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Abstract Interest in high performance glass interposers has been growing, due to the advantages which
have been demonstrated over standard silicon interposers. In this paper, we demonstrate fully auto-
mated micro-optics and laser sub-assembly alignment and laser-assisted bonding processes which are

compatible with glass interposers. ©2024 The Author(s)

Introduction.

Chip-on-board (CoB) assembly has been a pop-
ular approach in the silicon photonics industries
for the past few decades, owing to readily availa-
ble assembly processes from outsourced semi-
conductor assembly and test (OSAT) companies.
The typical assembly begins with thermal pro-
cesses such as electrical assembly of compo-
nents (photonic ICs, electronic ICs, and lasers)
onto organic PCBs at panel level, followed by
non-thermal processes for optical assembly in-
volving lenses, isolators, and fibres. The process
flow ends by breaking the PCB panel and insert-
ing individual PCB assemblies into a metal hous-
ing, before being subjected to various tests. This
approach can be easily found in commercial plug-
gable optical modules used in data centres [1, 2].

However, the increasing demand for miniatur-
ization and power consumption is driving the
need to have components packed together as
close as possible. One possible solution is to sub-
stitute CoB assembly with chip-on-wafer (CoW)
assembly, by using silicon or glass interposers.
Within the PhotonicLEAP project [3], the authors
propose the use of copper through-glass vias in
a glass interposer [4-6], which has integrated
cavities for laser and micro-optics assembly (Fig.
1). Aside from functioning as an electrical conduit
(connecting components on the top surface to the
system-level board at the bottom surface), the
copper vias also improve the thermal dissipation
of the glass [6], and the via positions can be cho-
sen to reduce thermal crosstalk between neigh-
bouring chips.

The glass interposer proposed is designed
with wafer-level assembly processes in mind,
consisting of probe pads for signal monitoring
during laser and micro-optics assembly and a
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Fig. 1: 3D model of the glass interposer package pro-

posed in Photonic LEAP [3] with through-glass vias and
ball grid array (BGA) pads for board level assembly.

glass lid for hermetically sealing the package, to
protect components during dicing and the fin-
ished assemblies during their use cases. The
probe pads on the top surface of the interposer
eliminate the need of an intermediate PCB at the
bottom or having a vacuum chuck/socket with in-
tegrated pogo-pins. Moreover, the package is de-
signed to be compatible with standard surface-
mounting technology (SMT), following JEDEC
standards used in microelectronics industries.

In the following sections, we demonstrate
some of the process steps required to assemble
a “System-in-Package” module on a glass inter-
poser which is SMT compatible. The processes
have been automated on ficonTEC GmbH ma-
chines to further validify the commercial feasibil-
ity of such assemblies.

Silicon Photonic IC.

The silicon photonic ICs (PIC) used to demon-
strate this packaging technology were developed
by UGhent-IMEC. The PIC uses back-reflecting
grating couplers [7], allowing the PIC to be flip-
chip compatible. This approach enables signals
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to travel through the bulk silicon and exit from the
polished backside of the PIC, which is then colli-
mated by a two-dimensional micro-lens attached
to the PIC, allowing fibre pluggability at system
level if required by the application [8,9]. The PIC
has dimensions of 4.2 mm x 2.7 mm x 0.65 mm,
with 107 aluminium (Al) bond pads, 1 edge cou-
pler for laser input (with a MFD of approximately
6 um), 24 back-reflected grating couplers for out-
of-plane coupling, and 6 pairs of reference pho-
todetectors (PD). The backside of the PIC was
polished to have a peak-valley surface rough-
ness of 20 nm and was finished with an anti-re-
flection coating. Alignment markers are patterned
on the backside of the PIC to assist with the au-
tomated assembly.

Laser sub-assembly with collimating lens.
To couple light into the flip-chipped PIC on the
interposer, a sub-assembly with an expanded
and collimated light source is lowered into a cav-
ity in the glass. We have previously demonstrated
this laser to PIC coupling with this expanded
beam approach [10], and based on the results,
we present here a further improvement in the la-
ser sub-assembly design. The revised design has
larger sidewall metal pads for gripping, as well as
a more compact laser sub-assembly size. The la-
ser on the sub-assembly is now flip-chipped, low-
ering the optical axis of the laser sub-assembly
by 80 ym. As a result, a shallower cavity in the
glass interposer can be used to match the optical
axis of the sub-assembly with that of the PIC, im-
proving the durability of the glass interposer.
The new laser sub-assembly design allows
the collimating lens to be attached to the edge
facet of the aluminium nitride (AIN) sub-mount in-
stead of sitting on a thin ledge, simplifying the as-
sembly process. A slot opening is implemented
on the sub-mount to prevent structural epoxy
flowing and blocking the laser beam path. The
AIN sub-mount was fabricated through maskless
patterning and has 18 pm electroplated copper
(Cu) and direct immersion gold (DIG) surface fin-
ishing. The maskless approach allows for
cheaper and more rapid prototyping of future sub-
assemblies. Fig. 3 (a) shows a 3D render of the
proposed sub-mount, and Fig. 3 (b) shows an
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Fig. 3: (a) 3D render of the ceramic sub-mount, and (b)
laser sub-assembly with collimating lens attached to the

side of the sub-mount.
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Fig. 4: (a) 3D render of the LAB process with beam
shaping. A stainless-steel vacuum pick-up tool (PUT) (b)
cross-sectional image of an assembled PIC on a glass
interposer.

initial laser sub-assembly (non-flip-chip) with col-
limating lens attached to the edge of the sub-
mount. The collimated beam sizes from the sub-
assemblies have 1/e2 diameters of approximately
250 ym.

Automated laser-assisted bonding.
Laser-assisted bonding (LAB) is a process in
which parts are bonded together with solder us-
ing a high-power laser [11-12]. LAB is faster than
conventional hotplate reflow processes, and al-
lows heat delivery to be targeted, allowing differ-
ent reflow temperatures for different components.
We have implemented our LAB process with the
laser incident on the back side of the PIC, which
removes constraints on the electrical routing and
design of the glass interposer. This approach re-
quires a transparent pick-up tool (PUT) [12],
shown in Fig. 4 (a). Prior to the LAB process, Au-
stud bumps were deposited on all 107 Al bond
pads of the Si PIC and then flattened. Meanwhile,
50 ym SAC305 solder balls were laser-jetted
onto the Au bond pads on the interposer.

The LAB process was fully automated on a fi-
conTEC CL1500 machine. The automation pro-
cess involves accurately measuring the planes of
the interposer and the PIC for precise co-planar-
ity control. Cameras with microscope optics are
used for machine vision, and a confocal distance
sensor is used to find the yaw and roll of the parts.
The coordinates of the PIC are matched with that
of the interposer by placing both on a soldering
station. The process is flux-less, with N2 gas
used to create an inert atmosphere on the solder-
ing station. For the SAC305 solder and bond pad
density in this application, an 808 nm homoge-
nous laser beam with an intensity of 1.5 W/mm?
was incident on the transparent PUT for 5 s. Ap-
proximately 1 N of force was applied by the PUT
throughout the LAB process. Exemplary cross-
sectional results of the flip-chip assembly are
shown in Fig 4 (b).

Automating laser sub-assembly and micro-
optics integration.
Using a glass interposer with electrical probe
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pads provides many advantages, as described in
the introduction. The use of probe cards is ubig-
uitous in the automated assembly of electrical
and optical components, and we use it in this ap-
plication to power up the laser diode and monitor
photodiodes (PD) on the PIC during assembly. A
ficonTEC FL300 with two axis aligners with 6 de-
grees of freedom (DOF) was used for the active
alignment of micro-optical components.

The glass interposer is fixed on the chuck
which is on top of a linear stage. The probe card
is connected to a transimpedance amplifier (TIA),
which is monitored by the FL300 during align-
ment. Piezo grippers are mounted to the 6-axis
stages, which together can handle and align a
pair of optical components at a time. For this ap-
plication, the gripper which holds the sub-assem-
bly also provides current to drive the sub-assem-
bly’s laser (enabled by the conductive sidewalls
on the sub-assembly). The second piezo gripper
is designed to handle optical lenses with dimen-
sions between 0.3 mm to 30 mm. Fig. 5 shows
the grippers during the alignment process.

Cameras on the machine are used to meas-
ure the position of the components in the pack-
age, using machine vision tools. The positions of
the optical components are used to reference and
planarize each subsequent component to be
placed, followed by active alignment processes
using the PDs on PIC to optimise the coupling.

Fig. 6 shows an exemplary optical power dis-
tribution obtained when performing an area scan
of the refocusing lens in the plane parallel to the
facet of the PIC (coordinate axis illustrated in Fig.
1). The silicon refocusing lens has a radius of cur-
vature of 1.1 mm, with a diameter of 245 ym, and
a working distance of 300 ym. The alignment tol-
erances of the refocusing lens with respect to the
PIC are improved due to the collimated beam,
with 1 dB tolerances inY, Z, Rx, Ry, Rz of +/- 1.79
um, +/- 1.11 um, +/- 250 arcsec, +/- 500 arcsec
and +/- 700 arcsec, respectively. The expanded
beam approach with micro-optics has been
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Fig. 5: Side view of the laser sub-assembly and refo-

cusing lens to PIC alignment process with probe card
needles in the background.
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Fig. 6: Optical power distribution in the PD of the PIC
while scanning the refocusing lens in Y and Z axes. See
Fig. 1 for the orientation of Y and Z axes.
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proven to relax the alignment tolerances between
laser sub-assembly and refocusing lens and has
the potential to improve the optical coupling effi-
ciency in comparison to butt coupling a laser to
the PIC [8-10].

Conclusions

In this paper, we demonstrated automated pack-
aging processes by integrating various compo-
nents on a glass interposer. Laser assisted bond-
ing (LAB) was used to flip-chip attach a silicon
PIC to a glass interposer, instead of the more
commonly used mass reflow or thermo-compres-
sion bonding.

In addition, we demonstrated the integration
of laser sub-assemblies and micro-optics using
electrical probe pads for active alignment with re-
laxed optical coupling tolerances. This auto-
mated assembly was achieved using a new laser
sub-assembly design with a smaller footprint, al-
lowing for shallower cavities in the glass inter-
poser. While we have demonstrated the auto-
mated assembly on a single interposer, the con-
cept is valid and can easily be transferred to op-
erate on a wafer. At the point of writing, the final
automation processes for the 2D micro lens at-
tachment onto the silicon PIC and the lid sealing
(Fig. 1) are being optimised and will be demon-
strated in the future.
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