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Projection Display in 1975

R. N. Thomas, J. Guldberg, H. C. Nathanson, P. R. Malmberg, IEEE Trans. ED vol. 22,
1975, Westinghouse Research Labs & Philips
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A True Micro Motor, Diameter 120 microns
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Y.Tai et al. Sensors & Actuators 1989
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MEMS Micro Actuators
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K. Isamoto, Santec Corp.,

MEMS = Micro Electro Mechanical Systems

Stage
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K. Takahashi, 2007

K. Takahashi, IS, Univ. of Tokyo 2005
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MEMS Actuators for Optical Applications

Interactive Image Displayg
©
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Multi-Slit Array for Observatory
TAQ in Atacama (5639 m)

1.0kV x50 100um WDE

% s
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Incident Light MEMS Shutter Array Gratings / Prism Spectra O ]
from Galaxies (Multi Slits)
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HIGH CONTRAST, CRYOGENIC, LARGE MICROMIRROR ARRAY

FOR MULTI-OBJECT SPECTROSCOPY
Frederic Zamkotsianl, Michael Canonica2’3, Patrick Lanzonil, Wilfried Noell®

! Laboratoire d'Astrophysique de Marseille - CNRS, Marseille, France
2 Ecole Polytechnique Fédérale de Lausanne, Neuchatel, Switzerland
3 MIT, Cambridge, USA

ceV SpotMagn Det WD Exp P 100 um
150kV 60 200x SE 106 1

Figure 1. 64 x 32 micromirror array with high fill factor in one
direction, providing long slits. Each mirror measures 200 x

100 um?. Array surface picture and packaged device.
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Electromagnetic MEMS Shutter for NASA JWST

Li et al., "Microshutter array development for the James Webb space telescope,”

(2005) SPIE 5650 9
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EHT = 20.00kV
WD = 11 mm
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Latch Electrostatically

Matrix 64 X 128
Size 100 ym X 200 ym

For satellite mount
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Optical MEMS Shutter Array at UTokyo
W 100 um x L1000 um
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MEMS Vagiable Optical Attenuator
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MEMS VOA Application in Fiber Telecom Network

Optical Coupling

L Transmitter Receiver
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Simple Structures and Process for VOA

Mirror

f

A

Release
Hole

Suspension

'// santec

Anchor

Suspension
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SOI Bulk Micromachining by DRIE

Deep Reactive lon Etching (DRIE)

‘L i‘ ‘l‘ ‘l‘ Photoresist |

/////// /////////////////////////// /7 Aluminum 100 nm |
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Silicon-on-Insulator 30 um |

Buried Oxide (BOX) 2 um |

SOl Wafer
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Passivation
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(2)

mm\\\\&\\w ,TT mmmmm
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(3)
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Attenuation Control and Complete Block-out
Normally-Bright Mode

* Insertion Loss - 0.8 dB

0
A
m
©
c
@)
=
© ¢ X
E Resolution 3 Attenuation
40 dB

S -20 0.1 dB 4| range
wjad
<
©
S
= =30
Q.
O

- o v

5-V Operation
-40 '
0 1 2 3 4 5

Driving Voltage V dc

Page 32

Hiroshi Toshiyoshi © 2017, hiro@iis.u-tokyo.ac.jp, Univ. of Tokyo, http://toshi.iis.u-tokyo.ac.jp/



Contents Today

1. MEMS = Micro Electro Mechanical Systems
2. u-Actuator for Astronomy

3. MEMS at the Beginning = Fiber Telecom

. Theory of Electrostatic Force

. More Added Values

. Summary

o O b~

Page 33



BN A VO F 1T —Y
BEEM — #BIH - BEOZE

J Mechanical Anchor - — q.’\—-
g - !h ;
. | 2 ,

P -

7777
GND
s
Spring
Constant ¢ Viscosity
Voltage (V, Displacement
vV, =0)
! Mass 0 X
Initial Gap m A
Plate A .
g -X ) %‘0 a?S' rea QB Electrostatic micro actuator (bi-directional)
Voltage VB | 1 S
. Electrical 2
lT R esistance F=—¢ (VA —V )
) 0 2 B
— V' Drive Voltage g—X

7777 GND

Page 34

Hiroshi Toshiyoshi © 2017, hiro@iis.u-tokyo.ac.jp, Univ. of Tokyo, http://toshi.iis.u-tokyo.ac.jp/



il

F£1H BEREZEMIDEESIRDITLLD?

Page 35



(Efif & B

BN BN CHNIE. BED|HRFE LB,
ENDME LN SEo>T. EEMOBME S U IEEIN U,

CDRBODILAAB :
e E s ERZzEEMICEMU T, TERZDEIZZF51E,

7777 ‘
J\R, CIEHEIR
SR

N o ———yr — . Page 36
Hiroshi Toshiyoshi © 2017, hiro@iis.u-tokyo.ac.jp, Univ. of Tokyo, http://toshi.iis.u-tokyo.ac.jp/



B2H FEULDIC, BEHLDTLLOIH?
B (IE<) BRER

_____________________________________________

B (A i)

——

HREDF vy T
EEA e

P

1

o (Heig)

______________________________________________

http://www.kenis.co.jp/

— — E— — : Page 37
Hiroshi Toshiyoshi © 2017, hiro@iis.u-tokyo.ac.jp, Univ. of Tokyo, http://toshi.iis.u-tokyo.ac.jp/



R 55
&35 u?%oT% J—AVRENSEMEET

U:lE])zlgoE2
2 2

%j

______________________________________________

http://www.kenis.co.jp/

Page 38

Hiroshi Toshiyoshi © 2017, hiro@iis.u-tokyo.ac.jp, Univ. of Tokyo, http://toshi.iis.u-tokyo.ac.jp/



|

cESNTEFBEATULUED?

BN ZEEMN CH NI, BED| HERE LB,
ENDME LN SEoT. EEMOBME S U IEEIN R,

12U, HEMNTH-> COHEBERFENIZE L,

" By — | —
j — T —
“ T N . /
J\R, CIEHEIR ' “@;% & /

N o ———yr — . Page 39
Hiroshi Toshiyoshi © 2017, hiro@iis.u-tokyo.ac.jp, Univ. of Tokyo, http://toshi.iis.u-tokyo.ac.jp/



£ 3E FHRERAENZEDZWVERIE?
Eobby—OVA, BHORREL. FErES R

F = 1 .QMQ2

2
dre, r

/ /A+Q

‘+Q +0
Za—

(L

BN FaT—% RBRAENTVF1T—Y

— — E— — : Page 41
Hiroshi Toshiyoshi © 2017, hiro@iis.u-tokyo.ac.jp, Univ. of Tokyo, http://toshi.iis.u-tokyo.ac.jp/



fREn EREIEENLSWVDIIIE
BIFZICHES > CEMZRBE L EED TEAL
o
V=E  r=

7
2¢&,

s :
- il 4 O

! oL
v L y

attractive 1 - repulfive

7777
I/vattractive

<<V

repulsive

B AT FaT—% RRBRAENTVF1T—Y

Hiroshi Toshiyoshi © 2017, hiro@iis.u-tokyo.ac.jp, Univ. of Tokyo, http://toshi.iis.u-tokyo.ac.jp/

Page 42



Contents Today

1. MEMS = Micro Electro Mechanical Systems
2. u-Actuator for Astronomy

3. MEMS at the Beginning = Fiber Telecom

. Theory of Electrostatic Force

. More Added Values

. Summary

o O b~

Page 45



Optically Powered Fiber Endoscope

B Powering at 1.5 um
B OCT measurement at 1.3 um

OCT Probe In
(A 1.3 um)

Power Supply
(A 1.5 um, 500 Hz)/
W 4
UW
OCT Probe Out
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Tissue under Test

OCT Probe
A13um 4

MEMS Scanner
7 ~10V, 250 Hz

Focusing Lens

Photovoltaic Cell —
10 mW, A 1.5 um - max. 11V

GRIN Lens (Collimator)

Beam Splitter

4 A
. Sheath
— | ¢6-mm
iV 'y
5 mm 4
S_mgle Mode__ | Photovoltaic MEMS Scanner
Fiber Cell
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Application of WDM Technology

B Power 1.5um
B OCT Probe 1.3um

Optical Fiber | 55

““| Photovoltaic Cell

Optical Coupling Haum
Transmitter Receiver
T EEm_Emmm—_—————————— e e e e e EE_—_——— 1
I | :/ [
'] LD 1, f{{ WL {MODH VOA —\: Rerouting ! 1 WF HVOAH PD1, ||
I :
'L 1, H wo HmopH voa | : H wr HvoAH PD1, ||
| CA
[0 ; Hwt HvooHvoaH x | ; '| & Hwr Hvoal{ PD1, |
I 2 H VOA . — 1L .SW M Sw 1 = I
| LD 1, H wL HMODH VoA = ! | S HWF HVOAH PDI, |
| |
: I E————— VOA : :
! ! ! ! i , e | ! ! |
‘(LD Iy | WL {MOD V(?A /: Wavelength :\ WF V(?A PD1y |!
I— -_—— -—-- ———— — - — —————— Equalizer/ e - ———-——'H" _———— —I
—— —— R Dispersion og)tzl\c/l/
avelength Tuning Compensator Wavelength
, , e Filtering /
Intensity Modulation P T vcl)A Tracking
Wavelength Equalizer |-~ Re | | Tx
Page 49

Hiroshi Toshiyoshi © 2017, hiro@iis.u-tokyo.ac.jp, Univ. of Tokyo, http://toshi.iis.u-tokyo.ac.jp/



Electrostatic MEMS Optical Scanner 2 mm x 3 mm

Comb-Drive Electrodes
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Assembly of MEMS Endoscope Head

Beam Splitter —Focusing Lens

—GRIN Lens Photovoltaic Cell
_ . Beam Splitter Focusing Lens
GRIN Lens
(Qolllmatpr) A i = i :
. Sheath

Single Mode  Photovoltai
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; ! = 1.3 mm \ S
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Detail View of Optically Powered OCT

< Fast Scanner

Slow Scanner 2

Powering Light 1.5 um IT

=IZ| WDM Coupler
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OCT (Optical Coherence Tomography) Image

M. Nakada, et al., "Optical Coherence Tomography based on Power-over-
fiber MEMS Scanner," APCOT 2008, Jun. 22-25 2008.

2.3 mm

Scan Range Resolution
(mm) (um)
Lateral 1.6 40
Depth 1.0~2.5 8
@), santec
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Wavelength-Tunable Laser for OT

A
14 P - Fommmmmmmmm—m-m o \ : : :
00 . Higher Resolution, Faster Imaging
g 2 Gen.\  39Gen.
T 1200 | f
(. ) \
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_-IC—'J __=islE ) 3
§ 800 I [ Anterior Segment ]
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Two OCT Operation Principles

Time-Domain OCT (TD-OCT) Swept-Source OCT (SS-OCT)

, T A-Scan ?
m

Reference Arm Reference Ar
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Advantages of SS-OCT

Time-Domain OCT (TD-OCT)

Time-Domain Zeiss Visante OCT

cornea

High-Coherent

Swept-Source OCT (SS-OCT)

This work
A
c
A @M
D (&)
> M 3
@ <
o
(@)
D
\
é <
’ Measurement

TD-OCT SS-OCT
Sensitivity dB ~90 dB ~ 110
Frame Rate fps 1 o4
Resolution ym 10~15 5~10

Wavelength Scan Spatial Scan
(A-Scan) (B Scan)

FFT

Keiji Isamoto, Kohki Totsuka, Tooru Sakai, Takuya Suzuki, Atsushi Morosawa,
Changho Chong, Hiroyuki Fujita, Hiroshi Toshiyoshi, "A High Speed MEMS
Scanner for 140-kHz SS-OCT," IEEE Int. Conf. on Optical MEMS and
Nanophotonics, Istanbul, Turkey, Aug. 8-11, 2011.
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MEMS Scanner to Replace Polygon Mirrors
@) santec Fast Operation Speed at 70 kHz

18kU

N o ———yr —TPY . Page 59
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External Cavity Laser for Wavelength Tuning

External Cavity Laser

-
Scarmer 2 O\ /sz
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Wavelength Scan Performance

Mechanical 70 kHz x round-trip scan - 140 kHz Sweep
Band Width ~ 100 nm

25 T 1410
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@) santec Intensity calibration required for OCT imaging
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Virtually Slicing Alive

Tadpole

Higher resolution, less invasive, and less expensive than
X-ray CT or Ultrasonic Imagers

@) santec
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Benefits of Fast OCT Scan

Higher Resolution & Faster Frame Rate

This research is supported by Optoelectronic Industry and Technology Development Association (OITDA), subsidized by JKA through its Promotion
funds from KEIRIN RACE.
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Wavelength-Tunable Laser for OT
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MEMS-based Tunable VCSEL
1060 nm wavelength range with InGaAs/GaAs

Active Iayer Laser Cavity DBR
InGaAs / GaAs \
:I Half
VGND Vanode Vcathode VCSEL
- V+ —
Diaphragm
MEMS
A -
SiO, Silicon

Keiji Isamoto, Kiyotaka Yamashita, Mohammed Saad Khan, Nicolas Lafitte, Kouki Totsuka, Changho Chong,
Nobuhiko Nishiyama, and Hiroshi Toshiyoshi, "A MEMS based electrically pumped tunable VCSEL operating
at 1060nm for SS-OCT," SPIE Photonics West 2015 -- MOEMS and Miniaturized Systems XIV --, Feb. 9-12,
2015, The Moscone Center, San Francisco, CA.
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MEMS-based Tunable VCSEL

Device Package (Front / Rear)
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Wavelength Tuning Performance

Coherence Length > 100 nm to probe deep inside
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Spec. Typical
Scan Speed 10 - 200 kHz
Coherence

Length >100 mm

Output Power

40 mW average
(2 mW w/o amp)

Wavelength
Range

80 nm
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Benefits of Long Coherence Length

Visualizing Long Distance ... in particular for ophthalmologic examination
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Imaging Depth Scaling
At 500 MHz data sampling with a 50% duty cycle

1000 Wide Tuning Range (40 nm)
For High Resolution
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Tunable Bandwidth 44 (nm)
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OCT over a Distance (~ 1 m)
AAl=4nm > d~10cm
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OCT over a Distance (~ 1 m)

AA=4nm—>d~ 10 cm
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Overall OCT System Performance

Experimental Results Note
Scan Speed 140 kHz Round-Trip Scan
Band Width 100 nm
OCT Resolution 9 um
Spectrum Width 0.25 nm 1310 nm
Coherence Length 3 mm (in Air)
Maximum Power 20 mW
Dynamic Range 60 dB
Wavelength Tunable Laser
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~Quantum Photonics
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