ¥ (z) wnuAiaunis (112) asluaunis (104) agls

c:j_?:_%\/:()%z@gexpﬁ Z—k3+k2+kljz} (114)

fflF1uudy m Nasnmasenuiiouly

2

m===k; -k, ~k, (115)

3

nsifsunaiiugse 61 72 (2) Guan x® fa—y? NN9Aves A/2 Faagld

_ l—cosmz
mrz

(116)
fdan m=1 &FuUszansludaduladeulain

(2)

2
H=p Zé” (117)

3.5.4 Reuluiinfigalunisiniaauasasldnaniibiludadu

auaunudeuddiniadnrieiifeiitaemnenliiany 2, = zoln/ A Wuduen

'
=

SYEYNINLBIVDI AT INUN VRS LaslA T uana U091 9828 uas QNaTNNITUIY

0NVBIA WAL lFUUSEANSNISHUNGU fe

= ( H j” (we, yd) sin®(Akd / 2)
&

(118)
7@, (Akd /2)?

3.6. walialallouvosszuu

LﬁaIV\Imauimf]yuﬁé’umﬁ%mﬁumﬁﬂﬁﬁmimuaumGiaﬁﬂLLaQLaL%aﬁwé’qmuqqﬁm
mwmwuhiL%aLé’uizﬁuwé’wumaaawamﬁﬂﬁgﬂmzéjwﬁuiﬂa&_ﬂuamuzmgéjuwmgﬁq
avmeuvemdniiliaunasiivanUaesTnneuseninaedun  oun  Tneulunduas (s)
waglnneu Tupdlae (i) eenu aunsadounedalafouvesdunsiseniaadenin ns

nanlmaukuuELA 19

H=iny® (a]afa; -4,44)") (119)

—+

9 fmandunsnsasisinmeulundygia Tuatdaay wazluady suaiau

o

O]
up.b
_Q.))
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Wehaunis(119) wWeAnwin1syiaudlunanveasiindunisneanylys a1n

d . A
ih—p=[H, 120
il [H, o] (120)

o p fe Meudunsiunsnguiiuuressyuy Selanuduiusiu anuiiazsduvesnis

Houanuzvatlineu P(a,a”) Tudsplidnuiudedou dall

b= jA(a,w)P(a,w)dﬂ(a,a*) (121)
e o= (a,a,q) W o =(a,,q, 0 ) by
) *
Ao,0) = W—G)‘ (122)
(@)*]a)

= o v av ¢ U o a PN v &
mwﬂﬁlmaumiﬂ’m’;wmmmmLuumiwaamaaa A8

= Vel + [, 12 60 123)
o =+ 17 250 12
& o 10} 17 2 £ 125
Lo~ xVaa + 27 12 &) (126

%ap =—yVaaia; + xVae; &) (127)

%a; =y Valafa, +\ Vol E () (128)

Tned avduiudvedyminnssuniu fie
(&g M) =got-t)  Toell  (£)=0  laed  i,j=12,...6
(129)

Feaun13n1semuMTTianivesmimliunsluamaiazgninluuilaemsiasemigaduay
meawelluuni 4
4 A da X A O v Y = A
HaduLesiiindy  fle  ynismudwiosnuilanieineming  nanAe 13
Waguwlaslinseninaiuvediineunsanulun  agasatungeysndnasnusaslumuwdy i
meuanuziiguiululundygauayiuedaasfiinuauun  Lavaaugineaiuiuvesl
a Y
nou Weuluguaumsivadluiuvauiag loae

1) ==(1 ), ©1), 1), ©]+),) (130)
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ASEANIULLUY DANNINT

+

47 = (19,819, =1), 81) a3

=

aun1swatigaiussleviannlunisussendldnsiuasaumadeneuiusiell  dey 39
Judussmedeuussingiunmsianduiusseninsiuvesiadunisiiierdes JCERREE

A A

RoulunisiinauvasrnukUsusiuatosan V™ vasdmanidunis X, wag Y, auaaunis

U q 1 1
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[

YDIUAR AT
V(X OV (Y <1 (132)

Felueaun1sil xdunUszgndldivensivaeumauauyavesmaniunmsliulundyayuuay

Tunilae F9983msemdadinavautaulvveseaunisiseldluuni 4

2.3 Usngnisal 989 - @ - uauAa (Hong-Ou-Mandel effect)

=

HOM Juusingmisainsunsnaenvedlimaudeseunialumeusiuealfn dsgnesuislaein

Y
a

Wand 3 vihulud A.e. 1987 numanendelswanes Ae 49 1A 889 waz 8 g @ uay Alause

Y Y

e a X A = o o o Ao
Luuea Unngnisaliiintuilesunialnneunediividouiudiuay 2 aunia Wafswen
a1uae (beam splitter) wuu 1 fo 1 wsiazounipegnainsunm Welnmeuilaumilauiu
winduazyaneiues ddwianeiulivaieass amnudiazdulunisesinaziiudu lunsd

UA50951DNSNINEDAVDNNABUILTA LT TALUUNING AINUEIIIDLALLIA A BE 196N
2.3.1 N1595UNYALNAAIENSAIDUAN
N525UNYLYINIYATN

= P ' o ° = I v 1 A o o - '@ y
dielnmeumdeunuswenawadiaudululiaetegns fe fussasviounislifgndauly
Auhziluduinsvesnisdsiiuwaznisasvisugninnualasaninnisagvieuldvesiauen
awas lunfaundliduenduaswda 1:1 Falnaeuemiuihanduwinduiiasiiansazsiou

WAZNTAINIY
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3. ilneusaaignasioundu fagu a)
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> D

—)111 ¢ (134)
LU -1)ld

I a = a ¢ ) ° & P ) a v P
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nvvaeuluaeWinves LN uas Sananuasaiuledadyveueismaivazananiy
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Coincident photon pairs

-3 -2 -1 0 1 2 3
Time delay, (us)

JUN 2.7 anuduiusseninansmiiadaaaiuaznisiinnnudedynieuiuvedLiney

Navad HOM dunalalnansilagldndandtenmnutuinauausswolinaunel il

anuansaduiuulnewdsdnvazlugnaIaeneeninaINNIITUNIUYBINUMAT L

njUguatnmougniuiinlusengudnves HOM lunarensainaniiuaziniznguglivnsten

NNUIADAARDINUNINVIDDNVDIFILINAINAS UNASIANUNSaUNS s AnTULAAIIAUNTS
= < v [y} 1

wENLULNEANLBYDNANNNUTEMINNAAY [7, 8]

2.3.3 nsussendldanunaznisneaes
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Abstract. In this work, the symmetric nonlinear micro PANDA ring resonator Si based
material with very thin golden coating which generated plasmonic interaction for
interferometer are designed and analyzed. The finite difference time domain method
(FDTD) is used to analyze for the input Gaussian pulse propagation within the designed
waveguides and the silicon micro ring resonator. It found that this photonic device can
be used as an accuracy biosensor and show the feasible and suitable for high visibility
and Q factor results.

Introduction

Nowadays, nonlinear micro PANDA ring resonator is considered as the most powerful
and useful photonic device to be used in many application areas in applied science and
computer engineering such as photon engineering in quantum information, optical
telecommunication, microsensor devices for medicine instrument or mechanical and
optical accuracy measurement [1]. From the high progression of the etching and
lithography technology via quantum imaging by using entangled photon, it is feasible to
realize an optical micro or nanochip [2] from a very thin micro Si layer cutting by femto
second laser [3]. The most advantage of a metal - coated microcavity is about plasmonic
whispering gallery mode [4] which can be used in quantum communication node,
especially in quantum cryptography.

The aim of this paper is about designing and investigation the nonlinear silicon
plasmonic interferometry by using PANDA ring resonator to be a part of the
microphotonic device.
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Fig. 1: The symmetric nonlinear plasmonic interferometry composes of a golden coating
on micro PANDA ring resonator surface, contacting with the Si based tapered waveguide
with the cross section of 5 x 5 um?2.

In this work, we apply quantum designed the micro optical device as the plasmonic
interferometry based on Si wafer, unless the surface of silicon micro ring was coated by
a thin gold layer to generate surface plasmon, from the priciples of condensed matter
physics, to achieve some optical properties. Plasmon are produced from the interaction
of light with metal-dielectric materials. Its configuration is showed in Fig. 1.

By itself, nonlinear micro PANDA ring resonator works on the principle of total
internal reflection, constructive interference and optical coupling in visible light regime.
For the specific purpose, the designing this kind of ring resonator depends always on
three mains constants i.e., firstly the coupling constant k between the nonlinear micro
ring resonator and nonlinear tappering micro fibers, secondly is of the transmission
coefficient t in micro tappering fiber itself, where, at the contacting surface, their relations
are |k|2+ |t|2= 1 and finally the ring radius r. So the relation between the complex mode
amplitude of electric field propagating in the tappering nonlinear micro fiber, Et1 and the
electric field propagating in the micro PANDA ring resonator Er2 attenuating between the
contacting surface are described by the matrix [5]

(&) = (e &) ()
E N —K EF Eis : (1)

where * denotes complex conjugate value of k and t, respectively. However, after the
propagation many round trip there occur the loss inside the ring. This can be explained
via the loss coefficient of the ring, a, if zero loss, a = 1.

In generally, for the sake of simplication in simulation purpose, we always set the
amplitude of input field in the bus to be one, i.e., Ei1 = 1, then the amplitude of the electric
field in the ring can be explained as

Ei2 = aeike 2)
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where i =V -1, 6 = wL/c, L is the circumference of the ring, L = 2mtr, r being the radius
of the ring, ¢ being the phase velocity of the ring, ¢ = co/nesr where co is the vacuum speed
of light and nerris the refractive index of the ring. In other word, 6 can be explained in

term of the ring’s refractive index as

0 = Ar’ng-
™ nell/\, (3)

where A is the wavelength of propagation electric field. Substitute Ej1into Eq. (1) we then
obtain

—a +te
En = Tof e 4)
—aK*
By = —
2 —at* + e
Ey = ———.
2 1 — at*et?
, Q)

(6)

In the resonance mode, the circulating power Piz in the ring and the transmission power
Pt1in the output waveguide are given by

(L — |t?)
P I
* o (I-all? (7
(o — [t])”
P —~ " RN
! (1 — alt])? ®)
Consequently, the finesse F and the quality factor Q are derived
in the form
i
) )
neffL
C — 3
/ A - (10)

if Kk < 1then F =~ m/x2.

In simulation technique, the Gaussian laser pulses of wavelength 1.550 um are
launched into the waveguide as showed in Fig. 1. In mathematically, it is easy to express
the input Gaussian pulse of electric field, assuming polarization in the z direction and
propagation in the +x direction,

2 2
L Wy —-r ) r -
E(r,z) = Egj—sexp | —— —i (k2 +k — (2
(r.2) U‘U'z_u(/:) P (-w?(::)) xp ( : (kz o 2R(z) W ))) (11)

where ris the radial distance from the center axis of the beam, z is the axial distance from
the beam’s focus (or “waist” ), k = 2m/A is the wave number, Eo = E(0,0) = 1 for the
simple numerical technique, the electric field amplitude (and phase) at the origin at time
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0, w(z) is the radius at which the field amplitudes fall to 1/e of their axial values at the
plane z along the beam, wo is the waist radius, R(z) is the radius of curvature of the beam’s
wavefronts at z, and (z) = tan1(z/zr) , where zris the Rayleigh length and z = 0
corresponds to the position of the beam waist, is the Gouy phase at z, an extra phase term
beyond that attributable to the phase velocity of light.

In the next section we will give the numerical results to examine the model such as
the relative power, q factor and comparing the signal from reference arm with the ring
arm.

Results and Discussion

Having launched the Gaussian pulses into the two tapered waveguide arms as showed
in Fig. 1, so the results of field propagating intensity has been achieved as show in Fig.
2. The signals from the

Fig. 2: The propagation of electric field within the nonlinear waveguides was simulated
for relative power with respect to the narrow bandwidth laser pulses in Gaussian
configuration between the tappered waveguide and the micro PANDA ring resonator.

reference arm and the golden ring interfered arm show more details in Fig. 3. The
nonsmooth lines indicate that plasmonic interaction inducing plasmon frequency rather
small since the major input signals match with the ring radius and attain the specific

resonant frequency.
The final result, we simulate for the quality factor @ for this microphotonic
interferometry device



43

Distance (um)

Fig. 3: The recieved relative power signals from the two paralell arms show the shifting
and absorbed from plasmonic- photon interaction. The red is of the reference arm and the
green is of the golden coated micro PANDA ring resonator.

with varying transmission coefficient ¢ at the contacting Si-gold surface, the result is
showed in Fig. 4.

7

Q factor

Fig. 4: The transmission coefficient vs. Q factor was showed within the possible range
of t.

Conclusion

In this work, we designed plasmonic interferometry by using the silicon micro PANDA
ring resonator coating with nano gold layer and compared the two accuracy signals. The
results showed the feasible to be fabricated with quantum imaging process to get the
precise and compact biosensors or medicine biosensor as well.
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