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Thin silicon nitride membrane has been used farstrassion electron microscopy
(TEM) “windows” due to its transparency to high emeelectrons [1]. However, to
completely eliminate the background scattering,opsr membrane is desirable.
Micro-scale porous membrane TEM windows fabricabgdphotolithography and
etching is commercially available. For nano-scalrep, though it has been
fabricated using focused ion beam (FIB) millingr(floe application of extraordinary
optical transmission devices), FIB is too slow foactical applications. On the other
hand, the high throughput nanoimprint lithograpfanmot be used to pattern the
membrane because it will break the fragile membreasily. Previously porous
nano-crystalline silicon membrane has been falaitdty self-assembly of a thin
amorphous silicon film during a rapid thermal arlimeggprocess [2]. In this work we
report the fabrication of porous silicon nitride mi@rane by CsCl self assembly and
pattern transfer. Such a porous membrane wouldf@dapplications in separation
or filtration of macromolecules or nano-particl8<4].

The fabrication process is shown in Figure 1. Fisdicon nitride membrane was
fabricated using the standard photolithographyamsdotropic KOH etching process.
Then a liftoff layer of PMGI (poly(dimethyl glutamide)) was spun-coated, onto
which CsCl was thermally evaporated and alloweddll-assemble in air to form
hemispheres. Next, PMGI is etched using oxygen Wil over-etch to obtain an
undercut profile for easy liftoff. Subsequently, @as evaporated and lifted off by
dissolving PMGI using in AZ 300 MIF developer. Higaholes were etched in the
nitride membrane and Cr removed by Cr etchant.aksbe seen, the current process
is of low cost and high throughput.

The hole diameter and inter-hole spacing dependlgnan the CsCI film thickness,

the air humidity and exposure time to air. Foranse, when a very thin CsClI of 3
nm was exposed to air for 24 hours, the islandisizzound 100 nm, and inter-hole
spacing roughly 600 nm (Figure 2a). The completebyps membrane is shown in
Figure 2b. With 15 nm CsCI and exposure to air@0rmin, the hole size in the
membrane is about 150 nm and is rather uniformyghcsome holes were missing
due to incomplete liftoff of Cr.
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Figure 1. Schematic fabrication process
of porous membrane. a) Fabricate the
membrane using standard process, spin
coat PMGI; b) evaporate CsCl and self-
assemble in air; c) RIE PMGI for an
undercut profile; d) evaporate and liftoff
Cr; e) RIE silicon nitride and remove Cr.

Figure 2. (a) SEM image of self-assembled CsCh Wiin thickness of only 3 nm
and exposure to air for 24 hours. (b) SEM imageonnpleted porous silicon
nitride membrane with pore diameter of ~150 nm. H&rem CsCl was exposed
to air for 60 min.



