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Outline

l Overview
l Advantages
l Fundamentals

l Mechanical O-MEMS
l Optical Communications Network Switches
l Optical Bench
l Displays

l Torsional Mirror
l Grating Light Valve

l Semiconductor Optical Device O-MEMS
l Tunable Laser
l Tunable Detector
l Modeling

l MEMS Systems Examples
l Summary
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l A Marriage of Three Technologies
l Optics

l Reflective
l Refractive
l Diffractive
l Waveguiding

l Semiconductor Devices
l Optoelectronic III-V Devices
l Si-CMOS Processing and Control Electronics

l Semiconductor Based Micromachining
l Lithography
l Deposition
l Epitaxy
l Etching

What is O-MEMS
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The Past Millennium

Palomar Telescope

Optical Table

Tunable Laser
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The New Millenium

NASA Space Telescope

Semiconductor
Edge-Emitting Laser

3D Structures 
Pre-aligned to the Lens

Active
Laser Stripe

Pre-aligned
Micro-Fresnel
Lens

4.3 m

Monolithic
Tunable

Laser

Optical

Table
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Laser-to-fiber coupling

Micropositioners for mirrors 

and gratings

High-resolution raster scanner

Integration
System on a chip
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The Major Driving Force:
Communications Link Capacity
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Advantages of O-MEMS
“A Marriage of Technologies”

l Small force required - Photons have zero mass
l Very small displacements required - /4
l Precision displacement possible
l Based upon compatible semiconductor processing

l Mass, low cost production
l Added functionality thru integration

l Reduced size, weight, and cost
l Physically robust
l Reduced physical alignment - Photolithography
l High resonant frequencies
l Speed of light (no RC limitation)
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O-MEMS: an Enabling Technology

l Communications: Fiber Switches. Femtosecond Lasers,
Pulse Shaping, Modulators, Tunable Optical Devices

l Optical Interconnects

l Optical Data Storage
l Displays: Projection, Head Mounted - Virtual Reality

l Repro-graphics: Printing, Scanners

l Adaptive Optics

l Optical Transducers and Sensors

l Optical Spectroscopy and Instrumentation
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Fundamental Optical Functions

Reflection Refraction Diffraction

Guiding
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Active Device Functions

Modulation
Mach-Zehnder

Generation
Laser

Detection
Photodiode
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O-MEMS Active Devices

Modulation
QCSE Modulator

Generation
VCSELs

Detection
Photodiode

All Active Devices are Surface Normal
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Technologically Available
Optoelectronic Materials
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● GaNAs and GaInNAs have large bandgap bowing
● Long wavelength material lattice matched to GaAs

Optical Communications
Material Choices
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Surface Micromachining

PolySi

Nitride

Oxide

Slider Hinge

Mirror
V-groove for

alignment
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Principle of Operation

l Electrostatic Force from applied voltage
l Balance between electrostatic and 

elastic restoring force: d ~ V2/d2

l Effective cavity length: / 0 = d/d0

l Light emission restricted to cavity modes

   
F =

∂W

∂z
=

∂
∂z

1
2CV2 =

0AV2

2d2

l Coupled Cavity: Air Gap + Semiconductor Cavity 

d0 d

∆d

V
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Design Issues: Mechanical
Actuation Limit

l Nonlinear nature of Electrostatic Force

l Stable solutions: displacement less than ~Lg0 / 3

Membrane Displacement d0 d0

Electrostatic
Force

(dotted)

V1
V2

V3
 = V

crit
V4
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e

Elastic
restoring

force
(solid)

Increasing
Voltage
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Texas Instrument’s DMD

NASA's Next Generation Space
Telescope (2008) with 4M
micromirrors by Sandia NL

Lucent’s Optical X-Connect

MIRRORS
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Ground
plate

Folded beams (movable
comb suspension)

AnchorsComb
drive

x

Electric field distribution
in comb-finger gaps

Electrostatic-combdrive
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manipulator

comb drives

Fiber grooves or
channels

Springs

Bryant Hichwa etal, OCLI/JDS Uniphase, “A Unique Latching 2x2 MEMS Fiber
Optics Switch”, Optical MEMS 2000, Kauai, August 21-24th, 2000.

actuators – Electrostatic
Combdrives
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Wavelength Switching Speed

l Bias conditions:
l Constant 10mA Diode Current
l Membrane driven by square

pulse, 500ns to 10 s variable
pulse width, 10V Amplitude,
20% duty cycle

l Time-averaged Spectrum:
l 90% of average  shift in 1 s
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Micromirror Reliability
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Outline

l Overview
l Advantages
l Fundamentals

l Mechanical O-MEMS
l Optical Communications Network Switches
l Optical Bench
l Displays

l Torsional Mirror
l Grating Light Valve

l Semiconductor Optical Device O-MEMS
l Tunable Laser
l Tunable Detector
l Modeling

l MEMS Systems Examples
l Summary
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• • •

• 
• 

•

Optical
DMUX

 Optical
  MUX

λ1OXC

λ2OXC

Input
Ports

1
2

N

Output
Ports

OXC
λM

Architecture of WDM Switch
The optical input signals are demultiplexed, and each wavelength
is routed to an independent NxN  spatial cross-connect

1
2

N

• • •

WDM Crossbar Switch



Page ‹#›

STANFORD

JSH-27O-MEMS APS Short Course 3/11/01
27

JSH-27

O-MEMS Modulation Means

Properties of Light:
l Intensity, Wavelength, Polarization, and Phase

Each of these can be modulated, although intensity is the
most common mode

Modulation Means:
l Linear Motion
l Deflection
l Reflection
l Diffraction
l Interference
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2 x 2 fiber-optic switch

§ Compact design
§ One-mask fabrication

using DRIE on SOI

§ Integration of fibers,
lenses, and
micromirrors

§ 2 by 1 operation

§ By-pass switch

§ AT&T, JDSU.......

In 1

In 2

Out 2

Out 1



Page ‹#›

STANFORD

JSH-29O-MEMS APS Short Course 3/11/01
29

JSH-29

1 x 2 Matrix Switch
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MEMS-based OXC switches

§ Some issues:
§ Switch scalability with minimum insertion loss
§ Large device count
§ Non-standard fabrication processes

§ Actuator reliability problems

8x8 Fiber-optic switch 22X2 Fiber-optic switch  1

 1 C. Marxer, N.F. de Rooij, Jrnl of Lightwave Tech., Vol. 17, No. 1, Jan 1999
 2 L.Y. Lin, E.L. Goldstein, R.W. Tkach, Jrnl of selected topics in Quantum Electronics, Vol. 5, No. 1, Jan 1999
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§ Simple 1 by 2
cross-points

§ Digital mirrors

§ N2 scaling
§ Large motion

§ Reliability??

§ OMM, Onix,
AT&T, Agilent.....

NxN Matrix OXC
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Beam Steering Optical Switch

lkNs 2?=

Input

fiber

array

Output
fiber
array

§ Analog mirrors

§ 2N scaling

§ Accuracy?

§ Lucent, C-speed,

Xros(NT),.....
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§ Silicon micromachined v-grooves
§ 1.55 m diode laser source

§ Comb-drive actuated mirrors

§ Bulk optics for optical field scaling

§ -4.2 dB measured insertion loss

§ -54 dB measured cross-talk

Input A

Output A

Input B

Output B

M1

M3

M2

M4

Input
Mirror
Array

Output
Mirror
Array

*P.M. Hagelin, U. Krishnamoorthy, et. al, paper published in  Photonics Technology Letters, July 2000. 

2x2 Beam Steering Switch*
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M1: 21.65V to 0V
M3: 25.52V

M1: 0V
M3: 25.52Vto 0V

M1: 0 V
M3: 0Vto 25.52V

M1: 0V to 22.24V
M3: 25.52V
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Switching Characteristics


