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MEMS
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Pros

Scalability
Small crosstalk

Low loss (< 0.1 dB/cm)
Low loss (< 0.5 dB/cm)
Fast response (~ 100 ps)
No loss

Fast response (~ 1 ns)

Fast response (~100 ns)
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Cons

Slow response (~ 10 ms),
High voltage (50~200 V)

Slow response (> 1 ms),
High power consumption

Slow response (> 1 ms),
Medium power consumption

High coupling loss,
High waveguide loss

High power consumption, PDL,
Wavelength dependence, Noise

High voltage (~ 50 V), dc drift,
Polarization dependence

Challenge => Fast, Low-power consumption, Low PDL, Low-loss



Motivation and Desi%n Strateﬁies

High-speed switching => EO effect, Low-voltage driving
+
Low-power consumption => Low-voltage driving
Low PDL => Isotropic EO effects, Low birefringence
Small size => Short electrode, High index (Small bends)

Scalability and Low cost => Waveguide devices

\/

v’ Efficient EO material => PLZT ((Pb,La)(Zr,Ti)O,)
v’ Efficient waveguide structure => PLZT on Semiconductor

v Novel fabrication technology => SPE and Dry-Etching



Material / PLZT “PbiLaaniTiiOsi

v' Reduction of drive voltage by large electro-optic coefficient materials

Effective Linear Electrooptic Coefficients

Material rc (pm/V)
LiNbO3 17 AN
LiTaO3 22
Ba2NaNbsO1s 36
Ba2(Ko.oaNao.1)NbsO1s 52
KD2PQO4 * 52
PLZT (8/40/60) 102 EO Effect
PLZT (14/30/70) 112
(Sro.sBao.s)Nb20s 210
PLZT (7/62/38) 443
PLZT (8/65/35) (10 x m) 523
PLZT (8/65/35) (3 u m) 612
(Sro.75Bao.25)Nb20e 1400

r c=(ng3/N;3) ry-r; @ A =633 N, r c=2r,, @ A =546 nm
Source: G. H. Haertling and C. E. Land, J. Am. Ceram. Soc., 54 (1971) 1.
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v Reduction of driving voltage and device size by efficient EO-PLZT waveguide on

semiconductor structure

Electrode Electrode

Top Electrode

Waveguide

SPE & 1 Buffer Layer

(Semiconductor Substrate)

Conventional EO Switch PLZT on Semiconductor



v Single-crystal PLZT with extremely smooth surface can be grown by SPE.
v" Rib waveguide with smooth side wall can be formed by dry etching.

Precursor Solution

Epi PLZT Film

AccV SpotMagn Det WD 1 20pum
100kyv 30 1500x SE 121 060411 tilt 45 deg

Solid-Phase Epitaxy (SPE) Dry etching
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PLZT Switch Chiﬁ and Subsistem
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Label Decision Circuit (LDC)

Serial/Parallel
Converter | Label Detection
onverter o/el A
H Address recognition
Jabel detection. —:‘; # Address comparison
Label trigger SW Controller / match or mismatch
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1x8 PLZT
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KDDI Labs: R. Inohara et al, OFC2006, OWP7.

From/To
OoLT

Optical Switching Module Upstream
P Optical Signal
oo = (1310 nm)
ONU n Upstream
. Port 1] o : Optical Switch
Figure 2. Testhed configuration (DOWN) T
Rort 2 »| wom
.. . . _ _ WOM
Stanford & Fujitsu: J. Kim et al, OFC2006, PDP43. : @‘E St (UP)
H gl?t‘iﬁcrl;?éﬁgh Dowlream
d Sl Optical Signal
(1490 nm)
NEC COS: T. Nomura et al, OFC2006, OTuJ6.

Fig. 3. Basic functional block of OSM



Keio Univ. & Nozomi Demo at iIPOP on 6/22-23i 06

GMPLS Control Plane S
~RSVP-T

iPOP 2006
Show case demo

7 RSVP-TE:Reservation Protocol-Traffic Engineering
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Conce One-Chi O

» Small size:  All 40ch-ROADM functions (AWG, Switch, VOA, EDWA, Tap) will be integrated on a
single small PLZT waveguide chip which fit into a pizza box system.

» Low Cost: Drastic cost reduction enabled by the monolithic integration.
» Low Power: Minimal power consumption enabled by low-voltage driving.

» Fast Speed: 5 ns-response enables packet switching and burst switching as well as circuit switching.

@ T \ I [ SWVOA
/

Small
Low cost
Low power

_Low loss Integrated ROADM: 2x3 cm

Cards
and
Fibers

40-SW 40-VOA

(L Current 40ch-ROADM system made of discrete devices



Roadmaﬁ /| PLZT Devices and Related Services

2006 2007 2008

2009 2010 2011

100 GE

HPC Networks

4x4 8x8 16x16 Switch

Metro Backbone (Packet)

R&D: AWG, EDWA > Switch+AWG Switch+AWG+EDWA

I I |
Arrayed 1x2 / 2x2 Switch

Metro Access (Switched PON)

1x16 SW + EDWA 1x32 SW + EDWA
I

1x8 1x16 1x32 Switch
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Summari

« A SPE-Grown PLZT waveguide on semiconductor substrate device can
create efficient voltage-induced index change and has high refractive
Index suitable for a high-speed, low-power consumption, and
miniaturized optical switches and integrated devices.

 PLZT switches with 1x8 and 4 arrayed 2x2 ports are available and less
than 6 ns switching speed and polarization independent switching (PDL
< 0.5 dB) are capable with the PLZT switches.

« The PLZT optical switch which can be one of key elements for next
generation networks based on burst switching and packet switching
systems including grid, switched access networks, 100G LAN,
Interconnections, and phased array antenna.

Nozomi Photonics
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For more information: Ken Nashimoto
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