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Moore’s Law

Microprocessor Transistor Counts 1971-2011 & Moore’s Law
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The promise of micro/nanotechnology:
Integration

‘Micro/ Nano’ is an en

abling technology;
|

Photonics Research Group



Micro-opto-electromechanical
systems (MOEMS)

electronics 4

Electrical actuation [] Mechanical displacement/ deformation []
Modulation of optical information
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Miniaturization in the form of MOEMS

P DLP Board

Ve Processor

Shaping Lens

Color Filter / (‘

Condensing Lens \
Light Source
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MOEMS devices

Mirror —10 deg

Mirror +10 deg

5.0kv  X1,000 10pm WD 10.7mm

R1, G0, 81 R2, G2, B2

Incident Light
RGR
10-100 pM = z
. 2> p p
<1 M
Glass substrate g h
Thin film stack N N gl
C Fed Subpixel Elue Subpixel

Air gap
Reflective membrane

OPEN STATE COLLAPSED STATE

Possibility to set-up large matrices of MOEMS
[] Need of electrical actuation mechanism of individual
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GEMINI (Generic Electronics and Microsystems

INtegration Initiative !}
processed at
significantly lower

l

a B process temperatures
CMOS (= 450°C) than Si (=
_ Front ompficates 800°C).
ellld MR RS Sackend > Properties are similar
—~ ~ sequences to Si and can be
CMOS MEMS process temperature tailored bv adiustinoc
_ Back limited

i mecsemeicesnevs  QITTINVARVAR
'1 MEMSEsiogess temp. max~ IV V
s AEAPEAF
and ‘transparent’ to TMN€< o~
' p A [STY P |
Deposition

Monolithic integration by post temp. ~
processing: 800°C lﬁ@m‘
w4 ne

v’ Standard IC processing

possible.

¥ Newest updates can be Young’s modulus: 120 GPa
introduced without any Density: 4100 Kg/ m3
Broblems. L Strain Gradient: 7 x 10-4 /um
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Important parameters to focus on:

&~
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» Optical performance

Contrast
Diffraction efficiency

» Mechanical
performance
Resonance frequency
Damping nature

Settling time




GEMINI SiGe processing steps: :5-

==

N
EA| SiGe
SiC dxXide

Photonics Research Group imec 13



Optical measurement setup:

Beamsplitter

Grating
Slit
Collimating lenses

Cylindrical

lens
Diffracted

beams
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After
actuation of

the GLV

Cont Diffracted power in the +1st drdérs
—on ras P HREATRUNICELst order before
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Non-uniform flatness of the consecutive microbeams:
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Improved GLV structures with uniform
flatness:
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Static optical response:
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> Attained High contrast.

» ~ 67% of the incident light was diffracted in the first
orders ( Max. 72% from theory).
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Dynamic behavior of the microbeams

Time=0 Ma: 65,439
Boundary: Face load in globd z-dir, [N,l'n%] Edge: Taotal displacement [m]
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Task:
» Decrease the vibration settling
time

Il UGENT Photonics Research Group imec 18



Squeezed film damping in MEMS:

Viscous damping co-eff. Cq4 ~
HLw3/ h3
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Damping variation with sacrificial
layer height:

Viscous damping coefficient, ¢4 © 1/

ho3 I
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A
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Displacement (hnm)

Damping variation with width of the

microbeams:
Viscous damping

PN - 1P § P L )

dsin® = nA

——3.9um

Jw— > d,0
» Inadequate spatial

separation of Oth and

P —— 4.7 ym

J\ +1st order beams
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Damping variation with length of
microbeams:
Viscous damping
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Minimum settling time achieved : 2
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Analog gray scale:
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» PWM not required.

» Analog nature of the GLV device allows it to be
programmed to specified intensity level.
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2D movable grating:

I R B
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Moving
membrane
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Polarization independent attenuation

Deflection (pm)
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Grating couplers

1
‘1 single-mode fiber

photonic wire

z offset (um)

}l a?iabatic taper ;

=

- ), tq intfegrated
circuit

x offset (um)

Waveguide insertion loss
tolerance through a
grating coupler
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Actively alighable grating coupler

Possibility of
mitigating a
misalignment of =
2 pm with
accuracy ~ 100 nm

Possibility of
steering the light
4-5° with an
accuracy of 0.1 °

Passive region Active region
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Sticking in MEMS during release with
wet etchants

MEMS:
* Large areas with small stiffness

 Small device to substrate gap [] Highly susceptible to
surface for

(b)

Strong attractive capillary forces during dehydration []
Adhesion of the suspended member during rinsing and dry

le.
YEe Need of a dry etching
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IDONUS vapor phase etcher (VPE)

* Quasi dry method and never in contact with liquid.
 SiO2 + 2H20 [J Si(OH)4
Si(OH)4 + 4HF [J SiFa + 4H20
* Water acts as an initiator and reactant of the etching process.
* Temperature control over the amount of reactant water.
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Released SOI cantilevers
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In-plane moving devices

Non-actuated Comb
';HHH;HH;

Max: 208406

m .
2
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Actuated Comb

Actuated Comb ' m i
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In-plane moving devices
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Optimum Condition
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Beam steering using Si-photonic MEMS

detmag = WD it HV  4/13/2012
TLD| 750 x |5.2 mm 0 ° 18.00 kV 9:24:06 AM
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Beam steering using Si-photonic
MEMS

Bourdary: Total dsplacernert [m]  Deformn ation: Diepl acernent
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Out-of-plane moving devices

Metallization and
subsequent

under—etchini I

Il UGENT Photonics Research Group imec 37



Contents:

" Summary

Il UGENT Photonics Research Group imec 38



Summary

> Achieved a contrast of >1500:1 with a settling time
of 2 us for the GLV devices.

» 2D MEMS gratings were demonstrated with 20 dB
attenuation with a PDL of 0.11 dB at maximum
attenuation. Potential application as a variable optical
attenuator (VOA).

» Proved the feasibility of using SiGe in forming high
quality MOMES devices that can be integrated in
Iarge arrays.
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