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Two-Dimensional Fiber Positioning and Clamping
Device for Product-Internal Microassembly
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Abstract—In this paper, we present a microelectromechan-
ical systems-based two-degrees-of-freedom positioning device
combined with a clamping structure for positioning and constrain-
ing an optical fiber. The fiber position can be controlled in the
two directions perpendicular to the fiber axis using two specif-
ically designed wedges that can be accurately moved in-plane.
These wedges are positioned using in-plane thermal actuators.
Actuation of a fiber tip greater than 25 ym in-plane and 40 pm
out-of-plane is achieved with a displacement resolution better
than 0.1 pm. After aligning the fiber the final position can be
maintained by switching off the mechanical clamp, which also uses
thermal actuators. The position of the fiber can be kept within
0.1 pm after switching off the mechanical clamp and the posi-
tioning actuator. Fiber-to-fiber alignment experiments have been
performed and the technique can be extended to fiber-to-laser
alignment. [2007-0248]

Index Terms—Mechanical clamping, microactuators, micro-
assembly, thermal actuation.

I. INTRODUCTION

ERFORMING microassembly tasks is technologically

challenging due to part sizes and required positioning
accuracies. Therefore, the microassembly of small parts can
become a large part of the total product costs (sometimes up
to 80%), mainly due to the use of expensive machinery or the
involvement of delicate handwork. This research focuses on
an alternative method of microassembly using product-internal
assembly functions. This method is applied in a two-stage
process. In the first stage, coarse positioning of components is
achieved using product-external assembly functions, typically
by a (semi-) automatic production machine or a human op-
erator. In the second stage, fine positioning is realized using
the internal assembly functions of the previously assembled
component. Using this method the assembly tolerances for
the machine or human operator are much lower and therefore
easier, faster, and cheaper to perform. Relaxing the tolerances
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Fig. 1. Schematic cross-sectional view of the 2-DOF positioning device.

from several micrometers to approximately 20 um can increase
the throughput of an assembly machine significantly and there-
fore lower the assembly costs [1].

The three main functions that apply for integration in
the product are 1) controlled positioning of the component,
2) component position sensing, and 3) constraining the com-
ponent in the final position. The coarse and fine positioning
and fixation processes must work in conjunction to achieve an
optimal overall result.

Microelectromechanical systems (MEMS) are suitable for
creating devices capable of performing internal assembly func-
tions because small dimensions and high accuracies can be
achieved. In addition, manufacturing can be performed batch-
wise which enables cost reduction. The aim of this research
is to develop an actuator for positioning and constraining a
single mode optical fiber using a MEMS-based manufactured
device.

The alignment requirement for a single mode optical fiber
to a laser diode is typically £0.1 pum. Passive alignment ap-
proaches cannot achieve these tolerances and therefore active
alignment is necessary. Several solutions for in-package fiber
alignment can be found in literature. In [2] the fine alignment
between two fibers is performed using a well-known elec-
trothermal chevron type or V-beam actuator while the fixing
is achieved by ultraviolet curing of an epoxy adhesive once
the fibers are aligned. An alternative high-force MEMS elec-
trothermal actuator configuration is demonstrated in [3], having
a single-ended design allowing for clear access to the fiber tip.
Both examples are capable of performing fiber tip movements
in 1 DOF only. Multiple-axis solutions can also be found, such
as a 2-D fiber alignment device with discrete piezoactuators
capable of over 20 pum displacements in both directions at up
to 130 V [4]. This device however is not based on MEMS
technology, and batchwise manufacturing therefore cannot be
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Fig. 2. Top view of the 2-DOF positioning device.

performed. Other solutions require specialized fiber preparation
such as attaching permanent magnets to the fiber end [5], gold
coating and grounding to enable actuation of the fiber [6], or
expensive fabrication techniques, such as LIGA [7]. Another
example is silicon wedge fabrication using gray-scale lithog-
raphy [8], which is a rather new technology and is currently
lacking surface smoothness due to the limited resolution of the
lithography mask. The concept proposed in this research uses
wedges formed by the (111) planes in a silicon wafer, which is
manufactured using a wet etching process. With these wedges
it is possible to convert an in-plane actuator motion to both an
in-plane and out-of-plane fiber motion, as illustrated in Fig. 1.

After positioning, the fiber mechanism can be clamped,
thereby maintaining the fiber position without any power
consumption. In case of misalignments due to disturbances,
the clamp can be released and the fiber can be repositioned.
The clamp can then be engaged again within a short amount
of time.

In this paper, the design, modeling, fabrication, and ex-
perimental results of these devices are presented. Section II
presents the design and working principle of the positioning
device and clamping structure. Details of fabrication and fiber-
to-fiber alignment measurements are given in Sections III and
IV, respectively. Section V presents the electrical, thermal and
mechanical modeling of both devices, after which their perfor-
mance and possible improvements are discussed in Section VI.
Final conclusions can be found in Section VIIL.

II. DESIGN

The two functionalities, positioning and clamping, both use
thermal actuators. However, due to different configurations and
design constraints, each function is treated here separately.

A. Positioning Device

Standard fiber-coupled laser diode packages for telecommu-
nication applications use a fiber with a diameter of 125 pm and
a core of 8 um. The fiber must be positioned in front of a laser
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Fig. 3. Sideways motion of passive wedge structures due to fiber loading
(sizes and deformations not to scale).

diode (typical beam output waveguide of 2 x 0.4 pum) with a
positioning accuracy on the order of 0.1 pm.

The top view of the actuator is shown in Fig. 2. The basic
design consists of two thermal V-beam actuators with a length
of 4200 pm, thickness of 45 pm and an initial angle of
0.03 rad. They are used to position two fiber mechanisms
on which a wedge is created by combining a wet and dry
etching process. The slender beams of the fiber mechanisms are
2000 pm long and 25 pm wide.

A fixed V-groove is manufactured on the wafer substrate and
is located on a lower level in the wafer than the free V-groove
on the fiber mechanisms. When the fiber is placed into the fixed
V-groove, it causes a pretension force onto the fiber mecha-
nisms. The two mechanisms are pushed against the thermal
actuators, closing a 10 um wide fabrication gap (see Fig. 3).

Once the fiber is pressed onto the mechanisms, the posi-
tioning can then take place. The window in which the fiber
can be positioned is diamond shaped, as shown in Fig. 4.
By independently controlling the voltage level on the thermal
actuators, lateral and vertical motions in the plane orthogonal
to the fiber axis can be performed.
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Fig. 4. Schematic representation of the diamond-shaped positioning window
with the three outer actuation positions A—C (dimensions in micrometers,
positioning window not to scale).

The fine assembly process performed by the positioning
device should be able to compensate for the tolerance error
resulting from the coarse assembly process. The tolerance
build up of the coarse assembly process requires a positioning
rectangle circumscribed by the diamond shape of 13.5 ym wide
and 17.5 pm high, as determined earlier [9]. Consequently, the
size of the enclosing diamond shape based on the angle of the
(111) plane with the horizontal plane of 54.73° is 27 um wide
and 39 pm high. Therefore, a single actuator should be able
to move approximately 27 pm and deliver sufficient force to
position the fiber. In this case, a force of approximately 10 mN
is required based on calculations made on a bent fiber and on
assuming a worst case friction coefficient between the mech-
anism and fiber of 0.4 [10]. Using this concept, a maximum
parasitic fiber bending is approximately 1°, which is acceptable
since it introduces negligible additional coupling loss.

B. Clamping Device

The second function of the device is maintaining the position
of the fiber at any desired location within the positioning
window, preferably without power. Although multiple-wafer
solutions are principally possible, a single wafer configuration
is preferred as no additional assembly steps are required to
insert the mechanical clamp into the final device. To clamp
without power, a separate locking mechanism can be used [11].
Alternatively, a prestressed structure, for instance, a bistable
mechanism [12], thermally curable polyimide [13], or a rack-
and-tooth mechanism [14] must be created in the wafer.

The design presented here uses the movement of the fiber
mechanism caused by the pretension force of the loaded fiber,
as shown in Fig. 3, to initiate a novel clamping sequence. This
movement, in combination with a friction-based rack-and-tooth
mechanism, enables clamping of the fiber mechanism at any
position within the positioning window.

Clamping the fiber mechanism can be described in the fol-
lowing four steps, as shown in Fig. 5. In the position after
fabrication, the tooth of the clamp cannot move beyond the
rack. When the fiber is loaded, the fiber mechanism moves aside
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Fig. 5. Four-step clamping sequence using the fiber loading to allow the tooth
to pass the rack and enable unpowered clamping inside the positioning window.

(1) and the clamp is actuated until the tooth passes the rack of
the fiber mechanism (2). The positioning actuator then moves
the fiber to the desired position (3) and the mechanical clamp is
then powered down, thereby engaging the clamp (4).

Using this particular device, only in-plane fiber movements
are possible. Fig. 6 presents one side of the total positioning
device on which the clamping structure, positioning actuator,
and fiber mechanism can be recognized as all in-plane moving
structures. For the actual device, this can be mirrored allowing
for 2 DOF motions. Fig. 7 presents a zoomed image of the final
design of the tooth of the mechanical clamp and the rack in the
fiber mechanism.

The positioning stage uses a 4000 pym long and 50 pum
wide V-beam actuator which is connected to a lever on a
flexure hinge reversing the movement of the actuator. The
mechanical clamp consists of an angled lever to enlarge the
actuator stroke by a factor of two and is connected to a triple
V-beam stack for large clamping stiffness. Cooling fins were
included between the lever and the actuator. They limit the
heat flow toward the lever tip, which causes expansion of the
lever during actuation and shrinking while powering down. This
thermal expansion is undesirable because this would result in a
dynamic tip displacement and therefore, a final fiber alignment
error.

The overall dimensions for the double-sided positioning de-
vice, including mechanical clamps, are approximately 5 mm by
6 mm, which can fit easily into a standard optical fiber package.

III. FABRICATION

The first process run was performed to manufacture the two
wedges and the simple actuators. A second process run was
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performed to assess the functionality of the mechanical clamp
separately from the out-of-plane positioning device.

A. Positioning Devices

The positioning and clamping of the mechanisms and optical
fiber requires large forces and a robust design of the structures.
For this reason, the structures are manufactured in a standard
525-pm-thick silicon wafer. In this wafer a 150-pm-thick mem-
brane is created by anisotropic etching of silicon in a KOH
solution from the backside of the wafer. In this membrane, the
structures are then etched by deep reactive ion etching (DRIE)
from the front side.

Heating of the thermal actuators in the device takes place by
current flow through a thin polysilicon layer on top of the bulk
material. The V-grooves on the front side of the wafer are also
created using anisotropic wet etching in KOH.

727

A schematic overview of the process sequence used to fab-
ricate the devices is presented in Fig. 8. On the substrate, a
300-nm-thick oxide layer is thermally grown, followed by a
300-nm-thick low stress SiN layer deposited by LPCVD (1).
On top of this layer, a 500-nm-thick low stress polysilicon layer
is deposited by LPCVD. This layer is doped with phosphorous
in a diffusion process and patterned using a resist mask and a
dry etching step (2).

Next, the V-grooves are created in the front side of the
wafer (3). A second layer of SiN is deposited and patterned.
The silicon is etched in a 33 wt.% KOH solution to form the
100-pm-deep V-grooves. At this point, the contact openings to
the polysilicon and the Al metallization are realized. For these
two lithography steps, the resist is spray coated to uniformly
cover the planar surface as well as the V-grooves side walls
and bottom.

Then, the membranes are defined on the backside of the
wafer (6) as well as the DRIE structures on the front side of
the wafer (7). For the masking layer in the DRIE process, a
3.0-pum-thick PECVD oxide layer was used. At this point, the
wafer presents a high topography surface and the fine structures
need to be patterned at different depths. To achieve this, a newly
developed spray coater, EVG 101, at the EV Group in Austria is
used. Moreover, the structures are divided in two DRIE masks.
The first mask contains only the DRIE openings inside the KOH
cavities. Extra time is necessary to expose the resist in the deep
cavities. This extra exposure time would alter the dimensions
of the small structures present on the planar part of the wafer.
A second DRIE mask that contains all DRIE structures is then
applied.

Before the dry etching step, the membranes are etched from
the backside using a KOH etching process until a 150-um-
thick silicon membrane remains (8). A 500-nm aluminum stop
layer for the DRIE process is then deposited on the backside of
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Fig. 8. Fabrication sequence of the process run including in-plane actuation
structures and KOH-etched (111) planes for fiber tip out-of-plane motion
conversion.

the wafer. In the final step, the scratch protection is removed
and the DRIE step is executed. Finally, the aluminum stop
layer on the backside and the oxide layer on the front side are
removed (9). After dicing and wire bonding, the devices are
ready to be tested.

The integration of the wet etching process with the partially
overlapping dry etching process to realize the movable fiber
wedges introduced some complexities. After the DRIE step,
a thin silicon frame is left at the edges in place of the front
side KOH mask (see Fig. 9). This is probably due to a small
underetch during the KOH step that causes an unintentional
protection of the edge of the pattern during the DRIE process.

Fig. 9. SEM detailed image (45° tilt) of fiber mechanisms before the backside
processing. The remaining vertical frame is clearly visible.

Fig. 10. SEM close up of (111) plane wedges after full release and with frame
removed.

This frame is mechanically removed from the devices resulting
in the fully released structures presented in Fig. 10. With
some minor adaptations of the KOH etching process and a
modification of the layout, the underetch can be reduced and
this problem can be avoided in future fabrication.

The surfaces of the movable wedges are very smooth in
appearance. The darker areas at the bottom of the wedges
indicate some aluminum residues. This is only a very thin layer
on the (111) plane and it does not have a noticeable influence
on the fiber positioning.

B. Clamping Devices

Fabrication of the second process run included the me-
chanical clamping concepts without the wedges on the fiber
mechanisms was performed nearly the same as the first process.
The main difference is that the third step, KOH patterning and
etching on the front side, does not take place. The fabricated
devices from the second process run and a close-up image of
the clamp itself are shown in Figs. 11 and 12, respectively.
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Fig. 11. Fabricated mechanical clamp and positioning device.

Fig. 12.  Close up of the rack-and-tooth mechanism.
IV. MEASUREMENTS

The functionality is intended for fiber-to-laser alignment.
However, in these experiments, a fiber-to-fiber arrangement was
used for convenience. Similarly, single mode fiber with a core
of 4.3 ym was used because visible red light with a wavelength
of 635 nm was easier to handle during the experiments than
standard telecommunication fiber having a core of 8§ ym to be
operated at a wavelength of 1550 nm.

A. Positioning Functionality

The size of the actual positioning window was measured
using a fiber-to-fiber alignment test setup, of which a schematic
is shown in Fig. 13. In this setup, two fiber ends are placed
opposite to each other and light was coupled from one fiber to
the other, continuously measuring the coupled power. One fiber
was placed on the actuator chip and the other on a computer-
controlled XYZ-actuation stage. By alternatively moving the
fiber on the actuator chip and positioning the actuation stage
until the maximum coupled power was regained, it was pos-
sible to calculate the fiber tip movement as a function of
actuation voltage. Using this procedure, the size of the po-

sitioning window of the device was determined. The same
program was used to determine the possible resolution of the
devices, the clamping stability, and the displacement of the fiber
end when the mechanical clamp and positioning device were
powered down.

During the measurements, different fiber overhang lengths
were used when measuring the size of the positioning window
of the device. The overhang length is defined as the amount
of fiber extending beyond the end of the fiber mechanism.
Increasing the overhang length significantly enlarges the size
of the positioning window because of the angular pivot with
the fixed V-groove. The positioning window measurements are
presented in Fig. 14(a) and (b). These measurements were
performed with approximately 1000-xm fiber overhang.

The results in Fig. 14(a) show, as expected, a diamond-
shaped window in which the fiber tip can be positioned. The
positioning window is slightly tilted by 1.5°, which can be
attributed to a rotational error along the axis of the fiber in
the experimental setup. The left and right lines each show two
separate actuator movement sequences. An increasing voltage
across the right actuator (see Fig. 4) results in a displacement
from O to A in Fig. 14(a). Then, holding the right actuator at
a constant voltage and applying an increasing voltage across
the left actuator results in a displacement from A to C. This
completed the trace of the left side boundary of the diamond-
shaped positioning window from the bottom vertex (O) to the
top vertex (C). By moving both actuators sequentially after
each other, the final position of the fiber was approximately
43 pm vertically above the starting position. The right side
boundary was obtained by resetting the actuators to 0 V and
then reversing the actuator order. This resulted in the traces
from O to B, and then, from B to C. The middle line in
Fig. 14(a) shows the fiber motion when an equal voltage is
applied to both actuators at the same time. All three lines ended
at the same nominal position. The maximum applied voltage to
each separate actuator was 36.5 V, which resulted in a 27-ym
wide and 43-pm-high positioning window with sides having
directions in agreement with the etched (111) planes.

The friction between the fiber end and the (111) plane will
cause hysteresis and a stick-slip effect. A hysteresis measure-
ment was performed which is presented in Fig. 14(b). The first
sequence consisted of an upward motion of the fiber with an
increasing voltage applied first to the right actuator and then to
the left actuator. In the second sequence, the actuator voltages
are decreased in reverse order. The results indicate that the
hysteresis has a minimal effect in positioning the fiber tip with
this device.

To measure the effects of stick-slip, the left actuator was
held constant at a voltage of 33.5 V and the right actuator was
displaced from 33.5 to 36.5 V using a linear step of 50 mV,
which was the minimal stable voltage output of the test setup.
At these high voltages, the output sensitivity of the actuator was
the highest, resulting in the worst attainable displacement reso-
Iution. Fig. 15 shows the measured z—y displacement plot with
the same 1000-pum fiber overhang, and because there are no
large jumps between successive data points, it is assumed that
the stick-slip has little effect on the displacement of the actuator.
The z-direction is also the direction of actuation, therefore,
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Fig. 13. Schematic representation of the fiber-to-fiber alignment test setup.
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Fig. 14. Positioning measurements with 1000-um fiber overhang: (a) measured 2-D positioning window; (b) upward and downward fiber motion to show

hysteresis due to friction between fiber and (111) plane wedges.

this was used as the reference direction in the measurement to
determine the linearity of the y data. For comparison, the silicon
(111) lattice plane, which would be an ideal datum, has a slope
of 1.41 (the square root of 2). The measured slope of y with
respect to = was 1.32. Although there is a difference between
the ideal slope and the measured value, this can be attributed
to rotational misalignment shown in Fig. 14(a) and not to
stick-slip.

Using a linear least squares approximation, the difference
from this and the measured value was less than £0.1 pm. How-
ever, the difference appeared to have a nonlinear component in
the signal. Because the data does not show significant effects
of stick-slip, the source of this nonlinearity may be due to
the nonlinear displacement characteristics of the actuator. An
example of the nonlinearity in the actuator is shown in Fig. 16,
however, the difference from ideal and the stick-slip effects

were less than the target values and this was not investigated
further.

B. Clamping Functionality

The positioning device fabricated together with the clamp-
ing mechanism is only capable of in-plane fiber position-
ing because the passive wedges were not manufactured. The
positioning range is shown in Fig. 16. The displacement is
measured for both a 10- and 1000-uym overhang. Based on
these results, there is a significant difference between the fiber
displacement with a small amount of overhang and with a large
fiber overhang.

The measured actuation stroke is 26 um at 33 'V, just be-
low the required positioning range of 27 pm, which can be
reached by slightly increasing the actuator voltage. The thermal
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modeling, presented in the next section, showed that this can be
safely done without overheating the structure.

The clamping sequence is shown in Fig. 17(a)—(d). Fig. 17(a)
shows the fiber mechanism being pushed against the posi-
tioning actuator by the inserted fiber. A voltage was then
applied to the clamping actuator to allow the tooth of the
clamping lever to pass the rack of the fiber mechanism (b).
Next, the fiber was aligned with respect to the opposing fiber
end (c) and the actual clamping was started. First, the clamp
actuator was shut off, after which the positioning actuator was
powered down, leaving the device completely without power
(d). As shown in Fig. 17(d), the fiber remains aligned with
the second fiber, even when both the positioning actuator and
clamping actuator are switched off.

The position shift during clamping was tested at different
positions of the fiber. After fine positioning of the fiber, the
clamping sequence (powering down both clamp and positioning
device) was performed and the fiber displacement was mea-
sured. From repeated measurements it was determined that the

Fig. 17. Fiber positioning and clamping sequence: (a) position without power
including inserted fiber; (b) actuation of the clamp; (c) moving the fiber to
the desired position; (d) engaging the clamp by powering down the voltage
followed by powering down the positioning actuator. The fiber remains aligned
without power.

clamping displacement at all tested positions is less than 0.1 pm
and therefore, meets the fiber-to-laser coupling requirements.

The devices were also tested for their resistance against
vibrations, from 0 to 2000 Hz up to 15 g. The lowest resonance
frequencies of the structures are much higher than 2000 Hz
(7 kHz for the fiber mechanism, 27.9 kHz for the positioning
actuator, and 25.8 kHz for the clamping structure), and there-
fore little damage, if any, to the structure is expected. Both the
clamped device and the unclamped device have been tested in
three orthogonal directions. No visible failure or shift in clamp-
ing position was observed after the experiments indicating that
the device will perform well under working conditions.

V. THERMAL MODELING

The electrical, thermal, and mechanical behavior and their
coupling was modeled using Comsol Multiphysics finite-
element (FE) modeling software. To investigate the temper-
atures in the actuators the FE model was adjusted to match
the fabrication parameters. The temperatures in the actuators
must remain below the recrystallization temperature (870 K) of
polycrystalline silicon to prevent thermal runaway [15], [16]
and consequently, permanent changes in the behavior of the
actuators. The model was further simplified by using only
2-D geometries to significantly decrease calculation time. Also,
the thin polysilicon resistor layer was not modeled separately.
Instead, an equivalent electrical resistivity for the bulk silicon
was calculated, which was considered admissible since the
Biot number for the cross section of the structures is fairly
small [17]. This indicates that the required time for the heat
to penetrate from the top of the cross section to the bottom is
short compared to the time required to transport the heat to the
anchors.
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Fig. 19. Temperature plot of modeled clamping structure at 41 V (in kelvin).

The electrical resistivity is strongly dependent on temper-
ature and differs depending on the doping type and level.
With a phosphorous doping concentration of approximately
10%° atoms/cm? in the polysilicon resistor layer, the equivalent
electrical resistivity over the bulk silicon cross section was
calculated to be 3.0 x 1073 Q-m at room temperature. A
linear expression for the electrical resistivity as a function
of temperature was used to fit the modeled resistance to the
measured values, which was determined to be adequate for
these simulations. The thermal conductivity and the thermal
expansion coefficient of single crystal silicon are also strongly
temperature dependent and their values were taken from
Lide [18] and Okada and Tokomaru [19], respectively.

In addition to heat conduction through the solid material,
conductive and convective heat transfer through air and ra-
diation were included. Temperature-dependent values of den-

sity and thermal conductivity of air were taken from Mills
[20], as well as formulas for the convection coefficient for
macrosystems, which were extrapolated to the microdomain.
For the radiation estimation, the structures were modeled as
gray bodies with an emissivity of 0.7 [17], [21].

The resistivity and displacement curves are in agreement
with the experimental data and therefore, the modeled tem-
peratures are assumed to be correct. The modeled temperature
of the positioning actuator at 35 V is shown in Fig. 18. To
determine the displacement, a force was applied to the actuator
tip equivalent to the force exerted on the fiber mechanism by the
fiber. The maximum displacement of approximately 16.5 pym
is comparable to the experimental result with 10 ym overhang
presented in Fig. 16. This displacement was achieved at less
than the maximum temperature, indicating that the actuator can
be manufactured more compactly.
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The temperature level in the mechanical clamp was also
investigated. The temperature profile at 41 V is shown in
Fig. 19. From this simulation, there is only a very small heat
flow into the lever due to the cooling fins. The clamp design was
optimized such that the modeled vertical position shift upon
cooling was zero. The required 35 pm horizontal displacement
for passing the rack is achieved at approximately 760 K, which
is below the allowable temperature of 870 K.

VI. DISCUSSION

The fabricated devices confirmed that the two individual
functionalities, 2-DOF positioning using (111) plane wedges
and mechanical clamping without power, show that fiber align-
ment can be performed. Additional investigations should be
performed on the combined functions to verify their joint
performance. Problems such as thermal crosstalk are not ex-
pected based on the obtained modeling and test results. During
the measurements, there was little, if any, crosstalk observed
between the various components.

The positioning and clamping functionalities can probably
be further optimized due to a decrease in tolerance build up
from the coarse assembly process. Initially, it was assumed that
the laser diode needed to be mounted on a separate substrate.
When bonding is taken into account in the processing with the
present design, it is most likely possible to place the laser diode
directly on the actuation chip, thereby allowing for a smaller
positioning window. Consequently, smaller actuator strokes and
forces are allowed. This also means that the device can be made
more compact, reducing the cost, which is strongly related to
the surface area on the wafer.

To prevent the remaining frame shown in Fig. 9, the combi-
nation of wet and dry anisotropic etching needs to be optimized.
This can be achieved by using conditions that minimize under-
etch and that are less sensitive to crystal orientation.

The device is able to position the fiber in 2 DOF. The
preceding assembly steps should account for the remaining
4 DOF for which less demanding tolerances apply. Due to
the pretension configuration, gluing of the fiber into the fixed
groove is able to take care of the three rotational degrees of
freedom. In the longitudinal direction, however, the fiber should
be positioned with sufficient accuracy using external position-
ing equipment or manually, because constructing structures for
aligning the fiber in this direction is not easily achieved. Inte-
gration of the coarse and fine assembly process is considered
very important.

Measurements on the step response behavior of the thermal
positioning actuator showed settling times of approximately
0.5 s, which is fast enough for assembly purposes. The total
optimization including constraining the final position can take
place in a matter of seconds.

VII. CONCLUSION

A 2-DOF fiber positioning device and clamping structure for
the purpose of aligning a single mode optical fiber to a laser
diode has been designed, modeled, fabricated, and tested in a
fiber-to-fiber alignment arrangement. The results showed fiber
tip displacements in a diamond-shaped positioning window of

over 25 pum in-plane and more than 40 pm in the out-of-plane
direction with only a small hysteresis effect visible. Positioning
resolutions smaller than 0.1 ;m were measured and correcting
for nonlinearity in the actuator may also lead to a significant
improvement in displacement resolution. Powering down the
clamping actuator and positioning actuator showed an average
shift in position of less than 0.1 um, and no visible shift in
clamping position was observed after a series of vibration tests,
therefore the final position was assumed to be stable. These
initial results serve as a solid base for further improvement
of the device performance with minor layout and fabrication
modifications.
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