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Telecommunication Evolution

1950 .. 1980 . . 2010
Electron Photen
TDOM 100Mbps
Analog Internet
400 times

Voice

Fhoton has higher carrier speed

Photon has a unique property......more wavefength --> more
information

Digital process --» clean and higher information
Voice : Data 1:1 --> 1:20 (2010)
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WDM Communiction

-diﬁeff:;nt wavéiength not iﬁ.féf‘fere each other
* ultrafast time tech, |:> multi wavelength tech.

» Low speed data controll |:> Low cost electronics

» High capacity data controll { >T bit/s)

ccek data *

‘multiwavelength tech ... Prismn, Fabry-Parot, Mach-Zehnder, AWG

AVUN

.
>

t
TOM Ayhghshahs &
(Time Division Multiplexing) WDM
. {(Wavelength Division Memultiplexing)
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WDM Key Devices

*Discrit Devices
= Source, Detector, Optical Fiber, Modulator, OXC Optical Switch,
(Variable) Attenuator, splitter
*Wavelength Mux/Demux, Wavelength (tunable) Filter
» Amplifier, All optical devices(y®)

«Integrated Devices

*ADM(Add/Drop Multiplexer), Wavelength Selector , Wavelength
Converter, 3R(Re-umplification, Re-shaping, Re-timing) Repeater

» RACE : 57 Devices
« ACTS : 54 Devices

i, ZENPHOTORICS 5

Material for optical system

Material Process Strong Point Weakness

= simple process

Spin coating = low lpg=:<0.02 dB/cm = high dimension
Polymer| onsmooth . . . e
v surtaces low coupling loss
» low price « malenal supply

« easily hybrid

* nw logs (€0 01 dé/cm) « high dmenswon [~ cm)
silica -cvD = Inw coupling 1055 « high coast
FHD w slabe « harg hybrid

= pnlraization dependence

« High Irss (X1 dB/em)

“Inf substrate » smnall size (5 mm)
. a high gust
SC -MOCVL) w nteqrable with active devices
» complicate process
—pitaxy

» tugh coupling lnss
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Introduction

P(0) = P +, 0 E(0) + 7,2 Ei(©) E0) + 13® E(0) E ) E0) +~

I

Thermo-cptic {msec.)

- TO switeh

Plastic Optical Fber (POF)

L ow-lgss Polymer Optical Waveguide (LLPOW)
- Passive Optical Devices
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Status

‘Historically : 1970 x® -> 1980y
Now : comercialized with low loss polymer(JDS Uniphase)
Future : hybrid/integration with high speed and/or amplifier

*North America :
DARP : amplification, interconnection
POINT,POLO : interconnection - Allied Signal, AMP, HP, Dupont
NIST : ATP(Advanced Technology Programs) : $10M

*Japan : NTT, Hitachi

*Europe : RACE, ACTS project
AKZO : amplifier

*Domestic : ETRI, KAIST, Samsung, LG, Zen Photonics
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Planar waveguide

buried raised rib embedded ridge
channel strip quide strip guide
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Waveguide formation

» Reactive lon etching
» Photobleaching

* Electric Poling

« Injection moulding

1. Spin coating of lower clad layer 3. Patterning

s, ZENPHOTONICS -




RIE

‘-I:.:s-uii-;trate

2. Spin coating of lower clad layer

Fm e e

3. Spin coating of core layer

g Fok
—LFLH
" — L

4. Photo lithography
| '

vy v v
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5. Injection moulding

2. Patterning resist 6. Deforming

7. Core deposition

i

3. Electro plating

Core

4, Metal mould
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Fabrication of Devices(Multimode)

aenprased Wasegaide
outes idd va G relix

Cheome on foscd gilics phoiomank

witer Lascen added fo« Sngp & batfom,
tenting By mmetric pockage with
aveguide coaterext veriicolly.

Yy Expaunre
Loy

Flicinireed Wos npnides are diced "

candy Fox tibor renpling or

fnstuEladion inla vlearenoptie
deovice,
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Basic structure(l)

1xN splitter 2x2 switch (Interferometer)

Input Output In1 T\ S\ Qutl

In2 out?

V=0 I Inl *+—*Qut2
NxN star coupler V=V © In1 «—*Qutl

1x2 switch(DOS)

Quti

Qut2
=0 : In1 —»Qutl,Out?
Vi=V I In1 —Cut2
% V2=V : InT —*Dutl
ZENPHETOMICE 14
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Ad = 0, ON state
Divided equally 0 phase ditference ' combined
) A
N 7 :
= :
v N
‘ )
r
Ad = m, OFF state » (/' | radiated
A}\:/P TS
— <
)
' 7 phase shift od d-p::;t;'n:;‘jlflmetry
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Basic structure(Il)

Wavelength switehing:

different A —> different channel

1
drop  yog - awa
V=V ! add or drop specific A
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Requirements of optical waveguide polymers

+ Low optical propagation loss at 1.3 er 1.55 um wavelength (<0.5 dB/cm)
» Thermal stability at operating temperature (T, > 300 °C)

« Precise refractive index controllability

» Low birefringence (Polarization independent, An < 0.0002)

= Film formability, Multi-layer formability

» Thickness controllability, Dimensional flexibility

» Adhesion properties, Substrate compatibility

= Chemical & humidity resistance

« Gapfilling or planarization ability

+ Cost effective technology (facile synthesis and processing)

4%, ZENPROTONILS

Optical Loss in the polymer waveguide

[

waveguide

L

absorption scattering extrinstic

Lisorsiion = Electronic Absorption (n-mx, m-1v%, UV-visible)
+ Vibration Absorption (NIR)
L canerme = Rayleigh Scattering (crystallinity of the polymer)

L uwe = Waveguide roughtness. voids, crack, impurity

Lo I
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Attenuation of Optical Fiber
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Low loss optical polymer development

eratad Fluoro acrylate

0.1 @ 1 3pm

- aprvite

polyine Ta=1l4x an 10 1357 1 55 pum
Pertluonmatzd polyunidas [y = 309 9C An=0 008 005(27{3 !] :Sl:;ll
Silieone resm Td - a009C An - 10 00_5120\;(.-? I] 35":;‘

Y cusible fgorinited s asger A 520.000 O 1.3

8084, 1 S5 jum |

Parfluorocyclobutane
(PFCE senes)

Te = 400 °C

An=0.0008 ~ 0 002

025G 1.3 o

Fluonnatzad polynobon:

Ty =290 ~ 360 °C

An =0 0002

1050 1.55 um

Fluorostyrene copolyrile

Td = 3500

An=4x10"

G39@ 132 pm
042(@ 1 55 un

Thermal enighle fironnated
polyathsr -

Td = 400 (!

S 41002 - 0.004

SOEA g 12ty
DIR@ 155y

Clhlero fluore polyimidus

Ty =350v

An=0.01

0.3% @ 1 53 pum
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-
NTT Materials
----------- i
cp—¢ N Deuterated polysiloxane,
E' b Phenylsilsesquioxane (PPSQ)
t:_'D, Fa R
R Perfluorcalkyl R = denterated phenyl  PhCla
PFPMA
CF, o F F F |
0 T 0o
F e,
N, N i = N, N
I FF F .
(3 F F F F
o R, © ! o F F © F
10FEDA/4FMPD
) e oF, 4] o 1 ) o CF,
OO0+ 000
€ 3] L a o B¢
GFDATFDB FMDA/TFDB
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Dow Chemical Materials

Features of Dow Chemical

* Refractive index: 1.4898 (@) 1.55 pun.

N + Low bireftingence:
’ ~(.0008 @ 1.55 pm, 230 «C.
‘ A ~0.0022 @ 1.55 pm, 250 «C.
* Low water absorption: 0.021 %

! * Low intrinsic loss:

ZIZ ‘ji O10 - <0.2 dB/em @ 1.3 pm.

! ' tr $ i * High thermal stability: Tg = 400 ¢C
}:H: + Mechanical flexibility and toughness
T * Good gap fillability.
g References
:L - mep \\_/: l = K. Petermann etal. Eleczron. Lett.. 33. 318, (1997)
- @ o v AP, Kennedy etal. J. Polym. Ser.. Polym. Chem.
31, 3465 (1993)
PRCE
i, ZENPHOTONICS P




Corning (AlliedSignal) Materials

[—Fluurinuted Aerylate prepolymer _] Features Of AlliedSignal
CH,=CHGCH S(CF 1,0 THOCEHSCHR o
L1 0 * Precise refractive index control
[CHp=CHOCH (RO GE 10 ,CF,CR continuous range 1.30 ~ 1.60
0 Ry CFy « Low birefringence:
CHCHGCH 10 L0F 0L 0, CFUR, UG T {.()_()008 @ 543.51111_1
0 0 = High contrast photolithographs

suitable for UV laser curing
« Extremely low intrinsic loss
Ry loss below 0.03 dB/cm at 1.3 pnm.
OS_EJ‘ e loss below 0.05 dB/cm at 1.55 pan.
» High thermal stability: > 300 «C
» Mechanical flexibility and toughness
Ry=petfluoroaliy] References
= C. Wu etal. LS Pateni. 5.274.179 (1993)
- L. Eldada ctal. SPIE, 3006, 344 (1997)
N@m ZENHOTOHICS » L. Eldada etal. J. Lightwave Technol. 14, 1704 (192?)

IR,

Basic chemical structure

o
- High thermal stability
- Good mechanical properties
- Low moisture absorption
- low dielectric constant

- Good chemical resistance

- Good gapfilling ability

- Increascd adhesion property
- Good processablity

- High Muorine content for low aptical toss )

l Thermal curing

Crosslinked FPAE-EP polvmers
2 ZENPHOTONICS "




FPAE-PEP. M, =8.540, M /M, =1.87

Temperature { C)

. ZENPROTONICS

- To > 320 C
F ¥ F F n
F F £ F
e i 5
. I 0—-@—5 FPEK~EP; M, =6.700, M, /M, =1.76
CFs Te » 235 oC
F F F F a
F. F I I
o At
h no—@—é FPAE-EP; M, =8.940 M, /M, =1.56
¢ Ve f a To > 240 °C
¥ [ r 0
E F E ¥
&
3] r
O Q FPAE(RC100)-EP; M, =8,680, MM, =1.61
FoEFF " To > 240 °C
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DSC thermograms
i L [
§ - al | (a) = first scan of the FPEK-EP
—_ ‘ ‘ L ()= second scan of the FPEK-EP
h Lo ® I (¢) = first scan of the FPAE-PEP
L bl (d) = second scan of the FPAE-PEP
£ | \ sean rate = 10 °C/min.
5 | _ ‘o
a o \,
|
(d}
P p—" R .-_J_._,______L__ - — - e
0 100 200 200 400 500
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TGA thermograms

100 it - 508-2C 2 5 W} % decomposition temp.
- !
—— FPAE-EP !
an ——— FPAE(RE100)-E) ; -
;? S00 #C wt 5 omposition tzfnp.
T e}
=
23
o
E 44
20
0 = -
1] 200 400 600 00

Temperature (°C)

Fig. TGA curve of the polymers under nitrogen at a heating rate of 10 °C/min
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Refractive index control

15 - —— S —— e
|
® 0 o FPAGRCH}EP | Precise refractive index cantrol
154 E fip T FPARRCEEP » } * Capolymerization of diol monomers
O g ol FPARRCHEP bend [ * Polymer blend :
_g 1Bl R ERO)EPHend o |
'p 1.& - . H
§ |
§151; & !
1El . A=1.55um
8
1‘,@E._‘ I [ . [ bed e e e
o] X Q0 @ &0 100 120

Resordin] mnkert (%4

Fig. Refractive index of the FPAE-EP poly nters as u contents of resorcinol gronp
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Long-term refractive index stability

LA20 » o= e —— e
120 °C in Oven
1515 A= L55 um
L5110
g _——— = L L
3 1808 F on Q@ o0 o - - - n
@ 1500 [ e o - - - - .
‘g taos [ T - - “
g
= 1490 [ -
® FPAE-EF (TE)
14851 | o FPAE-EP (TM) [
| ™ FPAE(RC25)-EP (TE) |
1480 | o FPAR(RC2S)-EP (TM) [
Lo o Ce -
1475 L _— ‘ . R .

010 20 M 40 S0 60 0 g0 9 100
Time (day)
Fig, Refractive index change of the FPAE-EP films during high temperature storage at 120 °C
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Optical propagation loss

-i4
Slap waveguide structure
-16 - h
T mode \
A8 [ lows  0.28 dB/em FPAE(RE 0) B (7 pm)
A =1.55 pm

-20 T™ mode -
FPAF .EI’
logs - 026 dB/em — {"pm)

HiCh {2 )

10 Log P {dB)
8

24 IM mode ’ A =1.3 um Siwaler
| loss - 0.1.dbvem. & ]
=26 F "
Immersion Technique;
s LT T T T reported by C.C.Teng
- I't mode Applied Optics, 32 (7), 1051, 1993
loxs  0.14 dB/cm
=30
0.5 1.0 1.5 2.0 2.5 kX

Propagation Distance (cm)

Fig, Optical propagation loss of slap waveguide FPAE(RCS0)-EP film
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Summary of developed Polymers

QOptical Properties | Propagation loss 0.2~ 0.3 dB/em @ 1.55 mm
L_(fli\_/gguide) 0.1 =015 dBfem @ 1.30 mm
Refractive index range 148 ~154 @1.55mm
——l_l;t_r-i-nsic birefrinence 0.002 - 0.004
P-'I:hermt:u'.urjtic coefficient =4 x40 ]
The?r?'[al Properties ’ \_A};ight losstemp. (2%) | 480°C B
) };_i;-f-ter curing) none T
I ‘I;"rv;:'c’essing Temp. < 250 °C ’ j
Solution Properties Solution Viscosity 250 ~ 500 cps T
Solid content 3o wt %
Ch'e}'r;c':al Properties Solvent resistant No cracking
" Hydrolytic stability | Nocracking |
Water absorption { <1 % (100°C, 12 hr.) —_l
| Electrical Properties | Delectricconstant | <2.6(10kHz.30°C)
Losstangent . <ooot
i, ZENFHOTOHICS 3

Development Optical Devices
at ZEN, ETRI

dOptical Switch

UOptical Variable Attenuator
OWavelength Mux/Demux
OTunabel Wavelength Filter

A% ZENPHGTONICS 3




Device fabrication procedure

1. substrate 5. RIE of core layer

8. Packaging/Stability

A
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Optical Switch(DOS)

Applications
» WDM systern

ADM, OXC, by pass, optical system 2

+ Radar system

[ietil electrode

ik, ZENPHOTONICS 34




2x2 Digital Optical Switch

-10
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T 2 \‘\ = _
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A0 Il 1 I ) I
50 100 150 200 250

Electrical Power (mW)
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Variable Attenuator

i E-m N— — R _
o L
X g .
' g5 e . ]
z N
fe conn 3 .
G O a0l p—
{2 electricai ports: 0
o 25 . . . . , .
0 10 20 30 40 50 60

Electrical Power (mW)
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Wavelength Mux/Demus Structure

Ax _ Jm

AA  nd

f: focal length

m : deflection order
n : refractive index
d : path difference

-+ [nput aperture

autput f
aperture

objectplane  —

FPR

Ak, A, :
A,
- output

Input waveguide * waveguides
A

chip size : 60x26 mm?
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AWG

Loss (dB)

) t“
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| o

|

4 —+ T
1587 1580 1577
Miaym(mnath fnmi

Characteristics:
channel: 1x8, size: 40x15 mm’, center wavelength: 1562 nm,
channel spacing: 1.6 nm, cross-alk: - 25 dB, insertion loss: 7-8 dB
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Basic structure for TF

Resole
grating

§ transmitted

in -—boz
reflected l

Waveguide Bragg grating  Electrode
Ay Ap

A, ZENSROTOHICS
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g 02w
5 naw
F 04W
5 DEW
=

1820 1345 1850 1585 1560
Wvaveisngth {nm)

Characteristics:

Tuning range:>10 nm, band width: 0.4 nm, insertion loss; 2.2 dB
Tuning power:20 nm/W,loss variation : 1 dB
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Future possibilities

Polymer

devices Applications
- WDOM transmission
- OXC
- ADM

- Packet switch

- Optical LAN

-Semiconductor

-Silica

2, ZENSHOTOHRICS 4




