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Executive Summary
This document reports completion of the fabricat@nthe compact optical filters and first
generation beam shapers.

Change Records
Version Date Changes Author
0.1 (draft) 2013-05-15 | Start Dries Van Thourhout
1 (submission) Dries Van Thourhout

Confidential document — page 2



FP7-1CT-2011-7 Milestone Report

Project-N0.288869 Last update:16/5/2013
NAVOLCHI — MS31 Version 1
Contents

O I N I 70 10 1 I 10 ]\ 4
2. OPTICAL FILTERS. ..ottt sttt e st e e st e e st e e e nsaeeesneessaeesnnneeans 4
3. OPTICAL BEAM SHAPERS ...ttt sttt et e e e e ennee s 4

Confidential document — page 3



FP7-1CT-2011-7 Milestone Report
Project-N0.288869 Last update:16/5/2013
NAVOLCHI - MS31 Version 1

1. Introduction

This milestone document reports on the completibthe fabrication of the optical filters and
first generation beam shapers. This milestone alap on MS27 (design of devices) and will
feed in deliverable D5.3 (report on first genenatiifters and beam shapers, month 21) where the
characterisation results will be discussed in tletai

2. Optical filters

Various optical filers were fabricated, in sevgradcessing runs. All devices were fabricated on
200mm wafers using imec’s standard passive wavegpldtform, starting from SOl-wafers
(SOITEC) with a 220nm thick silicon layer. Pat®erwere defined using 193nm DUV
lithography and subsequently etched using a diyirggorocess (ICP-based). Two etching steps
were used:

* A 220nm deep etch to defined the fully etched waickes

A 70nm shallow etch to define grating couplers &maghsition regions between deeply

etched regions and slab regions.

Following fabrication wafers were diced for chaeaigation.

Grating Strip waveguide Rib waveguide
[ A \ r . 1 I A 1
o T el
2pm SiO, — buried oxide

Figure 1 The different photonic components fabricated in IMEC on the SOI structure; the
deep etch of 220 nm isused in fabricating the strip wave- guides wher eas the shallow etch
of 70 nmisused in making the rib waveguides and the gratings.

3. Optical beam shapers

The optical beam shapers were fabricated usingdh®e process as the one used for the optical
filters. However, since the optical beam shapeedrto be free hanging, such that they can be
moved electrostatically an underetching processthdi developed, to remove the oxide below
the moving parts of the beam shapers. Typicalleietch process would be used for that.
However, removal of the water from the liquid etehiesults in a meniscus (liquid-air interface)
that often pulls movable structures into contaet aapillary forces. Once in contact, even after
drying, the surfaces often remain in contact duevddous types of adhesion forces (e.g.
capillary, van Der Waals, electrostatic due topegpcharge) resulting in a stuck, or stiction-like
failure as shown in Figure 2.
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(b)

Figure 2 Schematic illustration of: (a) the formation of a liquid meniscus during the the
sacrifical etch, and (b) sticking of the released parts due to surface tension at the final
phase of evaporation.

There are several solutions that have been usesdmarchers and MEMS manufacturers to
reduce stiction. One approach calls for coating dhiestrate surface with a thin hydrophobic
layer, thereby repelling liquid from the surfacenother popular technique is to dry surfaces
using super-critical C©O This removes fluid without allowing the surfa@msion to form. Still
other techniques utilize "stand-off bumps" on tihelerside of moving parts. These bumps act as
pillars, propping up movable parts wherever surfeasion may form. However, the most
effective method for avoiding stiction is simply tige dry or quasi-dry etching techniques for
release wherever possible.

A possible approach is to use a hydro-fluoric gEiff) vapour phase etching (VPE) system. This
enables the removal of silicon dioxide in a vapsr@amvironment rather than in an aqueous
solution. The silicon oxide is etched in a quagiHarethod and is never in contact with a liquid.
No cleaning or rinsing of the chips is needed.

In this process water acts as initiator of the iegiprocess as well as reactant. This fact suggests
that the etching process can be temperature ctedrid maintain the amount of water needed to
initiate the process and the amount of reactanemmtequilibrium.

We used the HF VPE apparatus from IDONUS to relediseur MEMS devices. A detailed
descriptipon of the working principle of the apgasand its mechanical realisation can be
found onwww.idonus.com In this system, the HF evaporates at room tentyeraand the
etching process starts spontaneously. The etchigatentrolled by the wafer temperature that
can be adjusted from &5 to 60C. The water film on the wafer is evaporated at emate
temperatures. We experimentally found that the edth decreases with increasing temperature
and stops completely at temperatures above when using 50% concentrated HF.

Process optimization: Starting with a clean and dry surface of the dampvas the most
important pre-condition to obtain a uniform etchiage for successful release of the structural
layers. Hence, the separate dies were first cleanidacetone, IPA and de-ionized water and
later dried with M. Next, the samples were thoroughly dried at anagésl temperature of 150C
for 15 minutes to ensure that no moisture is laeftlte samples before they were put inside the
VPE. Particularly, the metal deposited samplesesedf from frequent stiction even after
thorough cleaning and drying of the samples be$tagting the etching process. The situation
worsened with any residual resist left on the sasplffter the lift-off. Additionally, after a long
etching time £ 2-2.5 hrs), we observed peeling of the metal kyglposited on top of the Si
structure. Hence, we had to add an intermediapecfteapid thermal annealing of the metal de-
posited samples at 48Dto enhance the adhesion of the Au films depostedi. Even after
taking all the precautions, we observed non unifetaming and sticking of the released samples
when etched at temperatures lower tharC40
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However, we could achieve a stiction free releaseun devices when the buried oxide was
etched at a temperature 42.C which resulted in a etch rate ©f5-6 um/ hr. In this way, we
could obtain a reproducible etching process thautgw inconsistencies remained.

Figure 3 shows an example where 220 nm thick apth 2vide Si cantilevers with length upto
200um are released successfully without stiction aenov- ing the 2um thick SiQlayer. For
these devices, we had to go to higher temperatud8.&6C to release the longer cantilevers,
which gave us an etching rate~ef um/ hr.

(a)

10/19/2012 det mag = WD @ HFW | tilt -
12:15:12 PM ETD 536 x 4.9 mm 239 ym 52 °

—~—
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Figure 3 SEM pictures of the successful release of 220 nm thick and 2 pm wide poly-Si
cantilevers on top of 2 pm thick SIO2without sticking; where the length of the cantilevers
variesfrom 50 pm to 200 pm.

SEM pictures of the in plane moving device are giue Figure 4. The actuator consists of 3
major elements:

1. The first is the focused grating coupler(FGC)ahihis the principal micro-optical component
of the device and the central component of thesactgion. To decrease the weight of the proof
mass (here the FGC) attached to the comb driveskF@&C is cut down from the sides and the
top, making it smaller and lighter

2. The second is a system of curved compliant sisspe beams. The curved 'S’ shape is
designed to convert a unidirectional actuation antmdirectional displacement

3. The third element comprises of comb-drive acsatvhere the moving fingers are attached to
a rigid frame which is further attached to the éixgarts of the chip by 'V’ shaped springs.

The active FGC along with the movable comb finggegion A) are always kept at ground

potential whereas the two separate fixed comb tsires (region B and C) are always maintained
either at ground or higher potential respectivegpehding on the direction of the desired

Confidential document — page 6



FP7-1CT-2011-7 Milestone Report
Project-N0.288869 Last update:16/5/2013

NAVOLCHI - MS31 Version 1

movement. These three regions A, B and C are etcbenpletely through the silicon, allowing
for separate electrical actuation.

In our design each of the comb drive actuator s if 28 pairs of fingers of 300 nm width, 2
um length and 300 nm gap between each pair. The sigpport is 1..um wide and 5um long.
The 'V’ shaped springs are 120 nm wide andufi8long and are connected by another Qui7b
wide rigid structure. The 'S’ shaped connectors2&gm long and 0.7m wide.

10/19/2012 det mag WD HFW tilt - 100 pm
11:27:45 AM TLD' 500 x 5.0 mm 256 pm 0 °© UGent

(@ (b)

Figure 4 (a) SEM picture of the top view of the planar moving devices showing the two
actuators on both the sides of the FGC (a), and close-up view of the specific actuators and
the different componentsof it (b).
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