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A slider with an integrated microactuator (SLIM) was devised, which is capable of actuating a read-write element of a hard disc drive
(HDD) in both vertical direction (adjusting the flying height) and in lateral direction (allowing second stage actuation). The read-write
element is located on a chiplet attached to a mounting platform. A pair of integrated electromagnetic microactuators appropriately
activates this mounting platform and thus the read-write element. This design promises a cost competitive solution for HDD recording
head microactuation. While the SLIM design as well as the thin-film fabrication of the SLIM component parts were completed, a 40 : 1
model allowed for initial system level experimental measurements which indicate a good agreement between the performance of the
model and the actual SLIM device.

Index Terms—Electromagnetic microactuator, flying height adjustment, second stage actuation.

I. INTRODUCTION

PRECONDITIONS for achieving an optimal recording
density in hard disc drives (HDDs) are a minimal flying

height and a perfect track registration. For accomplishing the
first one, a dynamic flying height adjustment during writing
and reading may optimize the head-to-disc spacing and was
implemented into the latest generation of recording heads [1].
To achieve a perfect track registration, a second stage actuation
is desirable to compensate the frequency limitations of the
main actuator. Both flexure and microelectromechanical sys-
tems (MEMS)-based designs for second stage actuators were
suggested [2], [3]. However, due to the price competitiveness
of the industry, the extra costs required for such a device so far
hindered its widespread use. Nevertheless, the requirements are
obvious: an optimal solution will provide both capabilities for
flying height and track following adjustment and will be cost
competitive.

II. SLIM CONCEPT

To address the actuator requirements, the following approach
was taken: An electromagnetic microactuator was integrated
into a pico form factor slider, resulting in a slider with an in-
tegrated microactuator (SLIM) [4]. Fig. 1 depicts a schematic
representation of the SLIM design. Fig. 1(a) presents a diagonal
rear view, while Fig. 1(b) shows a diagonal front view.

An integrated microactuator activates a mounting block to
which a chiplet containing the read-write element is attached.
The actuator is capable of moving the read-write element on the
chiplet both in the vertical direction (adjusting the flying height)
and in the lateral direction (allowing second stage actuation).
The cost competitiveness results from the fact that the SLIM
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Color versions of one or more of the figures in this paper are available online
at http://ieeexplore.ieee.org.

Fig. 1. Schematic representation of the SLIM. (a) Diagonal rear view; (b) di-
agonal front view.

components can be fabricated at lower costs than a present-day
HDD slider. The microactuator is substantially less complex
than a classic slider while the chiplet containing the read-write
element takes up only one third of a pico slider’s space.

III. SLIM DESIGN

SLIM pursues a two-wafer approach. The actuator magnetics
reside on the bottom wafer and the actuator mechanics on the
top wafer. Sandwiched between the two wafers is a spacer com-
pensating for the magnetic actuator’s building height. The ac-
tuator magnetics consist of a pair of variable reluctance micro
actuators [5], the actuator mechanics of a mounting platform
suspended by a pair of leaf springs. The mounting platform car-
ries the chiplet containing the read-write element. Fig. 2 shows
a schematic representation of the SLIM function. Simultane-
ously exciting both actuators adjusts the chiplet’s flying height
[Fig. 2(a)], while alternate excitation causes a minute rotation of
the chiplet, creating a lateral displacement of the read-write ele-
ment [Fig. 2(b)]. Therefore, this design allows both flying height
adjustment and track following. A desired lateral displacement
of 625 nm results in a rotation of 0.18 . Due to the small rota-
tional angle, the resulting change in flying height is only about
1 nm.

Originally, the chiplet was supposed to have its own little
air bearing surface (ABS). Since track following is executed
through a slight rotation of the chiplet, this ABS has to have
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Fig. 2. SLIM actuation schematics. (a) Flying height adjustment; (b) track fol-
lowing.

Fig. 3. System characteristics (3-D simulation).

a cross crown. ABS simulations conducted at the University of
California, San Diego, showed that such an ABS has no load
carrying capabilities. Therefore, ABS forces at the chiplet will
be minimal.

For designing SLIM, first, an analytical model was devel-
oped, followed by modeling and simulation using the finite ele-
ment method (FEM). This approach is discussed in detail in [6].

Fig. 3 presents the simulation results for the microactuator
force characteristics. The parameter of curved lines represents
the force curves for various excitation currents, ranging from 75
to 200 mA. The straight line with a shallow tilt represents the
leaf spring characteristics in the displacement (i.e., flying height
adjust) mode. The straight lines with a steep tilt represent the
leaf spring characteristics for the torsional (i.e., track following)
mode. Three lines are shown, representing alternative tolerance
build-ups at the microactuator’s air gap due to stacking toler-
ances and chiplet assembly tolerances.

A given excitation current results in an actuator height po-
sition represented by the respective intersection between force
and spring lines. Energizing both coils with the same current
results in a reduction of the air gap and thus a lowering of the
chiplet to its desired flying height (operating point A). For the
track following, the torsional contributions of the leaf springs
dictate the actuator behavior. By reducing the current in one
coil (operating point B) while increasing it by approximately
the same amount in the other coil (operating point C), a tilting
motion required for a lateral track adjustment is accomplished.

Fig. 4. SLIM micromagnetics. (a) Optical micrograph of the first coil layer;
(b) SEM micrograph of the completed SLIM micromagnetics.

It is desirable to get an experimental verification of the sim-
ulation results before the availability of functional thin-film de-
vices. To do so, a scaled-up device was both fabricated and sub-
jected to FEM simulations. Comparing these results and extrap-
olating them allows us to predict the behavior of the real size
device.

IV. FABRICATION

An SLIM device consists of three chips stacked on top of each
other [Fig. 1(a)]: a bottom chip contains the actuator magnetics,
a top chip the actuator mechanics, and a spacer serves to join
both. For assembling the slider body, the top chip, the bottom
chip, and the spacer will be bonded to each other.

A. Micromagnetics Fabrication

The micromagnetics fabrication was executed on a
525- m-thick Si wafer with a diameter of 100 mm serving as a
substrate. Ultimately, the wafer has to be thinned to the desired
device height of 100 m. Since the energy a microactuator
converts is proportional to its volume, a high aspect ratio
microstructure technology was applied [5], [7].

The first fabrication step was the plasma-enhanced chemical
vapor deposition of an Si N insulation layer. Then, the bottom
flux guide was fabricated. This process started with sputter de-
positing an Au seed layer, followed by creating a photoresist
micromold. An electroplating process created the NiFe45/55
flux guide. After stripping the micromold for the flux guide,
another micromold was created. It served for the deposition of
the electric leads and vias. Next, the flux guide and leads were
embedded in SU-81 and planarized using chemical–mechanical
polishing. A reinforcement at the leading edge created the con-
tact pads. The seed layer was removed after stripping the pho-
tomask to avoid shorts between the coil turns. A coat of low
stress Si N formed an insulation layer.

For the second coil and core layers, the same fabrication
sequence was applied. As a result, actuators with NiFe45/55
C-cores and dual layer Cu spiral coils were fabricated. A
detailed description of the fabrication is provided in a separate
article in this issue [5]. Fig. 4(a) depicts the SLIM micromag-
netics after finishing the second coil layer, Fig. 4(b) an SEM
micrograph of the completed system.
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Fig. 5. Completed SLIM micromechanics.

B. Micromechanics Fabrication

The micromagnetics fabrication was executed on a
300- m-thick silicon-on-insulator (SOI) wafer of 100 mm
diameter. It consists of a sandwich of a 100- m-thick device
wafer and a 200- m-thick handling wafer, separated by an SiO
layer. The first step was to deposit a NiFe 45/55 flux guide by
electroplating. In the next step, the cavities were etched which
ultimately are forming the leading and trailing edge contacts
for connecting the read-write element on the chiplet. Next, the
contact pads and leads were metallized. This concluded the
fabrication processes on this wafer surface. Fig. 5 shows the
results.

The remaining fabrication steps were done on the backside of
the device wafer. Before they could be executed, the SOI wafer
had to be thinned down to the device wafer thickness. This was
done by a combination of cupwheel grinding and deep reactive
ion etching. Since the thinned device wafer had a thickness of
only 100 m, it was bonded to a new handling wafer. Next,
the remaining fabrication steps on the wafer topside were ex-
ecuted, creating the notch for releasing the mounting block and
releasing the leaf springs. Releasing the device wafer from the
handling wafer concluded the wafer fabrication process for the
SLIM micromechanics. At this point in time, all components
were completed and are awaiting system integration.

C. Slider Body Assembly

As discussed before, to form the SLIM body, three com-
ponents have to be stacked: a bottom part containing the
micromagnetics, a top part containing the micromechanics, and
a spacer to keep both parts at the desired distance.

Fig. 6 gives a schematic representation of the integration con-
cept for forming the SLIM bodies, which is executed on a row
bar level. A row bar contains two rows with ten sliders each
facing each other. On either end of the rows, an anchor firmly
supporting the mounting platforms is integrated in the microme-
chanics. This way, the leaf springs ultimately suspending the
mounting platforms are not yet released and will stay that way
until the row bars will be separated to form the slider bodies. An-

Fig. 6. Bar level slider body assembly.

choring the mounting platform will also make it easier to mount
the chiplet.

While all component parts are available, the stacking process
itself is still under development. This is the main reason a
scaled-up model was built.

Ultimately, on the wafer’s backside, an ABS will be created
by ion milling and covered by a DLC layer. However, for the
first prototypes, this ABS will not be included, since the initial
testing will be performed on a static tester.

Due to the fact that the slider body consists of Si, increasing
the wear resistance is mandatory. While a great hardness of the
DLC film is desirable, excessive film stress is prohibitive. For
finding an optimum, Raman spectroscopy is applied as an anal-
ysis tool [8]. For coating the slider body ABS, a DLC film thick-
ness of 50 nm was chosen. Due to head-to-disc spacing limita-
tions, a much thinner DLC film has to be chosen for the chiplet.
The film thickness will be 1 to 2 nm and mainly serves as a cor-
rosion protection.

V. EXPERIMENTAL INVESTIGATIONS

A. Investigations on a Scaled-up Model

To allow for early experimental investigations of the mechan-
ical behavior of SLIM, a functional 40 : 1 scale model of SLIM
was created. By considering scaling laws and comparing sim-
ulation results for the actual SLIM device and the large-scale
model, initial experimental data could be gained.

Scaling is governed by the following equation:

(1)

with the magnetic force, the number of turns, the cur-
rent, the magnetic constant, the gap area, and the
reluctance. Comparing the real-size and the large-scale models,
the number of turns is the same, the currents differ, the reluc-
tance ratio is 0.02, and the air gap area scales by
40 40.
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Fig. 7. Scaled-up SLIM model.

Fig. 8. Comparison between theoretical and experimental results.

Fig. 7 depicts the scaled-up model. For conducting the ex-
periments, a test stand was created. It allows us to adjust the
actuator’s air gap and to measure the actuator force exerted on
the chiplet as a function of the excitation current and the air gap
length.

Fig. 8 compares theoretical and experimental results for the
actuator forces, showing simulation results for the real-size
SLIM as well as the scaled-up SLIM and experimental data
for the large-scale SLIM. The measured force slightly exceeds
the simulated force for the large-scale model. This allows the
assumption that the modelling results for the real-size SLIM
are within the expected range.

B. Pole Field Measurements

A direct way to judge the magnetic capabilities of the real-
size SLIM on a micromagnetics level is to measure the mag-
netic field the poles are capable of creating with no flux closures
present (i.e., measurements against air) and comparing it to re-
spective simulation results. Measurements conducted jointly by
the Universities of Colorado in Colorado Springs and the Col-
orado State University in Fort Collins showed a good match with
the simulations against air. The results are described in detail
in [6].

VI. CONCLUSION AND OUTLOOK

The work performed so far indicates that the SLIM concept
may provide a cost competitive approach not only to RDD
second stage actuation, but also to flying height adjustment.
By choosing a two-wafer design, a path towards a separate
fabrication of the micromagnetics (executed on a bottom wafer)
and micromechanics (executed on a top wafer) could be found
and was verified by executing respective fabrication steps.
Experimental investigations with a scaled-up model proved the
feasibility of the concept.

In a next step, the SLIM device will be mounted to a flexure
and subjected to stationary tests on an aerostatic test fixture.
For monitoring the chiplet’s lateral motion, the displacement
of a permanent micromagnet deposited on the chiplet will be
monitored by a GMR array. A major challenge will be to come
up with a chiplet attachment process yielding a maximal air gap
tolerance of 0.75 m and maintaining tight angular tolerances.
Ultimately, the SLIM head gimbal assembly will be subjected
to spin-stand tests.
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