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Design and simulation of Core and Cladding Layers for Polymeric Electro-
Optic Modulator

Samaneh Hamedi and Omidreza Daneshmandi?

'Electrical and Electronic Departn;ent of Shiraz University of Technology
ISRC

Abstract- In this paper the thickness of core and cladding layers to fabricate a polymer Electro-Optic waveguide modulator is
designed and simulated. To simulate the various parameters of this introduced modulator the beam propagation method
(BPM) is used. The enough thickness of the core layer is chosen to fabricate the waveguide in depth of the film. The
thickness of top and bottom cladding layers is adjusted to reduce the optical loss arising from absorption loss in the metal
electrode and the high refractive index of the substrate. By this adjustment the modulation efficiency will be increased. The
cladding layers thickness is defined as coupling 980nm laser light with TM polarization into the waveguide that about 10
percent of the peak value of the evanescent field of the fundamental mode extends into cladding layers. A Si substrate coated
with SiO2 in a thickness of 400nm is used. For a core layer with refractive index of 1.63 and thickness of 3um, the thickness
of bottom and top cladding layers with refractive index of 1.51 are designed to be 1um and 1.5um respectively.

Keywords: modulator, waveguide, refractive index, electro-optic

g
2ib g yiws b8 WWW.OPSLLIF colu o a8 cul jLael slls b,90 5 alie oyl


mailto:hamedi@sutech.ac.ir
https://www.opsi.ir/article-1-1479-en.html

[ Downloaded from www.opsi.ir on 2026-06-19 |

\WAS ags YY) -

k5)’°"J" é‘g.o ULAMSPQA )LOLM: -y

oolawl (gl aVaz (g el old LSl (V) IS5 0
oo Ola 1) pzee Seipbg il jYoae o
Jelis Jlislos canl ooy ools ylad ISKo j0 oS jshailes
W) 9y 2 a5 el b Y 90 g dten Y S
Y oole .aigd co oslis SiO; b sus 0ailligs ygSlas
&,904 (DR1) Disperse Redl ;1 jg8405,5 diwsd
Jole j0 Fi9 woye Ve cdale bl /olege
Poly (pyromellitic dianhydride-co-4, 4'- (¢,
- J> « oxydianiline), amic acid solution (PAM)
crd hlo jagl QA zga Jsbo )0 perdy ol 09h
AY ey Gl Co o dsdz gl bl VPY culsls
Gl 0gd solatwl s VEY 5l peS cuSls cu o
- s~ Polyvinyl Alcohol (PVA) s PAM ;| ibs 4
S A eyl AN zae ol jo 4T 5,5 eolanul lgs

D VEVE 5 VOVE caSs oo slylo

95 oibgy ¥

| . (Si02)

il 5
g ol (lp eadags aVaiz 6 pend ol Jslo ) S

Gilwands s Y
a5 ol 28 g, Sue Vodgus dlus 4Y Cwlbrs
Aol oo 090 ¥ ol el BB slasge olows jiSlos
G pd ST Gl L as aY 5o 598 Gab ugee
Lok ol gy 5 ates gloaY Cuss
T o gl i Y o gin 35 e il
Cules jals 4 e aS aisd bl 3 S50 ales
ol 5o o8 Azl Ll 05 oo (gemVgae g 5 axkd S
Slge bl p el o 43,5 L o b gl allie
Qo) odg AY Cwbis Sl Goies )3 ek
O YL CeSs e by e i B
zoedsb ,o (n-type Si) sSilew cunl Conl S
slp oyl Y’/(b+j'/°~a Sl o yogll A
oxildsy oSl AY 25 55 2 ok Slapkd g
a5 (558 Sl al (g aY plgrea) SIO2 L ooy

IRl SE598 (5,9L8 g (qwiige il IS e 9 SLigied 9 Sl il y03S (o) lez g S

doddio —)

S5 SHPPS gobe pled )0 (5)95 getme slajlus
Gl 8y sbygYae (sy8 Dlple )3 ogn
SeYae Y NV W)ls 505 8 Glo S 5 g
S5 odw B Sy ol jare Gy 4 Seykg Sl
Jsl sl )9 @ (Sl slo i haws ol
LAYTs)s 1) mm y9 Olpbe sboases b
L avslio ;o ok YL Sk oSl oo 4 axgs
ol b e Gl b S Seiuh g il po iy
oS SopSlles cub ey olge [F] ais
g ol clo 5 @ (SeigrSl Ealy o8 (Sudl

.[V—O]..\j)lo AL oS
s &3l 03l 5V il 5l U e 4555 S
Y Yl S Gy b s oY S el
oS 55 melai gysb o Clis wl aF col s
Sg0 dw b g0 iSTam o] 40 ool gugy slaoge sloss
35 S5y 2 oikde sy cuwbs )b sl [Alast
S5 DLl g GgewYgie JWg sisle )55V ge npe CoeS
" 6 aYns g il 09l s Qe 5l (86
9o osliinl 1 e olyieas a5 slaoY [4]s 158
Y (Saimr (Rl a0 g Olg e 5
S35 2 087 S S O A Y p5 sy 2 Sk
598 g lacl e a5 il adls Cuwlbs SIS a4 b
ahad 5 (Bl SRl 4 e a5 a5 laog 25Ul 4
69> 4 Bb Y (pl pizmen 298 e (6 Ladl g
ouline u] 2y ° 9.:)) S0 s> as ML» J)L
a5 obuiljl 0gis ate Y [0 5 Culos jl aile g 0gd
IV ) gl a5 cl VABIEM Slil g3 G o
Iy Tewd poge Job (s yteailo ) oagame ,o Sl
s, 5 el b ide a¥ cwlbes alie ol o
o5 slaigSa (BPM) (o 59 pse sl 5 L]
3 odigdl e loe dsels dicin Ve 3l a8 aS ould

a3l o yiws B WWW.OPSLLIF colu jo a5 cul jLael glls (590 50 allis oy


https://www.opsi.ir/article-1-1479-en.html

[ Downloaded from www.opsi.ir on 2026-06-19 |

\WAS ags YY) -

720 sl a (V) Jgaz 0 edel Cavots zuls 4y axg5 L
e FegSee ¥ ocules (255 48 Ol a0k
155 Olg3 A8 6l 4y yiag,San | JBlas a5 PAM
G axgi b cal odel Cawsay PVA (gl o0l gy
5 awd sy ClSs oo DS Az e mls
alS Blg o Gbgy Y Cwlo wll i by
P Sl p) b 4Y Culbks dnulxe I e b
ot Y Culd oy p 4 Sl ol (B85 L
4 63959 H9 MVl S Qe ol Gl 4,
() Jgaz 50 ol ol a5 ool asloy (o3l 59,25l
] 00l A

735 03 OF 5 s Y (59 by 4 Culs ¥ Jgax

Sagle ) Job @ aVaiz poge (295 55 lF 4 p2ee

‘.)‘5: o y0 Cwoles

ST P Y

BT ) el
5999 9
(%) (um)
AD -1
AA \ Si02(400nm)/PAM(3pm)n=1.61/

Polymer(3pm)n=1.63/

¥ Vo PVA(n=1.51)/Al(100nm)
LY Y
fA
Si02(400nm)/PVA(1pm)
d o n=1.51/
aA \ Polymer (3um) n=1.63/
PVA(n=1.51)/Al(100nm)
a4/y Vo

qujM )L»JB JLQ.C‘ 6‘)" 03 G:Lw.ad.’y 6)19 05]‘.(.”
el VEYHAUY halises cansls cupo b pgaines]
ouds Jol> bl 4y axgi b aws o ol 1) (5,55 990
39550 plgie 4y poripagl] yiogili Voo Culs I3l 4,
ALl 092y 5y by Y mb &S (Jipe 50 (g3l
Al dwles 59 xSUl Ldm (695,9 lgs L0l i il
b mels ol a5 ead eolawl cwl (5 eS
Fog,Soe ¥ Cwles 4 PAM (5 gy aY oS >0
9y gy aY (lyie 4 PVA jieg St ¥ slil 4y wily
Y Glge 4 PVA il bl oo cavoay 70 olals

gy

IRl SE5598 (5,9l8 g (owiige il IS e § Sgied 9 Sl il ,45T (o) lor g e

S Y SI0; (55, Lovitins as (5 ady oLid a8
Jolo YA e S0l e
Foogil A 5 5 ey 9 >k SilSiIO2/Polymer
ol 90 by SI02 Sgline clacabis 3l 4
Syl gl ool V/ED SI02 CnSh gy zgn b
b 35, Sl 51 L5 Lais eusl asody (o lail lals
g dwd oy oS ool 58 giluoe o ol
Cowddy sloosls 4 azgh b ol ol ooy by
VO Cwlbrs cNdBlem g Lassl Slals gl a4 ool
ool o8 b el sy SI02 (sl teg,Sne
Oy TEe i bk ol o a5 SI02 Y (g mesil
G Gl sy wales g Sl 45 (69959
Sly rizmes 5 (oS bawgi 0nisdl e 59 390 DO
WY o el @Y AV @ ates AY g (S
crd 4 azg boogd oailis SIO2 5) » ek
aY gl PVA § PAM oolo g0 ;2 diwd 4SSl
Gyosl oY Coslis lanl il e conlio i
45l g o aeibre DU (S Ly e
Gy A ) Gikde 4 A Cwld el cows
odd (Giludnd G3ls 39Sl BB 5w (59)
scels il @ (295 8 OlE weys cwl
2 oSk a¥pj lp )y b sl ol

Ll 00l 4 (V) Jgoo

Yoz pge 2o 5 Ol 9 n) oikbs aY Cwlks Y Jeur
Sasle V Job 4

Ol e ys wales
. . CIRe d.vy
STy | o ools £33
Sog P d | O
(*h) (um)
AY 10
AY \
q. VD Si02(400nm)/PAM(n=1.61)/
Q) Y Polymer (3pm)n=1.63
Yy Y0
LY Y
Yo
aA QN SiO2(400nm)/PVA(n=1.51)/
94/0 \ Polymer (3um)n=1.63

a3l o yiws B WWW.OPSLLIF colu jo a5 cul jLael glls (590 50 allis oy


https://www.opsi.ir/article-1-1479-en.html

[ Downloaded from www.opsi.ir on 2026-06-19 |

\WAS ags YY) -

S S axas -F
Feo Cwlrs 4 SI02 L ous oailigs (yoSilow a0V 5
Foo bl obul jglane 4 3 09 xSl g yiegil

ad @l arg by >k pl o .0b gilwand g

@ ates &Y sl el WU zee Job sl 4 sl
VOY ConSs gy b PVA jorly VBY oSl oy

Vo glacubs i 4 gy 5 05 Gikbs Y Olse 4
ol s azgi b ot Sl ey S V1O 9,5ee
Uiy g Amd (o b CanSld e po S ol
cos S Sll g ates Y oo jalS 4 e
AR 290> (255 5 B3k b Gprye sl 05
b fogSn 7 ol (b pld 2l Culs Jloo

Pl ez e Iy w4 glea
a3 >,k SilSi02/PVAIEO Polymer/PVA/AI

&=y

[1]. D. wivedi and A. Kumar, "A compact and ultra high
sensitive RI sensor using modal interference in an
integrated optic waveguide with metal under-cladding,"
Sensors and Actuators B: Chemical, vol. 240, pp. 1302-
1307, 2017.

[2]. J. Liu, G. Xu, F. Liu, I. Kityk, X. Liu, and Z. Zhen, "Recent
advances in polymer electro-optic modulators,” RSC
Advances, vol. 5, no. 21, pp. 15784-15794, 2015.

[3]. C. Hossbacher et al" ,.Plasmonic modulator with> 170 GHz
bandwidth demonstrated at 100 GBd NRZ," Optics
Express, vol. 25, no. 3, pp. 1762-1768, 2017.

[4]. C. Kieninger et al., "Ultra-High In-Device Electro-Optic
Coefficient of r33= 390 pm/V Demonstrated in a Silicon-
Organic Hybrid (SOH (Modulator,” arXiv preprint
arXiv:1709.06338, 2017.

[5]- Enami, A. Seki, S. Masuda, J. Luo, and A. Jen, “"Ultra-
Broadband  Mach-Zehnder ~ Hybrid  Electro-Optic
Polymer/Sol-Gel Silica Waveguide Modulators,” in
CLEO: Science and Innovations, 2017, p. SM20. 5:
Optical Society of America.

[6]. R. Palmer et al., "Low power Mach—Zehnder modulator in
silicon-organic hybrid technology,” Photonics Technology
Letters, IEEE, vol. 25, no. 13, pp. 1226-1229, 2013.

[7].S. Hamedi and A. Gharavi, "Fabrication of an Azo
Ploymeric Mach-Zehnder Electro- Optic Modulator,"
presented at the Iran. Conf. optics and photonics (ICPET),
2013.

[8]. S. Hamedi and A. Gharavi, "Effect of heat treatment on
optical properties of crosslinkable Azo Chromophore
doped in poly amic acid," Journal of the European Optical
Society-Rapid publications, vol. 10, 2015.

[9]. J. G. Grote et al., "Effect of conductivity and dielectric
constant on the modulation voltage for optoelectronic
devices based on nonlinear optical polymers,” Optical
Engineering, vol. 40, no. 11, pp. 2464-2473, 2001.

[10]. A. Yeniay, R. Gao, K. Takayama, R. Gao, and A. F.
Garito, "Ultra-low-loss polymer waveguides,” Journal of
lightwave technology, vol. 22, no. 1, p. 154, 2004.

IRl SE5598 (5,9L8 g (qwiige il IS e 9 Sigieh 9 SUl il A eyl g S

595 O aY ln ey See VO Culid ;) by
Gilwdads @l ol sdal Cawods 10 jeS wlals
3 Fowbe cidg Y G PVA Y oS oo oo lis
oals plil slagilwas 4 a5 L 1,5 .conl PAM
61).1 U"‘)"L"’ | cd.n] Cowddy )...QS olals 9 W E
L s g ide oY g9 (e OoSekew 4Y )
ouds bl 4Y Wiz zse cole gl Glali o xeS
gl QA 5 55 Olg g aVaiz szge pgal Cul
Sl (S b pzge Job slial) )5 oad jiiis

el ool oals Las (V) S o (g, Ladl

12000 Pathway,
Maonitar:

1, Pawert

Propagation Path (um)
- @
o b4
o °
=) =1

T T RS EREREREREE
-10 -5 1] 1.0 0.5 0.0

X (um) Normalized OQutput
Power Monitor (a.u)

si @

w

N
L

pya Core Layer
d L Al

Sio2

Transverse Index Profile at z=0 (a.u)

B I o L e o o o e B S
-14 -12 -10 -8 -6 -4 -2 L] 2 4
Transverse Direction (pm)

AY O pzse o el A ) e laml (@l Y S
—aY e il YV Jsb 4 (SifSio2/PVA/EO-Polymer/PVA/AL)

FogSen B 9V i @ Ge) Vb g o) 0wl i sla
TR Tl perse (255 4 ood Jiie y55 055 5 o pulass
FagSon ¥ Calind @ (50 )8) a4 Zel 0dd 35 595 Ol
59 SN e 4 (g ead opdley S5 Bl (© el

27005 jzrge (o250 hite SSh o po by (563959
Si/Si02/PVAIED- Joli o Com 5l i 4 Loy

ey cansls co o By, .l Polymer/PVA/AL
a4 axgi b oaS cwl oals ools las (V) S o 5
Y g0 o VAT eSS v o b din Y (pgad
M a5 00l gugaile VOV CaSd b 4 ibg
e orlnle W)l Gpzse Slp N eSS o
Cwls JBlas 7Y squ> slasl Gl b5 pzge

el ag Sen 8 ot (S oL Sl

a3l g yiws B WWW.OPSLLIF colu jo 45 el jlael glls 590 ,0 allis oy


https://www.opsi.ir/article-1-1479-en.html
http://www.tcpdf.org

