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Abstract

In this work, we present a technology for fabrication of nanochannels created in glass with which bio-analysis can be performed in
combination with fluorescence microscopy. The technology is based on a glass-to-glass anodic bonding process. In the bonding process,
an intermediate layer (thin insulating film) is deposited on one of the two glass wafers. The channel is then defined, with one or two
photo-patterning steps, in the intermediate layer. In our approach, a 33 nm thick amorphous silicon layer deposited by low-pressure
chemical vapor deposition (LPCVD) was used as an intermediate layer. The depth of the channel is defined during the etching of this
layer.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction We propose in this paper a new simple technology to
fabricate nanochannels in glass, preserving the advantages of
The fabrication of nanochannels has gained considerablethe fluorescence microscopy being used for optical detection.
attention in the last few yeald] because of the growing  Therefore, the fluidic devices described here are suitable in
interest in detection and manipulation of single molecules. both biological research and biomedical applications.
Recent advances in optical imaging and biomechanical tech-
nigues show a great potential for the investigation and ob-
servation of biological processes occurring at the molecular 2. Fabrication
level. These techniques are finding an increasing use in both
biological research and biomedical applications. The fabrication process of the proposed nanochannels is
In biology, microfluidic systems have the potential for ap- shown inFig. 1 For the glass-to-glass anodic bonding an
p"cation such as Separation of bi0m0|eCL{|@b enzymatic intermediate |ayer (th|n insulating f|lm) has to be deposited
assays, and immunohybridization reactidi#$. Possible ~ on one of the glass wafefg]. The nanochannels are de-
biomedical applications of microfluidics (and nanofluidics) fined in this intermediate layer by using a photo-patterning
include areas such as drug discovery and high-throughputtechnigue in one single step.
screening of patientgl]. The glass wafers have to be rich on sodium oxide, which
As far as detection is concerned, fluorescence microscopyiS required in order the anodic bonding to be successful.
was proven to be a sensitive and reliable technique, and itThe top wafer may have pre-drilled (or lasered) holes at
is being used for a large number of quantitative applications Pre-defined positions as an access routes to the channels.
[5,6]. However, in order to perform optical measurements, In our experiments we used borofloat type glass wafers
the nanostructure (or at least one side of it) must be transparfrom Bullen Ultrasonics, USA, with 1 mm ultrasonically ma-
ent to light. This imposes further restrictions on the design chined holes.
and manufacturing of the nanochannel device. NeXt, athin 33nm amorphOUS silicon |a.yer was deposited
by low-pressure chemical vapor deposition (LPCVD) as an
intermediate layer on the bottom glass wafer. Although, the
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Fig. 1. Left: artist impression of a nanochannel in glass. Right: fabrication process for nanochannels in glass.

Table 1
Results provided for various layers, as an intermediate layer, for the glass-to-glass anodic benditigates strong bonding, and indicates no strong
bonding obtained)

Layer 2 Layer 1
None Polysilicon Nitride Oxide Amorphous silicon Carbide

None - - — — — —
Polysilicon + - - + - —
Nitride + - - + - _
Oxide - - — — — _
Amorphous silicon + - — + — _
Amorphous silicon/nitride + — — + - _
Carbide + - - + - _
Nitride/oxide + — — + - _
Amorphous silicon/oxide + - — + - _

which still allows a successful bonding and makes it impos- glass-to-glass anodic bonding. Beside the requirements on
sible to separate the bonded wafers without breaking them.the glass composition and the intermediate layer, the glass
Bonding results, provided for different intermediate layers wafer surface should be kept free from particles, have supe-
has been published elsewhefable 1gives an overview of  rior finish, and be parallel to enable the anodic bonding. The
the results achieved with different combinations of interme- glass wafers used in this experiment have a surface rough-
diate layerg7]. The layer indicated as “layer 1” is deposited ness less than 30 A and are parallel withipr. Although

on the top wafer (cathode wafer) and the layer, indicated asthese requirements are very strict, they are much lower than
“layer 2" is the layer on the bottom wafer (anode wafer). those for the fusion bonding process.

The layer coating on the bottom glass wafer can also be Photos of typical fabricated channels with the described
a combination of two layers. Successful bonding has beentechnology are shown iRigs. 2—4 Figs. 3 and 4how holes
achieved with one (layer 2) or two intermediate layers (lay- in the upper glass plate, which can be used for filling the
ers 1 and 2). However, no good results were achieved whenchannels with liquid.

there is no intermediate layer on the bottom wafer.

After the deposition, the intermediate layer is patterned
using a photoresist mask. Fifty nanometer deep channels
were created by dry etching through the amorphous silicon
layer and slightly into the substrate glass wafer in an Alcatel
GIR 300 fluoride etcher. The plasma parameters used for the
etching process were: GF Sk : O, = 70/10/10sccm,
power —60 W and pressure fbar. The etching time was
30s. Afterwards the photoresist mask was stripped in an
oxygen plasma.

Prior to the bonding the wafers are cleaned in HN\O-
lution. This cleaning step is essential for successful bond-
ing and making the surface of the glass hydrophilic. The
bonding is performed on EVG501 wafer bonding system.
To guarantee a good bonding the wafers are preheated for
2h at 400C and bonded at the same temperature at 1000 V gig. 2. photo of a fabricated channel. The channel ig#Owide and
for 1 h[8]. Few conditions have to be fulfilled for successful 50nm deep.
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[9]. Photos of fabricated channels with two different depths
are shown inFigs. 6 and 7Main limitation for the maxi-
mum channel depth that can be etched is the selectivity of
the masking layer. Using a photoresist mask we were able
to fabricate 500 nm deep channels.

3. Results and discussion

The quality of the channel cross section was inspected by
SEM (Figs. 8 and ¥ In order to overcome the minimum
inspection size limits, we have enlarged the openings of
the channels by etching the glass-amorphous silicon—glass
interface in a buffered HF 1:7 solution for 7min and 15s.
The size of the channel openings was increased then from
50 to 250 nm. The SEM images showed no obstructions in
the channels.

_ _ Further, fluorescence microscopy measurements were
Fig. 3. Photo of fabricated channels that are 3mm long and 50nm onqcted to ensure that the channels were hydrophilic.
deep. The smallest fabricated channel width ign2 and the largest . . . .
100m. The openings on one side of the channels were filled with
a fluorescence dye.

The fluorescence measurements were performed on a
standard epi-fluorescent microscope (Leica, Wetzlar, Ger-
many) with a matching filter cube for each fluorescent dye
(i.e. both excitation and emission were performed from the
top side of the sample). The signal was detected through a
20x (NA = 0.45) objective with a large working distance
and a high-performance CCD (ORCA-ER, Hamamatsu,
Japan) and a Xe light source was used for the various
excitations. The signal was usually bright enough and rel-
atively short exposure times were required for detection
: (typically 20—-100 ms). Therefore, movies at the rate of few

/ i _ images per _second were easily recorded with high enough
20 Y Gt signal-to-noise. _ _

No pushing or sucking force was applied at the channel
F_ig. 4. Phpto of the_ fabricated channels that are 50nm deep and haveopening during the measurements. Slow penetration of the
different widths ranging from 2 to 1Gom. liquid by capillary forces into the channels was observed.

quia by capifiary
After a short time the fluorescence reached the opposite side

If after the first patterning and plasma etching of the in- of the 3mm long channels and appeared in an access hole
termediate layer a second photo-patterning step is appliedas shown irFig. 10
followed by plasma etching then itis possible to create chan-  After testing different fluorescence dyes we found that
nels with two different depths as shownhig. 5 Such de- Rhodamine 6G was the best candidate for our optical detec-
vice with many entropic traps can be used, for an example, tion (excitation and emission peaks are at 530 and 560 nm,
as a nanofluidic separation device of long DNA molecules respectively).
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Fig. 5. Sketch of a cross-section of a device consisting of many entropic traps. Layer 1 is formed during the first plasma etching and layer 2 is formed
during the second plasma etching.
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Fig. 9. SEM close-up on the right side of the opening of the same channel,
shown inFig. 8 The amorphous silicon layer has a thickness of 33nm.

Fig. 7. Photo, taken with an optical microscope of the top of the nanofluidic
separation device (the channel depths are, respectively 50 and 500 nm).

Fig. 10. Image of the fluorescence that has come out on the other side
e G e g (opening) of the channels. The channels on the photo are, respectively
© GLASS SR 25 and 5Qum wide, 3mm long, and 50 nm deep.

0D kxp F—— 10pm

During our filling experiments of the channels we mea-
sured the change of the fluorescence intensity from the
Fig. 8. SEM cross-section of the channel (50rmM0um). The channels  top. We detected a very interesting phenomena, as recorded
have been treated in BHF 1.7 for 7min and 15s in order _t_o improve in Fig. 11 once the channels were already filled (first phase),
the contrast between the glass wafer and the amorphous silicon, and to. .
enlarge the opening of the channels. Due to the selectivity between glassIn I?S_S than a minute we dEt_GCtEd asecond spon'ta@neous wave
and amorphous silicon, the etching in BHF resulted in wider channels Of filling of the channels. This second phase of filling of the

only in the vertical direction (approximately 250 nm on the SEM image). channels was recorded as a sudden increase in the fluores-
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Fig. 11. Fluorescence during channel filling. Fig. 14. Sequence of images taken at intervals of several seconds showing
the second phase of the filling of the channels. The first image shows
already filled channels with Rhodamine 6G, while in the next couple of
seconds a second wave of Rhodamine 6G, filling the channels completely
can be observed. The channels are, respectively 2 aud @ide, and

50 nm deep.

this experiment are shown Ifig. 4, while Fig. 13 presents
the sketch of one of those devices. The first imageign 12
(Fig. 1239 shows a channel which is empty and therefore no
fluorescence intensity can be observed. On the next image
(Fig. 12b it is shown that the fluorescence has already pen-
e etrated into almost half of the channel while on the last im-
age Fig. 129 the fluorescence has almost reached the end
of the channel.
Fig. 12. Sequence of images taken at intervals of several seconds showing Fig. 14shows the filling during the second phase. The first
the first phase of the filling of the channels. The first image shows Image in this figure Kig. 149 illustrates the same channel
completely empty channels, which become filled with Rhodamine 6G from Fig. 12 which is already filled with fluorescence. The
during t_he next couple of seconds. The channels are, respectively 2 andpaxt image Fig. 140 shows the second wave of the filling
5wm wide, and 50 nm deep. - :
of the channel with fluorescence, which has penetrated about
one quarter of the way along the channel. On the last image
cence intensity due to the increase in the fluorescence dye(Fig. 149, the second wave has penetrated almost to the
layer thickness. middle of the channel.
In Fig. 12we show how the filling of ladder type chan- The second phase of filling of the channels is most likely
nels occurs in time. The fabricated fluidic devices used for due to the nature of the channel surface. As it is shown in

‘ Filling hole

Fig. 13. Sketch of the fluidic device, shown kig. 4.
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