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Fabrication of Sub-Micro Aperture by
Micro Electroplating

FhaecEEHATE OF eI
+ 4] %% : NSC 90-2212-E-009 —033-
A EHE90EST 1 pE9lE T 310
EEE LR g

A RARR e R T BHLZ N
[] ARSI CEFEL - >
PRILSFEY C@EL - P

R BR%E R G
5 4 (R g

(zh-
w

R IR R F ALY - B

O O O
Zlm

FERFE R AR

p



EFENE

e RN RS i L

MR EERTIENI Ry
Fabrication of Sub-Micro Aperture by Micro
Electroplating
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An optical aperture made by electroplating is
proposed. The aperture can be applied in the SNOM
(Scanning Near-field Optica Microscopy) data
storage technique, provides small data pits beyond the
limit of the light wavelength. The aperture is initially
defined by semiconductor lithography process,
formed by electroplating, and shrunk by over-plating
phenomenon. Fabrication of sub-micron apertures is
realized. The aperture can be as small as a diameter
of 165 nm, and the smallest aperture that is already
proved open through is about 165 nm in diameter.
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In last ten years, the density was improved by
about 100 times, and the growing rate seems not to
decay nowadays. However, the magnetic data storage
technique will reach its physical limit in a few years.
And the conventional optical data storage is limited
by the light wavelength, too. But the near-field optical
technology eliminates impressive potential in high-
density data storage, specially the region beyond 100
Gbits/in® (FFZ4H, 1999 ).
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The SNOM (Scanning Near-field Optical
Microscopy) technique combines the near-field optics
and the AFM (Atomic Force Microscopy) technique.
By this technique, the light is not lens focused, but
limited by a tiny aperture to the data pits. So that the
data pit size is no longer limited by the wavelength of
the light, but the size of the tiny aperture.

The most popular SNOM approach taken is
using the stretched optical fiber tips, usually in pipette
shape, with a sharp end. At the end of the tip, a layer
of metal material was coated. Then, by some special
methods, the metal at the apex of the tip was removed,
so that atiny aperture was formed.

Another way to sharpen an optical fiber is using
chemical etching (Takuya et a. 1996). The metal
layer at the apex of the tip is removed by specia
lithography process. The photoresist is exposed by the
evanescent wave generated over the prism surface into
which light from a He-Cd laser is incident at the total
reflection angle. The diameter of the aperture can be
about 30 nm, if the exposing process were well
controlled.

Another way to make a tiny aperture is adopting
the FIB milling (Focused lon Beam) technique. A
focused ion beam is raster scanned to remove the
metal film and form an aperture at the end of the tip.
This process takes 2~3 minutes for each tip. Typically,
the opening hole has a diameter of smaller than 100
nm (Saeed et al. 1999).

The methods above are not suitable to batch
production. An example of tiny aperture made by
silicon micromachining process that is batch
producible was realized (PHAN et al. 1999). In which
a Si02 layer was thermaly grown on the pyramidal
etch pit and then released to be used as the structure
of the tip. Due to the locally compressive intrinsic
stress, the oxide layer at the bottom of the pyramidal



pit isrelatively thinner than the other part of the oxide
layer, and will be etched through in the etching steps,
left a tiny hole. The diameter of the hole can be
controlled by the etching time, and can be 100 nm or
smaller. These etching and oxidation are al batch
processes, which make the mass production of small
apertures possible.

Controlling the gap between the media disk and the
pickup head becomes critical while adopting the near-
field optics. If the gap is too large, the data density
will go down seriously. As the gap distance decreases,
the control becomes more and more difficult and
drags down the data transfer speed. A solution to
control the gap is using the air-bearing effect between
the pickup head and the running surface of the media
disk. An aperture has 4 pieces of diders to produce
air-bearing effect (F. Issiki et a. 2000) can achieve a
gap of about 100 nm. A high data transfer rate of 1.5
Mbit/s is realized, two order faster than any existing
SNOM systems that use sharpened fiber probes
without air-bearing gap control.

The approaches discussed above are al tend to
make an aperture by removing metal. Here, a novel
approach is proposed to make metallic tiny aperture—
electroplating. This approach don’'t remove metal but
add metal material, to shrink a hole defined by
standard lithography processes to a smaller size,
which means, a hole of the size beyond the resolution
limit of the lithography process. The hole can be used
as an aperture to limit the laser light to the data pit on
the surface of the media disk. The backside of the
plated metal film can be used as a dider to control the
gap by the air bearing effect. Electroplating processis
easy, low-cost, and relate safe to operate, furthermore,
it is suitable to batch production.
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To use an aperture to realize the near-field optical
data storage, the media light can be guided by an
optical fiber, and limited by a tiny aperture to a data
pit on the disk. The aperture is on the pickup head,
which is attached to a swinging positioning arm. The
arm moves the head and positions the aperture to the
data track on the disk. The tiny aperture is the key
point of the pickup head. The way we make an
optical aperture here is to use the selective plating
property of the electroplating technique: an un-
conductive spot on the conductive surface will result
to a hole on the plated metal film. The un-conductive
spot defined by standard lithography process can't
excess the limit of the light. So we apply some over-
plating in the electroplating process, to get a hole
smaller than the spot defined by the lithography
process (Fig. 1). The typical spot size in the
lithography is about 1 g m in diameter. By the

overplating technique, an aperture diameter bellow
0.3« m or smaller is expected. The surface under the
aperture plate is supposed to be flat and can be used
asadlider.
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Fig. 1 Make an aperture by €electro overplating

There are three types of patterns designed for the
fabrication of the aperture plate. All the three types
are put together on one mask alternately to make a
multi purpose mask, saving the cost of the masks.
The size of the aperture plate is 2000 um x 1000 um.
The aperture is positioned on the upper middle of the
plate. 10 P.R. spots in different sizes are defined,
diameters range from 1 to 10 um, with a difference of
1 um. The different sizes of the spots ensure that there
will be at least one spot useful under the errors of the
fabrication processes, including mask generating,
lithography, and the electroplating. There is no
releasing hole on pattern type “A”, this type is only
suitable to fabrication process with backside etching.
Releasing holes are added on the pattern type “B”.
The releasing holes are 10 um x 10 um in size, and
space 50 um to each other. This type is suitable to
front-side etching process. The releasing holes are
replaced by groups of holes on pattern type “C".
Every group contains spot sizes range from 1 um to
10 um, 10 spots for every size, total 100 spots for
each group, and every group spaces 50 um to others.
These spot groups can be used as releasing holes and
testing patterns for the over-plating process
simultaneously. A sputtered copper layer is used as
the electroplating seed layer and the sacrificial layer.
The substrate is a silicon wafer, which provides a flat
surface for the lithography process. First, the surface
of the silicon wafer is cleaned and covered by a layer
of P.R. by spin-coating process as a separating layer.
Then the copper seed layer is sputtered onto the
surface of the P.R. layer. Above the seed layer, the
second P.R. layer is spun on and patterned by using
photolithography  process.  After  that, the
electroplating of the Nickel layer follows. When the
electroplating process is finished, immerge the whole



wafer into the ACE solvent to solve the P.R. layers
away, and the Nickel layer with the copper seed layer
will peer off from the silicon wafer. The seed layer is
then etched away by wet etching. The etchant is a
solution of ammonia water with a little H,O,. The
etching time is about 40 seconds, and the copper layer
will disappear throughout, leaving the wanted nickel
layer with the apertures. This approach eliminates
backside etching of the silicon wafer, and the silicon
wafer can be recycled, reducing the cost. The
thickness of the sputtered copper layer is very thin. So,
as being a sacrificial seed layer, the etching time can
be reduced, and minimize the damage to the
electroplated Nickel layer due to the etchant. The
type of the photoresist used is FH6400. It is spin
coated on to the wafer. The spinning speed is 4000
rpm. Spin time is 25 seconds. While the coating
finished, 1 minute of soft bake at 90 ‘C is applied.
The separating layer is hard baked for 10 minutes at
120 C after the soft bake, to make it stronger, prevent
the damage of the following sputtering process. The
second layer of photoresist, which is for the patterning,
is coated following the sputtered copper seed layer.
The exposing time is 20 seconds. The developing time
is 20 seconds, too. Then another 20 seconds of gentle
rinse in water is applied. The smallest photoresist spot
survived is about 0.5 um in diameter. The sputtering
is proceeded in constant power mode. The power is
controlled at 150 watt. If the power is too strong, the
separating layer of P.R. will be damaged and broken.
The sputtering time is 10 minutes, results a copper
layer of about 1000 angstrom.

A conventional low-stress nickel electroplating
solution is used in the electroplating process. The
container is a 5-liter cup. The quantity of the solution
is 4 liter. The positive electrode is a Ni metal board
special made for electroplating usage, and is
contained in a cotton bag. The positive electrode and
the wafer (negative electrode) are both vertically put
into the cup. A hotplate and a PID temperature
controller with a thermal couple are used to heat up
and maintain the temperature of the solution. Both the
electrodes are connected to the power supply by clip
wires. An air-stirring device is applied to remove the
generated bubbles generated on the surface of the
wafer quickly and evenly. The electroplating current
is controlled at 0.1 Amp, and the electroplated area is
about 60 mm x 60 mm. The current density is about
0.3 Amp/dm?. Since the current is controlled at 0.1
Amp, the voltage is about 0.6 ~ 0.8 volt normally. The
temperature of the solution should be controlled at 50°
C, and the thickness of the plated nickel layer is
mainly controlled by the electroplating time.

An experiment’ is taken to observe the shrinking
speed of the aperture throughout the shrinkage in the
overplating process. There are P.R. spots of different
sizes on the same die. Under the same electroplating
time, these apertures will be on different extent of
shrinkage, so that the variation of the shrinking speed
along the shrinkage can be observed indirectly.

Three samples on the same wafer are measured
to observe the relation between the overplating length
and the PR. spot size. The measurements are taken on
the SEM photos. Sample 1 is taken from the edge of
the electroplating area. Sample 2 is taken from the
center of the area. And sample 3 is on the middle of
sample 1 and 2. The electroplating time is 60 minutes,
current density is 3.0 Amp/dm?.

The measured parameters are the size of the P.R.
spot and the shrunk size of the aperture. Then the
overplating length is calculated. The curves in Fig.2
show that the overplating length gets longer if the P.R.
spot size is smaler. Suppose the overplating
phenomenon begins at the same time on al the
apertures on the same sample, this result implies that
the shrinking speed is gradually increasing throughout
the overplating process. This means that the smaller
the aperture is, the more difficult to control it's size.
However, the experiment did not touch to the aperture
size bellow 0.3 um, the shrinking behavior is till
unknown in that region.
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Fig. 2 Overplating length V.S. origina pattern size

Since the overplating phenomenon is used as the
method to shrink the apertures, the uniformity of
overplating length draws more attention than that of
the plated thickness. An experiment is taken to
observe the uniformity of overplating length. The
sampleis electroplated for 2 hours at 0.1 Amp, equals
to about 0.3 amp/dn? of current density.

The light coming through the aperture is shown in
Fig.3. The SEM image of the samllest aperture is
shown in Fig.4. The P.R. spot size is about 3.8 um,
the diameter of the aperture is 0.165 um, directly
measured from the SEM image.

The SEM shows only the opening region of the



aperture. The aperture is so deep that the SEM can't
see the inner region. So that the apertures can’'t be
proved whether it is open through or not in the SEM
photos. Light eliminates through the aperture proves
that the aperture is open, but if the diameter is smaller
than the wavelength of the light, the light beam will
diffract and be too weak for the optical microscope to
detect. For these reasons, a set of special equipments
including powerful laser and highly sensitive photo
detector will be much useful to exam the sub-micro

apertures.

Fig. 2 Light coming through the apertures
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Fig. 3 A shrunk aperture observed, PR. spot size =
3.8 um, Shrunk size = 165 nm

If an aperture shrunk from a smaller PR. spot
can remain open through, it will have the potential to
achieve a smaller size because of easier diffusion for
the electroplating solution to the deep bottom of the
shrinking aperture.  But the thickness of the

electroplated nickel film should be enough to prevent
the damages due to the surface tension of the etchant.
Because of the thickness, the smaller PR. spots (0.5 ~
2 um) are aways fully covered, and the apertures
remain open are all shrunk from larger PR. spots (<
3um). This makes the achievement of a smaller
aperture difficult. To reduce the nickel film thickness,
some means should be taken to reinforce the nickel
film before releasing it off from the wafer. For
example: reducing the die area to make the nickel film
more survivable, or plate a second nickel layer, which
is much thicker than the aperture layer, provides better
structural strength.
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