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Abstract
A novel fabrication process was developed to realize high quality SiO, masks for Cl2 based ICP etching of InP.
First order DBR mirrors, 3 [tm deep, were realized that can be used in photonic circuits. The process can be
used in combination with conventional optical lithography, reducing production cost.

I. Introduction 120 nm 388nm

Deep etched distributed Bragg reflector (DBR) gratings areII II

very prom ising devices for InP/InG aA sP-based photonic..............................................................................................
rd er eep etch ed

ra tin can ie re fle tiv ity re th ith in p-In................................................................................................................................................................P....

ed rc is iss ableo y, fi ee tc

etching..................

grtnGaAs ahiverel ctvcontact ha 9% wthn layer,..........which.........is.....necessary..............to.....integrate...p nm..............PMMA........layer.........is.....patterned..............using...... 20... kV...e-beam..lithography................

process..................

makes the DBR grating an ideal buetchingbprocess,buthresults fro th almnm lf-f

1-4244-0875-X/07/$20.OO ©2007 IEEE. 226~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~....................................

Authorized licensed use limited to: Eindhoven University of Technology. Downloaded on April 01,2010 at 08:46:40 EDT from IEEE Xplore.  Restrictions apply. 



E-beam E-beamn
exposure exposure ZEP

PMMA Al 4- Cr
xQo

InP lnP~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~....................................................................................................InGaAsP lnGaAsP~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.....................................................................................................

20kVe-beampatternwriting70nmaluminumdeposition~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.............................................................................................................

.........................selectivity is.aboutI1:17. ..................removing.........................the...........Cr.........mask,................. the........

Fig 3. urn................deep.....DBR.....gratings...........in....In.......pattern.........is.....then......transferred..............into.......the.......n.....by....the ......same........CP..

...................................p ss...

.....................................................A..SEM...image....of...the...resulting......structure.......is..shown.....in..fig...5..prcs..It.is.expcted.thatby.using.otical.litography.fo.the.The.aveguide.hs.very.smoth sidewals and th.roughnes
waveguides this roughness will be reduced drastically........................................ that.. was.................InaAP .....................present............in.....the......aluminum.............lift-offP process............is.....not......visible...........

gives better results than a lift-off process to define our metal Another problem with this e-beamVesystemaisrnwritingICPthatCrwiitC1uses

gratin epattern wastr wreitte uin a70 kVlUiLn de-ba.p feowihcasaseuwntdrflcinsadloss
development of the ZEP resist, the Cr layer was etched in an To overcome both the proximity effect problem andthe~~~~~~~~~~~~~................................. ........ ...ICP system usingaC12:02 chemistry. This is a process that is stitching errors, we developed a process that combinese-beam~~~~~~~~~................................ ...........................alsousedinphoto-maskfabricationandisknowntoetchCr lithography with conventional optical lithographytofabricate~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~............................................................................................................and CrO~~~~~~~~~~~~~~~~~~~~ layers at about the same etch speed [4]. high quality deep etched DBR gratings.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~................................................................................. ...... ... ............TheCrlayerthenservesasanetchingmaskforthe~~ ~ ~ ~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~................................................................................................opening of the SiO~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~, layer in CHF3 RIB process. The~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.................................................................................. ...............

Authorized licensed use limited to: Eindhoven University of Technology. Downloaded on April 01,2010 at 08:46:40 EDT from IEEE Xplore.  Restrictions apply. 



VI. EBL - optical lithography combination
Aoro . ...........~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~...............top view of the process flow for the combined e-beam-

and optical lithography process is given in fig. 6. First a 400
nm SiO, mask is deposited by PECVD followed by a 50 nm e-
beam evaporated Cr layer. The grating patterns are defined
together with some alignment markers in a 320 nm thick ZEP
layer by 30 kV e-beam writing (fig. 6a). This pattern is then
transferred into the Cr layer by C12:02 ICP etching.

Next the waveguides are defined in HPR5O4 optical
photoresist, using the e-beam written alignment markers (fig. Fig. 6a. EBL pattern
6b). This pattern is then also etched into the Cr layer by the
second C12:02 etch step (fig. 6c). Note that with this type of
gratings, the alignment of the optical mask is not very critical,
since the grating pattern can be much wider than the
waveguide. Also, the written pattern resembles much more a

effect correction algorithm works much better.
The rest of the processing iS the same as mentioned in the_

previous section. The resulting structure is shown in figure 7.
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The use of a thin chromium layer also enables us to use a
combination of e-beam lithography and optical lithography.
This does not only decrease writing time, it also avoids

Furthermore the technology is fully compatible with other
processing steps and therefore enables the use of deep etched Fig. 6c: Final chrome mask
DBR gratings as building blocks in future advanced photonic
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