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Applications of laser scanning to display

Automobile application

@

Bi-axial MEMS scanner

PicoP Enabled Projector Accessory

Mobile phone application



Crystal Si micro mirror fabricated from SOl wafer

Flat crystal Si mirror

\

Vertical comb
drive actuator

While view of the micro mirror



Motion of Micro mirror
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AF¥ XA rA—=2

S5—HIREKE : 40kHz
JL—LHIREFEE: 162Hz
25—EE:12V(11.5/%)
JL—LEE:10V(14E)
EAH:1Pa EZE
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H.M.Chu, K.Hane, Sens.Actu.(2011) in press



Tunable gratings

Comb actuator, Electrode

Electrode

Design
*Self-suspended thin grating (300nm)
*Grating period : 600nm

Fabrication
*Self-suspended thin grating is
connected a thick (5um)actuator
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300pm

Spring for # —
actuator B

Anchor Spring for Movable
grating comb

Fixed comb
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Principle of tunable Fabry-Perot filter

Si3N4

Electrode(Al)
— |
| |
_ Air gap I d L

Si substrate

F

=

Reflection is controlled by changing gap



Movement of suspended membrane

100pum

White light illumination, d,=170pum d,=70um



3D integrated optical scanner

Thermal actuator
for large scanning
angle

™

\

Doped poly-Si (heater)
Al (expansion material)

Scanning

a=2.33X10%/K
a=23.0X10/K

3D bulk micro
optical bench for
pre-alignment




Actuator motion

electrode

Twin type Single type

_ _ _ terrace for LD
Micro-mirror  Mirror angle over 15 deg. is obtained.

Driving voltage is 20 V.
Current is 6mA.



Beam scanning

Screen

6’0007
/ /
/ He-Ne som LD |/
Scanning with He-Ne laser beam Scanner integrated with LD

Flat micro-mirror generates Only putting LD, optical axis is
small spot. aligned.



Optical configuration of the encoder T>O—4X DItF %

Detection

Code  part
plate

~2mm ~2mm

LED Lens Code plate Lens PDs

68

(mm)

Si lens holder ~Silens holder Photodiode (PD)
on Si plate
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Silicon lens holder _
Photodiode

array behind
lens holder

2mm / PD array

A

»
»

Cantilever .
|

Device Si

' :trode_

Alignment errors<£=10mm PD array: 2x2x0.6mm, 3 x4 diodes
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Light source slits on Si top layer of SOI Wafer Slit size

7/ | = '

Sum wide
30um long

focal position

Images of slits through ball lens 300um

- - LED
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Ideal signal —/\ — _ _
3 L

~2mm

N

Currents (nA)

LD (A=635.5nm)
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Code pattern

V | w
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0 100 200 300 400
Displacement (mm) M-series: 12 bits,
13.6mm wide line




Fabricated MZI

Actuator

Coupler

Movable
waveguide

1Emm

~ Fixed
waveguide

Coupler




Optical measurement

Opitcal image Infrared signal image

Y

f

Through port  Drop port

B 1umdisplacement at 31V
B Mechanical resonant frequency:197.8kHz (Wide type), 212.4kHz (Narrow type)
B 1.5um optical output modulation is observed
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MEMS Deformable Mirrors

Technology and applications of micromachined adaptive mirrors

Figure 5. Defocus corrector mounted on a PCB.

or:
e/éa=alR.

From the latter expression, we see that the demands on the
shape of the membrane contour are very strict. Forexample to
achieve & = 0.1 yzm with a membrane mirror having diameter
of 1 cm, when the deformed membrane has a focal distance
of one meter, the deviation from the circular contour must be
less than 20 pm.

The compensation reported can be applied for the
fabrication of more complex shapes, for example for elliptical
mirrors for correction of astigmatic beams emitted by
semiconductor lasers.

Figure 6. Interferogram of the initial mirror surface with an active
diameter of 10 mm (top), the same surface deformed by a control
voltage of 90 V, corresponding to a focal distance of 1 m (bottom).

G.Vdovin et al. JIMM 9(1999) R8-R20



Varifocal mirrors

Membrane mirror

Tension Tension

Membrane

G —— —

I | | | | |
Outer electrode Inner electrode Outer electrode

Distributed force is needed to obtain parabolic shape

Plate mirror
Moment

Ring electrode Ring electrode

Ring electrode is effective to generate parabolic shape inside the ring electrode
Support conditions affect the region of the parabolic shape



Deformable mirror by bending moment drive

(@)

(b)

Mirror plate |,
Substrate
Moment
Mq M

T %

Z

(@)

Glass substrate

Silicon mirror plate

(b) Silicon
Mirror
late

)

Suspension

(c)

Glass

Fulcrum

Electrode
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Circular mirror ARDI=HHHEDWHI AR (FHAF)

dz 2d%z 1d’z 1dz P(r)
+ — — + =
dr 4 r dr 3 8 2 dr 2 r 3 dr D E: Young’s modulus

E h3 h: mirror thickness

P(r): Distribunof load Bendingstifiness: D = 7—)
1211

2 \ v: Poisson ratio

F=hHHERER DT L Z
Ring-shaped load distribution _
7 = M, (rz—az): 60 VzMo(rz—az) parabolz
2D(1+ ) Eh
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Fabricated circular varifocal mirror

n .
! P Fuicrum
/
J

\ : Electrode

N\
100um hooum \/\ G

Si mirror side Glass side

~ Si mirror



Deformation by voltage

Height' 2. 58um

+2.5
Hm
-2.5
1.06
\
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(a) lateral scan Ié
=

GRIN collimated . PDMS

collimator light beam Si

single mode fiber

(SMF) \

2D scanning mirror

water
pressure

K. Aljasem et al., IEEE J. Microelectromech. Syst., 20, pp.1462-1472, 2011.
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fiber collimator  tunable lens ~ mirror electrode!
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YAL)

/ mechanical body

pressure inlets

in-focus out-of-focus
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Introduction - MEMS-DM Development-

Single Membrane laminate Membrane Segmented
OKO Boston Micromachines lriSme\O
T— um ﬂ
— Control electroges M il’l’Of 1
[—\ Al-coated membrane VALY Actuator Facesheet _

- Array /
Space -

(smooth phase control)

Element count<100 Element count<4096 Element count>100
Stroke>10um(center) Stroke not enough Stroke>10um

Small stroke at edge (<5um) Diffraction occurs at
Element count not the pitch between the
enough segmented mirrors

The stroke of the electrostatic actuated DM is usually limited by the air gap between the
electrodes and the mirror membrane. Air gap is usually generated by

1. Surface micromachining( sacrificial layer deposition — etching) cannot generate a
big vertical gap which is limited by the thickness of the sacrificial layer.

2. Wafer bonding process can generate a large air gap by bond a mirror membrane to

a micro-post array.
41



MEMS-DM - Main design -

We propose a new structure membrane MEMS-DM by combining wafer bonding
process and Si/HfO2 Bimorph spring array

1. HfO2 crystallization-induced
“““““““““““ Cysmlized ramum oxide.— ] stress is used to introduce

i / ‘ Compressive stress i large air gap.

| | D— | 2. Relatively soft spring

i iBgnding poi:/ i structure (small spring

. Cwstalslicor i constant) instead of fixed
Silicon Mirror Membrang —mn—0— posts Is used to increase

the stroke.

Activation . i : .
bonding 3. High optical quality mirror

" Electrode surface is guaranteed by
LN | ' the top layer of SOI wafer
and the wafer bonding
process.

SiO, sacrificial layer

Silicon substrate .

High-stroke MEMS-DM Structure
42



MEMS-DM - Design -

3. design overview

Electrode

—e

43



_ . . ) Length Deflection Deflection Film
MEMS DM DeSIQn (um) before After stress
1.The dimension of bimorph spring crystallization Crystallization of the
' (um) (um) crystallize
for MEMS-DM d
HfO,
Target stroke: 20um 100 920 3372 211Gpa
For the Parallel-plate actuator , it is 200 38.06 131.86

demonstrated that range of motion is limited to less than one third of the initial gap

— Initial gap>60um

lzou m FO“ .
T Out-of —plane Deflection
I 35 m calculated to be :
“ 200 m 5= 48.7um
Sum
Electrode gap
o bzpm
 2um I = &+ 10um= 58.7um

44




MEMS-DM —Fabrication flow: Bonding and Release

(3-a) Plasma activated bonding (3-d)SiO2 Dry Etching (CHF3)

o » __

(3-b) Actuator chip handle layer etching  (3-¢) SiO2 Dry Etching (CHF3)

==

(3-c) Mirror chip handle layer etching (3-f) Annealing (HfO2 crystalliztion)

—=

s B so: [ wio:

ih

!
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MEMS-DM —Actuator chip-

Actuator Fabrication: Microphotos & SEM Images

100. 0em/div

; . Si handle layer
HfO. Sidevice layer L~

-
\ HfO:

Si device layer

Si handle layer




MEMS-DM - Si/HfO2 Bimorph spring
Fabricated bimorph spring

HIO: B=1.6tm
fEmRIE S 5 fERbEE=

HfO:

~ Crystallization

. O

5.8 kV x25.

8K 1.28»m

47



MEMS-DM - Static Deflection Measurement

eI ST

ZtwE#E 500um X 500um
BELEES—TI7
900um X 670um

R nzf s ———

b

;&_:L~ 'V-,L' = > .
S.8 kV x150 28@sm . Lo e

mirror edge sticked to the substrate bimorph spring array
48



MEMS-DM  Au-Si eutectic bonding with alignment

Because the plasma activated bonding requires extremely strict conditions(<2nm
surface roughness, high surface cleanliness), another stable bonding process is

investigated for the fabrication of MEMS-DM.

— Bonding pad: Ti/Au, Ti: 50nm, Au: 200nm;

Mirror chip j, Ti is used to react with the native oxide layer on the bare Si

surface which will result in the poor bond quality of the Au/Si

bonding structure.
Actuator chip

Mirror chip

Actuator chip
49



MEMS-DM - IR micrograph

3.4mmx3.4mm continuous mirror

Bonding condition
Temperature: 400°C
Time: 30min
Pressure: 1.7 MPa
(EVG bonder: 0.4MPa)
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